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MIT: The Challenge and
the Opportunity

As we enter the 1990s, we find ourselves In a
changing and often troubled time...a time when
the poltoal and economic maps around the
world are being redrawn...when divisive and
destructive social forces are abroad in the
land...when the value of education and the will
to excel seem lost to many.

And yet, this is a time of unparalleled opportuni-
ty. The world Is at peaos to a great extent Our
socI and educational Institutions are being
enrioed by the entry of Increasing numbers of
women into all fields of endeavor. The science
base of technology is changing rapidly. New
orderings of kn e, an new tools for
research and communication, are expanding
the ways we formulate and resolve issues and
conduct scientific inquiry.

In short, we are in a time of great and many
challenges. MIT's educational programs must
be able to provide our students with the talent
and the wisdom to meet these challenges:
American Industry requires major transforma-
tions to regaln competitiveness and, I hope,
leadership, In the new global mar~etplae and
economy. Our society must renew the commit-
ment to, and investment In, accessible and
effective education at all levels and in all settings
in the United States. We must leam to wcrk
within a new framework that recognizes, and
draws sustenance from, vie changing raoial and
ethnic profile of our nation. We must act In
accordance with our evolving understanding
that humankind can and does affect our planet.
its ivng systems, and its atmosphere on a
global scale.

Education at MIT is distinctly attuned to these
challenges. Over the past century and more,
MIT alumni and alumnae have been leaders in
meeting the challenges of their generation. Your
generaton must be no different.

I feel honored and enthusiastic to be joining in
this adventure with you.

Charles M. Vest
President-Elect

OCT 3 1990)
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An MIT Education
for Our Times

As I reflton ten earaspresident ofMIT,lit
seems to me that te kind of education we offer
here Is even more critical to these imes and to
this planet's needs. Education, of course, is not
so much the explication of facts as of teaching
students how toframe meaningful questions,
how to proceed in seeking answers to questions
never asked before, and to be wary of easy
answers. I think this Is particularily true at a
solence-based institution.

Thirty yeare ago, the greatest fear most Ameri-
cans had was of nuclear war. Today, the pros-
pects for peace seem much bight but the
prospectsfor peace of mind do not. In place of
the bomb we haves hole in the ozone layer. In
F lace of nuclear winter, we have global warm-
ng. In place of radioactive fallout, we have
pollution of our rivers and oceans with Industrial
waste. We have manufactured more triyng
demons than we could have imagined In e
1950s. And at least in part, and In part correctly,
the public blames science and technology.

Almost ten years ago, In my inaugural address, I
said I believed what was neededin this country
was "not a retreat from science and technology,
but a more complete science andtechnolog.
What I meant was, one that Incorporates and
respects the human context in which scientific
and technological developments occur.

I believe that even more strongly today. And I
believe that is not only one of our greatest
strengths, but one of the greatest challenges for
educi on at MIT.

Paul E. Gray
President
and
Chairman-Elect
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This is MIT

An Overview

On Fe bl'%a20, 1885, four years afteraproval
Of Its founding charter, the Massachuset
Institute of Technology opened Its doors to
admitthN first class of 1 students. The event
marked the culminaton of an effoit by William
Barton Rogers, MIT's founder and first presi-
dent, to create a new kind of educational Institu-
tion relevant to the imes and to the nation's
need, where students would be educated in the
application as well as the acuisition of knowl-
edge. A distinguished natur solents Rogers
stressedo, t, the importance of basic research,
and believed that professional competence was
best fostered by the coupling of teaching and
research and attention to rea-world problems.

Today, education and related research continue
to be Mirs central pur pos, with relevance the
practical world as a guiding rnciple The
nstitute Is an interdependentroesducational,
privately endowed university. itis broadly orga-
nized Into five academic Sdbhole- Architec-
ture and Planning, Engineering, Humanities and
Social Science, ManagerMent, and Science -
and the Whitaker College of Health Sciences
and Technology. Within these Schools and the
College are 21 academic departments, as well
as many Interdepartmental laboratories , cen-

es, and deicn which extend beyond the
traditional departmental boundaries.

MIT. total enrollment is approimately 9,500,
almost evenly devIded between undergraduate
and graduate students. In 1989-90, MIT stu-
dents came from all 50 states, the District of
Columbia. three territories, and 97 foreign
countries. The proportion of Intemationa stu-
dents at the Inctitute, about 21 percent, isone of
the highest in an American university.

The MI'T faculty numbers Appoxmtely 1,000,
with a total teaching staffoFu o 9
Most faculty apinm ean one or more of
fthe aademhicdeartments, but faultymmbr
also work In many Interdepartmentallaborat
ries, centers and divisions. Most faculty at Mfl'
teach both graduate and undergraduate stu.
dents. Undergraduates often register fro radu-
Wte classes man undergraduates and al

upate, often togntherin
advanced research.

Thi mft f S". disciplines. and nationall-
of MR, deeply influensthe

lie and experienceof every member of the
academio commu bdngether tu-
dents and te Ahers n
humanists and eners, young and old. The
result19 an academfc envionmenft with a strong
focus on excellence and a diverse range of
Interests.

T1
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The Academic Program

rho purpose of the academic program at MIT is
to give students a sound command of basic
prinolples, a versatility of insliht and perspective
conceming natural and so phenomena, the
habit of continued lering, and the power that
comes from a thorough and systemnatic ap-

ach to leaming. From these attributes comes
best assurance for continued professional

and personal growth, especially in today's
rapidly changing world.

The two essential parts of MIT educational
programs are teaching and research. Both of

ese activities cared on oether have greater
power than either performed alone. While
advancing human knowledge and understand-
ing, research makes special contributions to the
Institute's educational program. It provides
experience In both theory and experiment for
students and faculty, and ensures that clas-
sroom teaching is upto date. 1Taching, at the
same time, provides a setting In which fth
relevance, accomplishments, and vitality of
research ae clarified and assessed.

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

School of Architecture and Planning
Architecture

Media Aits and Sciences Section
Urban Studies and Planning

School of Engineering
Aeronautics and Astronauticg
Chemical Engineering
Civil EngElcria Engineering and Computer Science
Materials Science and Enginesring
Mechanical Engineering
Nuclear Engineering
Ocean Engineering

School of Humanities and Soolal Science
Economics
Humanities (Anthrc-ology/Archaeology, Foreign
Languages and Lteratures. History, erature
and Music and Theater Arts Sections; The
Writing Program)
Unguistics andhilosophy
Political Science
Program in Science, Technology, and Scolety

Sloan School of Management
Management

School of Science
Chemisr
Earth, Atmospheric, and Planetary Sciences
Mathematics
Physics
Program in Applied Biological Sciences

Whitaker College of Health Sciences and
Technolg
Brain and gnitive Sciences
Division of Toicology

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

aan n d space science, communications,
haledtsciences and technology, visual arts,
transportation, urban studies, energy, and many
others, which are described In Chapter VI,

Undergraduate Courses at MIT lead to the
degree of Bachelor of Science (S.B.). Graduate
degrees awarded Include Master of Architecture
(M.Arch.), Master of Science kS.M.), Master in
City Planning (M.C.P), Engineer (each degree
designates the field in which it Is awarded)z,
Doctor of Philosophy (Ph.D.), and Doctor of
Science (Sc.D.).

For most undergraduates, degree-ranting
programs, including those that provide periodsof 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 Assool-
ation of Schools and Colleges. Information
about acoreditation by specific professional
organizations Is listed within Chapter VII of this
catlogue.

At the Institutte the cCWazed word cot," referstowan
prganited currIuum leadng to a SPeciIe dooems, The
tow-casedword cums or subjec, on the oher handl, refrs
to Ihe lndI M 414"lase. Each Cours Is designatedby Ia
Roman numerat: tndivduhl subjets ram u 6Arabicnumerals
to comrepond Wfth the Course numbe rs.Pmexample Course 11
and course -A are curricutaIn oiallI w

number 2.05 IIdcateS a subjec
Ing. The ceparmentr ofMchanicalEngineering a a ftWlil a
als be reerred to as Courtse 2 or course i1.

'nlerdecee Include Chemical 671ner c"m.., M

CI.etrics) a 14Enanewber n ern

M u ll, (Nuo .), ocean nglier (OcedatIL
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Academic Calendar

The academic calendar provides a framework
for educational programs and cultural events,
and generally Influences the pattems of campus
life. At MIT the fall term starts shortly after Labor
Day and ends before Christmas, and the tpring
term starts in early February and ends in late
May.

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

ofomus activities, Including field trips and
academic projects abroad.

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

1990

August

10 to for September
AdvacedlaningExam.

14 Payment for first term due

17 Lastday to go off September degree
list

24 New gaduate students registration

30 Freshman Resdence/Orientation
Week begins

September

3 Labor Day (Holday)

4-7 Graduate Student Orientation Week

4 English Evaluation Tes for Intema-
tional S~tdnts9:00-12:00

4-5 Advanced Standing Exams and post-
poned finale

5 International Open House

10 Registration Day - first term
10 Deadline for Completion of Wring

and Phys. Ed. Requirementsand
submission of HASS Concentration
Compleion Form by inal-term
senkirs

11 First day of classes

14 Applon for February SB. and ad-
vanced degrees due in Registrar's
Office, E19-335. $25 late fee

28 Deadline for completed medical
reports on entering students

28 Last day to sign up for family health
insurance or Waive indhddua

October

8-9 Columbus Day Vacation

12 Add Date, Lastday to add subjects to
registration. Undergraduates must
pe~to to the Committee on Aca-
deomic Performance and graduate
students must petition to the Commit-
tee on Graduate School Policy for a /
add after this dlate. $25 processing
charge for any add allowed after this
date. Last day for juniors and seniors
to change an nective to or from P/F
grading.

22 Deadline for students to turn in Fresh-
man Evaluation Forms

26 Deadline for Instructors to tum in
Freshman Evaluation Forms

November

12 Veteran's Day (Hollday)

21 Drop Date. Last day to cancel sub-
jects from Registration. Undergradu-ates must petition to Committee on
Academic Performance and graduate
students must pstion to Committee
on Graduate School Policy for any
drop after this date. $25 processing
charge for any drop allowed after this
date.

21 Last day to petition for December Ad-
vanced Standing Exam (given during
Final Exam Peridd)

22-23 Thanksgiving Vacation

December

3-4 Second-term registration material
available in Building 10 Lobby

7 Last day for changing Advanced
Degree thesis tite. $25 late fee

13 Last day of classes

11.3 Deadline for students to turn in Fresh-
man Evaluation Forms

17-21 Final exam period

21 RegIstration material for second term
due In Registrar's Office, E19-335.
$25 late fee

22 Christmas Vacation begins (through
January 6)

1991

January

4 Deadline for Instructors to tum in
Freshman Evaluation Forms

6 Christmas Vacation ends

7 First-term grade reports maller#

7 First day of Independert Actvites
Period

11 Doctoral theses due for January

15 Payment forseoond term due

15 Last day toPtition for February
Advanced Standing Exam.

18 Thse, other than doctoral, due for
January

18 Lastday to go on or off February
degree list

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

30 Last Day of Independent AclivIties
Period

30 English Evaluation Test for Inter
national Students 9.00-12:00

31 Registration Day - second term

31 Deadline for Completion of Writing
and Phys. Ed. Reuirements and
submission of HASS Concentration
Completion Form by fnal-term
senlors

31 Advanced Standing Exams and post-
pon fnale

February

1 First day of classes

7 Grade reports for January period
mailed

8 ApplIcation for June $.S. and ad-
vaned degrees due in Restrar's
Offie, El-335. $261latefe

18 President's Day (Holiday)

28 Lastday to sign up for family health
Insurane or wIndidual cover-
APe

March

8 Add Date. Last day to add subjects to
registration. Undergraduates must
C )9%ton to Committee on Academic

rformancEf and graduate students
must petition to Committee onfGradu-
ate Sohool Policy for any add after
this date. Last day for juniors and
seniors to change an elective to or
from P/F grading.

22 Deadline for students to tum in Fresh-
man Evaluation Forms

25-29 Spring Vacation

April

1 Deadline for instructors to tum in
Freshman Evaluation Forms

12 Last day for changing advanced
gree thesis titie. $25 late fee

15-16 Patriot's Day Vacation

19 Summer Sssion rlstrabon material
available In Registrars9 Office,
E19-335

26 roDate. LastrDay to cancel sib-jet rm registration. Undergradu-
mustptition to Committee on

Academic Performance and graduate
students must petition to Committee
on Graduate School Policy for any
drop after this date. $25 processing
charge for any drop allowed after this
date

26 LastdaytopeitionforMay Advanced
Standing Exam (given during Final
Exam Perod)

May

3 Doctoral theses due for second term

3 Summer Session Registration moterial
due in Registrar's Office, E19-335

6-7 First-term registration material avail-
able Building 10 Lobby. Reference
copies of new subject desciiptions
available in departmental headquar-
ters, libraries, and the Information
Center.

10 Theses, other than doctoral, due for
second term

13 Last day of classes - follows Tues-
day's sohedule

17 Last day to go off degree list

16-22 Final exam period

23 Registration material for continuing
students due In Registrar's Office,
E19-335. $25 late fee

27 Memorial Day (Holiday)

June

3

3

10

Commencement Exercises

Second-term grade reports malled to
home address
Summer Session begins (through
August 21 - Including examn period)

L
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Educational Resources

A special feature of education at MIT Is the
n for students and facuty to parici-

In research activities. The Institute
devotee substantial resources of its own to such
undertakings and recesve substantial grants
from both Industry and government in support
of such work.

MIT has unusual facilities for this research, some
of which are unique among educational institu-
tions. There are more then 100 different labora-
tordes on the campus. In general, the Institute's
Policy Is to make these facilities avallable to the
students, Nealy all of MIT's laboratories ae

shared byundergraduates, graduate students,
and faculmembers working together In close
collaboraon.

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

Information Systems (IS)

information Processing for MIT's teaching and
research programs utilizes the latest develop-
ments In computer technology, Including a
broad spectrum of processing power from
personal machines to to large multiuser access
systems. I ides a full range of support
services, iluding public terminals, documenta-
tion, educaton user-consulting, and an exten-
sive library of application end systems software.
In addition, there are many local departmental
and laboratory facilities which meet more spe-
cialized comperequirements, and many
faculty and staf have access to personal orn-
puters. An increasing number of these comput-
era are attached to a series of networks which
provide convenient communication among
users and facilitates the distribution of comput-
ing resources.

Lowell Institute School

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

sociate degree or equivalent experience.

The programs can broaden an Individual's
current skill level or prepare a technician for
employment In a new field. There Is st
emphasis on practical aspects, combin with
s ent theo to provide an adequate founda-
tion of understanding.

The School also offers a comprehensive pro-
gram In computer applications, providing In-
depth training In programming and operating

stems as well as word processing, spread-
seets and data base management.

Subjects offered by the School do not carry MIT
credit, but certificates are awarded to those who
succeesfu vcomplete the program. Further
Information may be obtalnod by contacting Dr.
Bruce D. Wedlock, Director, Lowell Institute
School, Room E32-105, MIT, Cambridge,
Massachusetts 02139.

Ubrarles

The UbrarIes, with resources of more than 2.2
million volumes, are designed to support all of
the Institute's programs of stu and research.
The librar ssemIscmpsdof five major
(division al) ibarIes as well as a number of
smaller branch libraries. Administrative offices
are located in the Charles Hayden Memorial
Ubrary. More than 21,000 ourrent joumals and
periodicals and extensive back files provide
comprehensive resources In all major fields.
These are enriched by numerous special collec-
tions, including microfiche, slides, recordings,
p hotographs, and maps. Through MIT's mem-
brship In the Boston Ubrary Consortium,
graduate students, faculty members, and re-
search staff have access to extensive research
collections outside the Institute.

Usted below are the branches and reading
rooms:

Aeronautics and Astronautics Library
Barker Engineering Ubrary
Dewey Ubrary (Management and Social
Sciences)
Humanities Ubrary
Industrial Relations Collection
institute Archives and Special Collections
Undgren Ubrary (Earth and Planetary
Sciences)

Music Ubrary
Rotch Ubrary of Architecture and Planning
Rotch Lbrary Visual Collections
Schering-Plough Ubrary (Medical and

Neurosciences)
Science Ubrary

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

MIT Supercomputer Facility (MITSF)

The MIT Supercomputer Facility offers super-
computing tothe MIT community on a CRAY-2.
The CRAY-2 is not part of any existing central
computer facility at te Institute, but is a
separate, network-accessible high-s
"cycleserver." The success of the CRY-2 is
premised u an advanced user group and a
strong diebut computing environment. The
CRAY-2 is completely compatible with the do
facto MIT computing and communication
standards, and appears as a standard Interactive
UNIX machine on the network. The MITSF
offers consulting services as well a variety-of
training courses on the use of the CRAY-2.To
access the CRAY-2, simply contact the
Supercomputer Facility In 11-124A.

Project Athena

Project Athena is a major, institute-wide experi-
ment to integrate computers into the education-
al environment in all fields of study. Now I Its
eighth year, the project (named for the Greek
goddess of wisdon) offers computing re-
sources to all undergraduates and manygradu-
ate students and faculty members. To help
students leam more creatively and effectively,
Project Athena funded over 126 curriculum
development projects in Its first five years to
ox p ore the potential uses of computation in the
MIT curriculum. Many of the projects resulted In

successfullyudeveloped software tools which
make Innovative use of advanced computed
workstations on an extensive, coherent network.
During 1989-90, over 120 subjects required the
use of Project Athena.

In large measure, Proect Athena has been
mado possible by major grants of equipment,
software, maintenance, and on-campus staff
suoport from Digital Equipment Corporation and
IBM Corporation. By the end of its term in June
1991, the total support to Project Athena from its
corporate partners and other sources of funding
initiated by MIT will reach nearly $110 million.

On the MIT campus there are 15 public clusters,
25 departmental clusters, and one "electronic
classroom." The network serves over 1,100
workstations located in these clusters, as well as
in academic facilities, laboratories, libraries, and
living groups.

The Counci for the Arts at MIT

Many student activities In the arts are supported
by the Council for the Arts at MIT

Founded In 1972, the Council Is a volunteer
organization composed of 100 alumnI and
friends of the arts at the Institute. Through Its
Grants Program, the 'nl offers direct finan-
cial and admInistrative support to art projects
created by MIT students, staff, faculty, and MIT
organIzations. Typical projects Include perform-
ances, exhibitions, fIlm=Mo screenings, literary
readings, and cultural programs. The Grants
Program welcomes proposals in all arts disol-
plines. Pro sals are reviewed four times each

rear by aCuncil committew: awards range
m a few hundred to several thousand dollars.

S port from the Council for the Arts entitles all
MI students to free admission and discounts at
the Boston Museum of Fine Arts, and reduced
admission to the Institute of Contemporary Art.
The Council sponsors student excursions to
performances and exhibitions at local arts
institutions. The Council also presents three
annual student art awards for which nominations
are requested.

MIT Press

The MIT Press, one of the country's largest
university presses, publishes books and jour-
nals that enjoy woldwide circulation: proes-
sional, reference, and scholarly books; graduate
and undergraduate texts; and books for general
audiences. Books and journals published by the
Press have won many awards, Including the
National Book Award, and a wide variety of
citations for graphic and scholarly excellence.

It ThIs Is MIT

........... ..



14 ThIs Is MIT

The Campus

MIT's 146-acre campus extends 1

a mile along the CambrIdge sidec
Charles River Basin facing historio
and the central eotions of Boston
demlo activities are brought toget
of Interconnected buildings desig
maximum flexibility and easy oom
amon1 the deparments and Scho
extensive athletic plant and playin
the campus, as are the recreation
dormitories, and dining halls. This
contributes greatly to te sense o
interdepartmental Involvement tha
the Institute.

At the eastern end of the campusa
P Sloan Building and the Grover M
Building, which house activities Inr
economics, Intemational studies,
science. Adjacent to them is EastI
29-story apartment tower for mr
The building at 70 Memorial DriveC
classrooms and office space for thi
School, the Prram In Science, T
and Society, the School of Hu
and Social Soience. Also located o
the campus are the buildings for ti
ColeeofHealth Sciences and Ta
andte Medical Department Healt
Center, completed In early 1982, T
College Buildin houses researchi
classrooms, alibray and readingr
headq uaters for the College. The
vic Center provides faOlities form
dental, surgical, and other speolalit
macy; and an infirmary. Adjacent to
College Is the Wiesner Building, wI
the Media Laboratory, the Office ofI
the Albert and Vera Ust Visual ArtsC
comprises three exhibition galleries
film/video theater.
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A commanding feature of East Campus is
McDermott Court, in which a great sculpture by
Alexander Calder rises in bold contrast to the
facade of the 20-story Center for Earth
Sciences, the Cecil and Ida Green Building.
Surrounding McDermott Court are student
residences, Walker Memorial (which houses a
dining hall and a snack bar, the raduate stu-
dent pub, and student Activtyoffces), Hayden
Ubrary, the Camille Edourd Dreyfus hemst
Bullding, and the Ralph Landau Building, which
houses the Department of Chemical Engineer-
ing.

The Institute's main buildings, enclosing the
Killian Court, were designed by Welles Bo-
sworth, 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 oL Ufe Sciences (the Dorrance and
the Whitaker buildings), the Karl Taylor Compton
Laboratories electronics and nuclear science),
the EG&G Education Center (with lecture and
laboratory facilities for the Department of Electri-
cal Engineering and Computer Science), the
Center for Materials Science and Engineering
the Vannevar Bush Building), the Sloan Labora-
tory, the Guggenheim Laboratory, and rt
Center for Advanced Engineering Study.
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Across Massachusetts Avenue, on West Cam-
pus, 1 the Student Center (the Julius Adams
tratton Building), which contains social rooms,

cafeterias, offices for student activities, music
rooms, a spacious reading room, and recre-
ational and commercial facilities. The Student
Center Plaza Is bounded on the west by Kresge
Auditorium and on the the east by the Chapel.

Both buildings were designed by Eero Saarinen.
The auditorium contains a large concert hall
seating 1,200, a little theater, offices, and re-
hears a rooms. The Ch I is used regularly for
religious services by all faiths and Is open
throughout the day for meditation. The Chapel's
unusual design includes an exterior moat that
reflects Ig ht in changing patterns on the Interior
walls. Adjacent to the the Chapel Is the Center
for Advanced Visual Studies.

Located throughout the campus is an outstand-
Ing collection of contemporary environmental
sculpture includin works by Henry Moore,
Louise Nevelson, lexanderCalder, Pablo
Picasso, and Tony Smith. This collection high-
lights the history, art, and architecture of the
Institute.

Along Memorial Drive and facing the Charles
River are additional student residences, among
them the serpentine Baker House, which was
designed by the Finnish architect Alvar Aalto.
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Westgate, an apartment complex for married
students, and the TangResidence Hall for
graduate students are located at the western-
most end of campus. Also on West Cam pusare
the du Pont Athteto Center and playing fields
for soccer, lacrosse, baseball, softball, ouch
football, rugby, cricket, track, and tennis. The
Howard W. Johnson Athletics Center includes
an indoor Ierink and field house, and Rockwell
Cage accommodates varsity and Intramural
basketball, volleyball, and badminton. MIT's
Steinbrenner Stadium Includes a six-lane,
400-meter, all-weather runnin track, the first of
its kind in North America. The tadium also
Includes facilities for the steeplechase and field
events, with a game field inside the track oval
for intercollegiate football, soccer, lacrosse, and
field hockey games,

The Charles River Basin, which Is two miles long
and a third of a mile wide, Is a major feature of
MIT's physical environment. The Pierce Boat-
house and the Walter C. Wood Sailing Pavilion

--amoefraiv ativitv in nwad
Frovide means
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The Boston Environment

MIT Is In Cambridge, Massachusetts, on the Among the cultural organizations in the area arenorh bank of the Charles River, facing the cily the Boston Symlphony Orchestra, the Boston
of Boston. The city of Cambridge, best known Pops, the BostonBallet Company, the operaas the residence of Harvard and MIT; lI home to Company of Boston, the Boston Center for the
many students and professionals, especially Arts, Boston Unversy's Huntington Therhe
near the two campuses. The city also has a Company, the Loeb Drama Center, and thepton ethnic character with Portuguese, Italian. AmrcnRptoyTer.
as n eighbrhoocnReperory Theatre-.

MIT Is one of more than 50 schools located
Within a two-mile radius of the institute are the within the Boston area. Others Include Harvard
Museums of Science and Fine Arts, the Gardner University, Radcliffe College d Boston University,
Museum. the New England Conservatory of Northeastern University, Boston College, Bran
Music, Sym on Hal, the New England Aquar- dals University, Tuft University, Simmons Col-
lum, and the Bo Public Ubrary, as well as leg, Welesley College,r dman scallzed
Fenway Park and Boston Garden - arenas for professional art andamusi os T aon
professional baseball, basketball, and hockey centration of academic, ouur, and Intellectual
ames. Students can travel easily to the theater activities In the Boston area Is one of the largest
detrict where pro-Broadway plays arepre- in the country.

viewed and local productions are staged.

An hour or two away from MIT b car are the
mountains of Vermont and New Hampshire, the
ocean beaches of Cape Cod, the lakes and
rivers of Maine, the small clusters of fishing
towns ak the New England coast, and many

aces of historical interest - Salem, Stur-
go, Lexington, Concord, and Plymouth - in

Massachusett0 alone. The four distinct seasons
of New England, combined with varied land-
soap, offer unlimited possibilities for recreation
- skiing, mountain olimbing, hiking, saling,.
canoeing, kayaking, swimmIng, and camping.

This Is MIT 17

Organization of the Institute

The Institute's board of trustees is known as the The Dean of Undergraduate Education has
Corporation, over which the Chairman presides. responsibilities in appraising undergraduate
its members include approximately 75 distin- education at MIT and giving impetus to new
guished leaders of science, engineering, Indus- directions and efforts. The Dean of the Graduate
try, education, the professions, and public School is concerned with coordinating educa-
service, and (exoffiolo) the President, Treasure, tional polloles of the graduate programs, and
and Secretary of the Corration. Between the Dean of StudentAffairs lI directly concerned
quarterly meetings, the orporation functions with all aspects of student life.
through its officers and Executive Committee.

The management of research activities, which
The Corporation appoints Visiti Committees are financed through contracts with government
for each department and for cern of the other and industry, is supported by the Office of
major aotivities at the Institute. These Sponsored Programs. The Industrial Uiason
Committees, whose members are leaders In Program provides industry and other organiza-
their respective professions, provide council to tons access to research resources at MIT and a
the departments and In turn make means of exchangingInformation with their MIT
recommendations to the Corporation counterparts. Through the Program, technologi-
concerning departmental activities. cal developments made at MIT are transferred

to industry for commercial aplioation, helping
The institute's chief executive officer Isthe to link work at the Institute to te solution of
President. I addition, senior administrative socletal problems.
officers 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 with the Associate
Provoslt and the Deans, each responsible for
the undergraduate and graduate programs In
one of the five academic Schools. The Ins-
tute's 21 academic departments, each under
the leadership of a departmt head, are orga-
nized within te five Schools and the Whitaker
College.

The President presides over the faculty of the
Institute, which consists of all professors, certain
professors emeriti, and a number of administra-
tive officers (ex offilis). Offoers of the faculty
are the President of the Institute, and the Chair,
the Associate Chair, and the Secretary of the
Faculty.

The Academic Council to responsible for the
overall administration of the Institute. This group
consists of the senior officers, th vice presl-
dents, the deans, the Chair of the Faculty, and
the Director of Ubraries. Dep ont heads and
directors of laboratories adcenters join them
to form the Faculty Counoll.

Educational policy for the Institute is determined
by the faculty. The MIT faculty meets monthly
durin thacademic ear and conducts much
of its uinesthrg a number of eleoted
standn committees. The Faculty Policy Com-
mte PC), which includes student members,
maintainsbroad overview of the institute's
academic programs, deals with a wide range of
policy issues of concern to t faculty, an
coordinates the work of the faculty committees.
The Chair of the Faculty chairs the FPC.

The MIT Alumni Association has a
comprehensive program for keeping some
88,000 men and women, who have studied at
MIT, informed of Institute affairs. For example,
the Alumni Association publishes Technology
Review, a nationally circulated journal of
contemporary affairs in science, architecture.
engineering, humanities, management, and
other fields represented among MIT alumni.
There are nearly 75 regional MT clubs
throughout the world. The Alumni Fund,
through which alumni contribute to the financial
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 communications and directories.

The Association of MIT Alumnae is an organiza-
tion of former MIT women students with a
continuing interest in women currently studying
at the institute. The group maintains and admin-
isters its own funds for special financial aid to
women students.



11 Campus Life



20 CampusLife L

Campus Activities

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

Undergraduate Student Government

The MIT Undergraduate Association, to which all
undergraduates belon , is the major undergrad-
uate governmental y. It is assisted by a
variety of committees. The Finance Board
coordinates budgets and allocates funds to
student organizations. The Student Committee
on Educational Policy proposes educational
reforms, while the Course Evaluation Guide lists
a review of courses offered at the Institute. It
also provides student feedback to the depart-
ment and the Institute on important educational
issues. The Nominations Committee recoin-
mends student representatives for more than 50
administrative and faculty committees. The
Social Committee produces the major social
events of the year, such as autumn and spring
weekends.

The Student Center Committee helps manage
the facility, develops programs, and runs a
24-hour coffeehouse.

The Student Informaion Processing Board
operates free computer services o studeM use
and advises on computer policy at the Institute.
The Association of Student A~lo odl-
n~pWW pnrarne, recognizes new activities, and

ala"space-.

All living groups, both fraternities and institute
Houses, elect governing councils, responsible
for the functioning of their houses. In addition to
sponsoring social events, these house councils
handle most judicial matters within the respec-
tive houses. To deal with problems of common
concern, the fraternities have oined in the
interfraternity Conference (IFO), while the insti-
tLte Houses have formed the Dormitory Council.
The IFC operates a central food purchasing
agency, coordinates and supervises Rush
Week, and works to Improve relations between
fraternities and Boston's Back Say community
by sponsoring an area clean-up and beautifca-
tion program. The Dormitory Council ocordi-
nates common house activities such as fresh-
man orientation, major social ants, and
handles Inter-house judicial problems.

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

Graduate Student Government

All graduate students are represented by the
Graduate School Council. The Council com-
prises elected representatives of all Courses,
Ashdown House, Tang Hall. Green Hall, East-
gate, Westgate, International students and at
arge members. The Council or anizes and
encourages social, academic, athleto, oultural,
and other extracurricular activities; promotes
closer relations between graduate students and
faculty outside formal academic exercises; and
voices suggestions and Ideas of graduate
students. The Graduate Student Council has five
commite which meet at least monthly andthe
Council itef mets monthly. The Graduate
Council nominates two sudents to serve on the
faculty Committee on Graduate School Policy,
one stucento the Faculty Policy Committee,
and has representation on several other stand
Ing commiees of the Institute, As a service to
the graduate student community, the Council
also proues a monthly news Oattr entitiedi The
OredUa1e StudentNew. The location Is Building
50-222, Walker Memorial, above the Muddy
Charles Pub.

Athletics

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

Last year, approximately 90 men and women
were active In Intercollegiate varsity sports while
other students, seeking more Informal activities,

jondclub and Intramural teams. The popular
ntramural ram regularly attracts more than
two-thirds ofteundergraduates a-d a signifi-
cant number of graduate students. Last yea,
there were 1,181teams with an estimated
11,779 total partici t. In addition, MIT's
sailing program attsanother 1.600 students,
faculty, staff, and alumni, and extends sailing
privileges to their families.

MIT sponsors varsity sports for men in baseball,
basketball, crew (heavyweight and lightweight),
cross country, fencing, football, golf, gymnas-
to, Indoor and outdoor track, lacrosse, pistol,
rifle, saling, skiing, soccer, squash, swimming,
tennis, volyball, water polo, and wrestling. In
addition, there are womenes varsity teams in
basketball, cross country, crew, fencing, field

hcegymnastics, sailing,. skiing, soccer,
ftb swimming. and volball. Competition

includes New Engndcolleges and some ivy
League school. loo hockey Is sponsored as a
club-varsity sport

There are Intramural programs in backgammon,
badminton, basketball, bowling, che, cross
country, cycling, fening, football, frisbee.
hockeyolngsower. softballfast and
slow pich),squash, swimming, table tenis,
tennis, track (Indoorand outdoor), volleyball,
water polo, Weight lifing, and wrestling.

There are 34 club sports Inoludi aroe
badminton, contemporary dance, figuresting,
ultimate friose, Judo, kairte, women's lacrosse,
rugby (men end women), graduate soccer, table
tennis, white-wter kayking, and canoeing.

MiTs excellent foolulties include the Howard W.
Johnson Athletics Center (with an indoor track
and lo rink), the du Pont Athletic Center, Alum-
ni Swimming Pool, d SatPavilion, and
Pierce Boathouse. The 20-sre Bhia la
flield Include the du Pont outdoor tniours
nine softball diamond.(two with ghts), and a
mul rpose Omniturf synthetic surface. The
JB. Tennis Center includes four Indoor
courts, Rockwell Cage was renovated to accom-

moddateuradbasketball, volley-
ball, and badminton. Steinbrenner Stadiu

features a 400-meter all-weather track, one of
the beet In the nation.

Lectures, Seminars, and Films

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

Religious Organizations

In addition, MIT also has a number of clubs
geared towards students' backgrounds and
lifestyles. The MIT Black Student Union (BSU)
runs a variety of programs in education, culture,
and black students' Issues. The over 30 Interna-
tional student groups on campus sponsor many
programs, including discussion groups and
social events. MIT has an active organization of
gays, called Gays at MIT (GAMIT), which orga-
nizes weekly awareness programs and discus-
sion groups, and sponsors social events
throughout the year. The Technology Communi-
ty Womenw (TCW), Is oomysad of wives of MIT
students, both undergrauate and graduate,
and sponsors a variety of monthly programs as
a social and service organization.

There are currently 20 active and long-standing
student religious organizations on campus n There Is a variety of dance activities and clubs
which are based In the Chapel and the Student available at MIT. The Folk Dance Club, the Terh
Center. Ministers representing te maor faths Squares, the Ballroom Dancing Club, and
devote all or a large part of their tme t various foreign student groups provide regular

on-amps ctiifes, counseling Individual opportunities for dancers at all levels of ability.
students, and advising student religious The MIT Dance Workshop presents formal
organizations. programs and supervised Instruction as well as

9 ornoring periodic special courses by profes-
In accordance with the Chapel's interdenomina- :sonal dancers from the Boston area.
tional status, the Institute has not appointed an
Institute Chaplain or Dean of the Chl. MIT rallur Interest groups Include bridge, chess,
considers that one of Its responsibllties Is to railroad clubs, strategic games, and numerous
maintain an atmphere of religious freedom for others. information can 9e obtained In the
all and to provide opportunity or the exercise of student government office In the Student
all spiritual interests. Cent

Campus Media Technology Community Association (TCA)

Student publioations at MIT Include The bch, a MAnaad by undergraduates. TCA conducts a
student newspaper published twice weekly;' divers ad program of year-round services to
rechniqu the senior yearbook; How to Gt the MIT commun nc udlng a bock exchange,
Around MIT (HowtoGAMIT; The Thistle, pub- sliksoreenlng facilt.Is for student use, and
lished by the alternative news collective; Vo blood donor drives. TCA also channels volun-
Doo Tbol and Die, a humor magazine; and The teers into urban community service projects.
Graduate Student News, a publication of the Discount tickets for symphony and ballet are
Graduate Student Counci. Students may also offered throughout the academic year
contribute their talents to the Institute House
newspapers o a f n

adoganizational nwltes ~cIcue
are WMOR, MT' commercial free radio station,
and MIT Student Cable Television, which broad-
casts original and syndicated programming 24
hours per day.

Spoolal Interest Groups

There are more than 150 courrlcular aotvities
and clubs at MIT (manof th on t both
faculty and studenit). inlfudIng the Outin
Club The Toch SportsCa Club. the Speech

SocN~a iety,0" the FM local broadcasting
the MIT Society for Won

Engineers, the Student AArt Association.

Maystudents are actively engaged In social

such as the Intrafraternity Conferenc and Apha
PhiOreacte national service oratem.y,
sponso atiesocial wserieprogram.

Theater

A variety of theatrical performances are pres-
ented on the campus by both student organiza-
tions and professional groups.

Dramashop isa 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
productions of full-leng plays and several
workshop productions of one-act plays di-
rected, esigned, and acted by students. Fur-
ther information on the Drama Prram may be
found under the School of Humanes and
Social Sciences,

The Musical Thater Guild presents two major
and two smaller-scale musical productions
each year. All cast and crew members are
volunteer, and MIT students are given first
priority In ilin all manager, director, designer,
ohestra, c, and technical positions.

The MIT Community Players Iodes 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 Welesley students and a professional
director, presents two maln productions each
year and maintains an extensive repertory of
scenes The Ensemble tours its fal prodution
throughout the Northeast and also peforms at
Boston-area high schools and ins ons. The
Ensembles also conducts an aprentice pro-
gram that offers training in Shakespearean
acting.

Gilbert and Sullivan Players Is a group of actors,
Instrumentalists and stagecrew dedicated to

pefrIngfth works of Gilbert and Sullivan.
Th'e"D gero up produces one new major
show each trM and noldsnumerous Informal
sing-throughs.

Campus Lft
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Muslo The MIT Museum

MIT Is a musioal community. It has a busy
season of musical activities and p
performed by man different musa groups, all
of which are open both undergraduate and
raduate Students. These groups Include the

symphony Orohestra, Concoert Sand, Marching
and, Chamber Music Sooiety, Festival Jaz

Band, Concert Jazz Sand, and Gospel Choir.F There are also two a capella group., the Logasr-
hythms (an all-male vocal club), and a

plar-musl group, the Chorallariles. The
Society performs both classioal and

contemporary works.
These organizations give public concets on the
campus, participate In joint conceds on other
northeastern college campon, and take pert-
odlo conceit tours through the East and
Midwest.

Chamber music groupe. sympoigrus
and concert soloists a a e t each
years pa of the Humanities Series entitled

usic at MIT. Additional chamber music con-
certsiven by faculty and students are regularlyscheuled throughout the year. Other profes
sional musloal events are sponsored at the
Institute by various campus organizations.

List Visual Arts Center

The List Visual Arts Center administers a variety
of programs intended to increase understanding
and appreciation of contemporary art and
design. Exhibitions, events, artist residencies.
and other special projects take place within, ororiginate and expand from, three gallerie In the
I, . Pel-designed Wiesner building. The Stu-
dent Loan collections provide origfna contem
porary graphics on loan to studet for the
aoademic yar following an exhibition in the List
Center each September. The MIT Permanent
Collection of paintings, sculpture, drawings,
prints, and photography is sited in offics and
public spaces throughout the Institute and isParticulariy noted for outdoor sculpture and
contemporary works on paper.
Educational actvites include tours, lectures,
Interdlsipiinay events, and an extensve -
callo p ram in conjunotion with List
A Centeractivities.

The MIT Museum explores the interplay of art
and technology with exhbits of Interactive
plasma globe, holography, mathematical
sculptures, and muc more. Programs,lec-
tures, and seminars at the Museum build aware.
nes of ft impact of science and technology
on our Ives.
The MIT Museum Collections Is a primary
resource for materials related to MIT history and
MIT's role In the development of technology in
the 20th century.

The MIT Museum maintains two on-campus
leries, the Hal Nautical Galleries and the

Ct;mptonGallery, In addition to its main fiity
S Massachusetts Avenue. Can 253-4444

for further informatn.

Tlot House

Talbot House, an old New England farmhouse in
South Pornfret Vermont, was a gft by Laurance
Rockefeller to be used by the MTcommunity
as a retreat.

Th e re at ibibot House is relaxed and
=o~orsl. Meals are providled by a caterer

Members of the MIT community may take
adven~t oso the tranulit at Talbot House to
ea hectican o th city, Visitors to
the house Include club ,IMroups, alumni,
staff and academio groups have
gn for recreation ard a studi break: others
have found Talbot House to be an excellent
setnfor paseminars, work-
shops, or rssea r usions.

Anyp from the Mrr community, ranging in
siz 1 to27g ,ragrequest th use
of Talbot House, m by the
Offioe of the Dan for Student Affairs.

Housing
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Undergraduate Single
Student Housing

At the undergraduate level, MIT Is essentially a
residential university. Of the total undergrduate
student body of 4,50, about 2,700 single men
and women live in the 15 institute Houses on
the campus, and about 1,350 single men and
women are In other residence groupsIncluding
30 fraterrWee, the oooperative MIT Student
House, and the Women's Independent Living
Group. Lmited housinIs available for transfer
and readmitted students.

The residential system provides an environment
conductive to personal development as wel as
academicoachievement The Institute relies
greatly on the initiative and responsibility of both
Individual students and student government
organizations in the residences.

Eaculty families chosen for their deep under-
standing of and deep Interest in students live In
each of the institute Houses. They are not
charged with formal academic or operational
responsibiilties: Instead. they welcome informs!
associations with their fellowi residents. In all of
the Insitute Houses, Graduate Residents also
provide personal and academic assistance to
undergraduates.

With the exce tion of McCormlok Hall (a fe-
male), the insttute Houses have coeducational
living facilities. Most of the coed Houses also
have slngle-sexlivngas. A athough we are
unable to guarantee the assignment o a fresh-
man to a particular House or to a single-sex
area, ever effort Is made to assign students to
one of ther top choices.

Student governing groups establish and admin-
ister House regulations and maintain acceptable
standards of communitybehavior. Residential
student governments a so organize social,
athletlo and intellectual pr for House
members. In each Insitute "rouse a tax dete-
mined by the residents Is collected by MIT and
turned over to the House government to help
support such activites, Indidual fraternity
chapters have similar charges to support ir
extracurricular programs.

The institute believes that it is to the great
advantage of all undergraduates who do not live
at home to reside 'on campus" - that Is, to live
in an Institute House, one of the 30 fraternity
residences, the Women's Independent Living
Group, or the MIT Student House. Freshmen
particularly gain from assciations wRh upper-
class students and partcipation in residence
programs. Therefore, all unmarried freshman
who can oommute daily fromn their own
homes or those ofcose relatlve Inth eater
Boston are are required to live on campus.
ExcpIon to this requirement mnaybe mae
w theapproval eAss eeanfor
Student Affairs.

institute Houses

Everett Moore Baker House

Bexley Hal
Burton-Conner

East Campus Houses - Munroe, Hayden,
Wood, Goodale, Semis, and Walcott

Frank S. MacGregor House

Stanley McCormick Hall

New West Campus Houses - Ballad, Law-
rence, Coolidge, Desmond, Fisk, and Thorn,
which Include:

Chocolate City
French House
German House
Russian House
Spanish House

Random Hall

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

600 Memorial Drive

Rooms in the institute Houses are engaged for
the full academic year For the year 1090-91
the average rents for the Houses range from
$1,089 to $1,470 per term.

A student canceling a room assignment after
the stated deadline of July twill be charged a
oancellation fee. A student withdrawing Ifrm
MIT during a regular term will receive a refund
based on proraton of the term rental over 15
weeks of occupancy.

MIT Food Service

MIT Food Services offers a choice of meal plan
opone in a variety of dinin locations. Any

dent m choose to ipate in MIT meal
ans less of the vingroup selected.

rhe flexibility of the meal plan Is offered in order
to meet the diverse needs of MIT students by
allowing them to choose what plan, and which
facilities meet their particular needs.

The meal plan offers convenience to students,
enables them to use their time for activities other
than cooking and shopping, and provides an
opportunity or students to socialze with one
anoithe in thesdining halls.

Dining Locations

The Institute operates 10 dining facilities and a
food cart on campusThere are two food service
facilities in the Stratton Studnt Canter on the
west side of campus. Lobdell Court Is a food
service mall with Individual shape serving pizza,
burgers, delicatessen, Mexican cuisine, adi-
tional entrees, an abundant salad bar and more.
Networks, a seafood restaurant, offers waited
table service, counterservoe, and take-out. On
the east side of campus, there are three food
service faclities in Walker Memorial: Mores Hall,
a full service cafeteria: Pritchett Lounge, a snack
bar: and the Kosher Kitchen.

-7
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House dining rooms are loctdInfour under-
graduate residence hales on the west side of
campus: McCormlok Hll MacGregor House,
W O0Memorial Drive, and erHouse. 00
Menoralalsoprovides a snack bar nd evening
OM ls.ry service to any campus location.

ro*d~ oms offervegetarian entrees.
swicoh bars, salad bars, fresh fruits and a

,ofseertsIn addition to daily menu
ee are nposted Inachhouse

dining room and copies ae available for all
studente. A nutrition idenicaon prom
i*eat YourselfRAgh, aws "students omake
Wnormed, hoealh menu selectos. Our rei-
tered denI Os-avall e toc sc
dietsand how the dining program canmnest theneeds of lndvdual SL'*

Meal cards may be used at each dining facilty
and for pb= delveyon owmpus.

Becausthe MIT Food Service attem to be
vto e needs and desires of the

stuens,=hemeal plane, the meals served, and
the servies offered aevaluated on a continu-
Ing basisFaod Service committes,

pw~ whohsottoI~snsbetween Fo
Smanagement and residents, are encour-

aged In the drmitories.

Meal Plans for Aoademlo Year 1990-91

Meal plans are avaiable In two varieties and
sewral ses so that students may select one
that will best sadI ndividual needs and eatng
habits. Any student may select etherplane.

Guaranteed Meal Plans offer students a prede-
termined number of meals per week or yearin a
commons dning room, -us a decinn bal-
ance. Commons Inr In Baker House offer
an'l you oars to eat program with unlmitd
serving of all menu tems. Students an also
use a commons meal for an equivalent value at
Networks.

Deolining Balanoe Meal Plans work on the
same principle as cards used at automato
tellers. Eah purchase a student makes is
aumAtiaydeduoled from the dollar balance
In his or heraooount and can be used In al of
MiT's student dining facltdes.

Any sidntswiPgo nc
may do so at arny tIe I Increent
Deaied Infordn about IOw dfrninplowe is
owllWlein the LOe~aduse sidoe book
anelat e Food w&Ms Plan OfflosIn
Room 02-2400

aten nite, Sororities, and independent
Living Groups

MIT recognizes a total of 38 fratemitles, sorori-
ties, and Independent IMng groups. 1wfntyte
of these wratonally affiliaedfrat es,nI
wrelo". Ow wae ooed - onp of wt~oh Isa
co-op based on fnanil need (Student House)
- one Is all female, and three are ourly

unhoused natoaly affiliated wome's to i-
the , eendc .dispersedin

nItles. The lnterfratumlty Counil Ir)r=
sents theee groups In toeMIT commun ty.

Each fraternitysorority and IndependentliMng
oprsutoen vrnn. ae al of 1W It
acdeml, social, membership, recreational,
and external policle and programs. Thes lMng
situations provide a unique in
leadership, community plang, and group
Interaotions.

Approxdmately 95 percent of the fraternity,
sorority. and Ideedet iin reshmen
are pl or ailated during "Rldenoel
Or Week," whloh Is held In September

prior to registration. Normally, about 376
eshmen, as well as a few upperclassmen and

tranferstudents, accept Invitaons to join these
groups.

The Women's Independent Uving Group

WILG Is a non-dorm itoving group for wom-
en housed In a residence a shot dlstance from
canpus. The In group offers a sense of
community and t for Ind endn andself-governancesSimilar to the fraeternities. WILO
Is alsoa member of the Interfratemity Counol.

Cooperative Uving

The MIT Student House is an Independent,
oesducational, cooperative living group for

financialy eed studenrt. It Is owned by a
ofn ouse alumni. The 30 under-

gaduate members maintain the residenoe and
all the work exetfor major epair Stu-

dents cooperae In the management of the
Houead the academi, recreational, and

aspects of student life. Savings per mom
bar are at leas $800 dollars a year. Student
House Is also a member of the ntefratemrity
Counoll.

Off-Campus Student Housing

Students who do not live on campus will find
help In locain accommodations in the Off-

Camu ng Sevelo. Ustings of available
rentftheftGreaterBosOn aresamaremain-
tained. The staff attempts, on an Individual
basis, to help students lW oth type of so-
oommodatioe that will best suit Inddual
preferencs and fiances. Allorrespondence
should be addressed to Off-Campus Housing
Service, ukf E32-121, 77 Massachusetts
Avenue, Cambrige, MA, 02139.

Additona Information

Additional ilom tlon on undeg ut s
houin ad pl~catin4=pr ois I

theidoea ,Roomach713s3,MtudentIs
at1omatloally "ntaopy of thisbrochure about
tree mntnhs before rgisrton da o the term

tg. whih he or she hasbee amiW e to MIT.
may requestmco0iesfrom the Ofie of

theDea fo Sude~t ffars Room 7-133, MIT.
77 Maseaohueets Avenue, Cambridge, MA,

0213, (17) 0-451.Information about
fra~nllesM0 my beobtained by wrilting to

In**.*"ntyCouncil, Room W20-.413, MIT
Cambridge,.MA, 021 39. Ifraino h I
Sud osemabe obtainedby writing to
the President, MA, tude1nt House, I1I Bay
Stats Road, Boston, MA, 0221S.

CampusLife to

Graduate Single Student Student Family Housing
Housing

Approximately 30 peroent of the single graduate
students reside on the campus In Avery Alien
Ashdown House, Ping Yuan Tang Residnoe
Hall, and Ida Flansburgh Green Hall. Except
during the summer, students must registered for
each semester In order to reside In on-campus
student housing.

Ashdown House

Ashdown House, located on the comer of
Massachuset Avenue and Memorial Drive,
directly across from the main buildilngs of MIT,
houss 420 single graduate men women in
single, double, and triple rooms,

A member of the faculty, who is familiar with the
aims and problems of graduate students, re-
si" with his or her famIly in the House, serving
as the faculty Family In Realdence. A student
House Executive Committeeacting with the
advice and assistance of the'Facu Resident,
plans and operates the activtties program.
Ashdown House, with fac litles for soolal and
cultural events, Is a center of graduate student

Rooms in Ashdown House are rented for a full
academic year; rents range from $2,850 to
$3,098 per person for the academlo year, de-
pending on the type of room.

Green Hall

Opened In the spring of 1983, Green Hall ao-
commodates48 single graduate women In 32
single and eight doube rooms. The completely
refurbished dormitory Is centrally located In
Memorial Drive within five minutes walking
disance of the Athletic and Student Centers,
and the main campus buildings.
Rooms are fumIshed with a bed, desk, chair,
lamp and dreser and rgfrom $2,630 to
$2.918B perpereon for the admic year.
Rooms In Green Hall are rented for the full
academic year beginningSeptmber 1 and
include a utilities exos pivatelephone.

An MIT faculty family resides In the Hall and
ists studeit leaders in planning soolal and

orientation activities. Community cookig facli-
ties availbeon each floor or residetmay
purchase me*l on a charg plan or ala& carte In
nearby McCormick Hall.

Tang Hall

Tang Hai, located on the far western end of
camhpus, h s404 first rsinglegrduat
men Nd women In two-, three-, and for-bed-
room apartments. The apartments, unfumished
exetfor wall-to-wall carpeting, drars and

kthnappllanoes,are rented on a I -month
license to each =cpat bgNgSeptember
1. Rets range from $8 tow$3 per occupant
per month and include all utilities except tale-
phone.Community faili e available In this

uding.two tennso courts are located nearby,
and limited parking is available nearby ata
nominal annual fe.

143 Albany Street

Currently under construction Is the Albany
Street complex, the newest addition to on-cam-
pu graduate student housing. It consists of

t asthetically Interestin and historically
significant U-shaped buldings which will pro-
vi-e housing to 191 students. The renovation of
this complex will retain the brick and masonry
exteriors, but will create entirely new interiors.

Living arrangements at Albany Street Include
efficiencies, one, two, three, and four-bedroom
apartments and duplexes. The efficiency and
one bedroom unite will house families with no
children.o Singlestudents will be assigned to the
larger units. AN units are capd, a have
central air conditioning and liy-pianced
kitchens. All units except the efficiencies have a
separate living/dining area. Common facilities
Include a laundry room and reception facilities:
plus a large, secure, greenplace exterior court-

$for social resident use. Price ranges from
a to$400par month.

Residence In student family housing Is limited to
regular undergraduate and graduate student
families registered and attedng MIT who are
residing together on a full-time basis, and to
single parents with at least one child In real-
dence. Except during the summer, students
must be registered for each semester In Order
to In reside on-campus student housing. As-
signments are made on a one-yar license-
agreement basis beginning on September 1 of
each tear. Apartmentrents range from. $576 to
$859 per month and Include a utilities except
telephone
Student famly housing is managed the MIT
Housing Office, Room E32-1 18, MIT Snoee
accommodations In Estgats and Westgate are
limitd, student families seeking apartments also
are advised to contact the Off-Campus Housing
service.

Westgate

This five-building complex, located at the wst
end of the MIT campus, provides 209 apart-
ments for Student families.
Westgate consists of a 16-story tower with 90
one-room efcency ape6ents and 80 one-
bedroom units, and four three-story garden-
type buildings with a total of 59 two-bedroom
apartments.

Eaatgate

Located adjacent to Kendall Square at the east
end of the MIT campus, Eastgate Is a 29-story
apsm ent tower with 197 famly units for

stdents.

in the tower building there are 94 one-bedroom
apartments. $4 larger one-bedr apart-
met, and 19 two-bedroom apsrtments.

The Institute offers a vare of advising and
counseling resources. By Intention, theyare not
centralize in a "oounse oente. A sudent Is
free to choose the resource that appears to be
most h . Couneing, as ths word is used
here, conversations nd to
scheduled appoin ; it rangesfrom provid-
Ing inormation to s~ilepyohotiaspy.
Pling tGuikded

More Information on a graduate frsidenes
maybe fou ingArPa luate/P*n a Outden for

N=QrsuatoStudent, which Is =fcdentering graduate student.

-------- --
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Student Services

Advising and Counseling Office of Career Services Child Care and
and Preprofessional Advising Parent Resources at MIT

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

The Freshman Handbook and How to Get
Around MIT list in detail the counseling re-
sources at MIT. Only a short summary i n
here. Each student has a faculty advisor.
Office of the Dean for Student AffairSudnt
Assistance Services offers counseling services
to all students, whether the situation Is academic
or personal or both. The office has special
responsibilities for international students, wom-
en, minorities, and handicapped students.
Faculty and graduate residents and tutors are
available in the Institution Houses, and some
fratemities have graduate residents. Frequently,
a student le able to get the help he or she wants
from a fellow student or from an Instructor who
Is not officially a faculty advisor. Coaches and
activity advisors can be helpful as well.
Several offloes specialize in particular areas.
They include the Student Financial Aid Office,
which includes student employment; the Reli-
glbus Counselors; and Career Services and

reprofessional Advising. The s Police
are frequently of help to student Frstudents
considering particular fields, there is a Promedi-
oal AdvisoryCouncil, a Prelaw Advisory Council,
and i /orefgn Study Advisor.

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

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

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

A wealth of information is available on job
opportunities for mInority students. The Office is
a cosponsor, along with the Admissions Office,
of the Pathway to the Future Program for stu-
dents from underrepresented minority groups.

More than 400 companies, government agen-
cies, and graduate schools mnake recruiting
visits to the Office each yea. These visits e;e
publicized in descriptive notices that are posted

roughout the Institute. All bona fidemployers
are given access to the facilties ofthe Office on
equal terms. Thelr coming to the campus gives
students a valuable opportunity to discuss
employment prospects with different organiza-
tions.

Students who are unclear about thelr career
plans are also encouraged to come In. Doubts,
worries, and questioning are often a natural part
of career planning, and tcounseling compo-
nent of the Office can assist In addressing these
issues.

The Office, through its Alumni Placement seo-
tion, is in oontiral correspondence with em-
ploysre 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 job or of car

These services and others are described In the
MIT Career Handbook, which Is published
tWice aear. Students are wlomet to come by
and picku a copy.
Any indvidualwith .rinterests, questions,
or concerns should call (617) 253-4733 or stop
by Room 12-170.

The MIT Child Care Office maintains Information
on a wide range of child oars programs and
services In the Boston area. The Office also
provides guidance on schools, act pro-
grams, said finanoial assistance. Indvdual
counseling on child care and parenting Issues Is
available by appintment and sometimes omi a
drop-in basis. Te Child Care Office offers a
parent workshop series, several parent support
groups, and maintains a lending library. The

o is located in Room 4-144, (617)
253-1592.

The Child Car Office also coordinates a net-
work of family day oars providers on cam pus.
Family day oars Is in the home of a provider,
licensed by the State Office for Children. The
care Is provided by spouses of graduate stu-
dents living In married student housing in
Eastgate and Westgate and refleots the great
divers of cultures at the Institute. Each oper-
ates pendentiy, and hourly rates currentiy
range from $3.50 to $4.00. Arrangements are
made by the families Involved. The Office,
however, can suppl parents with help choosing
a provider, information on licensing require-
ments, and contract and record-keping forms.

Technology Children's Center, Inc. (TCC). a
vate, nonprofit corporation, operates the

ollowing programs on cam pus for children who
are at east two years and nine months old:

1) At West e, there is a year-round program
from 8:30 am to 12:30 pm. Extended day
hours are from 12:30 to 3:30 pm. Children
may be enrolled for two, three, or five days

r week. Fees* are: five mornings $310,
for afternoons add $211; three mornings
$198, afternoons add $124; two mornings
$133, afternoons add $82.

2) The Half-Day Program at Eastgate offers a
Y ear-round morning program from 8:30 am
to 1pm. Children may be enrolled for two,
three, or ve mornings a week. Fees are
$348 for five mornings, $211 for three
mornings, and $140 for two momings.
There is also an eight-week summer pro
gram, The Day Care Program at Eastgate
offers full-time, year-round oars from 8 am
to 6:30 pm, Monday through Friday. The fee
is $662.

The MIT Day Camp Is operated by the Athletic
Department weekdays 9 am to 4 pmn from late
June through mid-August for children ages 6 to
14. A sitting service is available until 5 pm. The
sight-week progam is divided into two-week
sessions, soth= achild may be er,.llsd for a
few weeks or for the entire sumrnrw.
Enrollment in TCC and D Cam programs is
limited. Call TCC (617)253-5907p or theDay
Camp Office (617) 253-2913 for additional
information.
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Medical

The MIT Student Health Program consisof
medical services avalable on cams and a
hosita l in which all regular

stedans $ udtan(rgdisterd with
27 or more un) are a it enrolled.
Students may submit a write rques to waive
the mandory insurance If they have equivalent
coverageelsewherewhich meets the Massa-
ohu steminimums for student health
Insurance.

Medical Servioes on Campus

The MIT Medical Department is a multispeolalty
group practice that employs 23 full-time and 40
part-time physicians as wellas other profession-
a support personnel. The Departrnts medical
sa ffprovidescar in internal mwickw surgey.
pediatrics, gynecology. cbettosc, ortoeics,
ophalmol-gy, o= . (including contact
lens servi urolog allerg uroly, nutrl-
tion,e n g, o ,ooy.
dermatology. otoyngology, gastroenteroogy.
' tholc9Y. pdiatry, pulmo~pgradkology,peolan Pd social work. The apartment

prvdsa pharmacy as well as laboratory,
rand other diagnostctesting faclilite. A

heducation servioe and paient advocate
are also avaiable. A major g of the Depart-
ment is to provide high-quality, accessible
medical care. Students WIll be assigned a
personal sician.

A dental service provides dental treatment to
students and the r spousesona fee-for-service
basis. A pediatdoservice provides oarsfor
students children on a fee-for-servIoe basis.
Except for emergencies, visits are by appoint-
ment.

An 18-bed Inpatient Service provides care for
students and spouses with acute Illness or
contagious diseases. This evice Is for patients
who cannot be cared for In their IMn groups
but who do not needtobeadmitted toa gener-
al hospital. Children are not admitted to the
Inpatient Service but ae referred to a nearby
pediatric hospital. Patents requiring major
surgery or treatment for seriousIllness ae sent
to one of t Boston-ara hospitals where their
Oas Isuall sed by one of the Medical

Departmbnta=.
Vsits to the Medica Department a by &Wnt-
mentexcept In emergencies. The trelr re
of= teea n y fom:8:30 am to 56pm.
Mo ythrgh3F;rida, eceptWfor holidays. At
otherImes, uretmedical or Is available
through the Aft-Hours Service on the first floor
of the Health Services Center. tudets should
call 263-1311 dlay or night for medical advice. If
a student Is too Ito come to the Health Ser-
vices Center without assistance, the Medical
Department should be noaed end will recomrn
mend suitble help.

All regula&r and special students are entitled to
mo esthcorsservioes at the Health Services
Center (Suildlng E23) at no charge. Students
will be billed for completion of pro-entry medi-
cal forms and Immunizations, obstetrical care,
routine eye examinationseleiove podiatry.
orthotlos, contact lens services, hearing aid
evaluations, wa piercing, dental care, missed
appointments, oontracptve devices, prescrip-
tion drugs, and those sria rcdrsta
should be covered by t t nta hospt
insurance policy. nt spoue y use the
Department by Infor ecvs, or reive
benefits comparal ths of a student by
paYig the Health Service fee for coverage from
SJEptmbr 1, 1990 through August 31, 1991.

( - pus medical services are not covered
unless authorized in advance by the MIT Medi-
cal Department)

Prior to matriculation, every student, undergrad-
uate or graduate, is required to submit an MIT
entrance Medical Report The report which is
completed by the student and his or her medi-
cal physician, Is returned to the Chief of the
Student Health Program. This term consists of
historical Information, immunizatio record.
physical examination, and specified laboratory
studies. Freedom from activtuberculosis as
evidenced by an Intradermal skin test or chest
X-r Is mandated by public health rure-
man% and cannot be waived. By state law or
Medical Department requirements, students
must be immune to measles, rubella (German
Measles), mumps lo, tetanus, and diphtheria

at IT. Registration will not be
permitted an an $80 fIne will be Imposed on
any entering student who has notcompled
with the MedIcal Report and/or Immunizat on
requirements stated above.

MIT Student Blue Cross and Blue Shield
Hospital insurance

The cost of off-campus hospitalization and
medical care is extremely high - In Boston-
area hospitals, it exceed d enorthis
reason, it Is extremely Importa that dents
have adequate health Insurance for themselves
and their f-Miles. All regular students and
speoil snte registered with 27 or more
units will oe automeiiticaily enrolled In end billed
for individual membershIp In fte MIT Studenvt
Slue Oro"s and Nlu Shield plan. Stjdsfts who
want lamily **Vra must Submt a new

asdmic yesr Students
who aleayhave equivalent hosplital Insurance

wihmesMssachusetts minimums (stated
on revrse sie of Waiver Form) may submit a
Waie Request Form, enclosed lIn the July
MedicalDepartmentmailing andalso available
In E23-308. New waiver request feme must
be filled out each academic fear. Non-US
citizens must submit acoJytheir Insurance
poliy to the Student He Program Office
(E23-308). togelhor with the competdwaiver
request.

Sail students taking two or more courses
or* eligible to pourchse the MIT Student Blue
Cross and Blue Shield, but are not enrolled
automatically.

Annual Rates (Sept. 1, 1990 - Aug. 31. 1991)

StudentI

MIT
Medical

Department

included in tuiton

Spouse $444
ortfee for sevice

Child(ren) fee for service

MIT Student
Blue Cross and
Blue Shield Plan

$540

$1,476

$504

I

71,
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Academic Programs

The Freshman Year

The undergraduate programs at MIT are de-
higed ohlpstudents deveop the under-
matrity, and cpbltes needdto

meet chllnges 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 values and
social goals. In addition to taking advantage of
the opportunities for broad, liberal leaming at
MIT undergraduates are encouraged to develop
a basic knowledge and a continuing interest in a
given field, and to become creative Intellectual
explorers who know how to keep learning on
their own.

One of the most exciting features of undergrad-
uate education at MIT Is the opportunity for
students to join with facuity in ongoing research
projects. Such experences, through the Under-
graduate ResearchOpportuntes Program

(ROP), encourage intellectual commitments
and self-direction, and often provide a focus for
students' undergraduate studies. During the
Independent Acties Period in January, stu-
dents can spend time In workshops, indepen-
dent research projects, Intensive subjects and
seminars, field trips, lecture and field series, and
other activities that do not easily fit Into the
traditional academic oalendar.

MIT students base their studies on a core of
subjects In science, mathematics, and the
humanIties, arts, and social sciences (the Gen-
eral Institute Requirements), and major In the
physical or life sciences, in management, in
architecture or urban studies and planning, in
an area of the humanities, arts, or social
sciences, or in one of the engineering fields, It
is also possible to study and even to major in
one of a growing number of Interdepartmental
fields.,such as energy studies, biomedical
engineering, communloation science, humani-
ties and engineering, and humanities and
science. In thesfirst year many students take a
=rgrmof subjet fo areyof options In
matemasphyslcs mistry, anhumani-
tiesarts/a sciences. During the scond
yar. students generally continue their studies
with sub meeti the various Institute
requirements and rt hthe subjesir
fti departmental!programs. In te dand
fourth years. stuents concentrate on the do-
paitentaW program ththey selected as their
major Course ofstudy.]

In addition to the departmentsalor major-
gram, there is time for students to take ective
subjects each year These elsotiv opportunities
aow students to follow social interests or to
enrich their educational background. A student
may also use elective time to prepare for ad-
venced study in a professional field such as
medione or law: for graduate study In an araIn
which MIT gives no undergraduate degree; or
for advanced study in an Interdeparmental field.
Students mayas put together a six-subjec
ir*In a eof the humanities, arts, or social

sonw. which will be designateda"ngthe
wit the major field on the S.8. diploma.

For most students, the program for the S.B.
normally requree four years of full-time study.
To uomplete work for a bachelor's degree In any
Course, each student must fulfill the General
Institute Requirements and must complete the
departmental ram specifed by that Course.
Detail on=Gnea Institut Requirements and
on selecting a major Course of study are dis-
cussed later in this chapter.

The various undorgraduate Courme are escrbed in Chapter
vAl. At tO nMtute, the capialed word Cswee refr to an
orgnied uoftlunt leaing to &aspecitsdegree. The iowr-
caued word wea or aibod, on the outer hant m to the

-dallas..m Each Coom.e I Is d natedW aoman
numeral. MndMduai eubietA are given ArabIo numerateto
Gorrespond with the course numbert. For example Course i
aId course ti-0 are uniftle in MechanIcal Engineering: 2.0
indieatee a subloot ghien in Mechanical Engineering. The
Depatment orlechantoal Rnglnoneasawho*eis also
rfWerrdto as Course 2 or coure t.

During the first year at MIT, students begin to lay
the foundation of their college educato a-A
typical programn Includes subjects In mathemnat-
ics and the natural sciences, as well as subjects
in the humanities, arts, and social sciences. In
order to enabl first-year students to study In
ways that best suit their prepaation and learn-
Ing styles, there Is a variety of ways to complete
the core subjects, as well as prepare for further
undergraduate 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 Studies Group,
which are described later in this chapter.
In order to begin to fulfill the Institute degree
requirements (listed later In this chapter), those
freshmen following the more traditional subject-
by-subject format may choose one of several
sequences In mathematics; one of several
subjects In the chemistry area one of several
sequences In physics; and from a designated
list of subjects In the humanities, arts, and social
sciences. Students have five options from which
to choose to sats the first phase of the Writing
RequIrement.
A possible program for the first year Includes
two terms of physics, two terms ofcalculus,
subjects In the humanities, arts, and social
sciences, one term of cheistry, plus one or
more elective subjects, often including an
undergraduate seminar or a Freshman Advisor
Seminar (where the faculty leader of the seminar
is also the student's freshman advisor). Many
mathematics and physics sections are inked";
students attend recitations in both subjects with
the same group of students and/or are assigned
to aphyslos section according to enrollment in
a us subject. All subjects taken by fresh-
men are graded on a pass/no record basis.
Some freshmen also elect to become involved
In the Undergraduate Research Opportunites
Program (UROP), described later In this chapter.
Entt students with degree credit for one or
more Of the frst-year subjet may substitute

moeadvanced subet or may use the time
made avalable for electives or Science Distribu-
tion Subjects. The procedures by whft degree
credit At entrance Is eand are described under
Admissionis In this chapter.
The Concourse Pogram, the Integrated Studies
Program and the xperintal Study Group,
wich offer aternatve, to the more traditional
iooturefoctation, subject-besubject format,
have their own faculty, meeIng places, and
methods of operation. In these programs,
students make prgrs comparable to that of
other freshmen, the manner in which Indi-
vidual Institute requirements are met varies both
between the programs and among students
within each program. in all three programs there
Is an especially high level of student-faculty
interaction.

Concourse Program
A student who chooses the Concourse Program
becomes a member of a group of about 60
freshmen working with a team of five to seven
faculty members in a year-long rogram of
study, which in structure and atmosphere
resembles a small school rather than a large
Institution. Concourse has operated as an
alternative 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 the conflict of techni-
cal, scientific, and humanistic viewpoints and
ideas. The objective, possibly only because of
the unique combination of assets offered by
MIT, is not only to achieve competence in the
separate disciplines but to examine the mutual
relevance of freshmen calculus, physics, chem-
ist biology, and humanities. The approach is
that of a scholarly community, with Intense
participation and supprt by faculty, staff, stu-
dent assistants, and fehmen.
The Concourse faculty members, representing
different professional disciplines, collaborate
closely In the lanning and teaching of the
curriculum, which covers fully all the Institute
Requirement whie branchi sout Into related
topics. Regularly schedued cass sessions are
supplemented by various kinds of less formal
activities. A student may carry at least one
subject par term outside the Concourse Pro-
gram. Subject matter of the Program Is ar-
ranged so that the student receives credit for all
the first-year General Institute Requirements
upon successful completion of the program.
The structure of Concourse promotes close and
sustained contact between students and faculty,
and provides a coherent and balanced ap-
proach to the diversity of disciplines and re-
search activities at the institute
The program supervisor for 1990-91 is
Professor Rober M. Rose. A detailed
description of the Program may be found in the
Fresham Handbook or may obtained by writing
to Concourse, Room 20C-224, MIT, Cambridge,
MA 02139.

Integrated Studies Program
The Intrated Studies Program (ISP) offers a
group o 36 freshmen an opportunity to fulfill
their first-year requirements In a new way. It is
designed for students Interested In learning how
science and engineering are done, and how
those pursuits relate to the world in which they
are practiced. It especially seeks students who,
in addition to wanting to develop a dual compe-
tence in solence/engineering and humanities,
are interested In hands-on experience as a
mode of learning.
There are several goals in ISP: 1) to create an
environment In which learning Is prized and
encouraged; 2) to invoive students with their
minds, eyes, and hands in the learning of
science and humanities; 3) to hiphllght the
social and political context of sc ence and
technology: and 4) to develop In students a
*~fuel" for physical materials and systems. Pro-
motion of thse activites is fostered In a context
of close Interaction among the Programs
students, staff and faculty, and by Including as
many interesting visitors as possible.
For the General Institute Requirements in math,
physics, end chemistry, ISP students attend the
mainstream lectures, but have their recitations
(semall classes that argument the lectures) In ISP

ese recitations are designed to link the sub-
jects so that related subjects are Illustrated and
clarified, as well as supplemented by labs where
possible. Undergraduate tutors are also available
in ISP for those wanting help with their work.
The humanities component of the freshmen
year is a two-semester subject in which stu-
dents have hands-on experience in workshops
with a number of technologies (e.g. cooking,
weaving blacksmithing, clocks, engines, and
comp urs). Students read, write, and discourse
about the nature of those technologies and how
they fito the various societies that practiced
them. Beyond developing a real feeling for therhysical constraints of materials and the lngenu-
ty of mechanical design, students will come to
see how different cultures trat technologies In
their own special ways: cultures have "techno-
logical styles" just as they have art styles.
Discussions of the Issues ralsed by both doing
and studying different technologies will help to
integrate the stdnts' freshman learning experi-
ence. The range of opportunities - course-
work, workshop., labs, discussions, visitors,
easy access to staff, tutor, and faculty, a "home
base* in the ISP lounge and workshops -
provides a setting In which students can learn
about themselves, about a wide range of disc-
plines, and about different styles of larning, in a
congenial atmosphere of mutual support and
intellectual Inquisitiveness.
The program supervisor for I99-91 Is
Professor Arthr Steinberg, Room 208-131C,
263-958. A detailed description can be
obtained from the Integrated Studies Program
200-108, MIT. Cambridge, MA 02139.

ESG (Experimental Study Group)
ESG Is a small academic community at MIT that
offers an individualized program In the core
subjects for freshmen and sophomores. Stu-
dents enrolling In ESG can study a variety of
subject in mathematics, physics, chemistry,
biology, humanities, social science, and com-
puter science throu h a combination of tuto-
rials, seminars, smal recitation sections, study
groups, and Independent studyprojects. In
contrast to the set structure of the regular
curriculum, ESG's flexibility allows students to
go at their own pace whenever possible, and to
organize their schedules as they wish,
ESQ's small classes also allow students to
interact more often with faculty and fellow
students than Is typical In larger classes of the
regular curriculum. Depending on the nature of
the course material, students may choose their
own topics of concentration to suit their own
academic Interests. Although ESG can be a
full-time activity for freshmen, students usually
take one or two courses in the regular curriou-
lum that are not offered In ESG.
in addition to offering a comprehensive aca-
demnic program for freshmen and sophomores,
ESG also provides a place where students and
staff can study and socialize together. Each
year, about 45 freshmen, 15 sophomores, 10
staff members, and 20 upperolass tutors (who
have been In ESG as freshmen) participate in
ESG. Staff members are drawn from MIT's
Departments of Mathematics, Chemistry, Phys-
los, Biology, from the Schools of Engineering,
and Humanities and Social Science. Interaction
among community members is facilitated not
only through seminars, study groups, and
tutorials, but also through community activities
such as weekly luncheons and weekend trips.
The faculty director for 1990-91 Is Professor
Vernon Ingram, Room 24-612, (817) 263-7786.
More Information may be found In the Freshman
Handbook, or by to Holly Sweet,
Associate Di ES, Room 24-812. MIT
Cambridge, MA 0213$9.
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Program XL You Can Be A Suoces at MIT
MIT offers an academic enrichment program for
first-year students which utilzes the email-
group leaming concept. Program XL is de-
signed to enhance students' academic perform-
anoe in calculus and physics. Students Met
weekly in study groups of five to six participants
with trained facilitators. The small study group
format emphasizes the full participation of each
student with the facilitator acting as a guide. The
meetings enhances the students' understanding
of MIT academic expectactions.
For more Information, Interested students may
contact The Office of Minority Education, MI,
Room 7-143, 77 Massachusetts Avenue, Cam-
bridge, MA 02139.
Freshman Handbook

Selection of
Major Course of Study

Many entering students have a preference for a
speofic field, while others have not yet decided
on a field of concentration. A substantial per-
centage of those who do enter with a decided

, however, later find other areas more
their liking; therefore, students should be

prepared to examine with an opn mind the
wide range of Courses (majors available at the
institute. Students are encouraged to attend
departmental orientation programs to seek out
and talk with faouty and others who have expe-
rience Infields of potential interest. They re
also urged to select electives that will help them
think about posible majors. The Independent
Actvles Period In January, described later In
this chapter. provide. students with opportuni-
ties to Investigate different fields. For many, this
consideration of fields will reinforce existing
convictions, while for others it will open up new

Sf t t MT mav howv v- r lmit
Theproed~g biefovwlewof he irs-ye venue 07 neres. M1IMy, e erv, 1M

Thmref o e of the fr enrollment in particular fields of study to bal-
sc" of the options available, but it ance resources with student interest

Is hardly a suffici nt basis for the individual All undergraduate deg ams combine
freshman toplan his or her yer. Shorty after ed prnpes w ombin
the the admitte tf Masi freshmen receiv the=O
Fremen Hadokam pedu fd~ their practical apI cations. This combinatin

infomaton n aadeics athetis, xtrcuric- studied In depth helps to foster motivation for
ular activities, the advisory sastems, uort the lifelong leaming necessary for professional
servics and an outlne of Releolrienta- competence.
ton Week. Freshmen also receive a copy of the
Undergraduate Residence book, which de-
scribes housing options. The Handbook, also
distributed to fieshmen advisors, is a primary
reference document for the first year.

Freshman Grading
Beginning fail 1990, freshmen receive graJes of
P 5.or Fin all subject they take, where P
means C or better parfoImINUe: subjects with
performance at D or F level will neither receive
credit ncr appear on the permanent record.
Pass/no record gradi for freshmen is de-
signed to meet a vait of objectives; among
them are a reduction the stresses of the first
year (aniety about ime, class rank, the failure

do A wor) and the development of more
mature atitudes about earning and about
managing one's time. Three times durng the
first ya fresm and thei lnVuor% turn,
are asked to coplte written evlutin of the
the student m comprwork. paide
useful evaluation than A-F grades alone.
Credit U~mIt for Frehmen

frs nmaptiton the Pfor eopt
to the credit it, t CAP will not aow a higher

crdi M xW ner oosonal lcm
ftn*V ExminstitmwillbeotedW d
thi c*Nftt nlsssuch an o nIs tokn

either in the ber or Febryexaminaon
pefiod. ROT8 (AS-, MS-, and N
subjects ar excluded from this credit lmit

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

rams, as well as faculty listings, for each of
a institute's departments are described fully in

Chapter VII. entitled Departmental Degree
Programs and Requirements.
Each student entering MIT Is assigned an
advisor who assists the student in designing an
effective program of study approprate to Indi-
vidual interests and aspirations. rr instance,
the selection of elective subjects is an Important
consideration, one that students should discuss
In depth with their advisor.
Detailed Information on undergraouate registra-
tion may be found In Cha ,Academic
Procedures end Institute Regulations.

Undergraduate Education at MIT 33

The Context Initiative

Science and technology provide a powerful
means by which we might achieve a more
humane society - a society free of hunger,
illness, illiteracy, and misery. However, the
relationship between science and society Is by
no means undirectional. The development of
science and technology is both influenced and
constrained by political and social forces which
may tal outside the domain of teohnocratlo
expertise.
Consequently, all students should have the
opportunity to consider critical questions about
the Interplay between science and technology
and the social, cultural, environmental, econom-
ic, and ethical contexts in which new scientific
knowledge and technological applloations are
pursued. To that end, experimental academic
experiences about the Human Contexts of
Science and Technology are being Introduced
in the educational program In a variety of ways.
The Committee on the Undergraduate Program
has endorsed the Context Intiative with the
following objectives:
1) to halo students become more con-
sclous of the significant commonalities that link
the study of science and engineering with other
branches of knowledge;
2) to increase understanding of nonscientif-
io and nontechnologioal components of work in
science and engineering. This objective may be
accomplished by stressing the political, eco-
nomic, and managerial considerations Integral
to scientific and technological projects, or the
social consequences of certain directions of
scientific research;
3) to encourage students to be more reflec-
ive about the social Implications of Individual
actions and to motivate discussion of other
related personal issues.
These objectives will provide students with a
variety of insights, including a better under-
stsrfing of the generative processes of scoence
and engineering: How do soientists and or gi-
neers go about doing what they do? How do
they reason, solve problems, and communicate
with thelr colleagues? Do they work differently
from each other, and from artists and huma-
nists?
The Context Support Offloe exists to provide
support and encourage an environment In
which contextual studies are highlighted and
their study fadiliatod. Each termalist is pub-
lished of MIT subects and programs that are of
a cross-disciplinary, contoftuaL nature. In
addition, the ofie sponsors faculty-student
forums and mini-courses, as well as Inte4'dool-
plinory to. Frther Information on Contexts
may be=tie from Dean Margaret Enders In
the Undergrduat Education Office, Room
208-141, (81 7)"26309.

The Minor In MASS

Undergraduates may elect to minor in a desig-
nated area of the Humanities, Arts, or Social
Sciences (HASS). Students electing a Minor
Program will study a fieldIn greater depth than
the HASS Concentration component of the
institute Requirement allows and will encounter
the structure of an intellectual discipline to a
greater degree; they will not only gain acquan-
tance with a MASS faid of study but will also
begin to acquire mature competence in its
practice Students who successfully complete a
Minor pr ogram will have their achievement

specified y field of study on their undergradu-
ate degree.
The Minor Programs require students to corm-
olete six subjects in a given field from a curricu-
Fum arranged into at least three levels (tiers),
expressing different degrees of sophistication in
the articulation and resolution of Intellectual

aoblems. Of the six subjects required for the
sno tm ive will count toward satisfaction

of the eight-subject Institute HASS Require-
ment, and of these five, at most one will count
toward the satisfaction of the HASS-Dietribution
Requirement
The following guidelines for the Minor in HASS
have been esablished:

1) Students may take only one HASS minor
per major, and minors can only be awarded at
the same time students receive the degree in
their undergraduate major.
2) Students who major In a Humanities,
Arts, or Social Science field may not eleta
HASS Minor in the same field.
3) The HASS Minor may not be taken In the
same field as the Humanities component of the
Course 21 E and 21 S major.

4) The junior-senior pass/fall option may
not be used to fulfill a minor program in HASS.

5) It is recommended that students apply
for a HASS Minor Program before the third year,
but no later than at least two full terms before
the student would normal receive the S.8.
degree. In order to pply for the HASS Minor
Program the studen must consult the appropri-

M AIMinor adviso.

Minor Progas have been approved in the
following fields:

Anthropology/
Archaeology

Economics
Film and Media Studies
French
GermanHistory
History of Art and
Architecture

Uterature
MusicPhilosophy

Political Science
Psychology
Russian
Science,
Technology, and
Society

Theater Arts
Urban Studiesand Planning
Women's Studies
WrIting

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

Advanced Standing Examinations

lb qualify for an Advanced Standing Examina-
tIon, an undergraduate student must never have
been registered for or attended class In the
subject concerned. A freshman who takes such
an exam shall receive the grade P for passing
(C or better) performance, but no record will
kept of non-aing 0 or F performance. For all
other studen, a grade ranging from A to F as
usual will be recorded on the transcrIpt. Any
pssn grade entitles a student to fullcred for

te sub . For freshmen, such credit will count
toward the 54- or 57-unit credit limit unless the
exam is taken either in the September or Febru-
ary examination period (see Credit Umit for
Freshmen).

ElectIves
A subject offered by the Institute is open to
fis-year students, provided they satify the
prerequ.stes. There are several hundred sub-

without prerequisites from which a student
may elect during the freshmen yea.
Electives can be used for several different
purses. For example, many students who are
undecided about their eventual program of
study will use some pat of their eleotive time to
get more Information about the various depart-
ments or felds they are considering Other

uents who more rtan of their profes-
sional goals will use lective time to explore
areas o secondary Interest. Still others will
choose to begin work on departmental or
Institute reurments deferringsubjects of a
more supplemental nature unt[a alater year. For
students who would appreciate insights Into the
social, historical, cultural, environmental, and/or
economica sIn which new scientific and
technologi oa tionsre pursued, enrol-
imentin a xt subject may be appropri-
ate. The study ofa language also may
stated or connu , Frehmen should select
eleotives that best suit their individual needs.

Undergraduate Seminars and Freehman
Advisor Seminars
The Undergraduate Seminar Program offers
students an opportunity to Intereot closely with
faculty members on t"icsof curr ner est
The Freshman Advisor Seminarsnalso have
proen prticularly effective In achieving this

.In these semiars,the
serninar leader Is also the freshman advsor for

topi. Sorme are oriented around magroup
discussion, others have epeakere, on field
trips, or eng Ihnd-on Ire . Many
topios am, Interdiscplinary in nature.
Mot seminars carry six unte of pass/fel credit.
and the ("io Is restrictedto a
sall , T~end = of seminare
tose in the torm ae sub-

-In th Seminar Wn
Ur4w~dW $Saminar Pormbooldef,

publihed wice= in= of the current
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Junior-Senior Pass/Fall Option
A student may opt to take a total of two subjects
on a pass/fall basis durlng his or her junior and
senior years. (The definition of the P grade for
this option is under review and Is subject to
change.) This option Is intended to provide
students with an opportun to broaden their
education by taki subjt that may not be in
their area of eprs without concern for Its
effect on their aademilo record. It Is therefore
expected that this option will be designated at a
time the student Initially registers for the subject.
but the deadline for this decision is add date.
Such subjects may not be used to fulfill either
institute or departmental requirements.

Program for TNo Bachelor's Degrees

A student may work for two separate Bachelor's
degrees to be received separately or concur-
rently. He or she must submit to the Registrar
(at least two full terms before the student would
normaly receive the second of the two S.S.
degrees) a petition that Indicates the desire to
work for two degrees. The petition must have
been approved by faculty advisors in each of
the two departments concemed. The require-
mente of each department must be satisfied and
the combined program must contain at least 90
units in addition to the requirements for one of
the degrees. Both facu advisors should take
res a ib for examiing the entiv prog
in ame way as they would fora caddate
for a single S.8. degree. Students should con-
sult the Student Financial Aid Office regarding
any impact this arrangement might have on
eligibility for MIT or Fedral financial aid.

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

UROP invites unde raduates to participate with
MIT faculty and sta ?members In a wide range
of research activities in every academic depart-
ment and most Interdisoiplinary laboratories,

There are many advantages to becoming in-
volved in such pursuits as early as possible In
an undo. jraduate career: establishing ties to
faculty; havin access to the advising, counsel-
Ing, and tutng resources of a professional

mup;a out a potental major; acquiring
ate-g ng ad laboratr techniques;

eloringthefonterof a d; undertakin
topics not amendable to the classroom; fng a
real-wod ;and establshin a focusfor
educational experiences. Through LROR stu-
dents can come to have a better understanding
of the intellectual process of inquiy, while
ernp an o portunity fopersonal and

Ground rules for participating in UROP are
contained in the UROP Directory. Coordinators
for institute departments, laboratories, and
offloes are listed under each Olrectory entry.
These p e are prepared to assist students,
but a ro= aont o fotwrkandn oti-aton will bereuired toachievesaatsfng
collaboration.The UROP experience wl be
unlike any other; its benefits and rewards are
great, but expectations and standards are
commensurately demanding. Call or visit the
UROP section of the Underraduate Education
Office, Room 208-141, (61 ) 263-7909 at any
time, for advice and assistance.
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Women's Studies Preprofessional Advising
and Education

The Women's Studies Program at MIT offers
students an opportunity to gain a new and

ctngper* oeon existing disciplines.The
Progam so~tcInciude women and gender

as categories of analysis in all traditional scholar-
ly inquiry Though th conditions and quality of
women's lives have differed from those of men
in most cultures and periods of histor , academ-
lo research and course content often fai to
consider the role of gender In social 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 opportun for interdisciplinary

stuy trouh vrios sbjects offered at MIT.
The core subject, Introduction to Women's
Studies, asks students to challenge traditional
assumptions and questions in a variety of
disciplines, Including literature, history, psychol-
ogy, philosophy, anthropology, and biology.
The faculty members involved In the Women's
Studies Program are drawn from all areas of the
institute ancf offer subjects In the departments
of Biology; Art and Architecture; Braln and
Cognitive Science; iUterature; History; Anthro-
pology, Urban Studies; and Science, Technolo-

and Society (STS). There also are opportuni-
sto pursue gender-related topics In other

academic departments at MIT, and through the
Experimental Study Group (ESG). Women's
Studies are listed in the SP section of Chapter
Vill in this catalogue. Degree programs In
Women's Studies are available by petition.
The Women's Studies Research Room
housed in the H .manities Library, offers acultvy
and students a central location for the study of
women and gender. It contains a core library of
relevant materials, Including books and joumals.
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 an-
nouncements and information relevant to femi-
nist scholars in the Boston area and others
interested in Women's Studies Is posted on the
bulletin board.
Further Information about the Women's Study
Programn may be obtained by contacting Profes-
sor *an Carey, Directoror Barbara Sohui-
man, Coordinator, Women's Studies Program,
Room 14E-316. MIT, Cambridge, MA 02139,
(617) 253-8844.

Within the Office of Career Services (Room
12-186) the Preprofessional Advising pr ams
(Room 12-170) serve students Who ar 
sted in pursuing professional postgraduate
education, par#culalyIn the fields of medicine,
law, and psychology. The staff in the Office
works works losely with both the Premedical
Advisory Council and the Prelaw Council.

Premedical Education

Each year, between eight and ten percent of the
senior class, well as a large number of alumni
and graduate students, go on to medioal study.
Students in nearly every Course of study are
represented among the appicants. At MIT.
students have grea flexbly In their choice of
major fields, and are encouraged to take advan-tags 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 full meet the speolfloations of
the Association ot merloan Medical Colleges.
MIT applicants continue to excel in their admis-
sions rates to medical schools.
The Premedical Advisory Council, whose mem-
bers are directly involved in medical practice,
nedlcal research, or student counseling, pro-
vides guidance and Information to students
interested in medical careers. The Office of
Career Services and Preprofessional Advising,Room 12-170 and 12-185, (817) 253-4737,
maintains Medical College'Admissions Test
application forms, school catalogues, A Premed-
Ical Handbook for MIT Students, and information

rtinent to medical study. Students Interested
nmedloine are encouraged to make an
pointment by at least "ne second term of sir
sophomore ye.Students Interested in medi-
ins are assigned to a premedical advisor at that

time. In addition, it is important to make contact
in the Offloe regarding premedical course
requirements.

Prelaw Education

A number of MIT students enter law schooeach year Law schools do not require a partic-
ular undergraduate program as a condition for
admission; students from every Institute Schoolhave been admitted to law school. Prelaw
students should consult members of the Prelaw
Advisory Council regarding preparation for a
lgal euostion and make contact with the
Proprofessional Office at least during their junior
or senior year.
The Preprofessional Advising Office maintains
the catalogues of accredited law schools, the
dates and application materials for the Law
School Admissions Teat, and other Information
pertinent to the study of law. Copiles of helpful

nublications are avallable In the Office of Career
rvices and Preprofessional Advising. Please

see the sections on Law-Related Studies in
Chapter VI of this catalogue for a further discus-
sion of opportunities and programs In this area.

Teacher Training and Education

MIT students with an Interest in teaching at the
pr-collegelevel (elementary or secondary)

nave a number of options open to them. Tutor-
ing at local schools and enrollment in courses
such as developmental psychology provide an
initial exposure to the world of teaching.
Certflation to teach in public schools in Massa-
chusetts (with eligibility or cortifloation in a
number of other states) Is available through
programs such as the MIT-Wellesley Exchange,
or rough orose-regletration with Harvard's
Undergraduate Teacher Education Program.
Students are encouraged to consult staff In the
Undergraduate Education Office, Room
208-141, (617) 253-7909, for information and toplan their p ramsas possible. (The

IT-Welly Exohang e , MIT Room
7-108, and the Center for Public Service, Room
3-123, are also available for assistance.)
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ROTC Programs

Air Force ROTC Program

M tr has existed at MIT ever since the The Air Force ROTC program provides students Scholarships
In opned its doors In 1865. More than the op rtunity to become Air Force commis.
12,000 officers have been commissioned from sloned fioers while completing their under- Air Force ROTC scholarships are available on a
MIT, of whom more than 10 have reached the raduate or graduate degree. ItIdesigned to compefidS& o qu ed an
rank of general or admiral. This section will help thveadership and ma gnt skills selected cadei tmajor Eaoscholarship

ouIdify the basic similarities and differences for an Air Force officer while preparing pays tuition and uired fees. Scholarship
tweentArmy, Navy/Marine, and Air Force the student er assignment In a caeer field recipients also reve an alowance for tt-

Reserve Officer Training Co ROTC) pro. related to his or her academic specialty. The books and a $100 nontaxable allowance each
rams. Students who are US coizens or who Office of Aerospace Studies offers two month durin the academic year. Scholarships
ave applied forUS ciizensh p areof ggrams - one of four ears and one of for 3 1/2, 3,2 1/2, and 2 years are available in

moral oharacter, and a medcaly q for years - for students qualify for commissions- addition to the four-year scholarships offered t.
military service, maygpricipate In the programs. high-school snos
Non-citizens who fulfllnaturalization r mi . The Four-Year Program seniors.
ments for US oltlienship prior to graduaton may
enroll and participate inthe four-year nonscho- Program of Instruon
larship programs. The four-year program consists of classroom

and leadership laboratory work during the four First yar (8unit): AS 11, AS 111, AS 12, and
undergraduate years and one summer training AS 11. Seod year (6 units): AS 21, AS 211,

The following factors are common to all three perlodof four weeks between the sophomore AS 22, and AS 221. Third year (14 units): AS
programs: and junior years at a United States Air Force 31, AS 311, AS 32, and AS 321. Fourth year (14

Base. It is possible for students with three units): AS 41, AS 411, AS 42, and AS 421.
* Appiation is voluntary. academic years remaini to enroll in the four- These courses are described in Chapter Vill.

Admission I selective. year program by combinng the first two years. The Aerospace Studies curriculum emphasizes
All admit men and women- the history, organization, and mission of the Air
DOD regulations presently exclude people The first two yeas of the four-ye p am Force, Including its role In national defense
with sexual orientation toward members of the know as the General MilitryCo6u MIrs(G% MC). statgy end American socet. Academic
same sex. This matter is currently under Upon completionof the GMC and summer field classes and leadership laboratory acties
review by MIT training, students may compete for entry In to provide training and practical experience In
Most students er the program at the begin- the Professional Officer Course (POC). tlo - vdevetoping leadership and managerial skills.
ning of their freshman year. However entry tion Into the POC is based on academic apt- Scadets must also fu i Englishutotebeginning of the senior year Is tude end performance, successful completion foeg lnug rqie
up spethrouram r gbilityaR forIganguagreofqtheuiMr and field training, and recommen-e-

*Student must complee he ,OC roram, dation of the Professor of Aerospace Studies. -

Including summiter training, and earnthi All cadets In the POC receive a $100 nnaal
Bachelos degree In order to be eligible for a allowance each month. Eligibility Requirements
commission.

SNonsholarship students may compete for full Students desiring to pursue an advanced de- To be eligible for the Air Force ROTC scholar-
or parial tuition scholarships which range gree may apply for delayed entry to active duty. ship program and the PO, students must be:
from one to four years. Advanced degree program r also available 1) citizens of the United States; 2) phsically

' Enrolment or continuation as a scholarship through the r Force nstitute of Technology for qualified in accordance with exleing ir Force
recipient beyond the freshmen year generally selected offiers. rglations; end 3) enrolled at MIT, Havard,
invoves an obligation for four years O active Tt, or Welesley as a full-time student.
service, or in some casesfor aetive The Two-Year ProgramseiceInvolvingrApplicationProcedure

*Enrollmet as a nonsoholaihp frehmenor
.TJcinsI. does not Involve a military service The two-year program is for those students who

do not complete the first two years of the four- Eligible freshmen can sign up for the AFROTC
. must agree by contract to main- year Air Force ROTC program. Such students Program by reglstering for Aeros e Studies

tain cceptale levesofaptitude, academic may apply as undergraduates (during their courses (AI and AS 111). AFOTC scholar-
, and physical fitness, ROTC sophomore or raduate if ship men must oontact the AFROTC offloe

acdmcperforman" c euirement may te have tw1o yasrmiin nteracademic as soon as they have been notified of admission
ewowdintutestandar. Breach or willful thy atMI inlthe 0MC, to the Institute. Other Interested students can
Mvson could lead to a pro ofenitd h5 sunsrciv six eksOf fIeldrainn apply by apersonal visit to the Office of Aero-
service or to repayment ofsfunds. at en Air Force base during the summer p - speStudles, Room 20E-1 11, MIT Cam-

ng eentry into Air Force ROTC ,bridge, Massachusetts 02139, or by calling
Specific iformation concering benefit ROTC receive the same benefi1s and om 1253-376. The director of the program Is

caeer aunti nd same academic red oRonald R Cragle, Visiting Professor of
pro b ar ee1 fn rm nwrrboryein the poram. Studens Aerospace Stde.

the program coffibeted In thi section.apynfoth w-er program may also
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Army ROTC Program Naval ROTC Program

All students at MIT, Harvard, Tufts, and Wellesley
College are eligible to enroll in Army Reserve
Officer Tralnin Corps classes at MIT. bEliblity
requirements ?or the program, whichleads to a
commission as a Second Usutenant In the
Regular Army, Army Reserve, or Army National
Guard, are listed bow. Freshmen and sopho-
mores normally enroll In the standard four-yea

p oram, while graduate students and selected
undergraduates with two or more ademoC
years remaining may apply for the Army ROTC
two-year rga. Successful completion of
both ace em o andsummer training require-
ments qualifies the student for commission
upon graduation.
Although the normal pattem is for the student to
progress through the Military Science programs
sequentially, students may, on a case-by-case
basis, be granted credit for part or all of the first
two years for appropriate academic or military
work experience. Selected subjects may be
offered during the Summer Session. Elective
subjects accepted for the ROTC program are
derived mainly primarily from the humanities,
political science, management, and psychology
area. They are Intended to Instill In the poteon-
tial officer a balanced appreciation of the devel-
opment and dynamics of military and social
Institutions and their Interrelationship with soci-
ety, as well as an understanding of the Interao-
tions and management of Indvduals In groups.
The purpose of this Integrated approach to
ROTC Is to deveo officers skilled not only In
thepr agmaticofMii Scnebtn the

rltdhuman and social Institutions as well.
The selecion of approved ele subjects Is
not rid, and any relevant subjects ma be
solt by the student and approved by the
Professor of Military Science.
Students compleing the ROTC program will
receive commissions upon graduation and go
on to serve as an active or reserve duty officer.
The commitment depends upon the student's
choice ofmcommissioning program. scholarship
status, and the needs o the service. Commis-
sions are offered In all of the Army's basic
branches with actual branch assignment deter-
mined by the needs of the Army, the desires of
the student, and the academic background and
experience of the studnt.
Enrollment in the frst two years of the four-yea

Is voluntary and doesnot obligt th
ont to anyt ofwactive orreserve duty

commitment, oweve, ROTC scholarship
students cong proga beyond the
freshman year may incur en activ dutV or
reserve duty obligation.
The summer training requirement for students In
the four-yr omited to the six-week
ROTC Advended Cap, completed between
the junior and senor year. Students at the
Advanced Camp areboad at the rate of half the
pay of a Second Lieutenat
'iWo-, three-. and for-yow scholarships are
available each ya a e awarded on the
basis of a national competition. In general, the
scholarships pay80 percent of tuit ionad fees,
a flat rate of $9for books and suppie, lus a
stipend of $100 per month. Non-so larship

students In the final two years of the program
receive the $100 per month stipend. For details
on the scholarship program, cotat the Army
ROTC Departent
in addition to the requirements outlined above,
Arm Airbome, Ranger, Air Assault, Aviation,
Norten Warfare, and other Military schooling
and training programs are available on a volun-
tary basis to qu ified students. Full details on
these programs are also available from the Army
ROTC Departent.

Program of Instruction

The Army ROTC Program of instruction Is
heavily based on the principles of leadership,
mana ement, and ethical behavior. The pro-
Wram as three equally important aspects. Theret consists of professional academic subjects
taught by the Office of Military Science (First
yer MS 111 and MS 121; Second year, MS 21,
MS 211, MS 221; Third yew, MS 31, MS 311,
MS 321; Fourth year, MS 411, MS 421). The
second consists of academic subjects taught by
the Institute and receivng academic credit
This includes one semester each in Wite
Communication, Human Behavior, Military
History, Computer Uteracy, and Math Reason-
Ing. The third consists of professional trann
gained from leadership laboratories (90 mi
a week) and one weekend field exercise each
semnester. Participation In at leas two years of
the ROTCpoggramn satisfies one-half of the
Institut's hysical Education Requirement.

Eligibility Requirements

The requirement for entry Into the Basic Course
of the four-yepram Is that the studentmust be ab to qualt for a commission before
his or her 30th bIrthday. A nonoitzen may
participate in and complete thes first two years of
the program, but must at least become a per-
manent resident allen In order to enroll In and
complete the final two years, and receive a
commission in the reserves.
Qualified applicants for the two-yw program

must successfully pass an aptitude test and an
Army physca examination. Veterans and
current melmbers of the Army Rese"v or Na-
tional Guard may receive credit for the first two
years of the program.

Application Procedures
Application for the four-year program normally
beglns by enrollment InMS9111. Students

nr In this course during the regular regit-Vion~c at MIT The student should onct
thD partmenfI addItIonal infor-
mation I desired.

Students interested in the two-year ram
should apply thr h the Army RO C part-
mont. Further deal may be obtained from

R o o m 2 05 1 2 T Cassach -
e~~ 023, A5-47 director ofthe rrn Ii LW= Colonel Gerald T

Wal manC, o rrps of Engineers, V ProfessorOf military Scienoe.

The purpose of the Naval ROTC program Is to
provide Instruction and training In naval science
subjects which, when coupled with the pre-
scribed MIT engineering or science curricula,
qualify selected students for commissions In
one of the many specialties In the Navy. Prima-
ry officer program opions available include
aviation, submarines, surface warfare, and the
Marine Corps.

The Naval ROTC unit at MIT offers two officer
development rograms. The ScholarshipProgramn provdes full tution, certain fees, use of
boiRe and uniforms, and $100 per month for
two, three, or four years. All scholoarship
students incur an active duty obligation of four
to seven years. The College Program consists
of four-, thr, and two-year pgrams. Thesestudents receive Naval Science bok 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 yearand incur a three-y
active duty obligtion. Each year the topCol-
legs Program dents receive sch lips for
their remning years in school.

Harvard, Weliee oCollee , and Tufs students
are eligirbl the holarship and Collegeprognims.

Upon completionnoththe program and recept ofa baccalaureate degree, the scholarship gradu-
ate is commissioned as an Ensign IngtheNAVYor Second Uoutenant in the marine Corps.
College Pram graduates receive commis-
sions in theWavyor the Marine Corps Reserve.

tehycmmsioe officers report direotiy to
acieduty within one year of commissioning

(generally within a few months). Upon comple-
tion of the oactve duty cciitIcn, the officer may
be released to inactive d but must retain thecommission for a total ofeight years from the
date of its original acceptance.
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Available Programs

Program of instruction

The NROTC program of instruction encom-
passes the science of naual matters and
principles of leadership and management - all
vital tobng a naval officer. The program has
three Interacting and equally Important aspects.
The first aspectoonsle of professional
academic subjects ht by the Department of
Naval Scee (outin below). The second
aspect consists of the academic subj4ts taught
by the institute. In addition to recommended
coursework. one year of calculus, physics
English, American Military Affairs or National
Securty Policy, and one term of computer
science, and an Indo-European or Asian lan-
guage ar required. The third aspect consists
Of the professional training gained from leader-
shi tories (two hours a week throughout
the school yea), tours conducted to local naval
facilities, cruises aboard ship, and practical
navigation and piloting practice conducted
aboard training craft.

Between academic years, midshipmen attend a
month of summer training aboard shI and
at-shore bases to become familiar it Navy
and Marine Corps procedures. One two- or
three-hour Naval Science subject is required
each semester. Several of thes ae presented
In conjunction with MIT professors and cany
academic oredit.

Eligibility Requirements

To be eligible for the four-year Naval ROTC
program, an entering student must be: 1) a
citizen of the United States; 2) at least 17 years
of age and not more than 27 1/2 yea of a by
June 30 of the yea of college graduation; 3)
physically qualified, andtotal visual acuity must
me the current standards, correctible to 20/20
by the use of lenses. If you do not meet all
these criteria, but are still Interested in a Navy or
Marine commission, there are other financial
assistance programs avallable.

Application Procedure

Purther Inq should be addressed to the
CommM NROTC and Naval Admin-
Istratve Unit, 2E-12, MIT, Camal dm
Massachusets 02139, or any US Navy Recruit-
ing Station.

Junior Year Abroad

Many opportunities ae open for study in foreign
countries through particion in one of the
exceent grams admnistered by non-profit
educatonal organizations or through an i IvId-
uaily arranged program. Plans for study abroad
should be Worked out by each student With his
or her faculty advlor and the Office of Career
Services and Preprolaselonal Advising, Room
12-170, (617) 263-4733. The Office of Carer
Services can provide a great deal of assistance
and Information as a studetplans for Study at
another college or univerey. Aithough almost
any field carn 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, theyea
abroad can be a valuable learning experence.

Effective working command of the language of
thehostcountryIsvital. Byconscientiouswork
In languag subjects here, even a student
withoutpr study frequentiy can achieve
profloiencyIn a foreign language bythe begin-
ning of the junior year Iheor insby the
econid term of the freshman year oriet-
tion period provided by most o aed pro-
grams will be aomement in many
cases. For a marewexceptional
competence In the lanu and some knowl-
edge of theoculture,anind=uaI pormmay
be desirable, but careful planningsTIlesen-

A student on an approvedjunior-yw abroad
program maintains, withou payment of MIT
tuition, official MIT registration as an 'under-
graduate on forn tudy,* and thereby student
aid status and dormitory priority. Total costs
Includiavel sometimes are less than that at
the Iiut-.

Students who have participated In an approved
one-year program may normally expect to
receive one yw of equivalent credittoward
their MIT degree, upon successful completion
of their studies and subsequent retumn to MIT
Students who wish to have transfer credit
posted to their MIT transcripts must submit
confirmation of approved credit (with necessary
signatures of = a) to the egtrar's Offie"
by the end ofII th week (drop date) of the
term they return to MIT

Domestio Year Away

This program provides the opportun to spend
from one semester to one yew ata er
academic institution for the ursuit of work
generally not available atMIT A student on
such an aprvdporam maintains, without
payment oMITtuiinoffioial MIT re it
as an und raduats studying away, with

stuiontaid anddormitrypriority. Ap-
Cvalfor Domestic Year Away status requires

I
the student show that the objectIves of the

ned program of study are consistent with
Is 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 stuydraws on resources availab eat

seco nstitutionthat are not generally
available at MIT or at the institutions with which
MIT has oross-registration privileges;
and

3
the student be accepted by a school of estab-
lished academic merit to a program Invong a
work iced comparable to that a MIT

Students who wish to have transfer credit
posted to their MIT transcripts must submit
confirmation of approved credit (with necessary
signatures of aproval) to the Registrars Office
by theend ofthe 1 Ith week (drop date) of the
term they return to MIT.

Those students interested in these pgrams
should consult the Office of Career vices,
Room 12-170, (617) 253-4733.

Harvard University

MIT undergraduates are permitted to take
subects at rvardUniversity (Faculty of Arts
and Sciences) for degree credit at no extra
och provided the ubjtare not offered
reguarlyatM = -Cross-gtrationIsnornly,
l upl amn who must be regularly
enrolled at IT and full tuition for te
term In question. No mor than two regular
subjects nor more than one Intensive subject
may be taken at Harvard In any one term.
Arrag m made through the Humani-
ties and Social Science sOffice (14N-40,
(8617) 263-4441). 1Leter grades earned In
Harvard subjet appear on the transcripts of

MIT undergraduate.
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Study at Other
Universities

Wellesley-MIT Exchange Program

Partiolpation in the Wellesly-MIT Exchange
Program can expand the educatnal opportuni-
ties fcr students ofeach Institution. Under this
program, students may cross-register for any
courses at the other school, with the only re-
quirement being that they present the neces-
a prerequisites. MIT students may use

we "eley courses to meet certain institute
requirements, as described later in the section.

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

The following areas of study are available at
Wellesley:
American Studies
Anthropology
Architecture
Art
Astronomy
Biological Sciences
Black Studies
Chemistry
Chinese
Chinese Studies
Classical Clization
Cognitive Scieome
Computer Scisnoe
Economics
Education
English
French
French Studies
Geology
German
German Studies
Greek and Latin

HistoryItalian
Italian Culture
Japanese
Japanese Studies
Jewish Studies
Language Studies
Mathematics
Medieval/RenaissanceStudies
Music
Pece StudiesPhilosophy
P ylos

cal Sclence
Peyohoogy

Russian
SociologySpanish
Teshnology Studies
Theater Studies
Women's Studies

Through the Wellesley Education Department,
MIT students may earn certification, Which Is
valid In 32 states, to teach biology, chemistry,
mathematics, social studies, English, French, or
Spanish at the secondary levelFor certification
students must complete a prescribed set of
subjects In the academic field and fivo educa-
tion subjeots, as well as three field work eXPeri"
snow within a school setting and a semester of
student teaching. Individual programs can be
arranged as preparation for applying for certili-
cation In other fields or states. An approved
combination of education subjacts may be
accepted as a special concentration within the
MIT Humanities, Arts, and Social Sciences
Requirement.
Wellesley and MIT operate free weekday bus
service between the two campuses for students
who are cross-registered. The ride is about 60
minutes each way, so students should plan for
at least one hour betwen their Wellesley and
MIT classes. Cross-registered students ave

prirk. n boarding, but others with MIT or
ellesley Identification cards may use the bus

on a space-avalable basis.
MIT students register for a Wellesley course
simply by the course name and number
on their ITr onstti form or correction form
In ft space marked "Cros Registration at
Welesloy.* Students must also register at
Wellesley during the first week of clase.

Wellesley subjects and grades are recorded on
students' MIT transcripts Unless otherise
stated in the Wellesl Bulletin, a semester
course receives one Weesley unit of credit,
which equals 12 (3-0-9) MIT units (or the
equivalent of one subjectwhen used to satisfy
the General Institute Requirements).
MIT students receive letter grades for their
Weliesley courses unless 1) the course is desig-
nated mandatory -oredit/noncredit- by Weles-
lay, 2) they are freshmen under MIT's paee/no
record" requirement, or 3) the are juniors or
seniors using one of their two MIT electives for
pass/fall.

Students may take Welesley courses to meet a
vreyof MIT distribution and concentration
uirements. There are, however, some re-

srctio and special procedures, which are
described as follows.
Students generally cannot substitute Welesley
ocurses for MIT Science Core ocurses (Chemis-
try, Physcos, and Calculus) or Laboratory Rle-
qumrement course. They may take Welesle
oourses to adsyScience Distribution Require-
ments. but need the approval of the Committee
on Curricula.
To meet the Distribution portion of the MIT
Humanities, Arts, and Social Sciences
Requirement. students may take the Welesley
courses listed under the various fields In the
HASS Distribution section In this chapter.
Wellesley courses ma be designated as part of
the Concentration In e Humanities, Arts, and
Social Sciences at the discretion of the
designated advisor in that field of concentration,
Studfents may use Wellesley courses as
unreseited electives toward fulfilling the
Humanities, Arts, and Social Sciences
Requirement, but they must petition to do so.
Petitions may be obtained from the Exchange
Office atMiT orfromIkeyS arinthe
Humanities, Arts, and Socia Sclences Office,
14N-409, (617) 253-4443 (who can also answer
questions pertaining to the Humanities, Arts,
and Social Soienosa Requirement).
Wellesley subjects may be used to fulfill depart-
mental requirements with the permission of a
faculty advisor.
Most examinations at Wellesley are offered on a
self-scheduled basis. Welesley's academic
calendar differs from MIT's. Students are re-
sponsible for meeting Welesley'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 emerency or illness should contact the

Ecae oinator at Wellesley within 24
hours of the deadline to get further Instructions.

Students may take physical education classes at
Wellesley on a space-available basis andy
apply these classes toward their MIT physica
education requirements.
MIT students receive full library privilegs at the
Wellesley College Ubray.
Complete details on regitation produres andoram e as wll copies of the Welsly
01tin and clawsschedulesare aalaoblesinthe
' xchM19 Office at MIT In Room 7-103, (817)
2 The Exchange Office at Wellesley is
located In Room 340 tnHal 723-0320
x2321 (through the MIT tie line: 187-2321).

i
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General Institute
Requirements

Science Requirement

lb be recommended for the degree of Bachelor
of Science, students must have attended the
Institute not less than three regular academic
terms, whloh ordinarily must include the term o
graduation. Also sudents must have satsfacto-
rcompleted ams of study approved In
accordance the faculy regula one, Includ-
ing the General institute Requirements de-
scribed on the folowl pages, and the Depart
mental Program of theorse in which the
d es Is to be awarded. A student must
p*Non the Committee on Curricula for any
substitutions In the General Institute Require-
ments. Departures from the Depardmeital
Programs are allowed with departmental permis
elon. The Departmental Program and the total
degree requirements are shown for most
Courses In Chapter VII.

Bachelor of Solence Degree Requirements'

Geno MM ft**menns
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r MIT expects Its graduates to have an under-
standing and appreciation of the basic concet
and methods of the physical sciences. These

f concepts and methods are needed in most
degree programs at the insttute. More Impor-
tany, they are an essential of the baok-
ground thaMIT graduates gng to their roles as
professionals and as broadly educated oens
in a world deeply influenced by science and
technology.
To provide this understanding, the Institute
offers a variety of ograms by which the
student can fulfill the sclence, laboratory, and
science distribution requirements. These

a programs Introduce basic elements of the
scientific method: experimental foundations and
techniques, mathematical analysis, and
conceptual models for experimental facts.
Important experimental, as well as conceptual,
aspects ar Introduced by the chemsrrequirement and by helaboratryreuirmet
Mathematicalamethods oommon much of
science and technology are explored In the
calculus requirement. Basic concepts that
underlie many physical phenomenaare defined
and elucidated in the physics and solence

'distribution requiremeonts.
In addition to a rigorous introduction to the
sciences, these requirements are Intended to
stimulate and challenge each student to review
critically his or her knowledge and to xplore
altemalve conceptual and mathematal formu-
lations whlohji may provide better explanations of
natural phenomena or may lead to better appil-
cations of technology.
The development of critical and constructive

Isublect a ahes to both t and practice In
T"d If~ scsence, engineering, nother professions is a

central objective of the Institute's educational
programs.
Chemistry
The requirement an be satisfied by taking
3.091 Introduction to Solid-State Chemistry
6.11 Principles of Chemical Science, or SP 01

1N Chemistry, Materials Science, and Biology,
nae equired beyond 3.091 is designed for students who ae particu-

Inrated In the chemistryof the solid
I I11 W""ntean Introduction to cheml-

by with an emphasis on baslo prnoiples and
asy Owntheir applioRe 'P 01 lOng with P 07.

~7~I~? whch anbe used as a Scinc DslWbtm
he snes o the pn oOf hmiee
S sandaModenbiologyIa

so summuued on e unified-me.

Physics

The institute requirement in physics may be
satsfied through a varety of combinations of
first- and second-term physics subjects. A
majority of students find the 8.01-8.02 se-
quence suited to their needs. 8.012-8.022
covers essentially the same subject matter as
8.01-8.02, but is more advanced mathematical-
l ; calculus is used freely from the beginning of
te term. The student is not obliged er,
to follow through the whole of either of these
sequences as a package, should some other
choice become more suitable, It Is quite so-
ceptable to switch from a first-term subject In
one sequence to a second-term subject in the
other. 8.01x and 8.02x are offered as altemative
physics subjects during 1990-91.

Calculus

The Department of Mathematics offers two
standard calculus sequences: 18.01-18.02 and
18.011-18.021. These sequences seek to
present calculus as it wi actually be used In
science and engineering. The subjects differ In
several respects: content and Intensity (se
subject descrptions for detalus), structure
(homework and testing practices vary), and
prerquisites (18.011 assumes a year of high
so calculus).

A third sequence 18.012-18.022 Calculus with
Theory, assumes an extensive background in
calculus, and emphasizes proofs.

Students with advanced placement or advanced
standing credit for 18.01 will lose itlt they take
18,01. However, for students taking 18.011 or
18.012, it will be replaced by six units of elective
credit

IMPMRANT NOTE:"mofSome eiN u te 50 Mev _______________
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Writing Requirement

The primary objectives of this General Institute
Rquirehrent are: to ensure competency in.
w ng of all undergraduates, with spclal em-
hasis on writing in professional contexts, and
Sseethat clear, effective writin Is valued and

fostered throughout the curriculum as an essen-
tal part ofan MIT education.
The basic features of the requirement are early
evaluation, a variety of wayu to complete the
requirement, and Institute-wide involvement.
The requirement is to be satisfied in two phases:

Phase One is concerned with the proficiency
in general expository writing that should be
expected of any educated person. The options
for satisfying this stage are:
a) achieving, prior to entry, a score of 760

or above on th6 Col e Board Achieve-
ment Test In English C on with
Essay ora *core of 5on Coil e
Board Advanced Placement Test In
English Language and Composition.

b) passing the Freshman Essay Evaluation
which is offered to new stuents during
Residence/Orientation Week and once
during the fal semester. An optional
Englih as a Second Language (ESL)
version is available.

0) receiving a grade of pass in any one of
the following expos writing subjects:
21.334 Expository W Qr for Un er-
graduates: English as a Second Lan-
guage. 21.73 Expository Writing, 21.731
Writing and Experience, or 21.732 Intro-
duction to Technical Communication: or
any equivalent subject In Project Inter
phase, the E rmental Study Group,

e Integra Studies Program, or
Concourse.

d) submitting a paper of five pages (1.260
words) or more of exgitry prose, for
any MIT subjcorURP activity"and

$8d stisfatory by fth professor of
subectand by evaluators for the

requirement.
Students submitting papers for Phase One must
first pick up a cover sheet from the Writl
Requirement Section of fth Undorgradua
Education Office, Room 2DC-lOSfor the sub-
ject Instructor to sign, instructors are encour-
aged to the use the cover hest to comment on
fth students wrting before sgning fth sheet
and g=nittot student The student teretun p and the cover sheet to the

Students normally complete Phase One bthe
end of the freshman year and must compte
this state otthe requirement by the eight week
of the first semester of their sophomore year-
Students who fall to do so will be considered to
be In noncompliance with the requirement and
will then only be able to emloy e paper
option for satisng Phase ne b succesfully
petitioning the ommitt on the riting

equirement. The Committee grants such
petitions only In exceptional circumstances.

Phase Two Is designed to engage upperolass
students In the more specialize forms of
writing that are necessary within their
professional disc plines. These encounters,
which go beyond the writing experiences
provided by Humanities, Arts, and Social
Sciences Requirement, occur over an extended
period In the middle years of students'
undergraduate careers.

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

Phase Two should be satisfied by the end of the
Junior year and must be satisfied by the end of
the first semester of a student's senior year.
Students who fall to complete Phase IWo by
registration day of the semester in which they
p lan to graduate will be withheld from the
Dgree st and will be added to the Degree Ust

only bysuccessfully petitioning their
D ep ntal Writing Coordinator and the
Committee on the Writing Requirertriont. The
Committee grants such petitions only in
exceptional olrzumstances.

Opios|o|cmpein tis|as|ae
Options for completing this phase are:
a) receivingagrade of Bor better for the

quality wring in a cooperative writing
subject within tie generaarea of a
studenta professional field. These
cooperative engineering and science
subjects include Instruction and evalua-
tion by Writirn Program faculty and
provide excellent opportunities for
satisfying Phase Two.

b) Receving a B or better in any one of the
following advanced subjects In scientific
and engne9elnwrIting: 21.339 WoEn
shop in Writing Science and Engi-neering: English as a Second Language,
21.340 Wshop In Writing for the Social
Sciences and Architecture: English as a
Second Language, or 21.780 Scienceand Engineering Writing.

o) Submitting a paper of ten pages (2.500
words) or more of pros from any MIT
subject or UROP acviwithin the

oneral area of a student's professional
old that is judged satisfactory by the

Instructor or supervisor and by evalua-
tors for the requirement. Students who
wish to use this option to comnp lete
Phase Two should contact their Depart
mental Writing Coordinator.

The Conmittse on the Writing Requirement has
published a brochure on te Asquirement.
Copies are available at the Witing Requirement
Section of the Underaduate Education Office,
Room 208-140, (61) d253-g709. Students are
also encouraged todiscuss any questions they
may have about the requirement with their
Depart nental Writing Coodinator or with the
Institute Coordinator of the Writing Requirement,
Dr. Les Perelman.

II
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Humanities, Arts, and Social
Sciences (HAAS) Requirement

MIT provides a substantial and varied program
in the humanities, arts, and social sciences that
forms an esential pa of te education of every
undergraduate. Tis poram Is Intended to
ensure that students devek a broad under-
standing of human society, traditions, and its
institutions. The requirement enables students
to deepen their knowledge in a variety of cultur-
al and disolplinary areas and encourages the
development of sensibilities and skills vital to an
effective and satisfying ift as an individual, a
professional, and a member of society.
More speoifically, the objectives of the pr-gram
are to develop: 1) skills in communicton, both
oral and written; 2) knowledge of human cul-
tures, past and present, and of the ways In
which they have influenced one another; 3)
awareness of concepts, ideas, and systems of
thought that underlie human activities; 4) under-
standing of the social, political. and economic
framework of different societies: and 5) sensitiv-
ity to modes of communication and self-expros-
sion n the arts. Work in these areas will, where
appropriate, display a special concern with the
relation of science and technology to society.
The student's program in the humanities, Arts,
and Social Sciences (HASS) is based on the
following institute requirement:

1
Every candidate for a bachelor's degree must
have completed a minimum of eight term
subjects (@fst least nine units each) in the
humanities, arts, and social sciences.
2
Oistribution. Three of the eight subjects must
be chosen from a specially designated list of
distribution subjects in the humanities, arts, and
social solences. The three subjects are to be
selected from three separate categore or fields
and maybe taken at any stage of the student's
undergraduate career.

The folowing fields of concentration currently
are offered:

American Studies
Ancient and Medieval Studies
Anthropology/Archaeology
Economics
Ethnic Studies
Film and Media Studie

n Languages and Literatures
History
History of Art
Labor In industrial Sooety
Latin American Studies
Linguistics
Literature
Music
Philosophy
Political Science
Psychology
Russiantudiees
Soience, Technology, and Society
Theater Arts
Urban Studies
Visual Art and Design
Women's Studies
Writing

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

HASS Information

For detailed information on distribution subjects
and on the concentration requirements In any
field, and for assistance with any aspect of the
Humanities, Arts, and Socil Soee(HASS)
Requirement, students should visit the HASS
Information Office, Room 14N-400, (617)
253-4441.

Distribution Subjsoo

3 Humanities, Arts, and Social Science Distribu-
Conoentration. Before the third year, each ton subjects are humanisto in orientation, of
student selects a field of oonoentration. The broad general interest, with a subject matter
rnensfor cornentration arw et by each clealy drawn from one or more of the died-

fti wvl wrd ot of either three or four subjects. In the Humanites, Arts, and Soolal
Anindcdual's t isbeoftoncentra onWuchmeet In sectIons small
arranged in wIth a nated .enough to allow dIslons in whloh every
advisor in the field. A distribulon suject in a student can partolpte, and - except for some
given category or field may also be counted as art subjec - they call for a substantial amount
one of the required concentratfon sub with of writing.
the sion of the concentration . In

d ul passe, a speolal Interdisciplinary Almost all distribution subjes are wiof oonoentration maybe arranged with for students at
toph poal of an advisor desine by the elWto a velstudnts aet not

xu te nd So o nce. This reqird, to take one or btwo dirbuton b
approal must be obtained ahead of time, In the freshman in order to beginsaif

the d osid ombnalcn of subjects has te Istnand to apl
bnsnodompletent f ilds.

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

In academic year 1988-89, the Humanities, Arts,
and Social Science Distribution (HASS-D)
Requirement was Introduced to provide in-
creased intellectual structure and cohesion.
The HASS-D requirement Is meant to comple-
ment the General institute Requirement in
Science, emphasizing modes of inquiry and
discourse that are qualitative and contextual.
HASS-D subjects alm to develop substantive
knowledge and analytical skills. They are to
have a broad intellectual range and include a
generous view of the alternative and often
competing assumptions, tives, and
Intellectual tendencles In the field. They are to
Incorporate, wherem ropriate, materials and
Insights drawn from th full range of contempo-
rary scholarship, including that on women,
minorities, and non-Westem ouhures.

HASS-Distribution Requirement

Undergraduates who enter as of academic year
1988-89 must take three HASS-D subjects
from Ust A, which has been classified into five
categories. Each category consists of subjects
that are propriate for students who may never
take an subject in that area of learning, and
the five categories together offer a range of
oholoes suited to te different Interests, abilities,
and prepamatio of MIT undergraduates.
Specifically, students must take one distribution
subject from categories 1 or 2, which have a
conten within the manitles, and one distribu-
tion subject from categories 4 orr, which have
a content within the social sciences. The third
distribution subject must be taken from one of
the three remaining categories.

LanguaeOption: Because the institute re-
gadscompetencein foreign language as a

nda t studentsmay substitute one
lang atlevelIor IV for one

HAS- subject Of the two remaining
HASS-D subjects, one must be taken
ostegories 4 or 5 and the other from one of the
remaining categories. Students selecting this
Wnaeotomay not choose a second

butlO subject tauiht in the same foreign
language or literature.
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List A contains 1990-91 HASS-D subjects in
HASS-D categories:
1. Literary and Textual Studies. This category
consists of subjects devoted to the interpret
tion of texts, to iterary ditios, and to genres,
21.003 Introduction to Fiction
21,004 Major Poets
21.006 American Literature
21.009 Shakespeare
21.012 Forms of Western Narrative
21.021 Comedy
21.044J New World LJterature [21.298J]
21.211 Introduction to French Literature
21.239 introduction to German Literature
21.289 Introduction to Contemporary

Hispanic Literature
21.299J New Women's Voices (SP 431J]
21.312 MythIo and Folk Motifs in

Russian Literature
21.736 Writing and Reading the Essay
2. LanguageThough and Value. Subjects in
this categry ocus on %$study of concepts,
principles, and modes of expression basic to
our efforts to understand Individuals and their
place In the universe.
21.001 Great Books I: Homer to Dante
21.002 Great Books It: Renaissance to

Modernity
21.008 The Bible
21.048 Darwin and Design
21.049 The End of Nature
24.00 Problems of Philosophy
24.01 Philosophy and Public Affairs
24.04J Justice [17.11 5J
24.07 Classics In the History of

Philosophy
24.09J Classics in Political Philosophy

(17.113J]
WC 108RE Introduction to Asian Reigionst
3. The Arts. Subjects in this cateory may be
drawn from music, the visual aut raaand
dance and film. They may be historioal and
analytical, or they may~ be more directly con-
corned with the creaon of art.
4.301 Foundations in the Visual Arts
4.601 Introduction to Art History
4.602 Modernism and Mass Culture:

1830-1968
4.605 Introduction to the History and

Theory of Architecture
21.011 The Film Experience
21.60 introduction to Music
21.622 Westem Music after1750
21.036 Jazz
21.641 Harmony and Counterpoint I
21.701J Introduction to Dramatic Art

[1.005J)
21.702J Playwriting (21.737JJ
21.728 Introduction to Modem

Dance
WC 248AR Arts of the Far Eastt

t wewwestey Conese subct

4. Cultures and Societies. Subjects in this
category focus on human societies by examin-
ing forms of social, cultural, economic, political,
and religious organization and behavior.

9.00 introduction to Psychology
11.009J Surveillance and Society

[STS 077J]
11.165 courts and American Society
14.63 Labor in Industrial Society
17.201J Politics and Public Policy

11.007J)
17.241 Introducton to the American

Political Process
17.403 American foregn Policy in a

Changing World
17.573 Poiltical Dimensions of African

Civilizations Over the Centuries
17.577 The Politics of Change In the

Third World
17.601 Communism, Revolution, and

Reform: Lenin to Gorbachev
21.410 American Culture: Images, Places,

Texts
21.60 Introduction to Anthropology
21.506 Evidence and Argument in Anthro

logy
21.509 Undestanding Culture
21.530J The Contemporary Family

[SP 456J1
SP 401 introduction to Women's Studies
SP 407 Desire and Discourse: An

introduction to Lesbian and Gay
Studies

STS 015 Psychology and Technology

5. Historical Studies. Subjects in this catego-
7 focus on the development of peoples, ins u-
one, or countries over a considerable period of
time.
11.015J

21.350
21.351
21.353

21.355

21.361
21.388

21.392

21.465

21.480

STS 001
STS 002
STS 003

Riots, Strikes, and Conspiracies
In America (21 .341
The Ancient World: Greece
The Ancient World: Rome
The Ems ence of Europe:
1000-1
The Age of Reason: Europe in
the 18tn and 19th Centunes
Europe in the 20th Century
The Last Hundred Years: Topics
In World History (Part I)
War, Money, and Sex: Topics in
Amerioan History
FamilStat, and Economy in

Islam, the Middle East, and the
West
Technology in Amerioan History
Toward the Scientific Revolution
The Rise of Modem Science

Because recitation sections in HASS-D subjects
are restricted to 25 students per section,
enrollments In some HASS-D subjects may be
limited. In such cases, the guidelines below will
be followed:

1 first preference Is given to seniors;
2) second preference is given to students

who were registered for the subject in
the previous lrm or year but were
unable to enroll in the subject dueto
restrIctions in class size;

3) enrollment for all others wilt be
determined at the first cass" meeting
in a lottery, consisting of those students
who have pree tered for the subject
and those who atend the first class
meetig.

I
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HUM-Distribution Requirement

Students who entered before academio year
1988-9an saties the Distribution Requirement
u nert wH AS-D sesem or uer the
old UV.D (Humanites stibutiom) System.
by taking three sub*ets from th dfent
fields on Ust B. Ust B Includee both HUM-D
and HASS-D subjects. Note, howeve, where-
as HASS-D subjects can be used to satisfy the
HUM-D requirment, HUM-D subjects cannot
be used to sai the HASS-D requirement
Sf detswhooentere bfoacdeia oyear
198-89 can also sati the HUM-D require-
ment with subjects al tdytaken from the list
that apoeared in the 1987-88 Buletn. (Students
who entered before academio year 1987-88
may own oe the HUM-D requirment with

1 tet n t -87BuWnedb
tiong the School of Humaniles and

Ine date of the term in which the
subject is on.)

Lst B ontains 1990-91 HASS-D/HUM-D
subjects:

AnthropfloylArohaaftoy

Introduction to AnthroPOloy*
The Human Past Intro nto
Archaeology
Evidence and Argument In

U ng Culture*
The Contemporary Family
LSP 45"Jj

eohnology and Culture
[STS 078J)

21.350
21 3561
21.352
21,363

21.365

21.358

21.381
21.369
21.372

21.388

21.390
21.391
21.392

21.410

21.461

21.415

21.480
21.481
21.466

21.480

21.481

21.50
21.503

21.506

21.609
21.630J

21.540J

Economios

14.63 Labor in Industrial Society'
14.71 Topics in Economic History

Film and Media

21.011 The Film Experenoe*

Foreign Languages

21.204 French IV
21. German IV
2. 124 Russian IV
21,7 -Spaish II

History Unguistics and Philosophy

The Ancient World: Greece
The Ancient World: Rome'
From Caer to Charlemagne
The Emergence of Europe
1000-1300
The A of Reason:Europein

18and 19Oth Centurles*
History of the Western World :
1600-1816
Europe in the 20th Century*
MarxDarwin, and Freud
Imperial and utionary
Russia: Culture and Politics
The Last Hundred Years: Topics
In World History* (Part I)
American History to1 85
American History Ince 185
War Money. and Sex: Topics in
American History'
American Culture: Images, Places,
Texts*
American intellectual and Cultural
History: The Modem Age,
1920-1980
American Women's History
[S 420J)
East Asian History: China
East Asian His Japan
Family, State, adEconomy in
East Asian History*
Islam, the Middle East, and the

The Middle East in the Twentieth
Century

24.00
24,01
24.04J1
24.07

24.09J

24.90J

Problems of Philosophy
Philosophy and Public Affairs'
Justic [17.1151*
Classics in the History of
Phiosophy*
Classics in Poltioal Philosophy
L7.113,1
1, Study of Language

(21.321J]

Uterature A'

21.001
21.002

21.003
21.004
21.006
21.008
21.009
21.012
21.021
21.022
21.0441
21.048
21.049
21.101
21.296

21.297J

21.299J
21.304
21 .312

WC IT21 1

Great Books I: Homer to Dante*
Great Books1 1: Renaissance to
Modemi*
introduoton to Flotion*
Major Pts'
Amedoan Lterature*
The Bible*
Shakespeare
Forms of Westem Narrative'
Comedy*
Tragedy
New World Literature* {21.298J)
Darwin and Design*
The End of Nature*
The Amerioan Novel
Introduction to European and
Lain American Flotion
Sex roles in Fiction: Europe and
Latin America [SP 432.1
Now Womene Voice (P 431J]*
Modem European Drama
Myfth and Folk Mot Iin
Russian LIterature*
Dante (in Engish)t

Students may Choose only one Ofst nuton subjctIn Lterwue,
~itfrom list A or ,

Uterature 12

21.211
21.216

21.239

21.240

21.285
21.287

21.289

21.60
21.622
21.625
21.631
21.636
21-641
21.701J

21.702J
21.728

17.107

17.2011

17.241

17.403

17.543
17.573

17.577

17.601

Introduction to French Uterature*
French Culture and Society II:
From the Occupation to the
Mitterand Years
introduction to German
Literature*
German Culture and Society:
1750-1914
introduction to Spanish Culture
Twentieth-Century Latin
American Literature
Introduction to Contemporary
Hispanic Literature'

Music and Theater Arts

Introduction to Music*
Westem Music after 1750*
Vivaldi, Bach, and Handel
Symphonic Music
Jazz'
Harmony and Counterpoint I*
introduction to Dramatic Arts
(21 .006.]'
Piaywrltng (21 .737J*
introduction to Modem Dance'

Political Science

Introduction to Polltioal Theory:
Individual and Community
Poltios and Public Policy
[1 1.007J)*
introduoon to the American
Political Process*
American Foren Policy in a
Changing World*
Political Change in Latin America
Political Dimensions of African
CiviationsOverft Centuries*
The Politics of Change in the
Third World*
Communism, Revolution, and
Reform: Lenin to Gorbachev*

Psychology

9.00 Introduotion to Psychology*

Religious Studies

WC RE107 Critical issues in Modem
Reigiont

WC RE108 Introduction to Asian Reigions*t
WC RE262 The Formation of Islamt

Students may chomos nly one Disiltbutlon Suibject In L1111 atuire.
e9&wrfirom list A or B.
2
Students who have mn any Ihird-or fouth- tmoign
lanuage ubiect as a Wrbutlon subleo may not alto a6
subfect from Lteraure I9to sansty the Orb~n Rquement
unless it ain different foretgn language

e Indcates HAS-40 sub1ect (which can also be found In Ust A).
twblaslay Conls. subect.

STS 001
STS 002
STS 003
STS 008

STS 008

STS 009

STS 011

STS 015
STS 019

Science, Technology, and
Society

Technology In American History*
Toward the Scientific Revo luon*
The Re of Modem Solence*
History of Nintenth- and
lwenteth-Centurv &iience
American Solence Since the
1930s
Mili Enterprise and Techno-
loIcalChange
Ideas of Power in American
Uterature, Art, and Culture,
Psychology and Technology'
The Profession of Engineering

Sociology
WC S0102 Soollgcal Perspeodve: An

Introduction to Scologyt
WC S0103 Social Problems: An In toduction

to Sociology t

11.006J

11.009J

11.013J

I1.014J

11.0151

11.165

4.301
4.801
4.802

4.60

4.641
4.651
WC 248A

Urban Studies

American Society: Values, insti-
tutions, and Variet [17.257J]
Surveilancea ciety*
I STS 107J'

merIan Urban History I
[21.412J1]
American Urban History i

R2.413 ks
lots,Stikes, and Conspiracies

in America [21.394J)*
Courts and American Society*

Visual Art and Architecture
Foundations in the Visual Arts*
Introduction to Art History*
Modernsm and Mass Culture:

Introduction to the History and
Theory of Architecture*
19t-Century Art
20th-Century Art

R Arts of the Far East*t

Women's Studies

SP 401 introduction to Women's Studies*
SP 407 Desire and Disoourse: An introduo-

tion to Lesbian and Gay Studies*

Writing

21.735
21.755

21.760
21.777

Writing and Reading the Essay*
Writing and Reading Short
Storei
Writing and Reading Poems
The Scientific Essay

Elective Subjects

The remainder of the eight-subject requirement,
above and beyond Distribution and Concentra-
tion, may be fulfilled by the approved subjects
in the humanities, artsand social sciences.
These elective subjects may be chosen from
among most undergraduate sube offered in
the School of Humanities and Soial Science, a
substantial number of subjects in the School of
Architecture and Planning, and a smaller num-
ber from theother Schools. (Please note, how-
ever, that subjects In the Sloan School of Man-
agement cannot be used to sat the HASS
Requirement unless the subject description
speciically Indicates it may be used forth
pur e.) Appropriate subjects taken boross-

gistration at Harvard University or Wellesley
Clege may also count toward the requirement;
however, a petition must be submitted. Gradu-
ate sub ts (designated ") may be used to
satisfy trequiremant nby , which
must include the Instructors9ignature.

Further informatio on eletive sub*ect may be
found in the Guide to the Humanities, MA, Ad
Social Science, available in the Humanities
Arts, and Social Sciences Information Office,
Room 14N-408.

* Indloates 'a5W-o subject w0h 0 Wh can also belUnd in Lst A).
tasseleyosgesut
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Science Distribution
Requirement

The Solence Distribution Requirement is met by
taitng thres subjects designed for this purpose.
Avalable subjectare ed below. No more

than one of the subjects used to fulfill the re-
quirement can be taken In the student's own
departmentand at least one of the three sub-
jects must be both taken outside the student'sdepartment and not used to satsfthest-
dent's Departmental Program. Subjects dsig-
nated J* which are offered join by faculty
members in the student's own dpartment also
fall under the depart limitation. If 3.091 or5.11 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, by students who have the
;Lper prerlquisites may begin taking them in

In thaI frt yew.~

Through Science Distribution subjects, the
student can broadlen and deepen the educa-
tional foundation In basic science begun In the
first-yw program. These subjects are de-
signed to gli each student the opprtunity toproceed further in n ayct d, or to
explore other aeas of potential interest.

The available Science Distribution subJects vary
In approach and emphasis. Some giveaseys-

traio ntroduction to the fundamnental con-
cepts and pinclples of a field; others Illustrate,
through examples some of the attitudes, con-
ceme, and methods that are characteristic of
professional work in a field.

in many cases, subjects required by a depart-
mental degree program are also on the list of
Science Distribution or laboratory Requirement
subjects. Thus, stuents following a particular
Datenta Program masimu ecusly

part of the Distribution and
Laboratory Requirements.

Solence Distribution Subjects

1.00 Introduction to Computers and
EngineeringProblem Solvng
3-1-8

1.04 Bhav or of Physical Systems I
C3-2-7)

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

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

1.42J Fundamentals of Energy in
Buildings (3-0-9)

1.59J Materil of Construction (3-0-9)
2.01 Mechanics of Solids (4-0-8)
2.02 Introduction to Systems Dynamics

(4-0-8)
2.101 Computer Models of Physics and

Enineering Systems (3-0-9)
2.20 Fluid Mechanics (4- )
2.40 Thermodynamics (4-0-)
2.45J Fundamentals of Energy in

Buildings (3-0-9)
3.00 Thermodynamics of Materials

(4-0-8)
3.06 Computer Models of Physical and

Engineering Systems (3-0-9)
3.07 Introduction to Ceramics (4-0-8)
3.091 introduction to Solid-State

3.10 ChemIcl hys of Materials

3.11 Mechanics of Materials (4-0-8)
3.13 Structure of Materials (4-0-8)
3.143J Materials of Construction (3-0-9)
4.42J Fundamentals of Energy in

Buildings(-0-9)
4.440 Basic Structural Theory (3-3-6)
6.11 Prlncil~ls of Chemil Science

5.12 Otgenic Chemistry 1(6-0-7)
5.60 Chen;moal Thermodynamics (4-0-8)
5.61 Physica Chemistry (4-0-8)

6.002
6.017

6.018

6.034
6.041

6.071
7.01
7.03
7.06
8.03
8.04
8.20

8243
8.263
8.282

8.286
8.293J
10.11

10.13

12.001
12.002
12.003

12.004

12.02

12.111
12.114
12.126J
13.00

13.010

13.51

14.30

15.053

15.852

16.001
16.008

18.03
18-032
18.06

18.06
18.063

18.313
18.440

18.703
18.710
22.006

22.02

22.03

22.04
SP 02

Circuits and Electronics (4-2-9)
introduction to Quantum Physics

Saitc!Mechanics and
Thermod namlos (4-0-8t
Artificial ntelligence (4-8)
Probabillstlo Systems Analysis
( 4-0-8)
ntroduction to Electronics (4-2-6)
Introduction to Biology (4-0-8)
Genetics (4-0-8)
General Biochemistry (5-0-7)
Physics 111 (6-0-7)
Quantum Phsoics (5-0-7)
Introduction o Special Relativity

rn r as3-0-9
Physics oFFd3-0-9)
Introduction to Asrophysics and
Astronomy (3-0-9)
ThEarly Universe (3-0-9)
Dynamics Astronomy (3-0-9)
C omputer Models o Physica and
Enginmrg Systems (3-0-9)
Chemical Enginearing
Thermodynamics (4-0-8)
Introduction to Geology (3-4-5)
Introduction to Geophysics (3-A-9)
Introduction to Meteorology and
Physical Oeaography (3-3-6)
Int uction P t Science

Chemr and Physls of Minerals

haos and omplexity (3-0-9)
Astronomy: Solar System (3-0-6)
Dynamical Astronomy (3-0-9)
Introduction to Geometric Modeling
and Computation (3-3-6)
Introduction to Ocean Science and
Technology 1 (3-0-9)
Computer Models o Physloal and
Engineering Systems (3-0-9)
Introduction to Statetical Method in
Economics (4-0-8)
Introduction to Management
Science (4-0-8)
.Principles of Dynamic Systems I
Unified Engineering 1 4-2-6)
Computer'Models of Physicl and
Eyneerin Ses (3-0-9)

Differentil Equations (4-0-8)
Introduction Probability and
Statistles (4-0-8)
Unear Algebra 4-0-8)
Introduction to Algebraic Systems
( 4-0-8)
Probability (4-0-8)
Probability and Random Variables

oden Algebra 3-0-9)
Abstract Unear Algebra (3-0-9)
Computer Models of Physical and
Engineering Systems (-0-9)
Introduction to Appld dNuclear
Physics (3-0-9)
Engineering In of Nuclear
Power Systems (3-0-9)
Radiation Effec.s and ses (2-1-9)
Chemistr, Materials Science, and
Bilogy (5- 0-7)

I

Laboratory Requirement

The Laboratory Requirement of one subect of
12 units or twosubjects of 6 unitssmetby
enrolling In subjects designed for this purpoe.
The available subjects re listed below.p
Laboratory Requirement is normally fulfilled in
the first two years.
A typical laboratory subjects offers the student

ehemeof the naral
world. Under faculty supervision, the student
plays a substantial role in planning a) the design
of the experiment, b) the selection of the mea-
surement technique, and o) the procedure to be
used for validation of the data.
Hypotheses are formulated and then tested by
comrng them with the results of the exper-
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 commit-
ment of the students attention tu one or a few
experimental problemand emphasize as much
as possible workofprot type rather that
routine experimena exercises. They wre de-
signed to stlate the student's resourceful-
ness and ideas.
The Laboratory Requirement is not intended
primarily to tesch specific techniques for later
experimental work, provide broad coverage of a
particular field, or be a complement to a specific
subject. The laboratory subjects are planned to
give each student, at a early stage of the educa-
onal experience at MIT an opportunity to work

on one or a few experimental problems, exercis-
ing the same type of Initiative and resourceful-
ness as a professional would in similar circum-
stances.

1.101J

1.102
1.105J

1.106

1.107

1.108

1.53

2.671

2.672
2.86

Laboratory Requirement Subjects
Decision Analysis Laboratory

Tnrtation Laboratory (0-3-3)
Structural Engineering Laboratory

ratory Projects in Fluid
Mechanics (0-3-3)
Aquatic Chemistry Laboratory

=cry and Field Projects In
Environmental Fluid Mechanics

0otructed Facilities Project
Laboratory (1-5-3)
Measur nt and inkumentation

-3-7)-rject Laboratory (1-3-2)
Introdu to Manufacturing
(3-3-3)V

Stuftft taking 2.071(12 unts) reeve units of laboratoy
crudi
2
Studets taking 2.66(9 Unfts) rNO" 6 5unftsd O M saOIY
cleft

3.081
4.411

4.415J

4.417J
4.8e2
5.310
5.311

6.101

6.111

6.121J

8.151

6.161

6.163
6.182

7.011

8.11
8.12

8.287J

Materials Laboratory (1-5-6)
Bulding Technology Laboratory

~trtural Engineering Laboratory

esign with Microollmate (3-3-6)
Holographic Imaging (3-5-4),

oratoryChemistry (2-8-)
Introdutory Chemical
Experimentation (2-8-2)
Introductory Analog Electronics
Laboratory (3-8-1)
introductory Disystems
Laborator t(3-7-2)
B10=eectroi e ot Laborty
(2-8-2)
Semiconductor Devices Project
aort:iY (0-12-0)

Modem Ip et Laboratory
ProjectLaboratory (2-8-2)

Psyohoaousdos Project Laboratory
(3-4-5)
Introdon to Experimental

h ro Laboratory 1(1-6-6)
Physics Project Laboratory 1

9-') tonal Techniques of Optical
Astonomy (2-4-6)
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9.50

9.63

11.185J
11.188
12.052
12.066-

12.117J

13.011

13.901

13.902

14.31
15.301

16.622
17.203
22.069

22.09

HST576J

TPPOIJ

Research in Brain and Cognitive
Sciences (2-8-2)
Laboratory In Cognitive Science

oeslgdwith Mloroolimate (3-3-6
Social Research Methods (3-63)
Field Geology 11 (0-18-0)
Analysis of eological Materials

Observational Techniques of Optical
Astronomy (2-4-6)
Introduction to Ocean Science
and Technology 11 (2-5-5)
Ocean Engineering Laboratory I

(1-5-0)
connttrle 3-4-)

Man al Psychogy Laboratory

0to- (31-4xpri ental P=os1 1-7-4
Po itical $olence(A 4
Undle raduate PasmaLb t

rno f Nuclear Radiation
Measurement and Proteotion

ltronI0s Project Laboratory

Deoiso Analysis Laboratory
(3-4-5)
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Physical Education
Requirement

The I nsttt expects all student to complete
thePhy l Educaton Reuiment by the end
of the a.ophomors yew, By that time, a student
should have accumulated fth required eight
points of physical education credit (four
courses) and passed the swimming test or
taken a beginnin swimming course. Credit

aybe arned by participation In the Intercolle-
glte Program (four pInts for a soont In sea.
son). A mum o po (two points per
year ) may be eamed by physa avites
within the ROTC programs.
There are Advanced Credit Examinations avail-
able for physical education credit in a number
of different actives, including a physical fitness
test Two points of credit are awarded to stu-
dents who pass one of these p ency tests.
Appointments are make with the Drector of
P yftW Education. Thw exams must be
complt by the last day of classes for that
year. A maximum of four points may be gained
through Advanced Credit Examinations.
Transfer students must complete four of the
eight-point Physical Educato Requirement,
plus the swim requirermsnt.
The program consists of both individual aoM-
ties and , with the major emphasis
placed on the devlopment of skills that can be
utilized in later life. A student who elects indMd-
ual sports such as golf, tennis, saiing, or
squash will receive a strong background in the
fundamentals of the sport.
Physical education courses are offered in four
quarters (two quarters for each semester) andalso during the Independent Activities Period.
Students register for these courses in the gym-
nasium on the day of academic registration,
and on a speoific date halfway through each
semester.

First Quarter:
Aerobic dance, archery, ballet I, ii, jazz, partner
dance, introduction to dance, ultimate frisbee,
golf lacrosse, pt, rugby, sailin, souba,

U exero fitness. wimmi (begi-
n ttennis, t'al ohi, tennis inning

oga.
Seend Quarter:
Aerobio dance, badminton, basketball funds-
mantl b iit, A partner dance, fencing,

PWK Oxerdes, tin a"___91Msquash, swimmig (beghwftng an
tliable tennis, weight trining, and

yoga.

-I

Independent
Activities Period

Program information

lAP: Independent Activities Period IAP) is a three-
and-one-half week period In January when

Aerobio dance, badminton, ballet 1, jazz, partner faculty members and students are freed from
dance, fencing, hockey, box lacrosse, pistol, the riforof regul scheduled classes for
exercise fitness, skating (beginning), figure flexnb9eteaching .learn and for Indepen-
skating, squash, tennis (Intermediate and deflt study and research. lAP Is part of the
advanced),nacademia program of the Institute - the 1 In

MIT's *4-1-4" academio calendar. Students are
encouraged to explore the educational re-Third Ou'irteri sources of the institute by taking elallydesigned subjects, arranging lndlydual projects

Aerobic dance, basketball, ballet I, i, jazz, with 'aculty members or by organizing andpartner dance, fencing, figure skating, hockey, participating in IAP activities. ey may alsojudo, pistol, souba, exercise fitness, skating pursue interests independently either on or off(beging), squash, swimmin (beinng, campus.
ncedbeginning), volleyball, weiht training,

advanced lifesaving (part 1), and yoga. Activities

Feurth Ouarter

Aerobio dance, archery, ballet I, 1,jiz, patner
dance, ultimate frisbee, lacrosse, golf (begin-
ning), pistol, sailing, souba, soulling, exercise
fitness sofball, sqush, swimming (benning
and advanced techniue)tennis (be ning
and Intermedlate , ,httning welness,
advanced ifeavng (pat 2). a yoga.

Upon entering MIT, each student must submit a
record of a medical examination and take a
swimming test. Students who fall the swimming
test are xpected to take beginning swimming.
If the medica examination indicastes any disabil-
ity that might limit physical activities, athleti
rureents may be mofied after consultationw theMIT edical Depaftment

More than 500 activities are offered each year
on a wide range of subjects, both academic and
nonacademloc. Some subjects offered for credit
during IAP are listed in this Bulletin. A list of
additional credit subjects is published In early
fall. Other activities are oanzed mostiy by
IndMdual volunteers duri the fall. Activities
ma be organized or attended by anyone at the
Insttut: faculty, student, or employee.
Students find organizing IAP activities a reward-
ing challeng. For man it is their first opportu-
nity to develop and tea' a program from their
own Ideas. In doing so, they acquire organiza-
tional and leadership skills that prove invaluable
to their careers.
The /AP Activities Planning Sheet offers tips on
organizing an activity, andprovides an applica-
tion form fr publicizing the activity In the lAP
Guide, Funds are avalgable from the Institute
and Individual departments and organizations to
help defray expenses. New and student-led
activities receive priority from the Institute's IAP
Activities Fund.
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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 lAP Students
can purchase additional points on their fall-term
meal plan to cover IAR or they can purchase a
new plan for IAP and the spring term at the
beginning of January.
Academia Credit and Grades

in keeping with the generally unstructured
nature fAR there is no formal registration

rocess. However, when the list of IAP activities
B published in the fall, students may be asked
to contact some faculty members in advance
because enrollments are limited In their sub-
jects. In addition to the organized activites,
students may make arrangements to earn credit
for Independant work under faculty supervision.
The total credits a student can earn during lAP
is limited to 12 credit hours. Credits received
by freshmen curing IAP are not counted toward
their credit limits for the spring or fal term.
All subjects giving credit during IAP are to be
graded following the grading system approved
or that subject number. A subject can De
graded pass/fal during IAP only if it has been
approved with pass/fail grading. Similarly, the
number of units awarded mus be as specified
for that subject. Faculty sometimes offer newly
organized credit activities under special prob-
lem subject numbers for Which credits are "to
be arranged."
Students are asked to remind their faculty
supervisors that their IAP grades must be tumed
in the last day of IAP Grade reports Will be
sent to the students and to their departments at
the beginning of the spring semester. Students
not reosilnggrade reports when expected
should ch promptly with their supervisors or
the Registrar's Office tobe sure the grades are
submitted and recorded. Late credit and
g rades must be submitted on special reporting
orms by the end of the following spring term.
lAP grades will not be accepted after the end of
the academic year

Veterans' Benefits
Full-time students receiving Veterans' benefits
have been certfied for the entire academic yar.

uthe riod between the first day of
winter vacation and thebeginning of the second
term is more than a calendar month, VA regula-
tions 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 Financial Aid Office,
Room $-119, (617) 263-4971, by December 1,
of their intent to attend IAP full time. Students
must receive credit, Ie., a letter or pass/fall
grade, to be entitled to VA benefits. Anyone
who recoves VA benefits for lAP but falls to earn
sufficient credit will have to retum the money.
Veterans should make sure their instructors tum
in their grade sheets to the Registrar's Office on
the last day of IAP

Spoolal Students
Applications for speola-student status solely for
lAP will not be accepted. Special students
admitted to the first or second term do not
automatically have lAP privileges. Those aditted
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 Academ-
lo Performance (CAP) or the Office of the Dean
for Student Affairs (ODSA) must consult the

riate offe for permission to participate In
i . I lh eeal student has paid full tuition
during the frt term or is admitted to do so In
the second, there will not be an additional tuition
charg for IAP If the student has not been

hor she will be chargedeihr the mninimum special student fee or the
amount necessary to bring tuition for the term
up to full tuition.

Special students wanting credit for IAP work
should oonsult the Registrar's Office, 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-Icr-one exohange between en MIT
student and someone from another school is
permitted during lAP provided the students
themselves assume responsibility for all ar-
rangements, travel expenses, and any additional
tuition and lMng expenses. If the other school
waives tultion 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 wishin to set up an exchange
should contact the IAP Office, Room 7-103,
(617) 253-1668. Students from outside MIT
should ask the appropriate office on their own
campus to contact the IAP Office. Because MIT
will not admit special students solely for IAP
students from other schools can attend lAP only
as part of a one-for-one exchange.
The Institute's regular cross registratlon with
Wellesley College remains in efect during IAR
MIT students are encouraged to take advantage
of their flexible schedules during IAP to partici-
pate In Wellesley's winter term. In retum, Well-
esley students are invited to join lAP activities.

mu
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Admissions

Freshman Admissions

Secondary School Preparation
The majority of undergraduate men and women
enter MIT as members of the freshman class,
direct following completion of secondary
schoo studies. Most good public, parolial,
and independent secondary schools in the
United States and equivalent schools In other
countries provide suitable preparation for the
student who takes full advantage of the opportu-
nities that such schools afford. The efforts of
secondary schools to achieve regional aocredi-
tation 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 sensitvity and to
express ideas clearly in oral and written form.
In mathematics, emphasis should be on
through master of fundamental principles,
operations, and definitions rather than on cover-
Ing a wide range of topics. The applicant must
have sufficient preparation for the study of
calculus.
Work In the sciences shoul stress basic con-
cepts and quantitative understanding, both in
classroom work and in the laboratory setting.
Chemistry and physics are particularly appropri-
ate reparation for the freshman-year science
subects at MIT.
MIT encourages the study of history and of
foreign language in depth. The choice of
languages 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 thst 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),
matematis through trigonometry or beyond
(four yas.laboratory sciences (biloy,
chemr and physics), and a foreign an-
guage. interested students whos high school
program does not match this in every detail are
also urged to app, since the selection of an

er olass broad interests will be
guided as well by the quality of the applicant's
work; by special strenths: and by apparent
promise on grounds o1 intellect, character, and
particuar goals.
AppiloatIon Procedures
Applicants are encouraged to write during their
jtl year for informaton. Candidates in their

syear of high school must complete the
atcn process1 by January 1of the yar of

inended entrance. taiy Action (avallable to
oitizens and permanent residents of the US,
Canada, and Mexico only), has a November 1
deadline. Thef Is a $4, applcaton fee. No-

esconein theO sion decision will be
maledInlate MIarch. MI may limit enrollment

In touIfields f study to balance resources
wt U vtInterest.

Personal Conferences (Interviews)
Each applicant for admission to the freshman
class Is required to have a personal conference
with a designated member of the MIT Educa-
tional Council near the applicant's home.
Councll members are MIT graduates who have
been selected for their ability to represent MIT
and for their Interest in young people.

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

Prospective applicants and their families are
welcome at the Admissions Office Monday
through Friday between 9 am and 5 pm. Stu-
dent-guided tours of the campus leave the
Information Center each weekday (except
holidays) at 10am and 2 pm. Students and
paren are welcome at the Admissions Office
after the tour for a group session with a member
of the staff.

Project Interphase

In order to help newly admitted under-
represented minority students make a
successful transition from high school to the
pace and style of MIT, a special summer session
call Project interphase Is available. This
program offers seminars in mathematics,
physics, and writing. For more Information,
write to The Office of Minority Education, MIT
Room 7-143, 77 Massachusetts Avenue,
Cambridge, MA 0213.
Deferred AdmIssions
Occasionally, students wish to take a year off
between secondary school and college. In
such cases, we recommend follow normal
admissions procedures, as If going directly on
to collee, and then requestin deferral. If
during he deferred year ofts take post-
seoda schol emic work approximat-
ingf a1ul1curelodthymust rapyatransfer sde rather an matrlae as
deferred freshman.

Advanced Placement
MIT has always encouraged students to move
ahead academically according to their capabili-
ties. it offers four procedures b which students
entering from sendarshcemyrcee

o=d an opahoosay reoe
credit and/or plaosmsn: 1) the College Board
Advanced Placement Program: 2) GCE A-le-
vels, the Intemational Baccalaureate and other
foreign exams; 3) college transcript; and 4)
Advanced Standing Examination at MIT.
Students who take college-level subjects of-
fered in their schools In cooperation with the
College Board Advanced Placement Program
should take the appropriate three-hour exami-
nations administered by the Board each year in
May and Instruct the Board to send the scores
to MIT. Degree credit for MIT subjects, and,
where apropriate, advanced placement, Is
given on basis of a high achievement on the
tests (normally a score of four or five. High
scores on the humanities, arts, and social
sciences tests will enable students to receive
credit (9 units) applicable to the unrestricted
elective requirements only. This credit will not
reduce the General Institute Requirement of
eight one-term subjects in the areas of Humani
ties, Arts, and Social Solences.
In some secondary schools, selected students
take colle-level subjects at alocal college.
Such stuents may submit an official transcript
from the college showing subjects taken and
grads.eawned Inorder to receive MIT credit
under the regular college transfer procedures.
Sltudet may be notified to the credit offered
before registration. If notification has not been
received, vefy credit before registration with
the Director of Advanced Placement, Admis-
sions Office, Room 3-108.
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International
Undergraduate Admissions

Entrance Examinations
All candidates arerequired to take the following
tests: the SAT or ACT and three one-hour
Achievement Tests in 1) Level I or Level If
mathematics, 2) Physics or Chemistry or BIolo-
gy, 3) English or History. (Test requirements vary
(or international students. See the section on
Entrance Examinations for International Appl-
cans later in this chapter for more details.)
These examinations are offered in the principal
cities of the United States and abroad. The test
dates, locations, and fees for the SAT and
Achievement Testaae outlined In t, Informa-
tion Bulletin that may be obtained from most
g uldance offices or writing directly to the

lege Board, Box 6 , Pnnoeton, New
Jersey 08641. Information about the ACT may
be obtained by writing to American College
lesting Service, Box 168, Iowa City, iowa 52243.
Candidates for admission for September 1991
must have completed the SAT or ACT and the
three Achevement Tests by the January 1991
testing date. The SAT or ACTor up to three
achievements may be taken on an scheduled
test date. Note that the closing das for regis-
tration are usually four to six weeks (five to
seven weeks outside the United States) before
the test date. The testing agency should be
requested to send all scores directly to MIT A
student taking physics or chemistry In the junior
year should probably take the achievement test
In that subject during the spring of that year.

Early Action (Available only to oltizens and
Permanent residents of the US, Canada, and

MIT r uires a complete set of application
materas before considering a candidate for
admission. A student who takes all the required
tats by the November test date, completes the
interview by November 1, and files all of the
application material by November 1 of the
senior year may request the Committee on
Admissions to review the application by mid-
December. If the test scores, school grades
through the junior yer, and other qualifications
are so excellent that the applicant will clearly be
acceptable later. the Commitee will offer admis-
sion immediately. If it feels that it should com-
pare the application with those of other candi-
dates, it will hold the application until the usual
time in March. A student who seeks early
consideration in this way is free to file applica-
tions at other colleges and, If offered admission
at MIT, is not required to reply to the Institute
before the candidates' reply date in early May.
This, therefore, is not an eay decision plan in
the usual sense.

The MIT undergraduate student body includes
maycitizens of other countries. These stu-

den normally join the freshman class after
completing secondary school at the highest
level. Students are encouraged to plan on
completing the Higher School Certificate, the
General Certificate of Education at the Ad-
vanced Level, the Baccalaureate, the Maturite,
or the Abitur, even though decisions on admis-
slon to MIT are made in March, pror 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 Admis-
alone at lea a year before they plan to enter
MIT for informaion about application proce-
dures. The Admissions Office will send a Pre-
liminary Application 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 orginal into English.
In order to receive consideration, the Fin
Application must be completed and returned by
January 1, and the required tests (including, i
appropriate, the Test of English as a Fureign
Language - TOEFL) must be taken on or by the
January test date. All students are urged to
register for the tests at least six to eight weeks in
advance of the testing date.
Preliminary Application forms or initial letters of
inquiry about admission received after Novem-
ber 15 will be too late for the next fall term.

Personal Conferences

Applicants will receive instructions about arrang-
Ing a personal conference with a local MIT
alumtus. If no one is available In the home
area, the interview will be walved.

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

EntrancetExaminations for International
Applicants
The College Board tests listed in the Entrance
Examination section of this chapter are the
recquired entrance examinations. If English is
not the applicant's native aguae, the follow-

inqrouof tests may be subtiuted: the Test
of nglishas a Foreign Language (TOEFL) and
two Achievement 7b#ta- Physics, Chemistry, or
Biology - and either the Math Level I or Level I
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: TOEFL. Box 899, Princeton,
New Jersey 08541. USA, for registration material
and information.

r
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College Transfer Admissions Special Student Admissions

Students who have completed a minimum of
one year and a maximum of two and a half
years with high standing at a recognized
college, university, engneering school, or junior
college may be considered for transfer
admission.
A transfers student's eigbility for admission will
be determined by the mmittee on Admis-
sions after a review of his or her record. MIT
may not be able to accept appications In a
gliven ya for those departments whose enrol-
Iments exceed educational resources. The
Admissions Office welcomes Inquiry from all
transfer applioants.
A student oemplating transfer to MIT should
plan a program of studies to include as much as
possible of the mathematics, physics, and
humanities as Is Included in the typical first two
years of MIT.
Transfer applicants may be submitted at not leee
than one-year Intervals.
Transfer applicants will be asked to take the
tests prescribed in this chapter's section on
entrance examinations for freshman applicants if
they have not already done so. Transfer appli-
cants from foreign countries are admitted only
for September.
International transfer students should read
carefully the sections on Entrance Examinations
and Entrance Examinations for International
Applicants In this chapter.
Application Procedures
College Students considering transfer to the
Institute should file a Preliminary Application for
Admission with Advanced Standing three
months before the flnal plicaticn deadline.
These forms can beo from the Admis-
alone Office. The Director of Admissions will
advise the applicant of thoe pais of the regular
entrance requiremewnts which must be fulfilled
and will arrange to have the final application
materials sent.
The applicant must assure that the following
documents are submitted:

comnpletedApplicationfor Admission with
AAdvanced S~tein, indicting all subjectsthat
will have been completed at ime of tanoer
and a nonreturnable fee of $45. Final applica.
lone should be submitted by April 1 for entry In

Spebrand by November 15 for entry in

A certlfed transcript of thes college record to
de, Inciuding a staemenit of good standing.
A certified statement povefin subjects subse
quently taken should be sent as soon asit Is

3
Catlogue pages describing al subjects which
wihave beencompleted-

. I

4
Three evaluation reports, including two from
faculty instructors and one from the Dean of
Students or the applicant's chief faculty advisor.
5
A report from the secondary school attended.
The report should be made on the form pro-
vided with the Final Application and shouid be
sent derectly from the secondary school to the
Director of Admissions.
6
Standardized test reports, as appropriate.
Applicants will be informed of decisions six to
eght weeks after the application deadlines. In
some oases, action may be deferred until final
grades are available.
Students who wish to have tranafer credit
posted to their MIT transcripts must submit
confirmation of approved credit (with necessary
signatures of aproval) to the Registrar's Office
by the end of e 11th week (drop date) of their
first term of registration.

Applications for Financial Aid

Intention to app for financial aid ma be
shown on the admission application fomin
space provided for that purpose.
Advanced Credit
Students admitted by transfer may expect to
receive credit for subjcsof study completed
elsewhere that ae substantially equivalent to
corresponding institute subjects with a grade of
"C" or higher.
Applicants admitted with advanced standing in
architetureWilbeplaced in the design eg-
quence In accordance with their perfrmance
on their first problem.
All remaining questions conoeming 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.

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 privileges of the regular
student but are not eligible for campus housing
or financial assistance from MIT. Students
wishin to apply for Special Student Status
shouk discuss eligibility with a member of the
Admissions staff.

Special Student status is granted for one term
only, and a new application for this status is
required for any successive terms. Admission
as a Special Student does not carry any 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
availb le places in the classroom, laboratory, or

The Director of Admissions will supply applica-
tion forms upon request. There is an applica-
tion fee of $45 for the first aplication; it is not
required for renewal applications within one
academic year.

Deadlines for filing applications are August 1 for
fall term, January 11cor spring term, and May 1
for summer term. Deadli for Intemational
student appliants are July 1 for the fall term,
December 11cr thespring term, and April 1 for
the summer term.
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Costs for Undergraduate Students

Under graduate student costs for the academic
year 19-91 at MIT will be about $22,600. This
includes tuition, comnrehenslve health care
services at the MIT ;edlal DepartmentI and an
estimate for the costs of room and board,
books, supplies, and personal expenses. Cost
of travel obviously varies significantly and is not
Included. The cost of books and supplies,
clothes, laundry, recreation, and other personal
necessities vary wily, dependin upon Inter-
ests, tastes, and ned, but tpilly1 total about
$1,900. There are many kinds of dining and
housing arrangements at MIT and the range of
student expenses for room and board is broad.
The Student Financial Aid Office uses a.stan-
dard allowance of $5,100 for room and board.
Thus, total costs for most undergraduates
during the 1990-91 academic year will be In the
range of $21,250 to $22,950 (excluding cost of
travel), depending upon specific choices.
The following are the basic tuition and fees at
MIT for the academic year 1990-91 (which are
reviewed and likely to increase each year):

Tuition $16,800

Hospital and Accident
Insurance Policy 2  540

The tuition for all regular undergraduates in the
first and second terms is $7,800 per term. Full
tuition in either term of the current year covers
the January Independent Activities Period.
Tuition rates for the Summer Session are
published each year in the Summer Sess/on
Catalogue, available In March.

Payment of the tuiion fee entitee all regular and speclal
students (registered with 27 or more unit) to moat health care
services at the Mrr Health Servce cnt0er (Building E23) at no
charge. Students will be billed for comptor of pre-ntry
medical forms and lmmuntr.lonS. obstetrocare. routine eye
examinations, eetvepodiatry othotlos. contactmIonsseics
healing old a"aU811110ole. a iring, dentlWSre.mleee
appointments, contracepliv devscee. prescuption dug. and
those surgal proedurs that should beered by the
studsmu',smpital and acc~ id urance policy.

2
The MIT Student Insurance covers ho$"ialWaic(O1than
the MIT Inpatient Servic) due to accidets or 1ilee The
insurance is required for ail student unless they can demon-
strate that they ha equivalent coverage ruh another
insurance program. A mediclInsuraonce plan for&student's
spouse end ohldrn Isalso available. The additional cost of
insurance coverage for the spouse for outside hospital oes
in.4t. hoaredep Insuran e for oe morpmoeChildren May
be purchased for W. A student wthdrwng during a term
may Cancel tisleIsuance anm receve a WWredi..of the end of
the month whncancellod. by filing.a request at the Student
insurance oie.

3
includes Special Students who are ful-time emnployees of the
instt or who are dependents of full-time employees or
regular students.

Regular undergraduate students who have
f rmission to take only a few subjects are
nitally charged full tuition. The may the aly
to have their tuition charged at the rate of $2.
per unit with the approval of the Faculty Advisor
and, if not a degree candidate, with the addi-
tional approval of the Dean for Student Affairs0
In such oases, there is a minimum fee of $1,500
for subjects and a minimum of $650 for S.t.
thesis. Upon recommendation fo a department.
the Dean for Student Affairs, In the case of an
undergraduate student, may set a specia tuition
rate in unusual circumstances.

Specla Students are charged at the rate of $250
per unit taken either for credit or not for credit.
This unit fee applies up to a maximum of $7,800
per term and is subject to the following
minimum fees:

Members of the MIT Community3  $1,600
Other Special Students 2,250

Internship and cooperative programs offered by
MIT provide Industrial and research expriments
through a series of work assignments Inter-
woven with reguiar study at the Institute. The
tuition fees for these programs are as follows:

Aeronautics and Astronautics,
Course XVI-B and Course XVI-C
Mechanical Engineerin g.Course 11-8
Nuclear Engineering, Curse XXII-A
Ocean Engrneesing, Course XIII-C
Electrical Science and Engineering or Computer
Science and Engineering, Course VI-A
Materials Science and Engineering, Course ill-B
$15,600
in each case, the first $7,800 Is due on the date
when the first-term tuition is normall due, and
the additional $7,800 is due on the date when
the second-term tuition is normally due. Upon
recommendation of the Dep ent, a special
tuition rate Ifor any cooperative program may be
set in an unusual case.
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For Aeronautics and Astronautics. Course
XVI-B, during the regular term at the plant,
students pay per unit tuition for eight units of
16.80.

A student withdrawing before the start of a term
is not charged any tuition for that term, and any
tuition paments previously made for that term
will be reunded. Students withdrawing during
the first or second term are charged one-twelfth
of the stated tuition for the term for each week
from the starting date of the term, with a mini
mumn two-week charge. A student Is financially
obligated to the Institute for the tuition appropri-
ate lo the prgam approved by his or her
Faculty A at the beginning of the term.
Any subsequent reduction in fees is based on
the date that cancellation of subject or withdraw-
al from the institute is effected. At that time, any
excess payments which the student has made
will be refunded.
If the student receives financial aid through one
of the Title IV Federally based student financial
aid programs, and aid Is reduced as a conse-
quence of the reduced tuition, the total amount
dftt109e IV aid (minus work earnings) Is divided
by the total amount of aid awardeid (inus
earnings), to determine the amountvt be cred-
ited toward the students chres and the
amount to be returned to the Titie IV programs.

V

'II.

I-

Miscellaneous Fees
Application fee for undergraduate
admission $45

Fee for late registration or for late filing of
degree application 25
Processing Charges for Late Changes in
Registraton
A late change in registration, which requires the
approval of the appropriate faculty committee, Is
defined as adding a subject after the fifth week
or droppin ubject during the last three
weeks of a term. The processing charge for late
changes is $25 for one subject or $30 for more
than one subject in a petition. There is an
additional charge of $26 fora retroactive change
after the end of the term.
The miscellaneous fees and processing charges
listed above are nonrefundable, unless levied-in
error.

Payment of TitIon and Other Charges
The Bursar's Office gathers, bills, and collects
student charges and provides a student ao-
count statemnent Of that actvit. These charges
originate In the ofes from which the student
receives Institute services. The student account
statement, mailed monthly when activity has
occurred on an account will reflect t charges
(of tuition, fees, housing, libra fees, etc.),
payments (by cash, financil aid, tuition awards,
tc.) for Inst costs, additional amounts due,

and payment deadlines.
Payment In full or a satisfactory arrangement for

pyet Is due prio to the beginnin of each
term, in August and Jana r ewcaes and
credits that occur after theInitialwstatement w
apaon subsquent statement. If a student
anolpates that he/she may not be able to pay
his/her entre account by the August or January
deadline*. the ymntoptions available from
the Bursar'sIe d be considered.

I aton n th BusaryPayentPlan allows
an In ment payment arrangement over four
months each termhreemo during the
summer). The Interest rate Is currently .83% per
month (or 10% annual per a rate). The
MIT parent Loan Plan allow paret to borrow
funds for four yesrs of the studenrts educational
expenses and to extend the repaiy"* er &longer period of time. Currently up to $18,6W0

ata1.%annual maximum)c raw~. Contact the
Bursar's Office in Roo E1-215 or call (617)
253-4132 for the forms needed to participate in
these programs.
if a student fals to make satisfac arrange-
ments for payment and has amounts outstan-
Ing after a payment due date, that balance will
be subject to lae fees of 1.6% per month (or
18% annually). Additionally, outstanding bal-
ances at the end of a term, including Indepen-
dent Uving Group charges, may prevent reis-
tration for t following term or graduation, ithe
student is a degree candidate.
The staff of the Bursar's Office should be
contacted about your student account, funding
Alternatives, payment options, long term
educatonal loans, or short term loans.

Financial Aid

Grants, Loans, and Applications for Financial Aid
Employment

The Student Financial AId Offloe provides grants
and loans based on the financial need of the
iddual student, as determined by analysis of
a statement of family financial condition. This
will be provided by means of the Financial Aid
Form of the College Scholarship Servie. A
oopy of the most recent paren Federal tax
return is also required In support of aid
applications.
MIT Is fortunate In having received gifts from
many benefaotors, alumni, and frids to help
support the educational needs of MIT students.
There are currently more than 500 such scholar-
ships from whloh student W d Is annually drawn.
Additionally, theeare about '0 loan funds that
have been established for =eial purposes.
The Student FIranoilai Aid review apploa-
tions and makes awards from the most u ile
institute grant and loan resources. Aclleants
needne request aid from a specf d
Studentspe expected to work and/or borrow to
meet the first Incremental portion of their need.
Student loan funds allow the student to pay
War of the costs of his or her edlucation on
long-term credit under favorable financial terms.
However, loan fund ca Is limited, and MIT
student loanssgranted to met systetically
calculated financialneed only. Undergraduate
loans are provided from several souroes, Includ-
Ing the Perkins Lean Program, fth Stafford Loan
(frmerly GSL), and the Institute' own lbchnol-
ogy Loan Fund.
Jobs ariot assigned; rather students are
expected to arrange employment most suitable
to their own talents and malable ie. The
Student Employment Offoe maintains listings of

to assist students seeking part-time
tr-me jobs or full-lime summer jobs-
Emus on campus indiig faclItes, residence hells, offices, libraries,
and la-boratories. Ustings of off-campus posi-
tions ae aso available. St entearnings from
part-time work depend on experIence, and, of
course, avalablifty of time.
All students considerin MIT are tly urged
to explore all areas of financial assistance,
includinggovement sholarship and loan
programs. A number of states sponsor scholar-
ship prog rams for residents, and Information
conerning eligibility may usually be obtand
from seonfidary school guidance ounselors.,
ROTC programs at MIT y also provide sub-
stantia scholarshi support. The Federal $ta-
ford Loan Program for st tnd the Parent
Loan for Uneraduate tudet Program are
administered byindividual sates. Local banks
and lending initutons should be able to
answer Initial inquiries conceming the availability
of loans under these programs.
Parents of students considering MIT might also
want to uest additional Informationabout the

Loan Plan (briely described In
the Payments esction) and other long-term
financing options.

Entering Freshmen
Students who wish to be cinsdered for finan-
cla aid should complete theaprte form
included with the Application or Freshman
Admissions and Financial Aid. In addition, the
Financial Aid Form (FA appropriate to the
apiloant state of resience must be sub-

ted e College Scholarship Service, An
application for admission Is not prejudiced by
anape ication for aid. The two decisions ar

enieyseparate - need criteria have no boar-
Ing on admissions, and admissIons criteria have
no pot In determining qualifications 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 loanfunds
that are made, avallebleto exceptIay well-
qualified international undergrad uatstdents
who demonstrate financial need. Interational
students who wish to be consldered for financial
aid should complete and return the appriate
form Included with their admissions mat by
the February date specified.
Because financial aid funds are severely limited.
student should seek ald from sources other
than MIT International students should make
all arranoements for their financial obiga-
tions to MIT for the entire stay in the United
States before leaving their countries.
Transfer Students
Transfer applicants who wish to be considered
for financial ald should comlto the approriate
form Included with the Application for Adm s-
sion with Advanced Standing.
Upperolass Students
MIT award are made on an annual basis, and
reciudents are required to reap-y each yar for
connued assistance In the following year
Upperlas e financmil aid sappcan are sentto
t term addresseeofncurrnt aid recipientsIn

ealyFebruary:uppercasstudents who have
not receiving assisgc nmay elso apply at
this time by obtaining the new forms from the
Student Financial Aid Office. Part of the applica-
tion proces eoures a copy of the most recent
parental e tax return, and all aplcants

o ted to apply concurrently a Federal
Poll Grant, a etate grant wheom applicable, and
for any and all renewblgrans civodIn
prior yers.
A students eligibil for MIT undergraduate
grant funds will endwhen the student receives
an Initial degree, or after the sulvletof eight
terms, whichever occurs AM.Irslgiblity for P11
ants may continue bynd the eighth term,

under some conditions,bt ends with the takng
of an Initial degree.
Elgbility for undergraduate loans continues

thaigh all undergadute programs; and, of
course, a studentec s ligible for the
higher loan maxilmumis that PeftMl to gradute
stuent upon admission to a graduate
progam.
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Graduate Education at MIT

Organization of the
Graduate School

For almost a century, the MIT Graduate School Another resource for graduate study is the The administration of the Graduate School rests
has provided an ideal environment for advanced cross-r istration programs with Harvard Uni- with the President, the Provost, and the Assool-
study by faculy and students workin t er ere i College, and joint degree ate Provost of the Institute, the Dea and Asso-
to extend the boundaries of knowledge. The programs with th Woods Hole Oceanographic dlate Dean of the Graduate School, and the
Institute has traditionally been a national leader Institution. Umited study opportunities are also Committee on Graduate School Polloy, whose
In engineering graduate education, and Its available at Brandeis University, Tufts University, members Include aIs: .ty member fr each
doctoral prorams In mathematics, and the and Boston University. depaet offering graduate degree., and two
physical ardlife sciences have also attained representatives from the Graduate Student
national prominencoe. In addition, top-ranked Graduate stuents are encouraged to use m. Council. The Institute has a singlei facultv that Is
graduate porams In economics; political extensive atheo facilities. Tea composed of responsible for both undergrduate and gradu-
science; linguistics; science, technology, and both undergraduate and graduate studlents ate Instruction.
society; architecture; urban studies; and man- prU cipate In Intercollegiate competitons, and
agement have broadened the spectrum of the Intramural athletio program. Each department exercises a large measure of
graduate education. ithcuurlad autonomy for Its graduate porams, under

Graduate students also share In the cultural and general guidelines establis for the institute
The most important factor In the effectiveness of social activities and recreational facilities at MIT as a whol. Each department has a departmen-
the graduate rograms at MIT Is the quality of Concerts and dramatic performances are fre- tal committee on graduate students, including
the faculty. MI is proud of its nationally and quentiy given by institute gr and and prote- one or more graduate registration officers, to
intemationally recognized faculty of scholars s&onal performers. Leaders In many fields give administer department and institute graduate
and academic leaders, who are also effective lectures and seminars on the campus, whcoh procedures.
teachers and research collaborators. are op all members of the Institute oommu

nty. MIT students also take advantage o he
The broad scope and high quality of its radu- numerous cultural and Intellectual opportunities
ate education have made MIT an intemaional in the Boston area, including free admission to
leader. About a third of its graduate students the Boston Museum of Fine Arts and the Mu-
oome from foreign nations. In recent years, an seum of Science. A more detailed description o
Increasing number of minority students have campus activities can be found In Chapter I .
paipted in academic work at all levels; the

has seen over the last few years an Independent Activities Period
increasing number of women attending MIT's
graduate programs. This representation of
students from diverse backgrounds ontibus During the January Independent Activities
realy to the riohness of the MIT community Perod (IAP), graduate students may pursue
nd to he excellence of theGraduate So their own Interests, Including thesis research

an prpari e n fra li eams. Thyae
G a teon o ience ad r lead or andte In special activities

emrauate ree atinc t MIT an durng this three and one-half week perio.
tcnology to the complex problems of society.

Such problems typically require an interdisci-
plinary a ch invong expertise In several
different etments.

Extensive resoureos for graduate study have
developed naturally at MIT from a long tradition
of emphasis on contributionsto now knowl-
edge. The wealth and diversity of thing and
research resoures aroedescribed in thedepartn
mental sections (Chapter VII).

Although most graduate student find their
interest served by programs available within a
single dspartment, manyee nt o inter-r~n"%We(descrbe*dInChotrk VI).

end involve work in any of Mrlne laboratories.
Special committees provide guidance in certan
areas such as biomedica engineering, econom-
ics and urban studies, environmental enginee-
Ing, instrumentation, management of technolo-
gy, medical engineering, medl yso.
operatior- seroh, tech aPolcy,
transportadon, and health policy and manage-
ment. In other fields, interdepartmental pro-
grams areadministered by ad hoo committees
appointed for each student and approved by
the Dean of the Graduate School.

S MITs ibrrisrer a major resore for graduate
collI sam aaile

In flds where MIT ooncentrate its teaching
and research efforts. Through participation
the Boston Ubrary Consortium, -rdu te
dents, faculty mmbes and rwearoh staff have

woe oolecions outside the Institute.

More detailed Information about the organiza-tion, rules, regulations, and procedures of the
Graduate School is given in the Graduate
School Manual. Copies are available from the
Office of the Dean of the Graduate School
(Room 3-138,617/253-4860) and from depart-
ment graduate offices.

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

Graduate students may pursue work leading to
any of the following degrees: Doctor of Philoso-
phy, Ph.D.; Doctor of Science, SoDO.; Engineer's
degrees; Master of Science S M.; Master of
Architecture M.Arch.; and aster in City Plan-
ning, MOCP. Graduate programs are described
in Individual department statements in Chapter
VII.

Each graduate student is officially enrolled In
e department or Course. The programs are

not limited, however, to subjects offered In a
single department. Subjects and research
programs may be chosen from several depart-
ments, with the approval of the departmental
faculty advisor to ensure that the overall pro-
gram is integrated and well balanced with
respect to a major field of study.

A student who expects to come to MIT foran
advanced degree after earning an undergradu-
ate degree elsewhere should give careful atten-
tion to undergraduate prerequisites as outlined
by each department or program elsewhere in
this catalogue. For more specific Information, a
student should consult the department or
program in which he or she wishes to enroll.

MIT degrees are "residence" degrees in the
sense that a major portion of the work must be
done on campus in association with the faculty,
other graduate students, and the Institute com-
munity. The amount of tme required to attain
any one degree varies.

Degrees are awarded by the Corporation of the
Institute upon the recommendation of the
faculty. Favorable faculty action is based upon
approval by the Committee on Graduate School
Policy on recommendations from the appropri-
ate departmental committees on graduate
student.

Master ofat Science With and Without
Specifloation

For the degree of Master of Science, the student
must have satisfactorily completed a program of
study of at least 66 units, of which 42 unita shall
be^A" subjects. and a thesis, approved by the
de aitment In which he or she is enrolled. If 34
units of "A" subjects and the thesis are in a
single approved Proram, as determined by a
departmental committee on graduate students,
the degree will be recommended with specifica-
ton In this program; otherwise, the degree will
be recommended without specification. The
same high standard of academic performance
In a program approved by a departmental
committee on graduate students is required for
either degree.

The choice of area of specialization must be
approved by the committeeon graduaterstu-
dents of the department In which the student Is
enrolled. Approval of the entire program must
be obtained from this committee and from the
student's faculty advisor A special interdepart-
mental committee, approved by the Dean of the
Graduate School, may be appointed to super-
vise a program In an Interdepartmental field.

The satisfactory completion of the Master's
degree requires the student to be In residence
as a full-time regular graduate student for a
minimum of one 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 re-
search or writing is actually In progress and
during the term his or her name appears on the
degree list.

Master of Architecture

plinary connnection, The interdlsciplinarity Is
implemented both by a balanced choice of
academic subjects, made with the advice of
each of two departments, and by selection of
thesis topic.

To satisfy the minimum requirements for theprogram, the student must complete (in addi-
tion to thesis units) at least 132 subject units, of
which 66 units are unique to each department.
At least 42 of each group of6units must be
graduate" subjects. In those Instances where,
or 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 program requirements pre-
vail. Such excess of units in one department
may not be applied to the program In the other
department.

A student pursuing a Master in City Planning in
addition to a second Master's degree mustuave
both programs approved in the usual way, but
the subject units for the M.C.P can be lowered
at the disoretion 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 satisfy
all the suibjeot requirements of each program.Spocl1rally, candiass icr the MArch. degree
must take 164 subject units (of which 96 units
must be "A" subjects), and M.C.P degree candi-
dates must take 120 subject units (of-which 42
units must be "A subjects). Individuals who
wish to qualify for the Master's degree in Real
Estate Development also must take at least 66
subject units unique to this program, of which at
least 42 units must be "K subjects. Students
may submit a single thesis provided it is accept-

The graduate degree of Master of Architecture Is abie to the graduate committees of eacn pro-
awarded un the satisfactory competion of a gram. It Is expected that such dual-degree

prga 9fsuyo1 tles 8 ujc nt candidates will be In residence at least one term
approved by the Department of Architecture, of longer than expected If enrolled In a single-de-
Which 98 units must be In "A subjects, and the gree program.
completion of a thesis acceptable to the Depart-
ment of Architecture. The candidate must also Participation in a dual-deree program is limited

have been in residence for a minimum of four to students who are alrdy registered in one
regular academic terms. A student who enters department and who meet the admissions
without pareviadumexerience In atdeprtentrf criteria of the second department, At least two
archit tremay taee rinlonasdeghtmaam ico regular terms por to completion of the pro-
artestrcompletetheke ogse gtcdei gram, the student must submit to each depart-
terms to complete the degree. ment a statement of educational objectives

along with a detailed program plan that Includes
Master In City Planning a description of the propo athesis topic. The

total program must meet with the approval of
For a degree of Master in C Planni, the each department and a petition approved by the
student must have satisfactoly completed a Dean of the Graduate School describing the
minimum of 120 units, of whc at least 42 units program must by filed with the Registrar
must be "K subjects. The student must also
have completed a thesis acceptable to the The thesis research must be done under the
Department of Urban Studies and Planning, and supervision of an approved member of one of
have been in residence for a minimum of two the two participating departments, with the other
regular academic terms. department providing a thesis reader. The thesis

must be of superior quality. The single thesis
Simultaneous Registration for Two Master's cannot be used to satisfy the thesis require-
Degrees monte of any additional graduate degree pro-

Singi. Thesis. This degree plan is Intended for grams.
quafied graduate students who seek academic In special cases, the Standing Committee of an
recognition in two professional fields that, approved Interdisciplinary Program may act in
although distinot, have a substantial interdisol- lieu of one of the two participating department.

.............
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Engineer's Degrees Doctoral Degrees

Two theses. Occasionally an individual, already
admitted to the Graduate School, may wish to
simultaneously pursue two distinct Master's
programs, fulfilling the thesis requirement with a
separate thesis for each degree program. In
such cases, the usual unit requirements for
each program appl separately. Registration for
two degrees is contn ant upon approval by the
second department ofa request for admission.
Such a request can be initiated by a petition
approved by both departments and approved
by the Dean of the Graduate School.

Simultaneous Award of Bachelor's and
Master's Degrees
An undergraduate student of the Institute who is
enrolled as a candidate for the Bachelor's
degree may be admitted by a department as a
candidate for the Master's degree. Students
must register as graduate students for at least
one regular academic term (not summer
session) to be recommended for the
simultaneous award of the Bachelor's and
Master's degrees. The thesis submitted for the
Master's degree may also be accepted by the
department in fulfillment of the undergraduate
thesis requirement, If any.A student wishing to
pursue this type of academicprogram must
submit an application for the Grauate School In
the usual way, as well as file a petition with the
Registrar, which has been approved by the
student's undergraduate facuty advisor and the
raduate etration officer of the appropriate
dpartmen.

The program for an Engineer's degree requires MIT offers the degrees of Doctor of Science and
more advanced and broader competenoe in Doctor of Philosophy, Interchangeably, in the
engineering and science subjects than for the engineering and science departments (except
Master's degree, but with less emphasis on biology) and in the fields of medical engineering
original research than a doctoral program. In and medical physics. The degree of Doctor of
general, the Engineer's degree requFres two Philosophy is awarded in architecture, biology,
academio years beyond an undergraduate economics, linguistics, management, philoso-
degree. phy, political science, brain and cognitive

sciences, urban studies and planning, and from
The following Engineer's derees are awarded: Whitaker College. These degrees certify credit-
Chemical En ineer (Chem. .; Civil Engineer able completion of an approved program of
(C.E.); EIoctral Engineer (E. :) EnIneer in advanced study in addition to a research disser-
Aeronautics and Astronautics (E.AA.); Environ- tation of high quality based on original research,
mental Engineer (Ev.E.); Materials Engineer
(Mat.); 1etalluloal Engineer (Met.E.; Naval The two Institute requirements for a doctorate
Engineer (Nav.E. Nucr Engineer (N .E.); are: 1) completion of a program of advanced
Ocean Engineer (Ocean E.). study, including a general examination, and

2) completion and oral defense of a thesis on
Satisfactory completion of a program of ad- original research.
vahoed study and research approved by the
appropriate department or interdepartmental Graduate study and research leading to a
committee of the School of Engineering is doctoral degree must be pursued under the
required, The minimum program consists of at direction of the Committee on Graduate School
least 162 subject units (exclusive of thesis units) Policy for at least four academic terms. In some
and the completion of an acceptable thesis. The cases, the required period of residence may be
candidate must also have been in residence for reduced, but in no instance can it be reduced
a minimum of two regular academic terms. to less than two regular academic terms and
Registration is required of every degree oandi- one summer session.
date working on a thesis In all periods during
which the thesis research or writing is actually in A student is enrolled in a program of advanced
progress and during the term his or her name study and research approved by the depart-
appears on the dgre list. A department may ment. The thesis research Is In this same area,
acepa Master's esis of su orquality for but the program often includes subjects reach-
the nginser's deroe nlyi student in Ing Into several departments. If the field requires
tends to use that umentto fulfll the require- substantial participation by two or more depart-
ments of a single Master's degree. ment, an Interdepartmental faculty committee,

a proved by the Dean of the Graduate School,
s d be appointed to supervise the student's
program.

Each doctoral candidate has a general examina-
tion 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.

Thesis

A doctoral thesis requires at least one full-time
academio year of reearch, but most doctoral
research efforts take a substanty longer time.
Each doctoral candidate I required to register
for thesis in all perods during Which worK is
actually In progress.

The investigation must be carried out under the
upi cn ofanMITfacu emberorsenior

*Wmebr proedb tedepatent.
Workalradyaccoplihedelsewhere that has

.~not been approved bya departmen cannot be
accepted in fulfillmen of the thesis requirement
Anoral examination on the thesis Will be held
afte it has been submitted end evaluate by the
examiners.

Cross Registration
at Other Institutions

Non-Resident Doctoral Thesis Research
Status

While doctoral thesis researh Is ordinarily
carried out while the student is in residence at
the institute, on some occasions it may be
essential or desirable that the student be absent
from the campus during a riod of his or her
thesis research or writing. Prmission to be-
come a non-resident doctoral candidate must
be sought from the Dean of the Graduate
School at least one month prior to Reistration
Day of the term durin which the stu ent
whishes to register in Is cat ory. Consult the
Graduate School Manual for additional informa-
tion 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 Profilency

Harvard University

A regular, full-time graduate student at MIT may
enroll to take subjects (exclusive of thesis) at
Harvard without paying additional tuition, pro-
vided that this enrollment does not exceed
one-half of his or her total registration for the
term. Included in the above category are MIT
full-time Special Graduate Students. This coop-
erative arrangement Is not applicable to the
summer session.

Requests for registration under this cooperative
arrangement must be approved by the MIT
department of registration and should be con-
fined to subjects that are not offered at the
student's own institution. Students will not be
allowed to attend classes where additional
registrants put an undue load on the instructors.
The procedures to be followed are given in the
Graduate School Manual. Grades earned In
Harvard subjects appear on the transcripts of
MIT graduate students as the closest equivalent
MIT grade.

Welesley-MIT Exchange

Brandeis University

A cooperative arrangement also exists between
the MT Department of Urban Studies and
Planning and the Florence Holler Graduate
School for Advanced Studies in Social Welfare
at Brandeis University. Cross-registration Is
restricted to one or two subjects per term in the
areas of social weditre 1t ra.dels and urban
studies at MIT.

Tufts University

A cross-registration agreement exists between
MIT and the School of Dental Medicine at Tufts
University. The program is restricted to specific
graduate subjects at each institution.

There is no Institute language requirement; Graduate students are eligible to participate in
however, several departments require that a the Wellesley-MIT Exchange Program. Welles-
candidate be able to read or speak one or two ley courses are not considered "A' subjects, but
foreign languages with intermediate compe- may be accepted for (raduate credit toward a
tlnce. Typically, a student may satisfy the re- student's degree with e approval of the do-
quirement In one of three ways: 1) by fulfilling partment, For details about the Exchange, see
the requirement before entrance by passing one the description of the Program In Chapter III of
or more intermediate or advanced subjects with this catalogue.
a grade of C or better; 2) through examination
by the Foreign Languages and Literatures
8ection of the Department of Humanities; or 3) Woods Hole Oceanographle Institution
by taking a two-term subject in a language or
lanauges offered by the Foreign Languages MIT, In conjunction with the Woods Hole Ocean-
and Uteratures Section of the Department of ographlo Institution (WHOI), offers graduate
Humanities. Depending on student demand, the dgreeprograms in oceo raphyland oeano-
Section offers a choice of two-term language grpI neering. All decIsions, admis-
ub seing the ab to read or to speak sn to the conferringof the Joint de

in Frnoh, German. Russian.COrpaIsh made by consensus of MIT/WHOIdjont Ied-l
phne committees.The inoog r-

For the purpose of the second altemative, the phyinvolvtteesten of Biologyamof
Section gives written examinations In French, Earth, Atmospheric, and Planetary Scoenoes at
German, Russian, and Spanish once each term. MIT. The oceanoraphio engineelng programs
Examinations in other approved languages are Involve the MIT apartments of Civil, Chemloal,
arranged IndMdually upon request. Electrical, Materials Science, Mechanical, and

Ocean Engineering. Information regarding the
program may be obtaned from the, MIT Jo0int
Program Office or the EducatIon Office at
WHOI.

Boston University

A stratlon agreement has been made
retwevardeMIT Doeprtmenis of Economics

and Political Science and the African Studies
Program of Boston University. Details of the

poou to be followed are similar to those
for Hrvar-MITcross-registraton.
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Regular Graduate
Admissions

A Regular Graduate Student Is an applicant who
hat been admitted to the Institute and is regis-
temd for a program of advanced study and
resoarch leadin to of the post-bacoalau-
rest. degrees offered yMIT A student regis-
tered 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 Student,
an applicant must have received a Bachelor's
degree or its equivalent from a college,
university, or technical school of acceptable
standing. Applicants are evaluated by the
department in which they propose to register on
the basis of their prior performance and
professional promise. These are evidenced by
academic records, letters of evaluation from
individuals familiar with the applicant's
capabilities, and any other pertinent data
furnished by the applicant. While high academic
achievement does not guarantee admission,
such achievement, or other persuasive evidence
of 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 Advanoed
Degrees

In addition to preparation in the specific field of
Interest, most departments require signifloant
work in mathematics and the phys scliences,
but some require as ie assayear of college-
level workIn the"seoscplines. Requirements of
individual departments are given in Chapter Vil
of this catalogue. Students with minor deflolen-
oles in may be admitted to the
Graduat cho; however, deficiencies in
prerequisite or general or professional subjects
must be made up before the studnt may

withgraduate work dependent on

Apploation Proedures

Students normally enter the Graduate School in
September. Howeve.In several departments,

programs can be arra d for students
~ngIn June or FebruaSrotiveapp

about their dates for admission.

Students wishing to enter In June or September
should apply on the prescribed forms by Janu-
ry 1 (exceptions to that deadline will be found

in e aplitionaet); candidates for admis-
sion in ebruay app November
Howver.icatinsubm later may be

vacancies still exist. Fees will not
be retumed to lte appicants, but may be
applied to an n considered In the next
tenn. C tl for admission who reaso
applicants for finanolal aid should observe the
same deadlines.

Applicants attending coliges or universities on
the semester system should apply before the
end of the fall semester for admission in June or
September and submit a transcript of fall grades
as soon as it Is available.

Applications for admission should be requested
from the Director of Admissions, Room 3-103,
Massachusetts Institute of Technology, Cam-
bridge Massachusetts 02139. (Exceptions: the
Sloan bohool of Management and the Depart-
Ments of Chemistry, and Urban Studies and
Planning should be contacteddirectly for appli-
cation forms. $45 aOplication fee (exceptor
the Master's rogram In the Sloan School,
where the fee Is3100 if applying from the US
and $120 ifapyinfrom overseas) must
accompay alappliton forms. All inquiries
regarding graduate admission to the Sloan
School are sent to the Directors of the Master's
or Doctoral Programs (whichever leappropri-
ate), Room E52-112, MIT, Cambridge, Massa-
chusetts 02139. Apploations 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.

Notifloation 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 r of work toward a Bachelor's degrezo
may be conditionally approved until subse4u
evidence Is provided that the degree has been
awarded.

inquiries about specific requirements for
admission should be addressed to the chairman
of the appropriate departmental committee on
graduate students.

ExamInations

Many departments uire applicants to submit
scores In the Ap sand the appropriate
Advanced 1stof the Graduate Record Exami-
nation. The requirements specified by the de-
partments are Included in the MIT Graduate

lication material. For a test application, write
to Graduate Record Examination, Education-
al Testin Service. Box 955, Princeton, New
Jersey w

The Sloan School of Management requires that
all applicants, including those from foreign
countries, take the Graduate Management
Admissions Test (GMAT). For the locations and
dates at which this test may be taken, write to
GMAT, Educational Testing Service, Princeton,
New Jersey 08540.

II
gig al mo I

Graduate student applicants who are ctizens of A Special Graduate Student is one who usually
ountries other than the United States must has received a Bachelor's degree and whose
have received a Bachelor's degree or its equiva- intended program of study Is essentially gradu-
lent from a college, university, or technical ate In nature. Special students are not degree
Institute. The academic record and all creden- candidates. All plostions are made through
lis must indicate the ability of the candidate to the Admissions Oe. Applications for the
oomplete the approved program of graduate specific subjects will be evaluated and ap-
study and research. Applicns are evaluated by proved by the Graduate Committee of the
the academic departments, Admission is appropriate department(s). Admission Is valid
granted on a competitive basis. Competence in only for one term; a student must seek readmis-
witten and spoken English is expected. sion each term to continue at the Institute.

Those applyl for Special Graduate Student
Students whose native language Is not English status for the first time must pay a $45 applica-
and whose schooling has not been predomi- tion fee. A new fee is required after two rms.
nantly in English, must take the Test of English To be allowed to continue as a Special Graduate
as a Foreign uage (TOEFL). TOEFL is Student, satisfacto academic performance
administered by e Educational Testin Ser- must be maintaina.
vice. Students wishing to take the TOEFL
should do so no later than the November test The deadlines for filing Special Student applloa-
date. A score of 575 is the minimum considered tions are May 1for the summer term, August 1
sooeptable. Write directly to the Educational for the fall term, and January 1 for the spring
Testing Service, Princeton, New Jersey 08540, term. Deadlines for Intemational special student
USA, or registration material and information. applicants are April I for the summer term, July

1for the fal term, and December 1for the
The Final Application for Admission from Inter- spring term. International students living outside
rational Students may be obtained from the the United States are not permitted to apply for
Director of Admissions, Room 3-103, Massa- the suimmer term.
chusette Institute of Technology, Cambridge.
Massachusetts 02139, or, In the case of the Applicants whose native Ianguage is not English
Sloan Sonool, from the DIrectors of either the must submit the Test of Englsh as a Foreign
Master's or Doctoral Programs, Room E52-1' 2. Language (TOEFL) as noted in the section on
Applicants must submit complete application Intemaional Graduate Admissions. A score of
materials to the appropriate office. 575 is the minimum considered acceptable. The

1-20 or IAP-66 Wil not be issued for subject
Please refer to the previous section concerning registration of less than 32 units.
inddual departmenta] requirements for the Admission as a SpiGradute Student does
Graduate Record Examinations. Adisona Seil rdat ntde

Is subseuently admitted as a degree candi-
date, sjectcompleted may be used in partial
fulfillment of requirements for an advanced
degree. The department will determine what
subjects are acceptable. Registration as a
Special Graduate Student does not count
toward minimum residency requirements for an
advanced degree nor for eligibility for non-
resident status.

Correspondence concerning admission as a
Special Graduate Student should be addressed
to the Director of Admissions, Room 3-103,
from whom application material and "Informa-
tion for Special Students" may be obtained.

Graduate Student Status for Research Staff
Members
In view of their full-time responsibilities on
assigned research and their corresponding
salary scales, staff members of the Office of
Sponsored Programs (OSP), Lincoln Laborato-
ry, or the Charles Stark Draper Laboratory may
not be full-time Regular Graduate Students, but
may, under certain conditions, be granted the
status of Speclal Graduate Student. However, an
OSP appointee or an employee of the Lncoln
Laboratory or the Draper Laboratory who de-
sires to work for an advanced degree must he
admitted as a Regular Graduate Student and
must complete the residency and other require-
ments of the degree program to Which the
individual has been accepted. This individual
may not continue to hold a research staff ap-
pointment nor can any research work while
employed beIncluded as pa of the thesis for
an advanced degree,
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The following are the basic tuitio and fees at
MIT for the academic year 1990-91 (which are
reviewed and likely to increase next year):

1ition' $15,600

Hospital and Accident
Insurance Pollcy2 540

The tuition for all regular students, including
graduate student staff. In the first and second
forms is $7,800 per term, except for students in
the Sloan Master's Program for whom the tuition
Io $8,625 per term. Full tuition In either term of
the current year covers the January Indepen-
dent Activities Period. The minimum term tuition
charge for registration for doctoral thesis upon

Any resident graduate student making progress
toward a degree is expected to register and is
considered a full-time student. If a graduate
student reculres only part of a term to complete
the thesis., nitia full tution for the term is
charged, and austments to tuitlon are made at
a later date. if testudent was registered for
thesis as a resident student in the immediately
preceding term, r ular or summer, tuition for
thesis will be adutedafter acceptance by the
department of the completed document on the
basis of a charge of $60per week from the
starting date of the term, with a minimum of
$50 for the Master's or Engineer's degree and
$1,300 for the Doctoral degree. If the immedi-
ately preceding term was the summer term and
if the graduate student was not registered for
thesis in that summer term, but was registered
for thesis In residence In the previous second
term, fth minimum tuition for thesis Is $3,900.
A student who continues to hold a fellowship,

Candidates and pay tuition equal to
aprximately 15 percent of the regular full
tuin ($1,170rterm for 990-91). Following
completion of e non-resident period, the
student must retum to resident status for
completion and presentation of the doctoral
thesis. if the udent requires only part of this
first term back In residence to complete the
thesis, the tuition will be adj to a
minimum of $3,900. Please consult th
Graduate School Manual for additional
information on non-resident status.

Cooperative progams offered by MIT provide
Industrial and research experience througha
series of work assignments interwoven with
regular study at the Institute. The tuition fees for
cooperative programs are as follows:

Chemical Engineering Practice, Course X-A
$7.800/tm

reomilialon a a ri s ide !U U Is 511,700fU traneeship, or graduate staff appointment for Aeronautics and Astronautics, Course XVI-Cltered dring theprecdi rela the remainder of the term after deliver of the Electrical Science and Engneering or Comtrtem% etutio fo al rguar ua te E thesis continues to be regarded as a fui-time Science and Engineerng, CourseVI-A pdenvts. includng fellowstrinees, and academic student and the tuition Will not be adjuste. In Materials Science and Engineering, Course ill-B
s ts asunusual olroumstanoe, the Dean of the Gradu- Mechanical cBthe sumerasessi are publIShed each at* School may setspecial tuition rates for Nuclear Engineering, Course XXII-Ath une "o. a ulse ah graduate students. Ocean Engineering. Course XIII-Cyear in the Summer Session Catalogue, avall-, Oea
able in March. Doctoral thesis research is ordinarily carred out

while the student is In residence at the Institute. In each case, the first $7,800 Is due on the date
Speclal Students (exiept In the Sloan School of However, on some occasions, it maybe essen- when the first-term tuition is normally due. and
Management) ae charged at the rate of $250 tisl or desirable that the student be absent from the additional $7,800 Is due on the date when

r unit taken either credit or not for credit. the campus duri a of his or her thesis the second-term tuition is normally due.
Ths unit feapplies up to a maximum Of $7,800 research. Permissionto become a non-resident

per term and is subject to the following doctoral candidate must be soht from the The tuition fee for Special Graduate Students in
minimum fees: Dean of the Graduate School at least one month the Sloan School of Management (except for

prior to the opening of the term during which employees of the Institute or their children) Is
Members of the MIT CommunIy3  W1.500 student wishes-to register In this oategory. $425 per unit of regiation, with a minimum
Other Speclal Students 2,250 Prior to submission, the request must beap- oha of $3,825. ere is a maximum charge

by the student's thesis supervisor and of $13,125 per term for full-time Special Gradu-
to the Committee on ate Students enrolled in the program. Students

Gradte School Poloy from the student's de- Interested In the Manment of Technology
partment of registraton. Students who are per- Program should consu the Sluan School of
mited to undertake non-resident thesis re- Management with regard to fees.
search must register as Non-Resident Doctoral

Payment of this feeenie a regular and specilregistered
students to comprehensve health cam serAoe at the unr
Medical Department including consuftaton with a wide range
of speilWsis, agnostic studies, andhospializanton inte nMIT

infirmry. wehrge e adfoWcompletio of pie-achy

eum"ilais. asn o" d cl hctison te Nt esrvice
hearn ad eauationapienrcn denta cam. mined
appointments, contraceptie devices, presrpllon drugs and
those surgical procedurs and outide agneSic tels which
should be comed by the studentrs haspia and Accdent
insurnce powio

The Mrr Student insurance owes hospitalization (on then in
the MrrInnMatey) due to accidents or llness The insurance Is
requied for al students, unless tWy can demonstrate that the
have eqruilent overagethroughanoterinsuranceprogram,
Thes aWOWS! 0co1 Of 1064u1111e0o001001e f OWthe4pousefor
ounside hoi ss$1.478..Howsp on insurae
one or meeslidrn may be purchased tsr $11104. Astudent
wthowiregd"" ga term m aoncelthis insurncetan
MeOO*aacweft 46cf theend offt OmM hlenocanceld by
ilirg a requesteatfthftdenvunco.

Wsnceludes Spe.iatudnwhosamefull tmeecyses of the
InseorwiMo am9depndentsof full-*"meemoyeesOr
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A student withdrawing before the start of a term
Is not charged any tuition for that term and any
tuition payments previously made for that term
will be refunded. Students withdrawing during
the first or second term are charged one-twelfth
of the stated tuition for the term for each week
from the starting date of the term, with a mini-
mum two-week charge. A student is finanoally
obligated to the Institute for the tuition appropri-
ste to the program approved by his or ner
faculty advisor or graduate registration officer at
the first of the term. Any subseuent reduction
In fees is based on the date that cancellation of
a subject or withdrawal from the institute is
effected. At that time, any excess payments
which the student has made will be refunded.

Graduate Uving Costs

Uving expenses for graduate students var 1.
widely depending on such factors as maril
status, availability of resources, Interests, and
tas. Monthly living costs (housing, food. and
personal expenses) range $1,.100- 1,960 for a
single graduate, student, $1,37542,776 for a
married graduate student, and $1,676-3,060
for a married graduate student with one child.
These cost estimates do not include tuition,
books, or the Hospital and Accident Insurance
Policy. Campus housing for graduate students
Is limited and less than halfo the graduate
student population can be accommodated In
Institute housing. On-campus dining opportuni-
ties are available to graduate students.

Miscellaneous Fees

Appiloation fee for graduate admission $45

Application fee for Master's Program
In Sloan School of Management

Domestic applicants 100
international applicants 120

Late registration fee 25

Fee for Doctoral degree language exam
(given at an unscheduled time) 30

Fee for late filing of degree application 25

Fee for late thesis title change 25

Ubrary Processing fees
Doctoral theses 35
All other theses for advanced
degrees 23

Processing Charges for Late Changes in
Registration

A late chan in regletration which requires the
ap roval of tappropriate eauity committee, Is
deined as adding a subject after the fifth week
or droppin a sub Itduring the last tree
weeks of aterm. he processing charg for late
changes is $25 for one subject or $30 r more
than one subject in a petition. There Isan
additional charge of $25 fora retroactive change
after the end o the term.

The miscellaneous fees and processing charges
listed above are nonrefundable, unless liIn
error.

Payment of Tuition and Other Charges

Payment in full or a satisfactory arrangement for
yment is due prior to the beginning of each

In August and January. Nwharges and
credits that ocur after the initial statement will

on a subsequent statement If a student
=nolpates that he or she may not be abeto

pay their entire account by the August or Janu-
ary deadlines, the aetoptions available
from the Bursars Ieshould be considered.
Partoiton In the Bursary Payment Plan allows
an in Iment payment arrangement over four
months each term (three monthsdur the
summer). The interest rate is curreny.% per
month (or 10% annual p ntage rate).1The
MIT Parent Loan Plan all parents to borrow
funds for four years of testudent's educational
expenses and to extend the repayment over a
loWge period of time. Currently up to $18600
per Ye($74,400 maximum) maybe borrowed
at a 12.2%* annual pemoantage rate. Contact the

The Bursar's Officegathers, bills, and collects Bursar's Offiee in ' E1-215or call (617)
student charges aprovidesa student ao- 253-4132.
count statement of thatsot. These charges
originate in the offices from which the student Nf a student fails to make stactory arrang-recnes in fsterMc. The student account monte for payment and has amounts outad-
statement, malled monthly when activity has Ing after a payment due date, that balance will
occurred on an account, will reflect the charges be subject tolae fees of 1.5% per month (or
(of tuition, fees, housing, libr fees, et 18% annually), itionally, outstanding bal-
payments (by cash, finanial atuition awards anoes at the end of a term, Including Indepen-
et.) for Institute costs, additional amounts due, dent Ivng Group oh , mayprevt regis-
and payment deadlines. tratior for following m or grad l, It the

student Isa degree candidate.

The staff of the Bursar's Oflce should be
contacted about student aounts, payment
options, funding atertives, long-term
educational loans, or short-term loans.

I . , x 1 . F I . I ; II I -I I .. I. I I I Ii.- III I I I I I- II -II ; , I I I I - II I --I IF -- II III I-I z I I,,I .II I I ,I- --7 -,, - - ; , , -- - - 7 ---, , ' ' - --- 7 -

4 Griaduate sUeation at MIT

Costs for Graduate Students

"I



66 GraduateSduoetln at MIT

Financial Aid

Fellowships, Traineeships,
and Scholarships

MIT makes available financial support to gradu-
ate students from a variety of sources and In
severa different forms -fowships, scholar-
ships, traineeships, teaching and research
asistntehibon-campusaemploymentand
the Technolog Loan Fund. Many forms of
support are granted soely on the basis of merit,
while others are granted on the basis of financial
need or a comnbination of merit and need.
Neither a department nor the Institute Itself has
the financial resources to proesup for all
desftstdent. Thus,i ls importnt that

students explore all sources of aid
aviable outside MIT to find means of financing
their graduate programs.

Information on fellowships and other financial
aid resources le avalable from individual
departments and the Office of the Dean of the
Graduate School, Room 3-138. Information on
loans is available from the Student Financial Aid
Offlie, Room 6-119.

At MIT fellowships (and/or tralneeships) differ
from scholarships, A fellowship award to a
graduate student covers tuition, partially or fully,
and in addition provides a stpend to help defray
ling expenses. A sohoiarship, In the Graduate
School context covers all or part of tuition only.
Most awards are made on the basis of academ-
Ic merit; In some Instances, financial need Is a
factor, but In any case, the recipient must be
enrolied as a regular resident student

Insofar as fellowships, scholarships, and
research and teaching assistantehipe are
provided for tuition payments, these funds are
nontaxable

Where fellowships are less than tuition, and
where an accompanying stipend exists, a
Srton of the sti ma be applied against

e remaining tutioand that porton excluded
from taxable Income, always provided that the
terms of the fellowship do not preclude this.
Expenses for books, supplies, and equipment
required for courses may also be excluded from
taxable Income.

Stipends accompanying teaching assistant-
the other hand, are taxable regardless

of the amount of nontaxable tuition provided.

The Insitute annually receives funds from Indi-
vidual and corporate donors for the support of
feiiowships and scholarships. In addition, gov-
erment agencies and private foundations
provide grants and fellowships - often directiy
o outstanding students for use at Insitutione of
the student's choice. But occasionally these
funds ate directed to MIT for Institute designa-
tion of recipients.

Applicants to the Graduate School who seek
financial support from any of the fellowships,
traineeships, or scholarships adininistered by
MIT, including those granted by national agen-
cies and foundations for award by the institute,
should check the appropriate items on the
regular Application for Admission to the Gradu-
ate School. Applicants will be considered for
awards for which they are eligible after they
have been accepted Into a graduate program.
Currently enrolled graduate students who seek
financial support should consult with the appro-
priate departmental office.

Applications for fellowship aid for the academic
year, beginning In June or September, must be
fe byJanuary 16. Applications for fellowship

aid filed after this date are considered only if
funds are available. Final action on applications
Is taken on the recommendation of departments
to the Graduale School at the end of March,
after the announcement of awards to applicants
by the national agencies and foundations under
their national competitive prugrams. A student
who wins such a fellowship may be eligible for
only a supplementary award in accordance with
MIT 'a 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-
dorse by most Graduate Schools In the US, a
student has until April 15 to accept or decline an
offer. If a student does not reply to an offer by
this date, it may be cancelled.

Every student holding a fellowship, tralneeship,
or scholarship for gauate, study at the institute
must registeras avful-time regular graduate
student for the period of the award. f a student
withdraws from the Institute before tenure
expires, the award must be relinquished, and
the student will be required to refund any sum
already paid to the extent that the Dean of the
Graduate School deems appropriate.
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Teaching and Research Loan Funds Other Employment
Assistantships Opportunities

MIT employs about 600 graduate students each
an ar as part-time Instructors or teaching assis-

ts to aid the faculty In grading undergraduate
quizzes, Instructing in the classroom and labora-
tory, and conducting tutorials.

The departments regard seriously the benefits
of a teaching assistantship as a preparation for a
career In university teaching, %nd the Institute
offers a prize each year - tha Goodwin Medal -

for a 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 ful-time graduate
studentr who are candidates for advanced
derees may be appointed. A Financial Need
Deerination Form is required for all teaching
assistants who are US citizens or Permanent
Residents.

Each year about 2,600 graduate students at MIT
hold appointments as research assistants. The
principal duty of a research assistant Is to con-
tritto a program of departmental or interde-
partmental research.

Most students welcome the opportun to
participate as junior colleagues of the fculty in
an ongoing research projeot that frequently
influences their choice of thesis topic. Appoint-
ments to research assistantships are made by
the department head to full-time students who
are candidates for advanced MIT degrees.

The units for which a research assistant mar
register are determinedrby the department n
light of duties and program of study. Research
assistants are compensated on the basis of time
devoted to their research. In all cases they must
pay full tuition.

Teaching and research assistants receive si-
pends for the services that they provide; these
stipends are taxable income that is subject to
withholding. Teaching and research assistants
also receive a nontaxable tuition scholarship.

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

A graduate student's first roourse for loan
assistance should be a Stafford Student Loan
(formerly GSL). To establish one's eligibility for
this need-based loan, it Is necessary to file 1) a
Financial Aid Form(FAP) through the College
Soholarship Service and 2) the MIT Graduate

o Ap ton The maximum loan per yewIs
$7,500,and interest for first-time Stafford Lan
borrowers to8% Increasing to 10% In the ft

ea ofrepymet, assachusetts banks will
en oresidents of any state, Generally, stu-

dents should aply with lenders from whom
they have alreadytaon a Stafford Loan. Where
a student qualifies for the maximum loan, MT,
as an authorized lender under the Massaohu-
sette Stafford Loan program, can make the loan.
Application forms and details of the application
procedure ma be obtained at the Student

inarcidal Aid Oflce, Room 5-119.

For need remaining after a maximum Stafford
Student Loan has been obtained, non-Federal
MIT Technology loans are available. In
determining need for this program, as well as
the Stafor prog ram, MIT compares student
resources avalable including assets, using

a student budst. Need i
=ropIndwithin limit ae on those

budgets. Technology loans bear 9% or 12%
Interest and require a cosigner.

Other loans are available through outside
agenoies that are not based on financial need.
An example of this type of loan is the
Sup mentary Loans for Students Program
(SLI, a Federally connected loan that Is
handled through banks. is p rogram was
formerly called the PLUS/ALAS prrams.)
Although MIT is not an SLS lender, Student
Financial Aid Office in Room 6-119 can provide
information about this and other similar
financing plans.

international Students

Students who are not US citizens or who do not
possess a permanent resident visa are not
eligibie for Federal loans, nor are they alIgible
for MIT loans during their first year at MT.
Intetional Students must be prepared to
meet their expenses for the first year withoutrecourse to loans from the institute. Continuing
International students should have a reasonable
plan to meet expanses at MIT, which must not

limited to MIT loans. Allloans will require a
cosigner who Is a oitizn or permanent resi-dent of the US or Canada.

Employment is available both on or off campus.
The StudentEr Emlyetnt fieRoj819
keeps up-to-dateIg of job opotnie
which ae open 10raduate students Some
pins ae avil e directly through adminis-

taieoffice on campus. Graduate students
who hold full-time research or teaching assis-
tantehipa or who receive full support on fellow-
ships or tralneeships are not usually eligible for
such employment The Office of the Dean of the
Graduate School should be consulted for ap-
proval before undertaking such employment.

Intemational students maywork on campus, but
may require special permssion fromfthUS
government 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 raduate students who have
completed at leas9 one graduate year at MIT or
new students who have been MIT under-

raduatesmay apply to the Dean for Student
ffairs for positions as Graduate Residents.

Such positions provide room and board but no
stipend.
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Academic Procedures

Registration

Complete information on registration proe- Registration Procedures
dures maybe found in the MIT Registration
Instrution, avalable each term to continuing All sudnts register for their subject on Regis-students in December and May in th Bulld tration a the beginning of each term. New10 After this me, the Is l g students should pick up fall-termIn the Retrar's Offloe, Room E19-335. Addi- registration material during the summer In thetional detll may be found In the Guide for Registrar's Office, E19-335.
Undergraduates and Faculty Advisors and the
Graduate School Manual. All students at MIT are assned an advisor.

Advisors to freshmen are IT faculty and staff,
Procedure for Retention of Student assigned at the beginning of the freshman yea.
Status at MIT (Freshmen may change advisors through the

Underraduate Academic Support Office, Room
Once admitted(or readmitted) to MIT, a person 7-104Upperolass under graduates who
becomes astudentat the stadoftheterm for havedlareda major willbeassgnedade-
which he or "ewas admitted. Regular student partmental advisor. Each graduate student Is
status Is retained until graduation, unless the assigned to a faculty member in his or her
student withdraws or Is diqualified. For the fall department who also serves as the student's
and spring terms, undergraduate and graduate registration offcer. Each studentrogram
students must complete the folwing steps In must be approved by H or her advisor and
order to continue student tatu during that changes may be made only with the advisor's
term: approval.

The Institute holds each student fully responsi-
ble for ohecking the accuracy of his or her Initial
Regletration Form and any subsequent
Add/Drop Cards submitted to the Registrar's
Office, for ensuring that the Registrar Is pro-
vided with a correct current mailing address,
and for carefully reviewing each Status of Regis
tration Form generated by the Registrar to make
sure that it accurately reflects his or her registra-
tion. Steps to eliminate any discrepancios
should be taken promptly by the student. The
student should keep copies of the original
Registration Form and all subsequent Correction
Cards and Status of Registration Forms as
evidence of having followed these procedures.

If an undergraduate wishes to add or drop a
subject or to make or change a Pass/Fall desig-
nation after the deadline dates, the student must
petition the Committee on Academic Perform-
ance (CAP). Room 7-104. Graduate students
must petition the Office of the Dean of the
Graduate School. Such petitions are not auto-

1) registration material issued by the Registrar All subjects to be taken during the current term, matcany approved.
must be corpleted and returned according to Including thesis, cross-registration with Welles-
Instruotons; 2) all Institute and Independ eut ley, and OTC, should be lited on the An undergraduate student who wishes to
UvL roup charges must be paid when due, Registration Form. A s te procedure Is used withdrawd uing a term or arrange for a leave of
ors aotory alterative arrangemnents must be for oroee-regietertng wih arVard. The units for absence must see a dean in the Student Assis-
made with Buror the penent Uving d entudyand thesis subjects should tanoe Services Sectin of the Dean's Office,
Group; 3) registration forms must be approved be Indicated. The units for thesis are mlted as Room 5-106. Graduate students should consult
bfthestudeant's faculty advisor or registration laboratoryunits.the a o e t e graduate
oor and returned toftheeitrars Office; oatryuff. hiregitrtOionofle Dean teGraduate

and 4) the ID validation sticker must be picked A third- or fourth-year undergraduate student School. International students should also
up by the student according to instructions. who wants to take an elective subject Pass/Fall consult the International Student Offlcm.

using the Junior-Senior Pass/Fail option should
I a student has begun the registration be sure to Indicate PIP beside th subject on Subject Credits and Designations
but wishes to wtdah or she mus=otf the Registration Form. mhe faculty advisor and
the Offles of the Dean for Student Affaire If an et should be sure that the subject to be The credit hours (units) for each subject mdi-
undr hiih aofdesgnaedPass/Fall I o no req ulmefnllna o iunegradute, his or her reisraio officer Ifa dsgatdPs/al intbo ~dt ats the number of hours spent each week in
graduate student and the =intentonal Student eithr a department or an Institute requirement, class and laboratory, plus the estimated time
Office ifan international student, and that the student does not take more than a that and aeratu spe eachmae in

total of two subjects under this option during his that the std spends each weak in
A rson wis to be reinstated as an under- or her junior and senior year. The Pass/Fal outside p rat, for one term. Each
Cat ust aoolyfor readmission through option Is not available to graduate stud ts, suo g Inlsnwitthhre unitnumbers

rStudentAffairs. Ain uence the units aotted to: class;
person wiehing to be reinstated as graduate Correction (Addd o orat de n, or fieldwork; andaprep Aion

suets ary isr fneradu s alnd Each un nts about 14 hours of work per
n Rimu ostd eatlon ay. ofm s ucdeadlines. fr diaptesig -

Admissions estunlden sre aon egistrtior ofer for graduate stients should tm e ound aoffoew Internationalgstuents alsob be used for all chane ea ter tad by adding together all the units shown.

Ad e a snld be hand d afverdby N -

u an s n s unit for each subject are Indicated In the

leredb h ItratinlSd w haveis33atiThe pay. undrgraduae studntdloadebased

suchchdngerwerNotedinnththacadrmicstudento descriptions lted4hte
Peope o capuswhoarenodrerteeoundan Chapter ~,I of thiscadouTemi itional Information r ardlng subject desig-

ouh Of nd utatau. Te bhInning of
du ater are not e sue and inu ors signature also required If a subject s un a
have no student sif do wis added after the first week of the term. ADhapter V on the paggr e titedExpanatory

nd ute an rr nAdd op Cards should be hand deihbNtes

Unerrauaeade t he smmertsFm191wasthe suuet ote HlsOfieoo hthe ndrgauaestdetu-dbae

tWedin the spring tem e snd who hn wno - 19-33 or Room 3-23o R
graduated or w ater h u the student on a ur-yw program, Is 46 to 48 unitsper

suw hrughout the following summer, The Regstar's Ofice sends W *tauso term. However If approved by his or her facuity
whether or not they eater =for the summer Reisraio Formo to every tudet duringtoo advlsor' a studen may fllw aprra leading
session, and oesas tuens f he do fouthWee* of the term. Additional Statu tw Boa SS degree In eihe more ors than
not register In the feil ( W r #0rulsfor are sent out at three-week Intervals to *Veryrora

stdtatus with regard to studaentmn student for whom the Registrar has received a
*on hatcifilerrt.Grauat sitdens mking C~oraclonCard since the previous sat of Status

proaress toward a degree during thosumr Forms was Issued. Thesfo is tth stu-
muregister for the summer sessio In a*=o- dent's program as it Is recorded in the

dancewithft G*" SdN reulatons. Regitrar' fce This will confirm the students
the Gaduat Schol r~uamouureestand heiplden7 ~any discrepancies.

Afnal Status Form sent urng the tenth Week
to all stludens

I.
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Academic Performance
and Grades

Ught-Lead Regltration
by Undergraduates

The Institute feels that the concept of a four-
year residential college. requiring full-time
academic program.,I central to e MIT under-
graduate experience. An MIT degree represents
not only a specified number of ciedit units and
a collection of subjects, but an intensity and
continu of involvement in an academic enter-
prise an an immersion In the culture of MIT as
well. in eneral, therefore, MIT Is not an apro-
priate pace for pursuing an undergradua e
education on an extended, part-time basis.

Requests from students for light-load
regstration statuesare handled under the
ollowing polloy: Once enrolled as a regular
student, an undergraduate may not carry alight
load of subjects (register tor fewer than 32 units)
for mor than a total of two terms without
petItloNlig the Committee on Academic

rformance (CAP). The CAP allows use of the
light load beyond a second term only for very
special circumstances. Arrangements to take a
reduced load of subjects should be initiated
prior to the beginning of the term. The
procedure to be followed In this regard is
described in the Guide for Undergraduates and
Faculty Advisors. Lght Load tuition adjustments
are not available to students in Cooperative and
internship programs.

Undergraduates whose load drops below half-
time (as defined In the registration instructions
published each ye, but ene rally below 18
units) should check with the Bursar's Office
regarding possible Impact on repayment and
grace periods of outstanding loans.

international students are required by Immigra-
tio regulation to be full-time students during
the academic yea. Liht-load can be carried
only under veryospecialcircumstances with the
approval of the International Student Advisor.

Advanood Standing xaminatloans for
Undergraduates

To qualify for an Advanced Standing Examina-
tion, an undergraduate student must never have
been registe for or attended class in the
subject concerned. A freshman who takes such
an exam shall receive the grade of P for pasing
(C or better) performance, but no record will be
kept of non-passingDorFperformance. For all
other students, a grade ranging from A to F as
usual will be recorded on the transori .An

sing grade entities a student to fullcrd for
9 sub. For freshmen, such credit will count

toward the 54- or 57-unit credit limit unless the
exam is taken either in the September or Febru-
ary examination period (see Credit Umit for
Freshmen in Chapter1II).

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 tran-
scripts of their academic record at the
Reistrar's Office, Room E19-335 or Room
3- 23, upon presentation of a receipt from the
Cashier's Office. Room 10-180, at a cost our-
rently set at $2 per copy.

Final Examinations

Final examinations are held at the end of each
term; the schedule is issued several months
before the examination period. Each student Is
held responsible for 1) obtalning an examination
schedule at the Information Center, Room
7-121; 2) reporting any conflictedInaexaminations
to the Schedules Office. Room E19-338, In the
OffIce of the Registrar before the time limit given
on the examination schedule; and 3) attending
the final examinations required in the subjects
for which he or she is registered.

Absence from any final examination is equiva-
lent to a faling grade except on presentation of
adequate evid ence of sickness or other valid
reason for the absence. The Dean for Student
Affairs (for undergraduates) or the Dean of the
Graduate School (for graduate students) may
permnit a student whose term work has been
satisfactory to take the next scheduled examina-
tion on the subject. The Instructor may, If the
evidence warrants, Issue a final grade without
requirinq a postponed final examination.

Undergraduate Aeademlo Standards

It is the responsibility of the Committee on
Academic Performance (CAP) to see that mini-
mum academic standards proposed by the
individual departments are consistent through-
out the Institute for undergraduates and
conform with the rules and regulations ap-
proved by the faculty. In view of the individual
nature of student academic performance, it Is
impossible for the CAP to set forth rigid stan-
dards of academic performance to be used
throughout the Institute. The Institute generally
expects undergraduate students to complete
the rquirementishfor a single S.B. degree In four
years; tIs establishes a normal load of subjects
at approximately 45-48aunits of credit per term.
Normally, however, the CAP acceps a minimum
academic record of at least 38 units of credit
with a term rating of 3.0 or above on a 5.0 scale
at the end of any regular term, unless the Com-
mite has specifically notified an Individual
student that a higher level of performance Is
required. (the later would only occur as a result
of previously poor performance.)

in cases where thes crite t are not met, the
CAP considers the academic performance of
each student on an Individual basis. Corsidera-
tion Is Iven not only to the grades received In
the vous subjects for which the student Is
registered, but also to the total number of
subject units, the nature of the subjects them-
selves, and all those factors In the student's own
personal stuation that may have affoctd his or

heocademnicrormneI ie em
More detailed formtn n the proce-
dures followed by the CAP at the en of term in
reviewing the academic records of undergradu-
ate students Is given In the Guide for
Undergraduates and Faculty Advisors. This
booklet is published by the CAP approximately
every four yers. Cosare mailed to all sopho-
mores and undergraduate faculty advisors b
the Committee at ttime of publication, and
additional coplee may be obtained from the
CAP office, Rom 1-104, (617) 253-4164.

For Title IV purposes, an undergraduate stu-
dent is considered to be making satisfactory

rogress as long as at least 33 units per term
ave been completedwith a term rating above

3.0 at the end of any regular term. A under-
graduates whose performance ISls below this
stanard will be considered, for Title IV r-
poses, to be under CAP review during
subsequent term. A student will be considered
to be makng sasfa o e theCAP
does not = raw for the student to
continue.
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Academic Procedures

Registration

Complete information on registration proc.- Registration Pro
dures may be found in the Registration
instruodfns," avalable each term to continuing All students vanjstudents in December and May in the Building tradon D10 Lobby. After this time, the packetle available tatg ne at inIn the RegIstrar's Offie, Room E19-335. Addl- gltraton matetional details may be found in the Guide for Aegstrar' OfnceUndergraduates and FacufN Advisors and the
Graduate School Manual. All students at Ml

Advisor to freshr
Procedure for Retention of Student assigned at the b
Status at MIT (Freshmen may c

Undergraduate A(
Once admitted (or readmItted to MIT a person 7-104.) Uppercl
becomes a stent at the of the term for have declared a
Which he or she was admitted. Regular student parirnentel AWvie
status Is retained unti graduation, unless th assigned to fact
student withdraws or is disquaifed. For the fall department who
and spring terms, underg duate and raduate registration ofer
student must omplth follwingt In must be approve
order to continue status dung that may be
term: approva.
1) registration material Issued by the Registrar All subjects to be
must be completed and returned according to Including thesis,
instructions; 2) ail Institute and Independent ley, and ROTC, at
)vir roupcohargaq must be paid when due, Registration Form

a ments must be for c -regi
made with the Bursar or the lnuspendent Living independent stud
Group; 3) registration frms must be ng be indated. The'

student's faculty advisor or registration laboratory units.
an etred to the Registars Office;and 4) valkation sticker must be picked A third- or fourth

up by the student scoording to Instructions. who wants to take
using the Junior-

If h a be sure to Iloa iIfastudent has begun the registainpoes b uet nla
but wish$$ to with~draw, he or she ustnt= the Registration F
the Office of the Dean for Student Affaks If an student should be
undergraduate, his or her registration offloer If a designated Pass/

uate stdn.and the lnleratlonal Suet either a departmoi
fan intemational student and that the studstotal of two subjec

A person wishing to be reinstated as an under- or her junior and
raduate must ap for readmission through option is not avalh
thOft*oeofth Iean for Student Affairs. A

person wishing to be reinstated as a grdae Correction (Add/I
student must for readmision th the student's faoulty
Admissions Ofidand the student's reiain registration oflos
ofioer intemational stludents also to be e used for all ch
oleared by the International Student Offie Registration Day.'

sucn changes ar
on campus Who are not latre dar, found 1n=C

duri a term are not considered and Instructor's nign
havn student prslege. Is added after the

Add/Drop Cards
Underduate and graduate students is- the student to the
WOre in the spring term and who have no 19-336, or Roor

auated or withdrawn retain their studtt
sttsthroughout the following summer The aeisr'es Of

Whether or not theyrister for the summer Registrition Form'
sseion, and w b students if they c fourth Week Of the
not rter In to fall( toe rules for ae sent out at thr
sudett th repayment are student for whom

students making Correction Card s
pe e toward a degrdring the summer Forms was issued

f the ession in accor- dent's progrsm am
das withe Graduate School regulations. Registrars Office

registration and N
A inal Status Fan
to an students.

-I

cedures

tar for their subjects on Regis-
beginning of each term, New

a should pick up fall-term
fal durigthe summer in the

9, Eig-

T are assigned an advisor.
men are MIT faculty and staff,
eginning of the freshman year.
change advisors through the
cademlo Support Offide, Room
ass undergraduates who
major wll be assigned a do,
or, Each graduate student Is
uty member in his or her
also serves as the student's
r. Each student's program
od by his or her advisor, and
made only with the advisor's

taken during the current term,
cross-registration with Welles-
thould be listed on the
. A separate procedure Is used

wing with Harvard. The unite for
ly And thesis subjects should
units for tesis ae listed as

-year undergraduate student
t an eieovesubject Pass/Fal
Senior Pass/Fall option should
a P/F beside the subject on
Form. The faculty advisor and
* sure that the subject to be
Fall Is not being used to fulfill
ant or an Institute requirement.
tnt does not take more than a
fts under this option during his
senior year. The Pass/Fal
able to graduate students.
Drop) Cards signed by the
advisor for undergraduates and
Sfor graduate students should
anges in registration after
The speific deadlines for
listed in the academic calen-

pe Iof this catalogue. The
ureis also required Ifasubject
first week of toeterm. All
should be hand delivered by
weIstR~ar's Office, Room

foe sends out a Status of
to every student dur ngths

es-week intervals to e
the Reistrar has received a
ince tpreviouset of Status
d. Thesformslit the stu-
s it Io recorded in the
This will confirm the student's

si Identify any dkscrepancis.nMseWA duringthe tenthweek

The Institute holds each student fully responsi-
ble for checking the accuracy of his or her initial
Registration Form and any subsequent
Add/Drop Cards submitted to the Registrar's
Office, for ensuring that the Registrar ls pro-
vided with a correct current mailing address,
and for carefully reviewing each Status of Regis-
tration Form generated by the Registrar to make
sure that it accurately reflects his or her registra-
tion. Steps to eliminate any discrepancies
should be taken promptly by the student The
student should keep copies of the original
Registration Form and all subsequent Correction
Cards and Status of Registration Forms as
evidence of having followed these procedures.

If an undergraduate wishes to add or drap a
subject or to make or change a Pass/Fall desig-
nation after the deadline dates, the student must
petition the Committee on Academic Perform-
ance (CAPRoom '-104. Graduate studentsmus pto the Office of the Dean of the
Graduate School. Such petitions are not auto-
matically approved.

An undergraduate student who wishes to
withdraw during a term or arange for a leave of
absence must see a dean In the Student MAlei-
tanco Serices Section of the Dean's Office,
Rcoom5-108. Graduate students should consult
their registration officer, department graduate
office, or the Office of the Dean ofthe Graduate
School. International students should also
consult the International Student Office.

Subject credits and Designations

The credit hours (units) for each subject Indi-
cate the number of hours spent each week in
class and laboratory, plus the estimated time
that the average student spends each week in
outside prparation, for one regular term. Each
subl s 11 with three credit numbers,
showing In sequence the units allotted to: class;
laoratoy design, or fildwork; and preparation.
Each unitrepresents about 14 hours of work per
term. Thetoa unit credit for a subject Is ob-
tained by adding together an the units shown.
The units for each subject are indicated in the
suboot descriptions listed In Chapter VIII.
Ad itional Informationr d subject des-
nations may be found at hetng of
Chapter Vii on the page titIed xptartatory
Notes.

The cai undergraduate student load, based
on afr-yparogram, is 45 to 48 units per
term. However, Ifapprovedby his or her faculty
adviota student mayfollowapao am leading

t tnS.dsthan
eight terms.
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Academic Performance
and Grades

Light-Load Registration
by Undergraduates

The Institute feels that the concept of a four-
year residential colege, requiring a full-time
academic program,is central toe MIT under-
graduate experience. An MIT degree represents
not only a specified number of credit units and
a collection of subjects, but an intensity and
continu of involvement in an academic enter-
prise and an Immersion in the culture of MIT as
well. Ingeneral, therefore, MIT Is not an appro-
prate place for pursuing an undergraduat
education on an extended, part-time basis.

Requests from student for llgA-load
registration status ae handled under the
toowing policy: Once enrolled as a regular
student, an undergraduate may not carry a light
load of subjects (reglster for fewer than 32 units)
for more than a total of two terms without
petitoning the Committee on Academic

Performance (CAP). The CAP allows use of the
light load beyond a second term only for very
special circumstances. Arrangements to take a
reduced load of subjects should be initiated
prior to the beginning of the term. The
procedure to be followed in this regard is
described In the Guide for Undergraduates and
Faculty AdVisors. Light Load tuition adjustments
are not available to stdents In Cooperative and
Internship programs.

Undergraduates whose load drops below half-
time (as defined In the registration instructions
published each yea, but gaerally below 18
units) should check with teBursa's Office
regarding possible impact on repayment and
grace periods of outstanding loans.

International students are required by Immigra-
Ion reguiation to be full-time students during
the academic year. ht-load can be carried
only under very specil circumnstances with the
approval of the International Student Advisor.

Advanced Standing Examinations for
Undergraduates

To qualify for an Advanced Standing Examina-
tion, an undergraduate student must never have
been registered for or attended class in the
subject conoerned. A freshman who takes such
an exam shell receive the grade of P for passing
(C or better) performance, but no reord rwill be
kept of non-passing D or F perormance. For all
other students, a grade ranging from A to F as
usual will be recorded on the transcript. An
passing grade entities a student to ful credit for

e subject. For freshmen, such credit will count
towardthe64- or 57-unit credit limit unless the
exam is taken either In the September or Febru-
ary examination period (see Credit Umit for
Freshmen in Chapter 1II).

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 tran-
scripts of their academic record at the
Re istrar's Office, Room E19-335 or Room
3-123, upon presentation of a receipt from the
Cashier's Office, Room 10-180, at a cost our-
rently set at $2 per copy.

Final Examinations

Final examinations are held at the end of each
term; the schedule Is issued several months
before the examination period. Each student Is
held responsible for 1) obtaining an examination
schedule at the Information Center, Room
7-121; 2) reporting any conflicts in examinations
to the Schedules Office, Room E19-330, In the
Office of the Registrar before the time limit given
on the examination schedule; and 3) attending
the final examinations required In the subjects
for which he or she is registered.

Absence from any final examination is equiva-
lent to a failing grade except on presentation of
adequate evidoance of sickness or other valid
reason for the absence. The Dean for Student
Affairs (for undergraduates) or the Dean ofthe
Graduate School (for graduate students) may
permit a student whose term work has been
satisfactory to take the next scheduled examina-
tion on the subject. The instructor may, If the
evidence warrants, issue a final grade without
requiring a postponed final examination.

Undergraduate Aoademio Standards

it is the responsibility of the Committee on
Academic Performance (CAP) to see that mini-
mum academic standard proposed by the
individual departments are consistent through-
out the institute for undergraduates and
conform with the rules and regulations ap-
proved by the faculty. In view of the individual
nature of student academic performance, it is
impossible for the CAP to set forth rigid stan-
dards of academic performance to beUsed
throughout the Institute. The Institute generally
expects undergraduate students to complete
the requirements for a single SB. degree In four
years; thIs establishes a normal load of subjects
at approximately 46-48 units of credit per term.
Normally, however, the CAP accepts a minimum
academic record of at leas 36 units of credit
with a term rating of 3.0 or above on a 6.0 scale
at the end of any regular term, unless the Com-
mittee has specifloay notified an individual
student that a higher level of performance is
required. (The latter would only occur as a result
of previously poor performance.)

in cases where these criteria are not met, the
CAP considers the academic performance of
each student on an ndivdual basis. Considera-
ton Is given not only to the grades received In
the varcus subjet for which the student is
ristered, but also to the total number of
sbject units, the nature of the subjects them-

selves, and all those factors in the student's own
personal situation that may have affected his or
her academic performance In a given term.
More detailed Information concerning theprooe-
dures followed by the CAP at the end of term in
reviewing the academic records of undergradu-
ate students Is given In the Guide for
Undergrduatesand Faculty Aovsors. This
booklet is published by the CAP approximately
every four years. Coples are mailed to all sopho-
mores and undergraduate faculty advisors by
the Committee atthe time of publication, and
additional copies may be obtained from the
CAP office, Room 7-104, (617) 253-4164.

For Title IV purposes, an undergraduate stu-
dent Is considered to be making satisfactory
progressas long as at least 33 units term

vbeen compedwith a term rating above
3.0 at the end any regular term. All under-
graduates whose performanoe falis below this
standard will be considered, for Title lVpur-
poses, to be under CAP review during the
subsequent tem. A student will be considered
to be maki satisfactory progress if the CAP
does not raw permission for the student to
continue.

L
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Graduate Aoademle Standards

It is the responsibility of the Committee on
Graduate School Policy (CGSPI to monitor
minimum academio standards for graduate
students and special graduate students in
accordance with therules and regulations of the
faculty, The CORP reviews the academic re-
cords of all graduate vttder'a at theend of
each term (Includi the fjmmer session), and
students with ournu stive ratings of 3.6 to 4.0 are
given particular atention. ConsideratonIs given
not on low grades, but to other factors
afec astudent'sperformancein meeing
the requirements for tdegree program in
which he or she Is enrolled.

Reomenda.,, en.s for auon by the CGSP are
made by departmental graduate committee.
Unless extenuating oircumstances are found,
students who are naot making isfactWy pro-
gress towards a degree may be denied
permission to continue or may be warned that
without substantial improvement the iollowing
term they may be refused further registration in
fth (raduate School.
More detailed information conceming proce-
dures followed by CGSP may be found in the
Graduate SchooflMnuel. it is also important for
students to be informed of Individual depart-
martrequrement and expectaans
concemningacademicperformance.

For Title IV ceeea graduate student is
cnkdnredtobmaking satsfactoryoress
alon, as his or her 1ras on~ashisorher cumulative gradepcn
vaige exce4.0 and Ifthe number of

terms of enrolitmet doe not exceed fiv for an
SM. candidae or 10for a Ph.0. or SO.D. candi-
date. Graduatestudentswhoee performance
WWil below fthi standard will be considered, for
'Te IV p to be under COSP revorw
during the -~wv term. A student unde
CG 9P review will be consiee to be making
saotsactory progessifthe C46P doesenot
withdraw permission for the student to continue.

Grades

The grades to be used for undergraduae and

S ordu k st u et bwhoy teacodly completeteworkc of a subjec by fthe en of the term are:

C
Adequate performance, demonstrating an
adequate understanding of the subect mattsr,
an abilityto handle relativel simple problems,
and adequate preparation frmoving on to
more advancediwork In the field.
0
Minimay acc ble rformance, demonstrat-
ing at least partifamilarity with the subject
matter and some capacity to deal with relatively
simple problems, but also demonstrating defi-
olencies serious enough to make it inadvsable
to proceed further in the field without additional
work, [Note: Some dopartments may require
students with 0-lvel erformance In certain

re esubjects within the depatmn
rgram to do additional work bef proceed-

ng with the follow-on subject, which could
include retaking the prerequisite.)
P
When use of the passing grade P Is authorized,
it reflects: for afirst-year und rgraduate student,
performance at any of the le-els, A, B, or C; for
ether thana first-year unde raduate, perform-
anoe at any of thelevels A, ,C, or0. (Itis
possible that this definition will change begin-
ning fal 1991, with the grade of P meaning C or
better performance In situations outside the
freshman year as well.)

The following notations areused by the Regis-
trar for satisfactory completion of work In
circumstances indicated:
9, notation for cred awarded for work done
elsewhere.

111A, notation for satsctorly compleddoo-
tal thesis. Doctoral theseare not graded.

The grades and notations to be used for sub-
jects not Passe or not completed are:
F, failed. This grade also signifies that the stu-
dent must repeat the subject to receive credit.

0, absent This grade indicates that the student
was progressing satlsfatnori during the term
but was b som the finexamhation or
absent during the last two weeks of te term, or
both, An 0 grade carries no credit for the
subject Unsatisfactory performance because of
absence throughout the term should be re-
corded as P.

AAoOX, abseno sdstfactly nexplained to and
oecsedbyfteDawforSWet Affairs In th

a Of I'*"100a cam of an undergraduate sudentor by the

sub at attAbet povwde henrol0i
use sgryjWoor4 a &good unr- t su~tHwoe ftfamuf 1)9 membe

eMeandnmeedals r bedordwith.orwhhoutt tcr may
apostondnal examinaon orth
*xona alaton Wo-"

I, Incomplete. The grade of I indicates 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. The
grade Ifor the term remains permanently on the
student's record even if/when the course is
completed. A typical example of a "minor
portion of the work requIred*mightbea paper
or a laboratory report. fThe work isto be com-
plated before the end of the ifth week of the
succeeding term of the regular academic year,
but the deadline mabe extended with explicit
approval of the faculmember in charge.
Graduate students must petition the Office of
the Dean of the Graduate School to record a
grade after a deadline. For undergraduate
students, i ft work Is not completed before the
end of that term (with the exception noted
below), the I grade will be changedto the
notation R on the internal grade report and the
student must register for and repeat the subject
In order to receive credit. When completion of
the subject requires resources which are nor-
mally but not continuously available, this must
be Indicated on the form reporting the I grade
and the work must be completed In the earliest
term In which the resources are available.

J, a notation assigned for work such as thesis,
UROlR or "At Plant" reistration (intemship or
industrial practice), which has progressed
satisfactorily, but has not been completed.
Grade given upon completion of the work in a
lar term also covers this term. Faculty mem-
bers must obtain approval from the Commte
on Curricula or the Committee on Graduate
School Policy to use the grade of J in subjects
other than those mentioned above.

U, a notation for thesis work that has not been
completed and in which progress has been
unsatisfactory, Grade given upon completion of
the work In a later term also covers this term.
Unless a student's progress improves signifi
oantly, te student may expect that grads 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
gradingprid. Prior approval must have been
obtaine from the Comittete on Curricula for
undergraduate subjects or the Committee on
Graduate School Policy for gasduate subjects.
This notation Is recorded only on the student's
Internal record. A permanent grade must be
assigned when the subject Is finished.

DR, a notation to be used only on the student's
Intrmal record for subjectdropped after the
fiMh week of the regular .rm
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Institute Regulations

End-of-Term Regulations Policies and Procedures

The Faculty Regulations goveming end-of-term
examinations and assignments, together with
the Faculty Policy Committee's Interpretation,
are the following, and apply to both under-
graduate and graduate subjects:

instructors are asked to provide, during the
first three weeks of classes, a clear and com-
plete descripton of the requirements In each
subj Incuding the du dates for required
wor and the schedule of examinations during
the term. Major assignments should be as-
signed early enough to allow students the
opportunity to manage their time effectively
throughout the term.

- In accordance with the Departmental Guide-
lines Relating to Academic Honesty, it is the
Instructor's responsibility saly in the term to
inform students of expectations regarding
permissible academic conduct. Particular
attention should be given to such questions as
joint work on homework assignmert, and the
use of prior years' materials In completing
problem es, lab reports, and other aasign'
monte.

' Final examinations are held during the final
examination period following each term, and
must be scheduled through the Offlo of the
Registrar, as well as announced to the class,
before the end of the third week of the term.
The final examination scheduled in any subject
can last from one hour to three hours.

' For each subject that has a final exam, no
examination may be given and no assignment,
term or oral presentation ma f1due
P g i days preceding the Reading

erio. The scheduled tme for a final exam
cannot be changed once it has been officially
published; inquiries about limited exceptions to
is poliy should be directed promptly to the

'Each subject in which no final exam Is given
may have at most on of the following during
the six days preceding the Reading Period:
either a one-hour uiz may be von during a
regularly schedlule class pe.o or one assign-
ment (term paper, lab report, take-home exam,
probleim set, oral presentation, ste.) may fall
due. (A quiz of one and one-half hours Is
slkywed, but only If done within a regular clas
period.)
' it Is Inappropriate for comprehensive examina-
tons (exams covering most of the term's work)
to be given time other tandujingthe

fnlexamneid

' No classes, examinations, or exercises of any
kind may be scheduled beyond the end of the
last regularly scheduled class in a subject,
except forinal exams scheduled through the
Registar's Office. Any formal reviews of sub-
jects should be held during regular class
periods, but the rule does not exclude the
possibility of sessions after the last day of
classe at which the instructing staff is available
to answer questions of students who choose to
attend. (The Architecture design reviews that
occur during finals week are considered to be
equivalent to final examinations and are sohed-
uled by the Department.)

, No assignment of any kind may be given that
falls due after the last regularly scheduled
meeting of the elm for that subject. This does
not prevent an Instructor from giving an exten-
sion to an individual student, but an extension
should not need to be given to the majority of
the elm.

' Any departure from these rules requires per-
mission of the CAP for undergraduate subjects
or the CGSP for graduate subjects - and that
any such approved exception will be an-
nounced early in the term and emphasized
apprpately.Asking students to vote on some
deanfromthe rules is not an acceptable
procedure.

Faculty or students with questions regarding the
int tion or application of any of these
p rovIsions should contact the Charman of the
Faculty or request the assistance of the CAR
Room 7-104, 253-4164.

MIT assumes that all students come to the
Institute for a serious purpose and expects them
to be responsible indrduals who demand of
themselves h ih standards of honesty and
personal conuc Disappointments in this
expectation have been rare. Therefore, it Is
MIT's policy to have as few rules and regula-
tions as are oonsistent with efficient
administration and general welfare.

Fundamental to the principle of indApendent
leaming and professional growth is the require-
ment of honesty and integrity in conduct of
one's academic and nonacademic life. Mainte-
nance of a healthy living and leaming
environment requires that all members of the
community exerohe due respect for the basic
rights of one another.

Academic Honesty

Cheating, plagiarism, unauthorized collabora-
tion, and other forms of academic dishonesty
are considered serious offenses for which
disciplinary penalties can be imposed,

Some academic offenses oy students can be
handled directly between the faculty member
and the students Involved. In some cases, it
may be necessary for the department head to
reviewor otherwIse to assist In, the resolution of
the matter. When a dispute cannot be resolved
satisfactorily within the department, a complaint
ag, alnet a student can be brought to the Com-
mi on Discipline, as explained in the section
on Complaint and Disciplinary Procedures.

Student Absence for Religlous Obseryances

Massachusetts state law regarding student
absence due to religious belifs has been
adopted by the Insttt as follows:

Any student who is unable to attend classes or
participate In any examination, study, or work
requirement on eaparticular day because of his
or her religious beliefs Is excused from any
such activity. The student will be lyon the
opportunity to make up the work at 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 alowing th student to make up
missed work. In ition, no adverse or prejudi-
olal efets will result to students because they
have made use of theeProvisions.

Institute Policy on Racllst 11shevior

Racist behvior whether subtle or blatant, Is
unapoelptabl at MIT. It will be addressed with
quick and decisive action whenever It occurs.

am and racist behavior interfere with an
individual's growth and well-bein in the aca-
demnio and lvng environments atIvlT.

U ~
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The institute is committed to the elimination of
racism and assures confidential and thorough
handling of any alleation of racist behavior. In
sucht situations, it i be the Institute's aim to
protect the rights of all Individuals involved and
o safeguardthe welfare of everyone in the MIT
community.

Any member of the MIT community who be-
ieves that he or she has encountered racist
behavior is encouraged to raise the issue, or
lodge a complaint, In accordance with the
established complaint procedures of MIT. Addi-
tional information on procedures for following
up on concens regarding racism and racist
behavior is available from the Office of the Dean
for Student Affairs, Including a brochure entitled
You Can Make a DiNerence that outlines parallel
routes within the institute for addressing racist
behavior.

Additional information on conduct and discipline
may be found in the position r by the
Committee on Discipline e i infractions of
the MIT Code and Violations of the Law,' which
is available from the Office of the Dean for
Student Affairs.

Institute Policy on Harassment

Harassment of any kind is unacceptable at MIT
and is In conflict with the polcies and interests
of the Institute, and in some circumstances, with
Ol law.

Harassment is defined as verbal or physical
conduct that has the intent or effect of unrea-
sonably Interfering with anyMIndividualrs or
g roups educational and/or work performance at

IT or creating an intimidati , hostile, or
offensive educational and wkenvironment on
or off campus. Harassment on the basis of race,
color, gender, disability, religion, national origin,
sexual orientation, or age Includes harassment
of an individual In terms of a stereotyped group
characteristic, or because of that person s
Identification with a particular group. With refer-
ence to sexual harassment, the definition also
includes unwelcomed sexual advances and
requests for sexual favors which m ht be
perceived as explicitly or impiloitly afecting
educaona oremployment dolons concern-
Ing an indvdual.

An member of the MIT community who
be that he or she has been harassed Is
encouraged to raise the issue, orl a
complaint, In accordance with the estabhed
complaint procedures of MIT Additional
Information on procedures for following up on
harassment concerns is available from the
Office of the Dean for Student Affairs, Including
a brochure entitled 7ell Someone, that outlines
parallel routes for addressing harassment
concerms.

Additional information on conduct and discipline
may be found in the ition r by the
Committee on Olsoplne en "infractions of
the MIT Code and Violations of Law, which Is
available from the Office of the Dean for Student
Affairs.

Institute Polloy on Hazing

In accordance with Massachusetts state law
(Chapter 536), the Institute has adopted the
following policy statement on the crime of
hazing:

The term hazing Is defined by law as "an
conduct or method of initation into anystdent
organization, whether on public or private

, which willfully or recklessly endangers
ephysical or mental health of any student or

other person.' Such conduct includes but Is not
limited to beating; whipping; branding; forced
calisthenics; exposure to the weather; forced
consumption of any food. liquor, beverage, drug
or other substance; or any other brutal treat-
ment or forced physical activity that may affect
the physical health or safety of the person.

According to the law, anyon Idented as the
incl organizer as well as any participant in

e me shan be punishedbya fineofnot
more that $1,000 or by imprisonment for not
more than 100 days, or both.

Any persowitnessin ahazing Incident must
report the incident to MIT C pus Police.
Failure to make such a report is punishable by a
fine of not more than $O0.

The heads of all student organizations should
receivea copy of the law from the Office of the
Dean for Student Affairs at the time of fall regis-
tration and are required to sign an
acknowledgment stating they have received a
copy. Anyone desiring acopy 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 In rfratemlty
Conference has also developed its own policy
on hazing, which Is applicable to all fraternitise,
sororities, and Independent lMng groups.

Polley Regarding the Use of Alcohol

MIT observes all laws and ulations governing
the sale, purchase, and of alcoholic
beverages by all members ofN community and
expects that theselaws will be adheredto at all
events associated with the Institute. This In-
cludes activities on the MIT campus, in MIT
Inde ndent IMng roups, and t off
funo sponso and supported by MIT or
any of its Allted groups,

A reference guide to existing state laws is avail-
able from the Office of the osen for Student
Affairs, The Institute strongly encourages all
faculty, staff, and students to become familiar
wih these laws and to consider the associated
penalties and other potential risks that can result

om violations. Included In these laws are
those that govern drivi under the influence of
alcohol, the purchase oalcohol by and for
persons under thelegal drinkin age, and the
serving of alcohol to persons w are either
under age or Intoxicated. It should be noted that
the drinking age in Massachusetts was raised to
21 on June 1, 1985.

The Institute does not intend through its guide-
lines or 0oles to restrict the responsible use of
alcohol members of the MIT community who
are at or the legal drinking age. Efforts,
however, to observe existing laws and ula-
tions in an environment In whloh the majority of
the undergraduate student body is not of drnk-
ing age will almost certainly impose some
constraints upon those who are of age.

A more detailed policy statement on the use of
alcohol, including the institute's Residence/Orl-
entation alcohol policy, is available in the Office
of the Dean for Student Affairs.

Policy on Pornography

The policy on pornography was opted by the
Academic Council inFebruy 1990, and will be
in effect for three years. Ater that point, if the
showing of porography In public places should
continue to be a problem, the Academic Coun-
cil will Initiate a new process of community
review to determine what the subsequent policy
should be.

It Is the policy of MIT that no pomogaphlo films
shall be shown in common are"athe insttute
Including classrooms, lecture hals, corridors,
and common spaces in MIT dormitorles. Noth-
Ing In this policy Is Intended to restrict the right
of students to sho pornogrpi films in the
privacy of their own rooms. Eeone to this
policy will be made for screening done for
educational purpoeseaspauW of a class or other

aolitor in connection
with disciplinary proceedings under this policy.

Prgraphy is difioult to define with precision,becaus many factors Influence the character of
a lm. The Intent of this polloy Isto exclude
films whoee primary theme is to condone the
subordination or abuse of any throuhsubstanal use of sexually itmaterial. Thefolowing characterIs especially in combina-
tion, would be Indloative of pornography as
defned here:

Subjects are

1) presented In a dehumanizea way as sexual
objects, thi or commodities'
2)presen as sexual objects who enjoy
humiliation;
3) presented as experiencing sexual pleasure In
beng raped;
4) preeted as sexual objects tied up, out,
mutlated, bruised, or physically abused In other
ways.
Films abusive of women are of particular con-
oern both because of their Preponderance, and
because the incidents at MIT that have caused
the most disruption of student lives have in-
volved material of this type.

Any member of the Institute community may
bring a complaint of any vlolation of this policy
in accordance with normal Institute procedures,
including recourse to the Office of the Dean for
Student Affairs, (ODSA) and the Committee on
Disclpline (COD). If there Is doubt about wheth-
sr or not a film is pornographio, the ODSA and
the COD may, in appropriate situations, choose
to Invite members ofthecommunity to give
their views on the question of whetherI fals
within the above definition of pornography. The
ODSA or the COD shall then decide In accor-
dance with this policy whether or not a violation
has occurred. If the ODSA or the COD finds
that a violation has occurred, it shall determine
appropriate sanctions as In other oases of
misconduct.

Anyone who wishes to show a film, but is uncer-
tain as to its pornographic content, has the
option to ask for an advisory opinion In advance
from the ODSA.

Other Personal Conduct

All members of the MIT community are ex-
pected to conduct themselves with p
respect for one another and for eao a
property.
improper use of Insttute proper 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 funotions. The Insti-
te reserves the right to determine its

Jurisdiction on a case-by-case basis. Student
status in no sense renders an indMdual student
Immune from the jurisdiction of civil or criminal
courts and other dovemrnment authorities. All MIT
actions must conform with appilcable law.

MIT handles Internally some incidents that might
give rise to oMi or criminal liability. This Is done
with the understanding by the outside commu-
nity that MIT deals seriously with such offenses.
As Is the case for many universities, local
authorities often rely on MIT to resolve such
issues as long as the internal policies and
procedures are effective and adequate. MIT
action by itself, however, does not preclude the
possibility of other judicial remedy.

If an Infraction causes a student to be Involved
both In Institute disciplinar proceedings and in
criminal proceedings, and if an Instit decision
might prejudice the court case, the Institute will
usually hold its decision in abeyance until after
the criminal proceedings have been concluded.

MIT traditionally has placed considerable re-
sponslbility on students goveming groups to
deal wth problems In the studen community,

the ormo Council and the lntrfater-
nly C g erene e Ny all Institute houses and
independent residences have judiclal pro
dures that deal with disputes and violations of
rules and regulations occurring In their iMng
groups.

Problems and disputes that cannot be resolvedat the Wcal level are referred to the Mfie of the
Dean for Student Affairs for advice, guidance, or
resolution. In appropriate cases, theDean may
place the student on disciplinary warning or

robation or may prohibit a student from living
In an Institute residence.

Complaint and Disciplinary Procedures

Students who believe that they have been
treated impperly for any reason are encour-

ed torse their concerns. Diffloulties with
er students should be pursued within the

living roup or department when ropriate, or
also brought to the Commitee on isolplin.
Conoens relating to academic or work situ-
aions should be raised directly with professors,
instructors, academic advisors, and Immediate
work supervisors - as appropriate to the nature
of the problem.

If a problem cannot be resolved at this level,
students should either seek assistance from
their department head or dean or avail them-
selves of the assistance of the Office of 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 Ofce of the
Dean for Student Affairs regarding the possibility
of further discussion among the Parties or
referral of the case to the Committee on Disol-
pline. Students may also bring concerns to the
attention of either of the two Special Assistants
to the President.

it is institute policy that indMduals will not be
reprimande or discriminated agalnst for initiat-
ing an inquiry or complaint and tat the rights of
the Individual against whom a complaint Is
made will be protected.

An one in the MIT community - including
indivIdual students, faculty members, and
employaso of the Institute - may bring a com-
Ilant against a student to the Committee on
ile iline. The Committee is composed of six

facul members, five students, and the Dean
for Students Affairs, ex officlo. It adjudicates
cases of academic offenses, violations of Insti-
tute regulations and standards, and other
Infractions alleged to have been committed by
students.

A complaint against a student must be submit-
ted In writin to the Office of the Dean for
Student Aff rs or to the Chairperson of the
Committee on Discipline. There are procedures
to protect the rights of a student, including
assistance In prepari a defense, The student
who has been oh may select an advisorfrom the MnT community to msist him or her In
preparing a response to the oh eg) and to
attend the Committeehearingw the student;
the person making the arge has the same
rights. Statements at a Committee hearing are
made by the person who brought the charge,
by the student whole charged (Ifhe orshe
chooses to speak), and bWitnesses. Detailed
procedures of the Comm as on Discipline are

n the "Statement of Discipline Commitee
rcedures. which Is available from the Office

of the Dean for Student-Affairs.
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Privacy of Student Records

Among the sanctions available to the Committee
are , informal probatin, formal
poainwith or womonitoring, and

recommendation totPresident that the
student be suspended or expelled. Formal
probation, susenslon, and expulsion are noted
on the students9transcript for a specified
period. Such notation ma be removed upon
written application to the Cmmittee under
conditions set forth In the statement referenced
earier.

This procedure serves also as the grievance
= cedure for students aequred by Title IX of

eeoalEducation Amenments of 1972
with regard to grievances arising out of alleged
discrimination on the basis of sex, and for
handicapped students alleging failure to comply
with Sections 503 and 804 of " Rehabilitation
Act of 1973. Inquiries concerning the Institute's
policies and complance with applicable laws,
statutes, and regulations (such as Title IX and
Section 504) ma be directed to Dr. Clarence G.
Wiliams, Special Assistant to the President and
Assistant Equal Opportunity Officer, Room
3-221, (817)283-4558.
Additional information on conduct and discipline
maybe found in the postntpar by the

Comnmittee on Discipline on edInfractions of
the MIT Code and Violations of Law,' available
from the Office of the Dean for Student Affairs. A
description of the grievance p ures for
persons employed at MIT Is Included in Policies
and Procedures.

The Family Educational Rights and Privacy Act
of 1974 (FERPA gives students certain rights,
consistent with privacy of othere, to review
records, ies, and data held about them on an
official basis by the institute, and also gives
students a right to challenge the content of
those records, flies, and daawhich they believe
are Inaccurate, misleading, or otherwise in
violation of their privacy and other rights. This
Act also Imposes certain contrcis on acces to
information about students.

Under the Act, "education records" means
those records which are directly related to a
student and ae maintained by MIT Educational
records at MIT Include those tha are kept by
the ofl'ies of the Registrar, Admissions, Dean
for Student Affairs, Dean of the Graduate
School, Bursar, Student Financial Aid, UROPR
academic departments and advisors, standing
committees of the faculty, Alumni Association,
and the Archives. The Institute Is obliged under
certain state and Federal laws and regulations to
retain certain educational records for specific
periods of time. Subject to the provisions of
these laws and of the Family Educational Rights
and Privacy Act, persons responsible for the
maintenance and control of Information must
review the disposition of that information with
the Institute Archvst and cognzt senior
officer when it has served its intended purpose.
Certain records are not included as education
records under the Act. They include: personal
fles held by Institute facuity and staff that are
not accessible or revealed to others, certain
records of the Campus Police, and medical
records maintained by the Medical Department.

Review of Records and Challenges to
Record Content

Subject tothe exceptions stated below all
educational records of the Institute tham r
identifled with an individual student or former
student will be available for review at the request
of that individual. Such a student may make a
requstdirly to the custodian of the record or
to Office the Dean for Student Affairs. An
individual shall not be permitted to review those
p i t of his or her educational re-

cord that'referto other identified students
Individuals may challenge the content of their
educational record with the custodian or
through the Office of the Dean for Student
Affairs. If a dispute remains pertaining to the
accuracy or comleteness of the record, the
student shllbe afforded a hearing. informaton
about students that was assembled prior to

Jauay , 91, under promises of confidential-
iy e or implct will not be made avilable

fo rviw by the concerned students without
the written consent of the author A letter of
recommendaion that was placed in a student's
educational record afternuary 1, 1975, will
not be made avaiable to the student for review,
if the student hasfreviously waived his or her
right to review specthia tter

Under the Family Educational Rights and Pri-
vacy Act, an MIT student whohaIsled for
admission to, but has not yet , another
component unit of MITe.g., a duate school
or department) donot hae right to review
his or her education record within that compo-
nent unit unless and until the student begins to
attend that unit. Individual department heads,
howev. May choose to disclose such informa,
ton to such a student.

Althogh medical records maintained by fth
Me Department e not considered eduoa-
tonal records under the Family Educational
Rights and Privacy Act, they areregulated by
Massachuset law relat to the rights of

ents and residents of health facliWe. Under
is law, students have the right to confiderilty

of their medical records as well as the right to
Inspect and to obtain a copy of these records.

Disclosure of information about Students

Disclosure of Information In educational records
to Persons wthin or outside the Instiute, except
as indloated below, requires the student's
written consent The written consent must be
signed and dated and must include a speoflcs-
ton of the roords to be disclosed, thepurpose
of the disclosure, and the party to whom the
disclosure may be made. U request, the
student shall be provided a yof a
record that is dclosed pursuant tois con-
sent. A record of each request and of each
disclosure must be made part of the educational
records to which thestudent has access.

insttofficials may hae access, wthout the
students prior consent and WitOut a record
being made, to specific student records In
which they have a legitimate educational inter-
e9. For this purpose, Insitute offials include
both acaemic and administrative personnel.
Only thseInstitute officials who need to obtain
informaton about the student may have access
to that information. For example, faculty advi-
sore may have access to releant educationial
records of their Advisees. in addiion, custodians
of students' educatonal records shall xerclse
responsibility to treat personal iformaton with

tecarsand discretion and not ex-
such information unnecessari and to

ensure that the transfer of informaon between
persons not in the same offie or woring group

insttute purposeWe
such ira stunusualpro notice should be

ven to the inddual and where practoable,
permission should be obtained.)
Under the Family Educational Rights and Prl-
vacy Act, educ~ationalreords may be disclosed
withouta student's priorconsent, to ofias of
another educational Instution In which the
student seeks or intends to enroll, or in which
the student is enrolled concurrently. In such
cases, the student must be notfeof the
disclosure, provided wih copies of the dis-
closed records If he or she requests them, and
granted an opportunltor a hearin to chal-

lgethe contentof disclosed records.

Motor Vehicles

All educatonal records that aMereleased to Administraton of Institute Policy All motor vehicles operated by students must be
r ganizations outside of MIT must be reistrdeach ywrwith the M _ Camps

reesd on the conditon that th i be used Questions conCermn this policy may be dl- c.wFalure to register Wil result in a $25 lne.
for their stated purpose n o othe r oted to the oDean for Student Affairs; Chairman This registrationlIs required whether or not a

e wi acess to them without theCmmittee onP i or the Vm Pres . rin r Is obaed. Students should
writsteoonsttt The disclosed nt- dent in the Offloe of the President, who is the also notethat state law requires that out-of-

W should contain a statement to the effect that senior offioer responsible for overseeing Insti- state oars operated by students be registered
acceptance of these materials consttutes an tute operations with respect to the proteon of with the Campus Pollce.
agreement to abide by this condition Individual privacy. Students who believe that Parkin faciities at MIT are lmited, in genera,their rd hte under the Act have been abridged the Istitueant prId aridn goreentStudents who hold temporary, non-imm rant nuayfile complaints with the the In cannot provide inforresident
yias with F-1 classification erequired &ythe FAPAOfie fent Education, Wash- .Withtheapproval of ean forUS Immigration and Naturaliztion Servce INS), FIngOfc, D epartment Student Affairs, a limited number of spaces Is
when a ifor these visas, to authorizeT gn, available for assignment to students with phys-
to relese oINS, upon Its request, certan cal hanrdicas requIrin use of an automobile
nformallon and documents about themselves. Letters of Recommendation and to a few other unc dua . Parking Is
A detailed description of the informaton subject prohibited and towing isi effect on Memorial
tse reuIrementsmay be obtained from the The institute believes that candid appraisals and Drive in front of MIT between the hours of?7 and

IteaoaStudents Advisorin the Student evaluations of performance and potential are an 10 am. Students are advised to avoid bringing
Assistance Servioeseoton of the Offioe of the essential component of the educainal pro- an automoble to MIT, If possible.
Dean for Sudent Affairs. It Is MIT's poicy to cess. Further it believes that with approprate
release such information only to the xtent permission, the provision of such infomaton to Students who plan to bring motor vehicles to
rsqulred by law. roeoe ploys, to other in , or Cambridge should take careful note of the

tootherlegtiey concerned outsidelndlvidu- information regardin p ent Massachusetts
Crtn personally Identifiable Information from a al or agencie, will be in the interest of the laws mailed wItgratron material. In add-#Wuent* education rcrdsgae yte~tlon, since fth rate"of car thefts In this state Is
Instute as direory Information, may be re-
leased without the studnt's prioconsent and
without a record being made. This infonation
holuds: name, term and permanent ad-
dres, term phone number, terme loi
mal address, depatment, class, degrees re-
OWived, dates of attendance, and, foran
htercollglate athletic team member, ht and

ht. AStdn has the r h to wi dth e
nation ofayoralofe ateories of

on himself or herself ac dirctory
hformalon.To exercise this rgt, a Student
should submit by the end oftsecond week
of the fall tem a request form available from the
legistrar, late athletio team members

who wish to withhold the designation of weight
and height as directo information should
=*ntotih Sports infomation Director In the
Athleo De.parent The Student Oir ,and
equivalent electronio verlons, although ontan-

most of the informaton listed ab , are
SC ma r use by membrs of the

MT Commnty'infcmatior in the Direcory
ma be made avalable to persons outside of
M reionnesponseeto about spec-
lied nWus: '1frwofy or
shn*r lieds to personsoutside MT or using
tIe for no-Insttpurposesis
prhbited.oprislocal
municipalities to obtain census informaton,
*nlim t irs inoslordnpertaining to
sludts HvIn If residenose. In the cawe of
court orders or subpoenafor Informadon, the
soted indvdual soldbe notified immedi-
doy and the release of such Information should
h be made only by an authorized oficer of

010 Institute.

A student's rquest for a letter of recommenda-
tion to be written by Institute faculty or staff
constitutes a consent to disclosure and should,
therefore, be made In wriing.
A student or former student may voluntarily
waive his or her right to review or receive copies
of letters of recommendation or other dcou.
mente sent to MIT or written by a member of the
MIT faculty or staff in connection with admission
to educational Institutions, employment, or
consideration for an honor or reognition. Such
a waie must be In writing and must Include
adsq uteWidentificalon of the concerned Individ-
u author of t etter; anthe purpose for
which the letter is ieded, Such wairmust
not be required assa condition for admission to,
receipt of financeiaold from, or receipt of any
other services or benefits from any 4snoy or
Insitulon, Fcla staff shouldnd care not
to encourage unnecessarily.

Personal Pies of Psoulty dStaff

The personalfles of members of the faculty and
staff Oconcern students, including rivate
correspondence and notes which to
students, are not regarded s education records
and are not perse subleoto review by stu-
dents. HoweverIf the personlties are made
available to others withi e institute or to
partesoutside MIT, then they are a pantof a
studets education records, and thestudent
has a right to review those personal fies.

one Of the 1 n ige In the nauon, serious con-ld
oation should be given to equIpingatomnobiles with anti-theft devices.

Asademie Procedures ?



VI Interdepartmental Study and Research



80 Interdepartmental Study

Interdepartment
and Research

al Study

Advances In knowledge and concern with the
functloning of modem society have led re-

serhr obecome Interested In complex
problems that can no longer be adequately
resolved from the vantage point of a single
academic department. There Is thus an noreas.-
Ing tendency at MIT for faculty and students
from different fields to work together in a variety
of iroups, laboratories, centers, and programstiotacrs deprmnta or schoo lns
Some of these opportunities lead to degrees or
form the basis for a 'mnor" program; many can
be explored through the various Interdepart-
mental organizations and research facilities
available at MIT.

These interdepartmental educational opportuni-
ties and research facilities are listed In this
chapter and described In detail. The specific
opportunities for undergraduate and graduate
students In each of these areas are outlined
within the description of the program or facility.

Some of the interdepartmental prorams and
research facilities provide opportunite for
undergraduates to engage In research or study
as part of a deamna major, and some
provide a way tbroaden a sOeS
educational experience. Undergraduates
enrolled In a variety of departments may find
valuablepssibii ti es for thesis work and

on In the Undegraduate Research
Opportunities Program (UROP).
Most of the Institute's major Interdepartmental
organizations and research facilities listed In this
chapter offer graduate students opportunities
for Interdepartmental resarh, Including thesis
topics (and often research assistantships).
Some of the Interdepartmental educational
programs have been formally amred for
graduate students by the Comm on Gradu-
ate School Policy. An Interested student must
be admitted by one of the regular academic
departments in order to participate In an Interde-
partmnenta program (except in Operations
tsearch). Each of these programs has a

pfogr hat administers the
programbut? drees Inth field of study are

ane h department of registra-
Ion.~~ Theions~ of these programs Indi-

cate In the Otl advanced degree(s) that are
00we; e., (.M.(Ph.D.). Othe study or
reserchoppobWOmay be filds of study

that lead to advanced degree programs or as
inrdem"artmntnal programs administered on a

mradhoc basis.

The opportunities for interdepartmental study
and research at MIT include:

Acoustics
Archaeology and Ancient Technology (see

Center for Materials Research [n
Archaeology and Ethnology)

Artificial Intelligence Laboratory
Astronomy and Astrophysics
Bates Unea Accelerator (se Laboratory

for Nuclear Science)
Biomedical Engineering
Blotechnolog Process Engineering Center
Bitter National Magnet Laboratory
Building Technology
Center for Advanced Engineering Study
Center for Advanced Visual Studies
Center for Biological Information Processing
Center for CanerResearch
Center for Cognitive Science
Center for Computational Research In

Economics and Management Solence
Center for Environmental Health Sciences
Center for Information Systems Research
Center for intematonal 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 T60mology, Policy, and Industrial

Development
Center for Transportation Studies
Clinioal Research Center
Cognitive Science Prorams (see Center for

Cognitive Sciene)I
Concourse Program for First-Year Students
Draper Laboratory
Economics and Urban Studies
Energy seh
ES01hxormenttal Study Group)
Ha Substances Management Program

Humanistic Studies (see P fo
Double Compnce PI N~~an~ie/Social
Science and Science/Engineering)

Industrial Relations Section
integrated Study program
Intrdisclplinary Progrms InHumanities
Interdisciplinary Research ORPortunities for

WUOP
Labor w= Solene
Laboat for Eentron.Uo and

E10WOSystems

Laboratory for Information and Decision
Systems

Laboratory for Manufacturing and
Productivty

Laboratory for Nuclear Science
Law-Related Studies
Leaders In Manufacturing Program
Uncoln Laboratory
Management of Technology Program
Mateas Processing Center
Media Laboratory
Middle EastPrram
Mineral Resources Engineering and

Management
Mining and Mineral Resources Research

Institute
MIT-Jaa Science and Technology Pro 'rnm
Nuclear Reactor Laboratory
OceanograhX and Oceanographic

Operations Research Center
Operations Research
Plasma Fusion Center
Power Engineering
Program In Polymer Science and

Technolog
Programs for uoie Comp nce

In HumaIties/SocIal Science andScience/Engineerln
Real Estate De(see Center

for Real Estate Development)
Research 0evelopment Office of the

Dean, School of Architecture and Planning
Research Laboraty of Electronics
Science, Technolg, and Societ
Sea GraP Clg
Space Gr antCligbroram

Technology and Development Program
Technology and Policy
Transportation (see Center for

Transportation Studies)
Undergraduate Research Opportunities

Program (UROP)
Undergraduate Seminars
Unspeolfled S.B. Degree Programs for

Interdisciplinary Study
Wallace Astrophysical Observatory (see

Astronomy and Astrophysics)
Wallace Geophysical Observatory
Whitehead Institute
Women's Studies
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Acoustics

Acoustical study and research ae carried out
within the Departments of Mechanical Engineer-
ing, Ocean Engineering, Electrical Engineering
and ComputerScince, Aeronautics and Astro-
nautios, and Architecture.

Acoustical woR generally supports the principal
activities within the departments, such as In
communications, machine design, pulsIon
and guidance, and structural degn. bjects
In acoustos have few prerequisites and can be
readily taken by students from any department.
Undergraduates should be able to take several
acousts couses from the offerings of various
departments. At the graduate lve, it Is possible
to set up more specialized Interdepartmental
pograms of study and research in acoustics.

e unspecified master's degree In engineering
allows one to specialize in acoustics. Another
possibility Is to enter the doctoral Program of
one of the departments and to estsblrsh a
special faculty committee with reeM.tives of
the appropriate departments for tprogram.
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 Departments of
Elec a Engineern and ComputerScience,
Mechanical Engon , and Architecture. A
second group o subet supports the various
rosearh activities Inucoustts. Thes Include
subjects in speech communication, neural
physiology and perception of speech, sound
vibration and wave propagation, aerodynamic
noise, and medical ultrasonics. A third set of

su c tsIoeondeprao ianand
and sonar applications. A comnplete lisin of the
various acoustics subjectIs contained in the
brochure Acoustics at MI.

Students wishIng further Information should
onntact Professor Richard H. Lyon. Departmeant
ot Mechanical Engineering, Room 3-36. T
Cambridge, MA 02139, (61) 253-2214.

Artificial Inteilgenoe Laborsary

The prImaygoloffteArtificial Intelligence
Laboratorxy 1to understand how computers can
be made to exhibit Intelligence. Two corollary

goal weto akomputersmore useful and
tobuderstand undaspect of human IrIl-
gence. Current research Includes work on
robotics, Englsh-lang uageundrstanding,
learning anddtabse e nng, common-sense
rasoing Ineering problem solving, manu-
facturingproWctvIly. computer architecture.
and human deeoment
Graduate suentpiam r enrolled In the
Departmentso fElecriclngineerng and
Computer Sciee.,Mechanical Engfneednn;.
Brain and Cognitive Sciences. Mathre~s. orUnguistIcs and Philosophy. Underrdae
get involved through URP projects.

Robgtica. This area Includes studies In vision,
tactie sensing, manipulation, lagged locomo-
ton, and the development of robust architeo-
tures for mobile robots.

Enginaers de-
sign, analyze, d , explain complex
engineered tms using reasoning that is
relatively deep. Under ding this reasoning
requires the abilty to deal with such notions as
cauoauty and the Interaction of constraints.
Laam11inand atra.Laaaa.Recent work
has omoentraMte on moexplaing how
new situations can be analyzed In terms of
remembered case studies and on Ideas that
enable natural languag syntax to be procesed

-a small set of pincipled, parameterized
ules.

m t.Sophistioated ideas for
programming lan uages nd computer archi-
tectures re a ma or research theme. Current
work focuses on massively parallel machines
and on scaiable, message-oriented models of
computation

Further information Is available from Professor
Patrick H. Winston Director, ArtialrIntelligence
Laboratory, Room NE43-816, MIT, Cambridge,
MA 02130. (617) 253-6754.

Astronomy and Astrophysios

ObservatorIes and Paoilities

TeachIng and researorIin astronomy and
astrophysic at MIT are truly Interdepartmental,
Involving more than 25 faculty membe r omte
Depart mets of Physic; Earth, Atmospheric
and Planetary Sciences; Mathematicos; Electral
Engineer and Computer Science; and
Chemistry. Te subject offered and the
opportunitiesfor grad usteand undergraduate
research covrsa oon~,iporndingty broad
spectrum.

instrument development and observational
r rams emphasize the applation of modem

hgnology to the situdy of objects as diverse as
the rngs of planets andclusters of gaxiss. For
examp, radio telasopos, as single dishes or

nontinen Iererometor arrys, are used
to detemine the structure of radio gala es and
to analye the formation of comple molecules
In interstespace. X-ray seifiesare usedto
measure the temperatur and composton of
inteorgalatc matter and to study the properties
of thermonuclear xplosi on nneutron sare.
Plasma detectors on deep-spae probes are
used to explore the properties of the Intrplae-
tary medium an the ma~ntspherse ofths
planets out to Neptune. adat scaners are
used from Eart and from plane-orbWin
6 eraft etopogrphy of Venus.
svs used for
Image analysis on optical telescope.. Looking
toward the ftre possibility of gravity-wave
astronomy, Instruments fo the detection of
sravitational radiation are now under

Some of the theoretical research is related
directly to observational programs as in the
Stud opn ngsystem, the reta-

Io Inelaeryplasmamesren,
ad ray bi Other s
are devoted to un ing thgeneral
circulation of pla atmosphoe, star forma-
tion, the dynamis of I and interact-
Ing galaxies, and oms of relatM and
hig-energyastrophssrangi n mthe
orgin of the uni inthe Bg an r Cto the
formation of galaxis, the mechanisms of super-
novae, and the origins of cosmic rays.

The George R. Wallace Jr., Astrophysical
Observatory is a versatile facility for research
and teachIng In optical astronomy. The Obser-
vatory, lated in nearby Westford, Massachu-
setts, has two optical tolescopes of 16- and
24-inch diameter with unique electronio instru-
mentation. The telescopes are used in formal
Instruction for student research projects, and as
testbeds for Instrumentation to be used with
isrcer Instruments. Further Information on the
WalaceObservatory may be obtained by con-

ting Professor James L. Elliot, Deparment of
Earth, Atmospheio, and Planetary Sciences,
Room 54-42, MIT, Cambridge, MA 02139,
(617) 263-7588 or 253-8308.

The Haystack Radio Observatory provides
opportunities for undergraduate and graduate
student research, speotrosopy ci the
interstear medium and for very-long-basellne
Interoerometr TheoHaystack Observatory is also
lolatd In Weetford.
The Miohigan-Darmnouth-MIT Observatory at
Mlt Pealk In Arizona Is coperated jontly by MIT.

the nivesityof ichgn, and DartmoUth
College. itha two tellescopes of 52-Inch and
95-Inci dismoee. both with modemn instrumen
tation. It Is used for research by students and
faoulty.

Expermena programs with student particpa-
tion Involve Instruments launched on board

MTsud d = s-ft. In add-
- bereat other

Installations such as the National Radio Astron-
omy Obsevatory In West VIrginla end New
M a theNational Astr yony and
Ionosphri Observatory In Areclbo, Puerto
Rico, and use the fu*soopos of both the
Kitt Peak NaionalObservatory and the Carro-
1biolo Inter-Amerloan Observatory In Chile.

Astronomy and asrohyic subject, which are
offered at theundergde and graduate
levels, are Primarily alvenby the Departments of

and IlrtliAb~osper P.an e tary
c l FurtherlIst o rono Including a

and astrophysics
e may be Obtaned o Pro-

CambridgeiMA 02139 25"37 1,0M0 ,
Cambridge, MA*02139, (61Y) 253-7600,

MiloI"
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Biomedleal Engineering

There are many traduat degree opportunities
(So.D. Ph.D.) i l..Ioal engineering at MIT
an.d students and faculty In many departments
are conducting research in this area. These
research interests, spanning the life sciences,
physics, and engineering, have led to the
development of programs of graduate study for
students wishing to pursue careers in these
rapidly evong fields. Each of these rams
has evolved out of the interests and professional
specialties of the participating faculty. Many are
based primarily in the academic departments of
the School of Engineering and therefore ae
available to students as regular departmental
activities. Virtually all of the engineering studies
are in collaboration with life scientists, many of
whom are members of medical faculties and
affilated with teaching hospitals In the Boston

There are ourrently four graduate programs In
biomtedical engineering available to graduate
students at MIT These are (in order of increas-

medical and cilnical content): 1) departen-
rams in the School of EnIneering; 2)

Mi lneordepartmental Doctoral rogram n
Biomedical Engineering; 3) Harvard-MIT Divi-
sion of Health Sinces and Technology Dc-
toral Program In Medical Engineering and
Medial 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
exposure tot medkal and life sciences and
1t car als of the student , pm artcularly with

raspoed toth cliical aspects o bipmedica
eng~ineering.
1) A student"ho s primarily atraced y!a

Further Informaton on departmental programs
may be oftined from the gradeo Witratcn
officer of the appropriate

2) The Interdepartmental Doctoral Program In
hlneloal Engineering at MIT has boen de-

signed for Students who wish a broader expo-
sure to the Iffe sciences, and who woh to pur-
sue research of an interdisciplinary character.
This prram is administered under the aus-
pices ofth Harvard-MIT Commite on

80wdkWe Engineerng and PhysicalScienes.
nta rn Is aimed atd veo*1%boredical

engineers who can funotion in the

fields of engineering and life sciences as, for
example, boeineers concerned with control
bystems and with Instrumentation for aerospace
medicine; blomater ls scientists Interested in
developing materials for artificial organs and
prosthetic devices; experts In fluidlow who are
seeking a deeper understanding of how the
cardiovascular system functions; and systems
engineers Interested In designing automated
laboratories, model emergency rooms, operat-
ing rooms, and patient facilities. Graduate
students from any department who posess or
are completing an engineerin masts degree
may apply for adm son. Stuents should
normally apply for admission to the MIT engi-
neeringIdepartment most cloely related to the
field o their undergraduate major, and should
comnfec Professor A. J. Grodzinsky, Room
38-377, MIT, Cambridge, Massachusetts 02139,
(617) 253-4969. The Guide to Biomedical
Engtheeringand Physics at MIend Harvard

describes both educational programs and
research activities. Copies ae available from
Professor Grodzinsky at the above address.

3) The HST Do.oral Program in Medical Engi-
neering and Medical Physics Is a nominal
five-year program designed to educate indi-
viduals who will be well qualified as engineers or
physloists, and who, with extensive knowledge
of a medical sciences, may engage in pro-
ductive, independent in tion of important
problems at the interface of nology and
clinical medicine. The Program provides a
thorough graduate ence in a classical
discipline of engineng or physics, and also
requires considerable y in the basic medical
ncienoes. In addition. studentesare afforded a
unique opprtnity to learn Important clinical
skills eacquire an In-depth understanding of
clinical care, modica decision making, and the
role of technology in patient oare.

To be considered for admission, students must
have completed at least a BS. degree in an
engineering discipline or in physics. Those
Individualswho have completed only the
bachelor's degree prior to matiulation in the
Pagrwn mustapply simultneously to the HST
Division end the apprprate graduate
department. Adms to the MEMP Program
requires affirmative assessment by both
departmental and HST Admission committee
Students who have completed a master's

ecree need only to the HST Division.
I nyhe obtained from

Professor R. G. Markoom E25-619, MIT,
Cambridge, MA 02139, (617) 263-781.

4) The Radiological SciencesaGrdu* Program
is offered Jointly by thte Nuclear Movneaing
Departrent and the Harvrd-MA"Kislon of
Health Sciences and'%Ohnology. Th doctoral
program is designed'z prepare individuals for
research carees at the Interace of radiological
soience and medicine with emphasis on such
areas as biomedical Imaging, radiation therapy.
and ra~dobloy,i are expected tobe
well-prapared nm mals pyial
men uo r n abtchI
Applcatons ae evaluated by both t4 e -p
ment of Nuclear Engineering end the T

Division. Additional information can be found in
the NED section in Chapter ViI.

6)The biomedical sciences curriculum of the
Harvard-MIT Division of Health Sciences and
Technology leads to the M.D. at Harvard Medical
School and may be combined with studies
leading to the S,M. or the Ph.D. In one of the
MI s. Students Interested in such
combi programs must apply Inde-
pend ytoe e rment of Interest and to
Harvard Medical So . Further Information
may be obtained from Professor R. G. Mark,
Room E25-519, MIT Cambridge, MA 02139.
(017) 253-7818.

Biomedical engineering is also of increasing
interest to undergraduate students at MIT.
Investigations on such varied topics as
biomaterials, biological control stems, and
mechanisms of sensory perception, to name
only a few, involve facuty and students from
most of the engineering departments. Much of
this research Is carried out In interdepartmental
laboratories In collaboration with workers from
medical centers In the Boston area. Under,
graduates wishing to explore this developing
area have ample opportunity within their regular
departmental major through elective subjects,
speciallaboratory projects, and the senior
thesis. These studies should be of special
interest to students who are enrolled Inapre-
medical curriculum. Further information may be
obtained from Professor L. R. Young. Room
37-207, MIT, Cambridge, MA 02130. (617)
253-7806.

Glaoeohnolegy Pro"es Engineering Center

Established at MIT through the National Science
Foundation, the Biotechnology Process Engi-
neering Center (SPEC) provides a unique
opportunity for education and research at the
forefront of biotechnology. At the SPEC, the
funda'nentals of advanced manufacturing
technologies are explored through the applica-
tIons of enineering principles to the life sol-
ences. Ander Important objective of the
SPEC is to establish active collaborative po

rams with Indu that will train profess onals
n the disciplines biotechnolngy. xpand

research activities, and prom'ote innovation. The
SPEC Involves both undegraduate and gradu-
ate students and pcetdootaiWl fellows. Research
is led by 13 facult members from the Depart-
ments of Chema Engineering, Bio and
Electrical Engineering and Computer Scice.

The SPEC centralizes the various programs
availaeble for the study of biotechnology and
providies a structure for new educaffonal minlls-
tas. For undergraduates, a strong base in
chemical engineering rovides an Ideal back-

eround for further studies In biotechnology. A
beral policy for elective courses in several

departments is available to undergraduates In
order to fulfill interdisciplinary needs and foster
oross-disco nary education. In addition, re-

mer ch etuifs in blotechok y are
available to all MIT undergraduat ro h the
MIT Undergraduate Research Opportunities

Program (UROP). UROP itions, for pay or for
academio credit, are availle during the sum-
mer and the academic year.

Within the S.M. and Ph.D. programs In
Chemical Engineering, bienologyeducaton
focuses on the necessary core sub tin
Chemical Engineering, complmnted by
electives in hemial Engineer, Biology, and
Chemistry.

The four main focal points for research at SPEC:

Genetics and Molecular Bioly: Work Is di-
roted toward te synthesis human proteins
by gene Insertion into animal cells and bacteria;
speolflo problems Include control of RNA proo-
essing and translation, active expression in
stationary cells, and geneto approaches to
control protein excreton.

Bloreactor Design and Operation: This segment
invoves the development of fundamental engi-
neering principles for large-scale production
using animal oall culture, inoluding bioreactor
design, scale-up, and operation.

Efficient Blochemical Recovery Processes:
Biologists and engineers work togethor to
develop solutions for the recovery of a variety of
proteIn products and to eluoiate the fund&-
mentals of unit operation of biochemical prod-
uct recover. Programsinclude work on cross-
flow membrane fitration, extraction of intracelu-
har proteins, affinity separations chromatogra-
phy, and continuous adsorption processes.

Moohemical Prooess Sytems Engineering:
Work Is devoted to the 4velop rent of system-
adc engineenapproachesAndtools for the
snal W.s, valain, and control of cmlt

loelal process lwe t. Prrojo Iln-
clude design of expert systems for the develop-
ment of biochemical processes; synthesis and
simulation in the design of complt
biopmoessing systems; and systematic ap-

'ies to modeling, analysis. and control of

Further Information may be obtained from the
Wag.of techno o P e Danroc n iee C

I Cnte. Rom 0-27. M~rmCambrdgeMA
01239(61) 253-005.

BIter National Magnet Laboratosy

ments and fMom Inettutions worddwide. In addi-
tion, the Laboratory operates pulsed magnae

=nfilds up to6S tel) adamgeial
ied room of walk-in size. a magneticly

The Laboratory's solid-state physics research
p ram is an experimental and theoreoal

t of semiconductors, magneto materials,
superconductors, and complex fulds. Molecular
biology studies are carried out using hIgh-reso-
lution nuclear magnet resonance spectrometry
and the Mossbauer effect

The Laboratory conducts research and develop-
ment programs aimed at the practal applioa-
ton of magnetic fields to technology and medi-
cine. Current projects include studies of the
weak magnetc fields of the human body, and
development of nuclear magnetio resonance
Imaging systems.

Collaborative prams are carried out with the
Departments of Physics, Electrical Engineering
and Computer Science, MechanicalS ngineer-
Ing. Nuclear Engineering. Materials Science and
Eng neering, Chemist, and with the Plasma
Fusin Conter. These collaborave programs
Include partolpation by undergraduates and
graduates working on theses.Undergraduate
students In the UROP program and others are
also employed.

informaton may be obtained from the Director,
Professor David Litater, Building NW14-3220,
MIT, Cambridge, MA 02139. (817) 253-8801.

Building 1echnology

Theate program In Building 'Tchnology is
Irfert nental pro gram spanning the

Schools Archtecture and Engineering. The
program a focus for graduate students
inter d In the ndvelopmnt and apploation of
advanced technology for buildings tudents
pursue academic softs In theDaso engl*

n g e vantto buildings and
subjects dealing with Integrated building sys-
tems and economics.

Projects, sponsored by Ind and govern-
ment ae N acarried out by studnts and

E M l Engneering Mecan Ering
and MaterialScience.Current is being
conducted in areas including: Comnelt
Mateials for Building Envelopes;ano
Thermal Insulations and Solar My.

The Francis Citter National MagntAboratory.
supreby heNatoal ScienceFoundatin, FurterInormaton Is avalable from Professo

S rogr m sechanddevelop- Lon Glicksrn, Room 3-422, MIT Cambridge.
Pet nsceean engineering In areas MA 02139. (617) 283-2233.

hvoMng magnedo elds.

Continuous filds up to 32 esla are availin Center for Advanoed Engineering Study
a veletyof cniurations. High magnetic field
a high reslinuclear magne resonance The primary ofth Center for Advanced
gpeOtreters are used for stes of molecules Einsering t CAES) is to improve and
Of bioial interest. Both the high field mtg- hecapabiIeand effeciveness of
fats andthe nuclear magneo resonance profeionals In engineeringth soleoes, and
pcrmtesOare deovall on a routine management by povdi critial Moaing

bssle to research groups from othe MIT depar- opporfun Wee on campus And at th workplace

Through its varied programs, the Center creates
vital communication lins between Industry and
government professionals and the academicire-
search community at MITIn this way, the Cen-
ter plays a oritical role in transferring Important
developments In new and emering soenio
and technological fields to Industy.

The Advanced Study Program at CAES is
Intended for engineers, scientists, and technical
managers who wish to pursue academic studies
on campus that are tailored to their needs and
backgrounds. Participants attend academic
oourses and seminars, perform Individual stud-
ies guided by faculty members, and participate
in ongoing research projects. Enrollment mar
be for one or more semesters, either on a full-
or part-time basis. Particlpants are provided
with offices, computer facilities and a videotape
library. A certificate is awarded upon satisfactory
completion of the Program.

CAES Video Courses extend the on-campus
academic program through the distribution of
video-based education. CAS has produced
more than 50 in-dep, hih-quality video
courses in enginesrng, soience, and manage-
ment. Each course letughbyaleading
authority In the field and Is designed spoolfically
for use by professionals at the workplace. A
course manual with problems and solutions Is
included to enhance the leamin xrience.
Recent releases include: TelevisionSystems
Design: from NTSC to HDTV by Professor
Schreiber; Analysis of Welded Structures by
Professor Masubuchl; and Machinery Noise and
Diagnosoics by Professor Lyon.
In Its headqrwvtersIn Building 9, the Center
operates a prerdlonal-lovel studio complex.
Broodcaat-qj,.a-W4'iuti-oamera recording and
edlifing equi rm.nt i a used In the production
otudIo, and in-cs. room courses and sympo-
sia. Studio oo res In development Include:
Mangement of innovation by Professor Von
Hippel; Fundamentals of Image Processing by

SchreiberLasers and 0 tics b
Professor Ezekiel nTguhlQuality Engin g
Methods and QWalily oty ion oyment by
Professor Clausing; 2-0 Signal and Image
Processing by Prfessr Um; and Corpdoat
EntrepreneurihIp by Professor Roberts.

The Center works closely with the facuIn the
development of educaional rams he
selection of topics and the bethof the cover-
age are influencedbindustry needs. The
coupling between CES and the MIT campus is
als strong. Most video courses produced by
t Cenr are available at the MITlbraesfor

use by students, faculty, and staff.

A new Initiative begun In the Spring of 1990 Is
Satura Programs on Campus or a 00ay with
an MIT Pofessor. These short programs will be
tutorial In nature, and em ze fundamentals
while spending a dawltn afaculty member
and coming away Wt the feeling that en oppor-
tunl t wex ymineaI has been

through direct Interaction.

.........
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The Center, in partnership with Telecommunloa-
tons Services, has installed a satellite downlink
to receive a variety of educational programs
which are available to the MIT community via
the campus television network. MIT broadcasts
wil be organized around single thelmesfs
Ing on practical applcatione and useful informa-
tion taught by one speaker and conducted over
several hours in a single day transmitted simul-
taneously on KU-band and 6U-band to busi-
nesses and government agencies.

Further, the Center participates in a unique
initiative to provide continuing education for
electrical engineering facultyIn US colleges.
Several two-week long Intensive courses are
offered during the summer by various universi-
ties and industrial organizations at multiple
locations in the US. Topis vary from Artificial
intelligence to Digital Signal Processing. These
programs are offered uder the aegis of the
American Sooety for Engineering Education.

Recently, the MIT Video Production Services
group has been integrated into the Center for

Adoed Engineering Study. in addition to its
studio-based video courses, CAES will now
provide a consolidated, ful-range of video
services to the MIT community at reasonable
cost. Documentaries, laboratory demonsr-
tions, help sessions can be videotaped either at
CAES studios or on location as needed.

For information on CAES, contact Professor
Shaoul Ezekiel. Director, Center for Advanced
Engineering Study, Room 9-216, MIT,
Cambridge, MA 02139 (617) 263-3783.

Center for Advanced Visual Studies

The Center for Advanced Visual Studiespro-
vides artists of achievement with the optunity
to explore new artistic forms. Colaboration
throuh a worki dialogue among artists-
scientits, and eIneers of primary impr-
tance In the explton ofne r aieojc
tes. Contact between artist and scient
thes artist to deveon the tehnca competence
to utilize adv nology.

The Center's main areas of interest are: environ-
mental ant and design; developmental artistic
media work; inaon of ml, science, and
technology; celebrations; and education toward
the new aets - video,. oreh.Computer-
aided design and prs and
skyart-

A lmited amount of work space also Is avalable
for a small number of research fellows and
graduate students. Undrgraduates

paricpat I toC~twthrough* UROP
elinteu al offer-

Ing. ih ssoclalicn with the Dsparent of
Arhinotur, is avallable In theOffice of ft
Direoah,,ProesrOoPten Buiding Wl. 40
021h 2tAv .MIT, MA

Center for Beological information
Processing

The Center for Biloal Information Process-
ing, established in 1 within the Whitaker
College of Health Sciences, lTchnology, and
Management, serves as a focal point for ool-
la tion among researchers in artificial Inteli-
gence, engineering, and the neurosciences.

purpose of the Center Is to foster an Inter-
diclpuinary appoach to the study of information
prooesin in t brain, where computatonal

ris In the areas of vision and motor control
are developed and tested within the framework
of neurophyslogical, psychological, and other
experimental approaches.

The Center brings together faculty, postdoctoral
fellows, visiting scientists, and students.
Through seminars, collaborative research ef-
fonls, and informal Interaction, the Center pro-
motes communication among researchers from
diverse disciplines, complementing the compu-
tational approach with te necessary experimen-
tal talentThese activities enable researchers
with computational backgrounds to study th
brain sciences, while neuroblologists and ox-
prmental psychologists train in the compute-

al research of brain function.

Research opportunities at the Center are avall-
able for a small number of graduate students
who meet the requirements for admission Inthe
Dos t of SIMlg, Brain and Cdgnhive
ScecesEcta Engineering an mputer
Science, Mathematics, Physics, or the Harvard-
MIT Division of Health Sciences and Technol-
ogy. The Center offers a limited number of
UROP opportunities for undergraduate stu-
dents.

Further information regarding current research
projects, and a lsting of memos published by
members of the Center, are avalable from the
Assistant to the Directors, Room E25-201, MIT,
Cambridge, MA 02139, (817) 253-0851.

Center for Cancer Research

The Center for Cancer Research provides
facilities for interdepartmental work in various
phases of fundamental cancer research. The
Center's faculty are drawn from the Departmnent
of Biology. Gradutoe students i any of the MIT
departments may ask to do doctor thesis
research under'he supervision of the faculty of
theCentes. If accepted, they may be eIble for
support as research assistants In the CeW.
O ntiesfor under raduate research are
ova e through the UIOP ram. Seminars
In cancer research both for = and as ublo
colloquia of the Center are available. For urther
information, contact the Office of the Director,
Professor Philli A. ShA Room E17-110, MIT
Cambridge, MA02139, (617) 253-6400.

Center for Cognitive Soience
Cognitive Science Programs

The Center for Cogntve Science provides an
InteiRVoua and administrative focus for individ-
ual and collaborative research In cognitive
science at MIT In addition, a committee of the
Center disseminates Information about graduate
and undergraduate study in cognitive science.

Members of the Center represent the Depart-
ments of Electrical Engineering and Computer
Science, Unguistics and Philosophy, and Brain
and Cognitive Sciences (which offer subjects
appropate for training In oognitive science), as
well as the Artificial Intelloence Laboratory and
the Research Laboratory of Electronics.

A number of cooperative activities involvin
members of the Center and scientists at other
Institutions with programs in cognitive science
are planned or in urogress, and the members of
the Center maintain active relations with solen-
tists working at other academic, medical, and
research institutions in the Boston area.

The Center administers a vistn scientist pro-
gram that brings senior researc ere to the

nter. The Center also coordinates a number
of research projects in the reas of cognitive
solence pursued by visiting and permanent
members of the Center.Computer-based
laboratory and research facilities are m Intained
within the Center to support the condut t of
such research.

A Cognitive Science Seminar, as well as semi-
nars on philosophy and psychology, Parsing,
and the exicon, and pubications of a Paper
Series related to each, serve to disseminate
scientific Information and to provide exchanges
in the related fields.

Further information may be obtained from
Professors Samuel Jay Keyser, Steven Pinker, or
SyIvain Bromberger, Codirectors, Room
9s'-225, MIT. Cambridge, MA 02139, (617)

253-7368. or 256-5 (voice mall).

The undergraduate bachelor's degree program
in cognitive solence is described under the
Department of Brain and Cognitive Sciences in
Chapter VII of this catalogue.

At the graduate level, .o formal Interdisciplinary
degree program Is offered at present Graduate
sentswhoawish to have information or guld-
ance about avalable resources across depart-
ments should consult, Professor Samuel Jay
Keyser, Room 200-212, MIT, Cambridge, MA
02139, (617) 253-4141.

Center for ComputatIonal Research In
Eoonomies and Management Science

This Center's purpose Is to advance knowledge
about modeling In economics, statistics, and
mangement, This Is accomplished through

m research and related software devel-
opment, performed by researchers representing
the varied quantitative disciplines that underlie
modem computer-intensive modeling. These
disciplines include econometrics. statistics,
computer science, and operations research.
Computer implementation is performed using
interactive tools, of which the single most impor-
tant Is a comprehensive software environment
called TROLL. TROLL contains programming
tools and standard functions that failitate the
rapid implementation of experimental algorithms
and also provides a modeling environment for
appled studies. The system provides all stan-
dard techniques, and many experimental ones,
for building and using econometric models.

Current research reflects the Interests of the
staff as well as the needs of TROLL and
problems arisng at the MIT Sloan School of

anagement. hi include diagnostic
procedures to d ohans In model
structure, robust and high-breadown (super
robuse, estimation,; - models and
risk analysis, guided (expert) systems for
modeling and data analysis, estimation in
long-memory time series models, variable
selection techniques. ooffineaty and Influential
data diagnoadlos, nonlinear estimation, and
researcho n graphics and computalonally
Intensive (often nonparametrio) statistical
procedrires.

The Center's research ow':. .:ments activities in
several MIT departments and laboratories. The
links include active partiolpation in Center

sots faoulty members of the Sloan
geof rsoollaboration with the

tads* and the Operations Research
Center on projects of mutual interest; and use of
Center-developed software by the Depsrments
of Economics, olitical Snce, and Ci
Engineering.

Several graduate students work as research
assistants at the Center and undergraduates

ipateIn UROP projects. Students some-
es use the Center's resources in doing

Further Information may be obtained from the
Director, Professor Roy E. Welech, Room
E40-129, MIT, Cambridge, 02139. (817)
263-8411.

Center for Environmental Health
Sciences
WhItaker College of Health Solenes and
Technology

The Center for Environmental Health Sciences
reprsents the collaborative research and
eoucation efforts of some thirty faculty at MIT

xCbxlocloy. Chemistry, Biology, Chemical
engineeng, CivI Engineerg, Material Science
an Engineering) and Howa(School of Public
Health, Blochemistry and Molecular BIogy).
These faculty share the common goals of
identifying the chemicals responsible for
induction of cancer or genetic defoots in
humans, nizing the environmental sources
of those ohem oais and devising appropriate
means to reduce human exposure. The Center
Is funded by the National Institute of
Environmental Health Sciences. Its associated
research rams are funded by NIEHS,th
Offioe of eaand Environmental Research
(US Department of Energy), and the National

CancerInstitu These research prramu now
In excess of $7 milon anly
challenging interdifor
graduate and undergraduatstudents.

Oi and coal combustion effluents, food con-
taminants, hazardous waste storage and dis-
posal, and air and water polution are amo the
practical problem areas In which m uidiso l-
nary teams are at work. A primary mode o
research Involves analytical chemists working
with engineering researchers to measure and
id e chemical components from experi-
m and pracal combustion systems or
waste sites. t logists evaluate the biological
activity of the raw mixtures by measuring their
mutagenlo potency In bacteri and human calls.
The combination of analytical chemistry and
toxicology Is then used to identify speoific
compounds in fth mixtures that are responsible
for the biologloal aoivity.

Research and educational efforts have become
inoreasnl deendent on the Center's devel-

measurether and

d in humans. The goal is to discover
which environmental chemicals (If any) ae
primarily responsible for slgnifloant genet
changes In ordinary humane. A special empha-
sis Ivan In those geneocchaes known to
be required for human canoer. Flnally, the
Center yI home for the Program In Gpnetic and
Toxioogy, which fosters collaborative stuie
among toxlo sts and molecular biologists at

T and Harva= with interests in basic mecha-
nisms of genetio change. Openings for new
graduate students currently exist. I graduate
students receive full research assistantships.

The Center Director Is William 0. Thlilly Pro es-

Rmof A led y and Cvil En n= ,

(617) 263-6221.

Center for Information Systems
Research

The Center for Informaion Systems Research
was established at the MIT Sloan School of
Manas In 1974 to deflno. research, and
reolf on s~nlfint managerialIsusith
u~l~tIon o omputer-based information sys-
tems. The relevance of this research is ensured
through interaction with senior managers In
business and govemment.

Research at CISA is pragmatio, problem-based,
and application-driven. Research efforts are
performed primarily in application areas of
nterest to managers and policy makers. A set of
I rate sponsors provides both funding and
as$ defining and investigating
significant research areas. Research on
fundamental issues affecing both the public
and private sectors is being performed in such
areas as 1) nariauseof computers, 2)
informat n Technology, 3) the manement of
the Inf* ation systems function,
In m d informationsy e onorganizations.
CF disseminatesinifant research findings
to to Information sys user community
through teaching, seminars, working papers,
and publications.

The background of CISR's faculty ranges from
computer science and electrical engineering to
law, psychology, and organizationar behavior.

Each year, a number of master's degree gradu-
ste students In management Information sys-
tems perform their thesis work and course
projects In conjunction with ongoing CISR
research. In addition, Ph.D. and master's stu
dents are often Involved in CISR projects as
research asistants.

Further Information about the Center m be
obtained by contacti the Offioe of the Irso-
tor, Dr. John F. Rook Room E40-193, Sloan
School of Management, MIT Cambridge, MA
02130. (817)253-2

Center for Intomational Studies

The Center for international Studies engages in
research on International issues and onf n
dweeopmsethat sre of International Inter~.
The CenterIs dedicated to advancing lnow-
edge of comparative and international studies
and ocicy analysis. Thereare opportunities for
gra uate students and visiting scholars to

iolpate In the Center's resarch projects.
Center also has an active program of

research workehops and visitors' seminars.

U lnterdepartmental Study lnterdepertmental Study UlrftrdW(tfttol Itudy U
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Located wthin the Center Is the Defense and
Arms Control Studies Program - a graduate
teaching and researcho ram. The teachin
program is Closeyaw oae with the e=rt
ment of PoliticalSIeeand portes an
important focus on science and technology. The
research program and a summer program on
nuclear weapons and arms control ae under
the auspices of the Center.

The Soviet Security Studies Working Group
addresses topics In Soviet miltary oicy such
as Soviet use of mathematical Ing in
military planning; weapons innovation, research
and development; and the struicture and Influ-
once of the Soviet defense Industry.

The Center also maintains the MIT-Japan
Science and Techrioogy Program that provides
Internships In Japan for MIT science and engi-

neigstudents with Japanese language
it, sutporta variety of Japan-related

research at MIT, maintains an Interdisciplinary
pro on the Japanese technology process,
and sponsors workshops and symposia.

Seminar XXI, Foreign Politics and the National
Interest, Is aWashington-based education
prigram run by the Center for senior military
officers, government officials and executives In
the national security policy community. The

ram seeks to develop within this communi-
tyhe~ criical ability to assess competing theo-
s of the connections between politics, the

economy and society In foreign countimes and
to explore the Implicatons of these alternative
Interpretations of national alms and behavior for
US foreign policy.
The MacArthur Scholars Program, administered
through the Center, provides funds to graduate
students Involved In research on International
peace and cooperation and development.
Grantees may be from the Departments of
Political Science, Economics, Urban Planning,
and from the Sloan School of ManagemenL

The Center also manages the Japan Endow-
ment, the result of a gift from the Department of
Forein Affairs of the Japaer govemment.
The CtprovdealImlted number of grants
each year to MIT faculty and staff work Inthe
area of energy policy and related technoloy
The Endowment isiparticularly intend to
enouwrage collaboration in this area between
the Uited stats and Jawa.
Among the seminars and workshops sponsored
by the Center are the MIT-Harvard Joint Semi-
nar on Political Development, the MIT-Boston
Universy South Asia Semnar, the Emle Busteni
Midle East Seminar, the Politoal Economy of
Advanced Industrial Nations Seminar, the institu-
tional Perspectives on the State In Third World
Deve workshop, the Defense and Arms

CnrlStudies Semninars, and the Future of
International Migration Seminars, the MacArthur
Fellow Seminars, the Faculty Workshop on
Global Environmental Change, and the Faculty
Workshop on Post-war Reconstruction In the
Middle EasL

The Center alec maintains research activitles In
the fids of International science, technology
andpblic policy, energy policy, internatonal
conflc, communications policy, and Internation-
al environmental Issues.

Each yearthe Center appoints a number of
academics, journalists, and government offl-
clals, both from the United States and abroad,
as Visiting Fellows. These fellows are supported
by their universities, govemments, or founda-
tons. They work on problems relevant to the
Center's areas of interest.

Information may be obtained from the Director,
Professor Myron Weine Roo E38-648, MIT,
Cambridge, MA 02139. (617) 25: 8093.

Center for Materials Research In
Archaeology and Ethnology

Archaeology and Ancient Technology
Program

The Center for Materials Research In Archae-
ologyand Ethnology (CMRAE) encourages
new directions for research In anthropolog,
archaeol art history and related humanist
and social science disciplines by rovidin
them with an expanded technical Ise ne
sciences of organic and Inorganic materials.
The Center was established In 1977 and In-
cludes eight Institutions In the reater Boston
area: Boston University, Brands Universit
Harvard Unversit the Univer of Massachu-
set, MIT, the Museum of Fine At of Boston,
Tufts University, and Welesley College. MIT
serves as the Center's coordinating Institution.

The Center's research activitles are carried out
in a network of shared laboratories at member
Institutions, which are used by students and
faculty of those institutions as wellasb visIting
scholars and graduate students who n
Center for shorter periods. Thae ria.wa
search laboratories Include, amon others.
metallurgy, ceramics, lithics, archabobotany,
and zooarchaeology. The researh prram of
the Center emphasizes rigoruslabraor
study Ofartif actsand other kinds of cultural
remains in order to determine the nature and

strutur ofthematrias o which they are
composed and the extraction and processing
regimes they have undergone.

The Center offers graduate-levei subt In the
CMRAE Graduate Laboratory (208-012). These
are open to graduate students and senior
undergraduates from all participatingnstitu-
tons. Each subject is heavily laboratory crl-
ented, runs for a full year, and covers a single
olass of materials (e.g., ceramlos or metals), or a
method for Interpreting archaeological data
(e.g. computers in archaeology).

The Cente runs a Sumr Institute, wlV~h
offers a one-mnth, Intensive laboratory course
open to graduate students and scholars from
Institutions throughout the United States and
abroad.
Further information about the Center may be
obtained from the Director, Professor eather
Lechtman, Anthropol y/Archaeology Program
and Department of Ma rials Science and
Engineering, Room 8-138, MIT, Cambridge, MA
02139, (617) 263-1375.

MIT also offers an undergraduate program in
Archaeology and Ancient Technology.
Through a combination of archaeological
fieldwork, laboratory studis, and subjects, this
program attempts to Improve the understanding
of how -mdoempeople adat their mate-
rwa eniomen to their needs. We also study
how cultures, Interacting with materials, pro-
duced technological systems which, In turn,
helped to shape the cultures themselves. This
area of study combines the scientific examina-
tin and experments of the materials laboratory,
the sclentiftcexcavation of achaeological sites,
the aesthetc feel of the technology and appre-
olation of its products, and the historioal and
anthropologicalstudy of the contexts of the
technologies In specific places and times. The
subjects, given in the AnthropologylArohasol-
ogy Programnd in the Department of Materials
Science and Engineering, focus on different
ancient societies and different ancient technolo-
gies, and on the ethnographic record of the use
of materials and techniques In the production of
art and material culture In general.

The specific projects currentiy under study In
the Laboratory for Reseah on Archaeological
Materials and In the field inclde examina on of
pre- Columbian metalworking In the Andes and
in Mesoamerloa, an Investigation of the continu-
ity In ceramic technoloies of Ecuador from
prehistoric to modem times, and a computer-
aided stud of pottr engineering design In
ancient Ecuador and Rome. Inteee students
should contact Professor Heather Lechtman,
Room 16-401, MIT, Cambridge, MA 02139,
(617) 253-2112; or Professor Arthur Steinberg,

orn 208-1,31C. (817) 263-695.

atter for Materials Science and
Einineering (OMSK)

Su ported~rm~ly thro" grant from the
SNond the Center funds

coordinated reearh efforts on selected Inter-
dilinay materials problems, and funds the
Wieonofseedprojects related to these topics.
The Center also maintains and operates 12
central analytical facilities in support of its re-
wearch programs. The facilities are open as well
to all qualified users In the MIT Community.

CMSE presently conducts research In the
folowing area: ) superconductivty, 2) phases
and phase transi 3s,3syntheels and proper-
Uis of novel polymers,an 4) deformation and
fracture of high-temperature alloys.
This research Is conducted by teams of stu-
dants and faout rawn from seven different

DeprtmntsIn heSchools of Science and
Ensnering: Chemical Engineein, Chemistry,

lectricl Engineering andC r Scne
Materals Science and Eneng, Mechanical
Enineering. Nuclear Engineering. 'and Physics.
Graduate and undergraduate ostudents parii-
pate actively In all aspects of the CMSE re-
search program. Student eistration and most

aff appointmentsare handled by the academic
aspartmants.
The central analytical facilities maintained by
CMSE are professionally staffed and contain
xcellen up-to-date Instruments. Included ae

crystal growing and characterization laborato-
*a; spectroscopic facilities; scanning, transmis-
Won, and scannitanhmiselon electron
ft *n nal ticl ompoit nalanalysis;

n uenohed
p uartst of metallic, eamic, ecreonic, and

state-cN-the-art high-reo-
isan -ay scattering at the Brookhaven Na-

lional Ught Source; X-ray diffraction and X-ray
topographlo technues; a er facil(y and
scanning Auger EA, andSIMS1 Anlsavailable in the we Analytical Fct. Also
aalabl oIs a student machine shop.
Amiuai MIT reports enttie Research In Mat sri-

asat WITand Potqr AResach are available
TWOUh CMSE Administrative Offle, Room
13- , MIT, Cambridge, MA 02139.

Canter for Real Estate Development
Real Estate Development (S.M,)

The Center for Real Estate Development
en intellectual focus for research on

edevlopmentprocess.
wIteCenterare drawn

Ltsof Archite e, Urban
kls Eci~rnO-Planning, CiEn
mloadthserSlon School of Maaigement

OXWen research Interests of the CenterInclude

interational capital flows and their Impact on
domestic real estate markets; negotiated devel.
opment; understandin the dnamios of market
response to dIsequilIbrum In the supply and
demand for rental housing; struoturing strategic
alliances with foreign partners;,changes In the
banking Industry and the Implications for real
estate; the evolving structure of the real estate
Industry; affordable housing; and research on
new forms of publio/private partnerships.

The Center encourages interaction between
members of the development Industry and the
academic community through seminars, colic-
qul lecturesand a seres of summer ooures.

nter Is supported Inpthrough mem-
bershIpe from firms and Indi vidualls active in the
development Industry.

The Center aloserves as the home for the
Master of Science In Real Estat Develop-
ment program, an Interdepartmenaldegree
program which combines education i design,
planning, construction, management, finance,
and marketing. It Is Intended f prepare stu-
dents to assunme positions of responsibility In
private development companies, financial
Insttutions, ovemment agencies, nonpofit
develomet organizations, and consulng
firms. Te program requires 12 months of
intene study. Further Information about the
Center or the Master of Science in Real Estate
Development may be obtained from James
MoKellar, Director, Center for Real Estate Devel-
opment, W31-310, MIT Cambridge, MA 02139.

Center for Space Research

The Center for Space Research offers students,
faculty, and professional research staff opportu-
nities to participate In a broadly based program
of space-relatedresearch. its projcsdraw
upon the Interests and expertise of sclentits
and engineerfrom many MIT departments and
laboratories. Research programs are carried on,
for example, In X-ray and planetary astronomy,

plasma and grava=oa physics, and the
1sciencesThseexperimentalst usualy

involve e riments carried by Wons, sound-
ing roktsbting satellites, or deep space
probes The e rimental programs aesupple-

metdby clsl Ate porams of ground-
based I similar fie and by Abor-

toydveomn of suitable Instrumentation for
the spac- ed and ground-based axpori
ments. An active program of theoretical studies
in astrophysics Is also supported by the Center.

Laboratory faollitIes Include X-ray sources,
partiole accelerators, vacuum chambers, and
conventional eleotronic test and machine tool
equi t Extensive data hndland Com-

=fawdss we ~availablefo ws
and reduction of scntfcdata. An experienced
and well-equipped group of engineers and
techniolans provides design, onstruction, and

testing ofmexperiments in support of the flight
programs.
The variety of scientific and technical problems
that arise In these Investigations affords numer-
ous oprui Wesfor graduate thesis research.
In additon, there Is major participation by
under raduate students In prorams of data
analysis and In the development of new Instru-
ments. Further Information may be obtained
from the Office of the Director, Professor Claude
R. Canizare, Room 37-241, MIT, Cambridge,
MA 02139, (617) 253-7501.

Center for Technology, Policy, and Industrial
Development

The Center for Technology, Policy, and Industrial
Development brings together on-campus
resources for teaching and research of science-
and technology-Intensive policy issues. Current
Initiatives Involve facuity and students from
engIneerng, science, law, plannin manage-
ment, and the social sciences. Paricpants from
the public policy and private sectors join with
MIT personnel In Investigating how technology
and Industrial development may be advanced in
a socially responsible manner.

Established in 1985, the Center encompasses
several major prorams Including the intema-
tional Motor Vehicle Program, the Hazardous
Substances Management Program, the Material
Systems Laboratory, and research Into the
semiconductor Industry. These programs are
Interational In scope. in add Won, Independent
researchers are pursuing studies In environ-
mental management an decision making, risk
assessment, enery management, and the
ethical implicatine of Industrial development
abetted by technoloy, InterdiolplIn Inla-
tives In communloations and on goloenviron-
mental change are also under way.
The centerplece of the educational initiative at
the Cen ter4s aMasterOf Science derepo
gram In Technology and Poloy e hnology
and Poli Program also offers a Ph.D.(see
description un o o hn and Policy later inthis chapter). The facult o ft1 Hzrdu
Substances Management Program has devel-
opeda series of four related courses for gradu-

aeadundergraduate students covering the
technical, managerial, and decision making
Implications of Industrial chemicals in the envi-
ronment. Seminars and meetinga designed to
maimize the sharing of information and per-
spectives between academics, policy mayers,
and Industry personnel address current issues
under consideration by the ongoing research
programs,

Graduate and undergraduate students Inter-
ested In further infomiation on the Center may
contact the Director, Professor Daniel Room,
Room E40-209, MIT, Cambridge, MA 02139.
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Center for Iansportatlon Studies

Transportation (S.M.)

The Center for Transportation Studies was
established to promote Interdepartmental coop-
eration In Innovative research and to rovide a
focal point for educational rogams f'n transpor-
tation within the Institute. ah Cnter's research
Involves allnmodes of transportation, both pas-
senger and freht, In both the public and
private sectors. t range. from broad conceptual
planning to the specifcs of equipment design
and operations analysis.

The Center promotes Interaction among faculty
members from all Schools at MIT as well as
other universities and organizations concerned
with transportation, recognizing that the solution
to complex problems requires close tes be-
tween technological possibilities and their social,
economic, ecological, and political ramifications.

Recent research projects Include development
of algorithms and computer software for logisti-
cal and network problems; urban and suburban
congestion; Intel ent vehicle highway technol-
ogy; advanced drir Information systems; the
development of ralroad track maintenance
models; load planning for LTL trucks; studies of
the airline Industr under deregulation; develop-
ment of dynamic models of trans ion
uystems; expert systems applied totrasrports-
tion problems; finding ways of Improvtnpro-
duo in railroads, truckingand trans
Interofty passenger transpotion systems; the
design of transit networks; com risons of

e and ral rapdtransit l scale
d=aaas=ysemn transporttion; dvlp
ment of specific standards for highway nte-
none Of performance of materi-

= nW=lraotebridge
deck deterlorslon; studies of rairoad equipment
and automation and how they might bealm-
proved; the economics of ocean tansportation
of oil; and guldelnsa for urban planning. The
Center also has been Involved In mao
InEyt_ pan and Brozil dealing

srauctuaed noralrods. mand
ment Research sponsorship Inludes agrange
of governmental end Industrial a
aff ording students wideW oppotnte for In-
volvement in newly e ngeeearch areas.

The Center Is the lead unvesty In Federal
Foolon I dof heUniversity 'rrnno.taflon Carriers

Graduate rams leading to the master's and
doctoral eg , as well as professional train-
ing, are av through ftedepartmnts
associated with the Center Including Aroau-
to and Astronautics, CMI Engine ring, Eco-
nomlos, Mechanical Enginering, Ocean Engl-
neering, Political Science, Sloan School of
Management, and Urban Studies and Planning.

The Master of Solence In Transportation, an
interdisciplinary degree offered by graduate
departments, but administered by the Center, is
designed to prepare students either for careers
In transportaton or for doctoral work. Students
with a variety of backgrounds Including engi-
neering, social sciences, manement, architec-
ture, urban studies, and operations research
participate in the program. Entering students
should have a basic knowledge of economics,
calculus, and probability.

The degree requirements Include 1) the sats-
factory completion of at least 72 units (typloally
7-9 subjt, Including 18 units In core sub-
jets,3 units Inaprogram area, and 18 units of
electives, and 2) the presentation of an accept-
able thesis. The specified core consists of two
subjects - Transportation SystemsAnalysis
and ransportation Economics - and estab-
lishes a common methodological framework for
analyzing a broad spectrum of transportation
problems.

The remainder of the program builds upon
speoiflo program areas of professional Interest,
such as air, ocean, urban, or freight transporta-
tion; transportation systems analysit; and trans-
portation logistics and carrier m aement.
Students in the MST program draw heavily on
the subject offerin the Institute in many
areas, including ino tion systems, various
management discipline., urban studies, eco-
nomics, engIneering, and political science.
Students admItted to the Master of Science In
Transportation may propose programs oW work
in a second feldr lading to a secondflvister's
degree. Some examples of second areas In-
clude engineering, operations research, urban
studies, and management. The student must be
formally admitted for study In the second field
and must appy for admission at leait two
regular terms before completion of the program.
Normally, the student must complete the sub-
jt requirements for both degrees but may
submit a Joint thesis,

admniteed y heU.S Deparment

T' I al ssstance, In the form ofofblresearch and teacCngnalse
V~duo tuw n fthetransportafon area a eto # td nN f ie s er

Also, a number of full-m ad-time etestudentin where
ressarchanW WnWmw
avalable th tilsn"d other . Stun Interested in ooming ft for Wants-UWdffrds~ aso ayin portation studiesor In isarni 1mce &xA cthe
sponsoredrsearch URRnentr nd I progamshou nwrte to Pro-

sor Jo M. S mn Director, Center for
TIanispwoatn Studies, Room 1-123, Mit
Cambridge.MA 02139. For each admitted
stuaernt an d st do nto' e W. -
background and aremo speclilztion.

Clinical Research Center

The MIT Clinical Research Center Is a small,
fully equipped and staffed research facility on
campus at enables interested scientists to
perform research with human subjects and
allows students at all levels to gain experience
with human subjects and human disease.
ResearchprojecsIn frogress areIn theareas
of metabolIsm., psych at, neurology, and
clinloal pharmacology. Most projects Involve
collaboration between basic and clinical
scientists.
The facilities of the Center are open to all de-
paoments in the Institute, and its principal
Investigators are faculty members from many
different departments. Although most patients
participating In research studies at the Cunlal
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
solences and for postdoctoral physicians.

Further Information may be obtained by contact-
Ing the Office of the Director Dr. Richard J.
Wurtman, Room E17-445, Mrt Cambridge, MA
02139, (617) 253-3091 or 253-3092.

Concourse Program for First-Year
Students

Freshmen who wish to have the ambiance of a
small school in their first-year studies may sled
the Concourse Program. Concourse offers the
standard curriculum for freshman year taught b
MIT faculty In the sciences and humanities. A
group of about 60 students take these courses
and are encourag to work together Faoul
and tutors ae available to stdnts directlyThe

pormcoversnw4prvidir, credit Wfor
Inabluo Reqiremets ofthevrst year

Draper Laboratory

The Charles Stark Draper Laboratory (formerly
the Instrumentation Laboratory) separated from
MIT In 1973, to become an Independent non-
prolt research and educational organization.
mechanisms exst to permit the continuation of

t research activitiesand to allow the Labort
tory to continue its unique contritions to the
Institute's educational program. Oppotnties
are avalable In the V-A Pram thengnr-
Ing Intenship Program, the XV Co-op Pro-
gram, the Secon Summer Program, and
ar-time employment. Draper lowships for
.r. and Ph.D.o andudals ae described In th

Graduate School Manual.

-1

The professional field of Interest has traditionally
been the Instrumentation of practical problems
in dynamic geometry, e.g., guk-nceand con-
Wo of aeroepace and rine vonuoes. The
Laboratory Is mIssion-oriented. Probably the
most publicized achievement of the Laboratory
has been the Apollo guidance and control
system, Draper Laboratory leadership In the US
agam program is continuing with the Space

uttie Program. In addition, the Laboratory has
been broadening Its areas of activiltes in Instru-
mentation to other fields such as geophysical

The Laboratory experience in Instrumentation
has resulted In new computer science activities
and software applications in Industrial automa-
ion, control for rivanced energy systems, and
poolalized communication.

A number of MIT faculty members maintains a
dove association with the Laboratory, and thesis
research opportunities exist that futreal.
denoy requirement for an MIT degree in all
Owes of systems engineering, Including basic

ry, mathematical analysis, computer stud-
1s, component design and evaluson (me-
ohanical, electrical, and optical), and system
synthesis. Students are In direct contact daily
with the professlonal staff of engirs and
scintits of the Laboratory, and thus learn to
qpwreoltoeeconomic and human, as we# as
tlia technical, aspects of a system, Under-
graduate and graduate students also may be
employed by the Laboratory and work directly
on a project

Draper Laboratory, within walking distance of
the main campus, is located at M55 Toch
Square, Cambridge, MA 02139. Information may
be obtained by contacting Mr. John Sweeney,
(617) 258-2393, or Institute ext 182-82393.

Economcls and Urban Studies

A doctoral program Is offered jontly by the
Departments of Economics and Urban Studies
and Planning at MIT. This poram aims to

% aprate the a assof economics,
bg.orthNo research opportunities, wit the

andpo ren of urban
4udes. Both rse and aoive intervention
ino urba problems benefit from such a
ombination because of the complexity and

oontext-boundedness of u~anIssues. A wider
variety of career rtnileslsavilable than

seclutsdtoldsa
dwdr to o the ptogram must be admitted

b both depe iments then explty to the
JoInt pnnSpecific requirntsas

b~ow7.Trw~cs -the same as for the
conomlos Ph.D. exopt 1) on two major

and one minor, insted two major and
Nvo minor fields; 2) ecornmi hitory Is not
roquired. Urban Studios - the same as for the
US Ph.D. except: substitution of an Economics
Wwral examinadon field for one of the required

Studies fields. One dissertation Is
required, with acceptance by both departmen is.

e program Is administered by an Informal
Standing Committee.

Further information is available from Professor
Jerome Rothenberg, Room E52-356, MIT,
Cambridge, MA 02139, (817) 253-2874, or from
Professor Wlam C. Wheaton, Room E52-2628,
(617) 253-1723.

Energy Laboratory
Energy Study aid Research

The Energy Laborar was established In 1972
to provide a focus for strngthening and broad-
ening energy activities on campus, with empha-
sIs on conducting research to answer qu one
or illuminate energy and environmental issues.
Energy Labo research oeots this yea
involve about 100 research ff, 70 facuy, and
250 students from most of MIT's academic
departments. Graduate and undergraduate
students are an integral part of the Interdisolpil-
nary research teams worki on both funda-
mental and mission-orient projectsthat
address both technloal and sooloeconomio
aspects of Important energy Issues.

The Energy Markets, Pricing, and Regulation
program conducts research on the interaction
between energy markets and the macro-
economy, anlrevisws and evaluate. Important
energy market and environmental policy analy-
sis models.

Current research Is directed toward developing
and implementing a model of energy and
economy inter a for Egy, and to evaluat-
in theEnvironmental Pr Ageny's
Avanced Utility Simulation Model -a large-
scale computer model used to analyze national
air quality policies.

The Center for Energy Policy Research Is organ-
ized to conduct policy research, and to contrib-
ute tosImproved domestic and Intenational
energy policy making through publications and
conferences. Current Center research programs
Inlude Industryorganizar i and regulation,
with emphasis on electric utrlties; Intemational
energy markets (especially 04 and natural gas
markets); studies o energy ean, productiv-
Ity. and economic growth; leelomethods of projec and contract eau;atin;d~
energy technology asessmsnvO. The Center's
resarch programs aresupported by =a-r
tions, governments, and noncorpot*

grous. Tese ssooatesparticipate In confer-
ences to discuss the Center's research and to
work on Wodale policy Issues. The work
of the Center Is do e fclty and students
from several MIT E M ,stouet h
School of Management and the Department of
Eomihcrns,iy Lnbypooor M mbers
from the Energy Laortoy

In tedAMsta igtadygg9

The Energy Engineering program focusee upon
research n thengineering sciences needed to
enhance energy use In technica Industries.
Active research areas include thermal plasma
materials processing, automated welding,
engineering A and design methoIs, and
fracture meohacs/fracture control. The re-
search aim Is to bridg the gap between the
science base and existing Industrial practice by
providing methods, models, and data that will
allow for improvement In technical products and
processes.
The Combustion Research Facilities program
emphasizes parallel modeling and expermental
Investigations of combustion processes of
gaseous, liquid, and solid fuels In both steady
and unstea operation. A 9 ial feature of the
experi a tudies Is that ndamental flame
data are obtained In large-scale pilot plant
combustors In which the combustion-heat
transfer processes closely simulate Industrial
practice.
Research in the High-Temperature Reactions
and Health Effects program concentrates on the
oxidation and pyrolysis of fuels and on tech-
niques for controlling emissions from these
processes. Studies of the formation of
mutagens in hydrocarbon combustion Involve a
team effort among engineerig, analyia
chemistry, and Iologoal soces, t

Other Ener Laboratory research focuses on
recovery an conversion of primary energy
resources. Energy companies cooperate
support and offer guidance. Current projects
cover a broad range of activities - Ivestigaing
the comminution of energy minerals, removal
and disposal of carbon dioxide from flue gas,
geothermal reservoir diagnosts, advanced
riing technology, coal pyrolysis, and gas

desulfurzalon. prlss n a
The Transportation Propulsion program con-
ute e proving ong

engines and developIng new concepts. Acti-
ties are based In the 8loa Automotlve Labora
tory and Include fundamental and aplied
research relevant to Internal ombuon en-
gines, work on alternative propulsion concepts,
and policy and technology studies.

Research in the Environmental program seeks
to Identify and reduce the enironmental Impact
to energy-related faclitie and Involves a di..
ver range of rnssaroojects, Including
ooling systems * forplntWater
mwagemntisue ascatww1 OOdVI-
opmnt, oxidation of hazardous materials In
superorllwater,impacts of sold rain, nd
localefct of air emissions.

I
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The Electric Utilty program serves to Inform
participating companies about ongoing MIT
research atile, to Idei and discuss ility
needs and priorities, and to develop research

jects responsive to those needs. The mem-
brorganizations curren y *prtiiaingIn the

program Include 18 utiit12ot organiza-
ain involved In supplying fuel, qmn, or

sM o the Industry; and one government
agency.

The Nuclear program has the following broad
objectives: 1) to provide direct technical contri-
b one to nuclerplant reliability and safety; 2)
to n at possible improvements in nuclear

t desgnfor more effient utilization of
nuclear resources; and 3) to develop and com-
munloae information to the public and nuclear
power industry that will improve the efficient
utilization of nuclear power.
The Energy-Efflient Buildings and Systems
program examines the behavior of existing
buildings and components and seeks tode-
velp new technologies with better One
eff eny. Currently projects include stude of
the transfer and accumulation of moisture in
structures, air circulation in interiors, new enve-
lope materials. and advanced control optems.

Further Information about the Energy Laboratory
may be obtained by contacting the Headquar-
ters Oe, Room E40-465, MIT, Cambridge,
MA, 02139 (617) 253-3400.

Undergraduate prorams In energy study and
research ams a1s in most at
MIT, including all those in tSolof Engi-
neeing. TheepreparesuensfoDr cars In
the energy feldthat can be entered Immediately
upon g raduation. Such programs include not
only the basic sciences but also the applied
sciences, such as fluid and solid mechanics,
heat, controls, chemical processes, economics,

and materials. Specialized subject lead more
directly toward careers, as In exploration for and
production of uranium and fossil fuels develop-
ment of aternativeenergy sources such as
solar. wind, and geothermal, petroleum refining,
manufacture of synthetic fuele, conventional and
nuclear generation of electric power, energconseation Inbldig, tra stion,
manufacturing;d energy policy. In addidon,
al undergra duate enginringpro=ramspro-
vide preparation for grdeworkI the field of
energy.
Many opportunities exist for undergraduatsesto
work on nergy-rsloted research projects
offered by the centers, laboratoriessoac-
demo departments. This researchcan be done
for thesor other academic credit or for pay
under the Undergraduste Research Opportuni-
tias Program. Further Information, Including listsof advisors, progrms .ubecs"adresearch

is tval t

MIT, Cambridge, MA 021

Graduate rams that prepare students for
careers In Menergyfild are available In all of
the Schools t MIThereare many opportunI-
ties for students interested in all aspects of
energy solence, engineerin, management, and

plc.While the Energy Lbryrviea
Soner resah at the InsI a

great deal of energy-rellated work Is also under
way in other centers and laboratories, and in the
aademic departments.
Students interested in graduate work should first
gain admission to the academio department
whose program best matches their background
and interests. An IndMduatzed program of
advanced study and research can be aned
by a balance of fundamental and Interdisoli-
nary subjects that deal with diverse aspect of
en u , utilition, and polloy, and by"I= appropriate thesis topic. E y
advisors havbeen appointed In each dEmy
ment to provide information on elective sub-
jects, dgree programs, and research opportu-
nities. A rochure containing further Information
and the list of advisors is available from the
Offlie of the Dean of Engineering, Room 1-206,
MIT, Cambridge, MA 02139.

Eg (Experlmental Study Group)

ESG Is open to freshmen and sophomores
interested in participating In a small, informal
academic program that offers credit primarily in
core subjefts through sslf-paced tutorials, small
lasses, and s groups. detallse of the

ram canbe found in Chapter I11,
draudcEuon.informationcan be

obtained by contacting Professor Vernon
Ingram or Holly Sweet, Room 24-612, MIT
Cambridge, MA 02139, (817) 253-7788.

Hazardous Substances Management
Program

Chemicals in the environment, broadly
construed to include products with beneficial
uses as well as pollutants aisingtrom a variety
of sources, is a problem that pervades the
national economy and politiaagenda The MIT
Program an Hazardous Substanes
Manage0ment was created to address this

polmand Involves participation from
studtsafaulty within various Insttut

deparment, lebratories, anidceter.
The program is structured around thre main
components: educatonscienific and technical

resarh, ndpolicy research and acion Within
the edluatlion sector, memnbers of theprga

have crated a orecurIcuu of four sujet
on hazardousa substanncesentitldoCeiasi
the Environmenthe
designed without prequ and areavail-
able t both undergraduate and graduate
students from all fiveSchools and the Whitaker
college.

Scientific and technical research addresses a
number of key area, most notably human
healtheffects, groundwater protection and
remedlation, an ncineration and other thermal
treatment. The study of human health effects
Invotve research intoxloy and analytical
chemistry In order to deemne the envron-
menta causes of human genet change.
Groundwae research combines basic research
with field stuyIn order to understand the
mechanisms that determine transport and
transformadon of pollution in the complex and
heterogeneous subsurface environment Incin-
eration research seeks todevelop a master
model for understanding an a of Inoinera-
tion: the fundamental chem and hysical

Involved, the factors that lad to
Inotability and formation of productsof

incomplete combustion, and methods for
monitoring and control of incinerators as the
feed-stream changes.

Polio research and studies are carried out in
collabtisdon with the Center for Technology,
Policy , and Industrial Devepm, alog with
faculty from several academic departments.
Problems studied within this area Include facility
siting and land use, regulation and administra.
tion. conflict resolution, and environmental
policy wihin the corporate sector

The pogramand Its research activties wae now
oo d Iconnection with the EnvIronmental
Protection Agency's eat of nationwide Hazard-
ous SubstancesResearch Centers. Tother
with the New Jersey Institute of Technology and
Tufts University, the Institute won a recent oom-
petition to become the Center for the northeast

Dearmt partiolpating In the p ram
Include CMI and Chemical Engneer.g; Urban
Studies and Plannin; Materials Science and

So . Center for niolg Pol y ~anda

Involved.

torauaetueneewllaUROPS. or
more information contact Dr. John R. Ehrenfeld,
Coordinator, Room E40-241, MIT, Cambridge,
MA 02139, (617) 263-1694.

Health Solenes and Technology

MIT's programs in health sciences and technco
ogy eorentzed within the Harvard-MIT
(HST).f-*W Sciences and Technloy
(HS. The Medical E InglneernglMediaP
ie and Biomedioal Enineeringportionsof
HST progris described In this chapter.
Add oninfo rmaton aboutHST may be found
at the end of Chapter VII.

Industrial Relations Section

The industrial Relatione Section was founded In
1037 at a ime when maneconomists were
shiftng their attentontoik challeng prob-
vrmsof undsrstaidv te rise of trad unions
v4d the operations 0nustrial laor markets.
Initially aed within the Dpartment of Eco-
nomis, the Section was givn a new home and
expanded with the creationof the Sloan School
of Management In the early ig6
ibda ,the Section comprises approximately 15

t embers from various parts of thea u nludin Paments Urban
and PlanwIhoe, Eco-

nomics, Hisora the Sloan School - with
the ma omingfrom the Behavo and
Policy Are of th Sloan School.

Areas of research within the Section Include:
labor-management relations, labor market
theory and policy analysis, human resource

, tehn and Its relation to
and indu structure, negoti-

&W, di resolution, emplomnt pliy for
workers, traing rt work,

and hlh a safety.
ft Section admInters a fellowship proram

for do~al*UWW ly nrolled In the
Phthe~ Shool. However,

vk the r deartmentsat MIT have
beome membr of fth Section, particiafti
itswset salnars and working oselyw
facuny mamb.
The Tueday Workshop brings tgether faculty
meombers and graduate students from around
the oston aato discuss work-in-progress
and serves as majfocal point for Interest In
the fields of indust relatn and human
resource management.
Codiretora of th Section we Professos
Robert B. Moarsis and Thomas A. Kohan. For
additional Information about the Section or any
of its activ ties, contact MicheNe Kamin, MIT
Slan School of Mwaagment 50 Memorial

SreRoom 152-510 Mrt Cambridge, MA
139 (617) 253-9417.

inerated Studie Propram

Iss In both their ral I and historical
Thdiigushigfeaure of the

program is hands-on Work In various technolo-
gie such as;o n:weam,,blackernthin *.

a1er asem Pand clock, opueand = ee -yw
students nmay fuM thr G raute
q~ws 11 oft"u physics OW(cettry, and1'" withn the Program.
lSp is described In greater detai In Chapter Ill.

Interdisolplinary Programs in Humanities

The School of Humanities and Social Science
offers a number of subjects anderrams of an
interdiscplnary nature for undergraduates.
Decriptions othe various interdrelpl'nary

rams an be found under the School of
Hum and Social Science in Chapter VII.

Laboratory for Computer Sclence

The Laboratory for Computer Science Is an
interdepartmental laboratory whose principal
goal is research in computer soience and
engineering. The Laboratory Includes 17 re-w
search group, currently staffed by approxi-
mately aculty, students, and staff members.
The academic members of the Laboratory are
from the Dep ents of Electrical Engineering
and Compur Science, Mathematics,Humanf-
ties, Arohiteotitre, and the Sloan School of
Management

The Laboratory for Computer Science, formerly
Project MAC, was established In 1963 for the
advancement of time-shared computer
systems. It developed the Compatible
lime-Sharing System (CTSS), one of the first
time-shared systems In the World, based on
me- workat what was then te MIT
= = .tlo Center. Subsequently, the

Laboratory developed MultWoe. en Improved
system that introduced several new concepts in
time-sharing. These two maor developmentsstimulatd research activities In fthealication
of on-line computing to such diverse sas
engineeringarchtecture, mathematics, biology,
me~dicine, Obrry science, and management.
Since that time, theLaborator'S purvuits have
expanded,Weadingto pineerng eehI
ExpertSystems, C u res, and
Public rpory h Laboratory is now

Epr oenow
enged front of research activities
tha span four principal areas1) Pardel
Systems; 21 Systems. Lnuages, and
Networks; 3)intelliget Sytemfs: and 4) Theory.
The Laboratory for Computer Scieceosters10
participation in research by undergraduate and
graduate students. Research alftanihipe are
availabe to graduate students for work In all
as pect nof tieresearch poram, and under-
8raduaWe may work at th Lboatr under

neraus Research 0OpportsesPro-
grvam (IROP. Facilities are povided for thes

reserch nd pecil poet to both graduate
adundergraduate studnt

Further Information may be obtained bv contac-
Ing Paula Vancinl, Room NE43-109n MM
Cambridge. MA 02139, (617) 253-6844.

Laboratory for Electromagnetio andElectronio Systems

The Laboratory for Elsotromagneto and Elso-
tronlo Systems (LEES) Is a coalition of eleven
faculty and ten research staff from the Depat-
mentof Electrical Engineering and ComputerScience and Mechanica Engineering. Disc-
plines represented Include power eleotronice,
automa ccontrol,eleotromechanice continuum
electromeohanics, heat and mass transfer, high
voltage and insulation research, quantitative
physiology, cell biology, systems analysis and
economics , interactions with other Institute and
area laboratories contribute to the success of
the highg interdisciplinary research that is the
style of Is laboratory.
Power electronics research ranges fron device
analysis and fabrication to cirout design andsystems development and control. A majsor
current effort Involng aspectsof all thesto
aimed at developing a 10 Mhz switching con.
verter and fabricting it in the Microsystems
Technology Laboratories. Interactions with
industry are channeled through the MIT/industry
Power Electronics Coliegium. Research Is also
involved with the modeling, analysis. estimation,
and control of electric machines and bulk power,ssemv. Special Interest centers on integrating
eetromneo alos, power elctronics, and

/iganalog sal processIng In motors for
a o applIancs to high-

it is the electrical behavior of gases, liquids, and
solids - especially combinatione of these -
that is the subject of the high-votage research
at LEES. ft the objective of understadin~
mico-discharges In ges and solids and a
evolution of chare in lquid dislectrics,
electrooptioal and digital techniques are being
used to shorten the ime scale and increase the
sensitivity and the spatial resolution with which
phenomena can be observed. Applications

Icuepulsed power energyStorA ,power
generation, processinig an stans pp,
ratus, and the development of new matrlfor
capacitors. In one ourrent Interdisciplinaryproject with the Microsystems Technology
Laborator a mioromotor having i30 orone-
ter rotorflhas been faebatod. In another prject
micro-discharges, oiectromechflcaly Induced
vibrations, micro-dialectrometry and chemica
sensing are combined with eleical and ther-
mal measurements to discen trends In the
operation of large utilities transefrme and to
predict their future performance.

----------
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These and other actvitles Involve the discipline
of continuum lectromohanlo. Electrification
phenomena ssoated with hotroklne

pro am n lqid dilectis - used to both
-are In this category, as Is work on sensors

and actuators for deducing electical,
mechanical, and thermal paaetr nd va-
ables in heterogeneous systems.
Work on the continuum eleoctromechanics of
cartilage focuses on the role of electrical forces
in diseases such as osteoarthritis and on the
role of mechanical and electrical forces in the
repair of lving cartilage. Clinical motivation for
work on tisssurvival fand regrowth under
electric stress comes from the treatment of
electrical shook victims, while work on elct-
cally controlled transport hrouh p*olyletrolyte
membranes is aimed at drug delveysystems
and protein separatons in botcnlogy. The
effec eof environntl electric and magnei
filds on biological systemsare being sudied
over a wide freuency rageIncluding that of
electric power systems. The electron tea' and
other h igh-voltge radiation facilities have a

ongtraditionofmed applications. These
fOacimr a resource In promoting physical
and chemical processes.

These Interdleol insry capabiities of LEES
undergirdstheir p ai

In the Leaders In Manufa~ctuiPrrabh
for on-campus research and f6r F plant

ojects. The man jets concerned with the
dware needs oft electric utfles, as well

as the widelyranging facilities coordinated by
the Energy Laboatory's Elecfti Utiities Pro-
gram, provide a natural setngfor extensive
Work in the area of power systems, Incuding
the developmnent of new rmethods of analysis
needed as system are inoreasngly deregulated
and stressed to deliver reliable economical
high-quality power.

Alprograms within the laboratory ae carried
out wih te itanre of both underrdute
and gadu students under the supervioof

fclymemnbers.

Further infomntion may obtained by contact-
ing the Offio of the Diretor. Profeesor James

iher Room j 1-172, Mrl Cambridge, MAM239 (. )26-4047.

Laborle for Informadon and
Dellon ysems

The Laboratory for Information and Decision
Systerms Is an inerealrment"l laboratory for
researh and education In systems, communi-
catlons, and control. Computers and oomputa-
tkiplay eon rg role in this reserch. The
,ebortornU,,, ya m 10-r r--

payfrom the p of Electrical E
neaing and Com S ien, M arc
Engineering, and OenEngineering. Resoearch
fallsInto three main areas

1) Research in Communloation Solence and
Systems range from studies of the underlying
Information fthreti properties of networks and
point-to-p ntesov ems to archietural design.
A rresearch progra mIn this area da with
rlialeefc communiation In dta net-
works. Some of the topicnIn this program ar
routing, flow control, theaommunsation nm-
plexity of disybutd algorithms, oation
resolution In broadco networks, protools,
failure recovery, and topoloial deeign. A
research program on fundamental aspectsgof
local-aea communicaton networks wfhoptical
fiber lns has been Initiated.

2) Research InSystem and Control Science
ranges from fundamental studieIn ndeterminis-
ti andstochasti systems, mudtivarlable and
adaptive ontrol, nonlinearstination and
statisrtal signal prossfing, and large-scoale
and distributed sys s to applicantaea
such as command and ontrol systems and
operation and control of complex manufacturing
prosesses. in addition, development of algo-
rtms and specialcomputer structures f
estiation signal processing, oorputer vision.
and control systemareIntegral parts of this

rsearch.
3) Researoh in Computer and Information
Systems Is concerned with basic robems In
the use ofcomputers In vomplex Information
transfer And rtival systems. One study In-
volves expert Intermediary systems to asis
en-user cces to heterogeneous databases.
A second projec deals with analytca and
experimental Investigations of electronic docu-
ment-delver networks applicabl to Interlibrary
resource sharing.
The Center for Intelligent Control Systems,
established Otober 1, 1988, Is an Interuniver-
shty, Interdisciplinary center for research In the
foundations of Intelliget machines and control
systems, and IsiWcatd admlnistaWely within
MIT's Laboratory for Information and Decision
Systems. The Center Is operated by a consor-
tium consisting of B1rown University. Harvard
University, and MIT. Dr. $enjoy K. Mille, Proise-

Birooket and Donald McClure. from Harvard
Univesityand Brown Uiversity, rseciey.as
Associate Directors. The Cente* il nov

~dmatef~30 faculty, six postdoctoral stu-
=W"WftPh. D. stuent. he research and

educational mission of the Center Is directed
toward the further development of fth oe-
tua and mahematical apets of the stud
= r hl ot ontrolsystems, drawi n nrelevant

wok mallhematice, statistics, communica-
tin, and ocmutr science, seswell as work In

oonrolthorybef. Further Information about
the Center can be obtained from Center Head-
quarters, Rom 35-SO0, (817) 253-2142.
Research opportunities aeviable AIn the
Laboratoryfo both undeorgraduate and gradlu-
ato students. Undergraduates may participate
through UROP

Further information may be obtained by contact-
Ing the Offices of the Codirectore, Professor S.
K. Miter, Room 36-308, MIT Cambridge, MA
02139, (617) 253-2180, and Professor R. G.
GWager, Room 35-206, (817) 253-2533.
Laboratr for Manufacturing and

The Laboratory for Manufacturing and Produc-
tivity is an Interdisciplinary center for education
and research in manufacturing and productivity
at MIT The goal of the Laboratory Is the ad-
vanoement of manufacturing science and
technology.

The Laboratory educates scientists and engi-
neers In the analysis and synthesis of products,
processe, and manufacturing systems. Funda-
mental research conducted in the Laboratory
leads to Innovation in manufacturing process
technology and better understding of plan-
ning, design, and production operations. The
Laboratory seeks to establish a rational founds-
tion for manufacturing based on a systematic
understanding of fth complex interactions
among fthemanyareas of manufacturing includ-
ing design, processing, assembly, Inspection,
and quality control.

The Laborat draws upon faculty and staff in
fts Departmets of Meclhanical Enginwerng,
Electrical Engineedng and Compuer Science,
Civi Engineering, Materals Science and Engi-
neering, and Ocean Engineering, as well as the
Sloan School of Management. Important per-
spectives are contributed by the representatives
of industrial firma associated with the Laborato-
rys cooperative research programs. Current
research programs Include process Innovation
and control, flexble automaton and robotics,
tribology, manufacturing/design Integration, and
scheduling and production planing.

In addition to researchocts sponsored b
Individual organ=zations, A largepropotinof
the Labor'ay work Is supportedyeversi

conoria f ndutral irs.Among these are
the Composites and olymer Processing Pro-

ram, theThbology Research Program, and the
Mlorooeular Plats Consortium.

Opportunites for Un raduates and gradu-
ate students are ava for thesis research
and UROP projet. A limited number of post-
doctral research prsitions are also availabl.

Additional information may be obtained from the
Of e of ft Director Professor David E.Hardt,
Rpoom 352381. MIT, Nambwige. MA 02139.
(817) 253-2113.

Laboratory for Nuclear Scence
Bates Linear Accelerator Center
Center for Theoretical Physics

The Laboratory for Nucloer Science performs
basic research In nuclear and elementary parti-
cle physics. It supports reseach Interests of
faculty in the De aent of Physis by main-
taining and adminstering facites adapted to
studies in high-eneryand nuclear physics.
The Laboratory operates the Bates Unear Accl-
orator Center and the Center for Theoretical
Physics. In addition, the Laboratory provides a
machine shop, drafing and technica Illustration,
electronics design facility, and a computer
facility for staff and students.

As part of the nuclear physics program, mem-
bers of the Laboratory are engaged In experi-
ments at the Bates Unear Acelerator, the

rookhaven Tandem-AGS Accelerator, and the
Los Alamos Mson Physics Facility. The high-
energy hslos program involves experiments
at the CON in Geneva, Switzerland, the Fermi
National Accelerator Laboratory, the Stanford
.jnear Accelerator, at the Gran SassoLaboratory
in Italy, and the SSC near Dallas, Texas

Among man projects are theoretical studies of
nucli and eementary particles; experimental
prorams using a variety of detector techniques
to dy strong, electromagnetic, and weak
interactions ofelementary particles and other
high-energy phenomena; application of high-
speed electronic computer techniques to the
problems of rucoear and elementary particle
data analysis: nuclear studies using heavy-ion
acceleratowr: and programs In medium-energy
nuclear resarch with electrons, photons, pro-
tons, and pions.

Students participate In the entire range of re-
search programs In fulfilling their graduate antif
undergraduate degree requirements or as
participants In UROP.
Further Information may be obtained from the
Director, Professor Arthur Kerman, Room
26-505, MIT, Cambridge, MA 02139, (617)
253-2395.

The William H. Bates Unear Accelerator
Center, funded by the US Department of En-
ergy for use by MIT research staff (princlly In
the Laboratory for Nuclear Science and th.
Department of Physics), is avalable for use
through a formal users organizaton to qualified
researchers nationwide.
The Laboratory supports a broad program of
research in electromagnetic interactions with
nuclei. Facilitiesareavailablefor high-preclslon/
high-resolution electron scattering, photo-
reactions Includingpon production, and
coincidence studies. The maximum electron
kmnrgy available Is GV. A polarized electron
Swurc makes possible studies of party violation
in electron scattering and spin effects in nuclear
reactions. A storage ring Is under construction
and uncompletion,W INlpovide high-duty

pior and a nove Intmaltarget
capablity.

The research partlipation of physics students,
as undergraduate laboratory assistants working
on UROP projects and through graduate thesis
work, Is encouraged and lfrs an important

of the Sates program.A 1ag number of
studnts, from the universitesuse r physicists
as well as from MIT are so Involved. Further
information may be obtained from the Director,
Professor E. J. Moniz, Room 28-403, Mrrt
Cambridge, MA 02139, (617) 253-7515.

Law-Related Studies

Undergraduate and graduate students
Interested in the legal or public policy aspects of
their fleid or the legal profession in general. may
take a wide range of undergraduate or graduate
subjects. Among the over 30 law-centered
subjects in 10 departments are syllabi covering
the American legal structure, the judicial
process, constitutional history, and legal aspects
of planning, management, environmental affairs,
ocean resources, construction, transportation.
industrial safety, computer science, and
technology.

In addition to several lawyers on the teaching
staffs of many different departments, there are
lawyers on the administrative staff who are
willing to meat and talk with students. Manof
these Individuals are members of the Pre- aw
Advisory Council. and re pleased to asist
students interested in the legal profession. MIT
undergraduates from nearly every department
have gone on to law school. MIT 'stechnically
oriented undergraduate training serves students
well In law school and In future practice. Law
schools are very eager for MIT applicants.

The Office of Career Services and Preprofes-
sional Advising Room 12-170 and Room
12-185. (817 253-4737, and members of the
Pre-Law Adviory -Council provide guidance
and Information for students interested Ining
to law school. The Chaiman of the Council is
Professor Mike Wheeler. All students interested
In legal career should phone or cornsby the
office for Information about law school.

Leaders for Manufacturing Program (M.S.)

The Leaders for Manufacturing Program is an
educational/research partnership between
eleven major US manuatring firms and MIT's
Schools of Engineering and Manageet
established to discover and codf uiding
principles for manufacturing. Five ngineering
departments participate: Aeronautios and

AstrnautooChemcalEngineering, Electrical
Engineering and Computer Science, Materials
Science and Engineering, and Mechanics
Engineering. The program includes both
s ident fellowships and on-campus research
assistantships.

The 24-month, dual-degree Fellows program
begins each June. It offers full tuition and a
monthly stipend to incoming graduate suents
plannin a career In manufacturing. The Fellows

;9m Inegrate .* qsland
= L=ine, and phasies

tmwork, managementofcag

processes, and earning by doing. The rigorous
curriculum, Including six months of on-sit
research as wel as seminars and classroom
work, is developed and taught by faculty from
both Schools. The coursework and research
culminate In a single thesis leading to two
Master of Science degrees: one in engineering,
the other In management.

Application to the Fellows program can be
made through either the MIT Sloan School of
Management or any of the five participating
Engineering departments. Program information,
applications, and curriculum materials are
available from the following offices at MIT,
Cambridge, MA 02139: te Leaders Program,
Room 9-321, (617) 253-0821: Sloan Master's
Program Admissions, Room E52-112, (817)
253-0449 or -3730; the five participating Engi-
neering departments; and MIT Graduate Admis-
sions, Room 3-103, (617) 253-4897. Materials
are due back to the office through which appli-
cation was made by January 4, 1991 (Sloan) or
January 16, 1991 (MIT Graduate Admissions).
Applicants must Meet the requirements for
admisslon to both the Sloan School and a
participating department In the School of EngI-
neering, and must take either the GRE or GNAT
test, regardless of the policy of the School or
department through which they are applying.

Students Involved In the Leaders Programs
on-campus, Interdisciplinary team-based
manufacturing research can sam a master's or
doctorate degree in engineering or manage-
ment. Students may appv for this program
through the participating School or Engineering
department.

Uncoln Laboratory

The Uncoln Laboratory is a Federally sponsored
canter for research and development In ad-
vanced electronics, with special emphasis on
applications to national defense. The Laboratory
is located In Lexington, Massachusetts.

Lincoln Laboratory activities extend from
fundamental Investigations In science, through
technological development of devices and
oomponent to the design and development of
complex systemns, as well as scientific end
technologicadvances for civilian and military
applicatin.

Specific programs Include satellite communica-
tions, studies and technology, computer
systems e digital sig processing, Ima e
prossing, space surveillance, and air trafccontrol. Research also Is conducted In optics
solid-state devices, radar systems, and Machine
intelligence.

Opportunities for researchare available to MIT
faculty members and qualified students. Inquir-
ies may be directed to Dr. Walter 1. Wells,
Assistant tofthDirector LIN A-1183 (17)
981-7024, orInsttuteextention181-7024.

"9lowerdeptdm sawttig
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These and other activities Involve the discipline
of continuum electromechanlos. Electrification
phenomena associated with electrokinetio
processes in liquid dielectrics - used to both
insulata and cool transformers and switch-gear
- are in this category, as Is work on sensors
and actuators for deducing electrical, magnetic,
mechanical, and thermal parameters and vari-
ables In heterogeneous systems.
Work on the continuum electromechanics of
cartilage focuses on the role of electrical forces
in diseases such as osteoarthritls and on the
role of mechanical and electrical forces in the
repair of living cartilage. Clinical motivation for
work on tissue survival and regrowth under
electric stress comes from the treatment of
electrical shook victims, while work on electri-
cally controlled transport through polyelectrolyte
membranes Is aimed at druo divery systems
and protein separations in hnology. The
effects of environmetal electric and magnetic
fields on biological systems are being studied
over a wide frequency range, including that of
electric power systerns. The electron beam and
other high-voltage radiation faoilities have a
long tradition of medical applications, These
facilities are a resource In promoting physical
and chemical processes.

These interdisoipliry capabilitie of LEES
facuty nd tudntsundergird their particpation

in the Leaders in Manufacturing ram, both
for on-campus research and for Fellw plant

pr o-cpTheman rojects concerned with the
hardware needs o electricutilities, as well

as the widelyranging facilities coordinated by
the Energy Lbratory's Electric Utilities Pro-
gram, provide a natural setting for extensive
work in the area of power systs, including
the development of new methods of analysts
needed as systems are increasingly deregulated
and stressed to deliver reliable economical
high-quality power

All programs within the laboratory are carried
out with the assistance of both undergraduate
and graduate students under the supervision of
faculty members.

Further information may be obtained by contact-
Ing the Office of the Director, Professor James
R. Mercher Room 10-172, MIt Cambridge, MA
02139, (617) 253-4947.

Laboratr for Information and
Decision Systemts

The Laboratory for Information and Decision
Systems Is an interdepartmeontal laboratory for
research and education In systemscommuni-
cations, eand control. Computers and ornputa-
ton play an imrn trlein this research. The
LaborioIs safedby over 100 faculty. re-

serc isW~ ts,Land graduate studentsrxncl-
paly frm the Departmentsof Electrical EI-
neering and Computer Science, Mech c

nginering, and OenEngineering. Research
falls into three main areas:

1) Research in Communication Science and
Systems ranges from studies of the underlying
information theoretic properties of networks and
point-to-point systems to architectural design.
A major research program in this area deals with
reliable, efficient communication in data net-
works. Some of the topics in this program are
routing, flow control, the communication com-
plexity of distributed algorithms, contention
resolution in broadcast networks, protocols,
failure recovery, andntopological design. A
research program on fundamental aspects of
local-area communication networks with optical
fiber links has been initiated.

2) Research in Systems and Control Science
ranges from fundamental studies in determinis-
tio and stochastic systems, multivarable and
adaptive control, nonlinear estimation and
statistical signal processing, and large-sale
and distributed systems to application areas
such as command and control systems and
operation and control of complex manufacturing
processes. In addition, development of algo-
rithms and special computer structures for
estimation, signal processing, computer vision,
and control systemamrintegral parts of thie
research.

3) Research in Computer and information
Systems is concerned with basic p ems In
the use of computersin complex inormation
transfer and retrieval systems. One study in-
volves expert intermediary systems to assist
end-user access to heterogeneous databases.
A second project deals with analytical and
experimental Investigations of electronic docu-
ment-delivery networks applicable to interlibrary
resource sharing.

The Center for Intelligent Control Systems,
established October 1, 1986, is an interuniver-
sity, interdisciplinar center for research In the
foundations of Inteligent machines and control
systems, and Is locted administratively within
MIT's Laboratory for Information and Decision
Systms. The Center Isoperated by a consor-
tium consisting of Brown Univrsity, Harvard
University andMIT Dr. Sanjoy K. Mitter, Profes-
sor of Electrical Engineering at MIT, serves as
Director of the Center with ProesosRoger W.
Brookett and Donald McClure, from Harvard
University and Brown Univety, respectively, as
Associate Directors. The Ca-fler will Involve

apprxlmts~30 faculty, six postdoctoral stu-
=1=1 Ph.D. students. The research and

educational mission of ftheCenter Is directed
toward the further development of the
tual n mathematical aspects of thesu o
lnteli~ent control systems, drawing on relevant
work n mathemnatics, statistics, communica-
tions, and computer scilence, as well as work In
control theory Itef. Further information about
the Center can be obtained from Center Head-
quarters, Room 35-308. (617) 253-2142.

Research opportunities are available in the
Laboratory for both undergraduate and radu-
ate students. Undergraduat may particpate
through UROP

Further information may be obtained by contact-
ing the Offices of the Codirectors, Professor S.
K. Mitter, Room 35-308, MIT, Cambridge, MA
02139, (617) 253-2160, and Professor R. G
Gallager, Room 36-206, (617) 253-2533.

Laboratoryfor Manufacturing and
Productivity

The Laboratory for Manufacturing and Produc-
tivity is an Interdsciplinary center for education
and research in manufacturing and productivity
at MIT The goal of the Laboratory Is the ad-
vancement of manufacturing science and
technology.

The Laboratory educates scientists and engi-
neers in the analysis and synthesis of products,
processes, and manufacturing systems. Funda-
mental research conducted in the Laboratory
leads to innovation In manufacturing process
technology and better understanding of plan-
ning, design, and production operations. The
Laboratory seeks to establish a rational founda-
tion for manufacturing based on a systematic
understanding of the complex Interactions
among the many areas of manufacturing includ-
Ing design, processing, assembly, inspection,
and quality control.

The Laboratory draws upon faculty and staff in
the Departments of Mechanical Engineering,
Electrical Engineering and Computer Science,
CMI Engineering, Ma erials Science and Engi-
neering, and Ocean Engineering, as well as the
Sloan School of Management. Important per-
spectives are contributed by the representatives
of industrial firms associated with the Laborato-
ry's cooperative research programs. Current
research programs include process Innovation
and control, flexible automaton and robotics,
tribolog manufacturing/design integration, and
sohedu Ing and production planning.
In addition to research projet sponsored by
individual organizatins, a large pr prpon of
the Laboratoryrs work Isrsupported by several
consort of Industrial firms. Among these are
the Composites and Polymner Processing Pro-
gram, the Thb Research Program, and the

lorocellular P Consortium.

Opportunities for underraduates and gradu-
ate students are availabe for thesis research
and UROP proj . A limited number of post-
doctoral research positions are also available.

Additional Information may be obtained from the
Office of the Director Professor David E. Hardt,
Room 25-238, MIT. 6ambridge, MA 02139,
(617) 253-2113.

I

Laboratory for Nuclear Science
Sates Unear Acoelerator Center

Center for Theoretical Physics

The Laboratory for Nuclear Science performs
basic research in nuclear and elementary parti-
cle physics. It supports research interests of
faculty In the Dea nt of Physics by main-
taining and administering facles adapted to
studies in high-energ and nuclear physics.
The Laboratory o a the Bates Unear Accel-
erator Center and the Center for Theoretical
Physics. In addition, the Laboratory provides a
machine shop, drafting and technical Illustration,
electronics design facility, and a computer
facility for staff and students.

As part of the nuclear physics program. mem-
bers of the Laboratory are engaged in expert-
ments at the Bates Linear Accelerator, the
Brookhaven Tandem-AGS Accelerator, and the
Los Alamos Meson Physics Facility. The high-
energy physica program involves experiments
at the CERN in Geneva, Switzerland, the Fermi
National Accelerator Laboratory, the Stanford
Linear Accelerator, at the Gran Basso Laboratory
in Italy, and the SSC near Dallas, Texas.

Among manr projects are theoretical studies of
nucleiand erementary particles; experimental
programs using a variety of detector techniques
to study strong, electromagnetic, and weak
interactions of elementary parcles and other
high-energy phenomena; application of high-
speed electronic computer tchniques to the

Sproblems of nuclear and elementary particle
data analysis; nuclear studies using heavy-Ion
accelerators; and programs In madlum-energy
nuclear research with electrons, photons, pro-
tons, and pions.

Students participate in the entire range of re-
search programs in fulfilling their graduate and
undergraduate degree requirements or as
participants in UROP.

Further information may be obtained from the
Director, Professor Arthur Kerman, Room
26-505, MIT, Cambridge, MA 02139, (617)
253-2395.

The William H. Bates Linear Accelerator
Cantor, funded by the US Department of En-

rgy for use by MIT research staff (principly In
tihe Laboratory for Nuclear Science and th
Department of Physics), Is Available for use
through a formal users organization to qualified
researchers nationwide.

The Laboratory supports a broad program of
research In electromagnetic Interactions with
nuclei. Facilities are available for high-preolsion/
high-resolution electron scattering, photo-
reactions including pion production, and
coincidence studies. The maximum electron
energy available is 1 GeV. A polarized electron
source makes possible studies of party violation
In electron scattering and spin effects In nuclear
reactions. A storage ring is under construction
and, upon completion, will provide high-duty
factor beams and a novel internal target
capablity.

The research participation of physics students,
as undergraduate laboratory assistants working
on UROP projects and through graduate thees
work, is encouraged and forms an Important
part of the Bates program. A large number of
students, from the universities of user physicists
as well as from MIT, are so involved. Further
Information may be obtained from the Director,
Professor E. J.aMoniz, Room 26-403, MIT,
Cambridge, MA 02139, (617) 253-7616.

Law-Related Studies

Undergraduate and graduate students
Interested in the legal or public policy aspects of
their field or the legal profession In generi, may
take a wide range of undergraduate or groduate
subjects. Among the over 30 law-centered
subjects in 10 departments are syllabi covering
the American legal structure, the judicial
process, constitutional history, and legal aspects
of planning, management, environmental afairs,
ocean resourcescoonstruction, transportation,
industrial safety, computer science, and
technology.

In addition to several lawyers on the teaching
staffs of many different departments, there are
lawyers on the administrative staffnwho are
willing to meet and talk with students. Many of
these individuals are members of the Pre-Law
Advisory Council, and are pleased to assist
students Interested In the legal profession. MIT
undergraduates from nearly every department
have gone on to law school. MIT a technically
oriented undergraduate training serves students
well In law school and In future practice. Law
schools ae very eager for MIT applicants.

The Office of Career Services and Preprofes-
sional Advising, Room 12-170 and Room
12-185, (617 253-4737, and members of the
Pre-Law Advisory Council provide guidance
and information for students Interested in going
to law school. The Chairman of the Council Is
Professor Mike Wheeler. All students Interested
in a legal career should phone or come by the
office for information about law school.

Leaders for Manufacturing Program (MS.)

The Leaders for Manufacturing Program is an
educational/research partnership between
eleven major US manufacturing firms and MIT's

processes, and tearning by doing. The rigorous
curriculum,Including six months of on-site
research as well as seminars and classroom
work, is developed and taught by faculty from
both Schools. The coursework and research
culminate In a single thesis leading to two
Master of Science degrees: one in engineering,
the other in management.

Applioation to the Fellows program can be
made through either the IT loan School of
Management or any of the five participating
Engineering departments. Program Information,
applications, and currioulum materials are
available from the following offices at MIT,
Cambridge, MA 02139: the Leaders Program,
Room 9-31, (617) 263-0821; Sloan Masters
Program Admissions, Room E52-112, (617)
253-0449 or -3730; the five artiolpating Engi-
neering departments; and MIT Graduate Admis-
sions, Room 3-103, (617) 263-4897. Materials
are due back to the office through which appli-
cation was made by January 4, 1991 (Sloan) or
January 15, 1991 (MIT Graduate Admissions).
Applicants must meet the requirements for
admission to both the Sloan School and a
participating depairtment In the School of En I
neering, end must take either the GRE or GNAT
test, regardless of the policy of the School or
department through which they are applying.

Students involved in the Leaders Program's
on-campus. Interdisciplinary team-based
manufacturing research can earn a master's or
doctorate degree in engineering or manage-
ment. Students may appi or this program
through the participating School or Engineering
department.

Uncoln Laboratory

The Lincoin Laboratory is a Federally sponsored
center for research and development in ad-
vanced electronics, with special emphasis on
applications to national defense. The Laboratory
is located In Lexington, Massachusetts.

Lincoln Laboratory actties extend from
fundamental investigations In science, through
technological development of devices end
components, to the design and development of
complex systems, as wel as scientific and
technological advances for olvilian and military
appiloation.

S Engineering and Mnagement S ifprogramsndete ommunaestablished to discover and codify gulding Seii rgasicuestliecmuia
principles for manufacturing. Five engineering tions, reentry studies and technology, computer
departments participate: Aeronautics and systemsddigial signal processing, image
Asonautios,Chemical Engineering, Electrical processing, space survoillance, and r tics
Engineering anid Computer Science. Materials control. Research also is conducted In optics,
Science and Enginesrng, and Mechanical solid-state devices, radar systems, and machine
Engineering. The program includes both Intelligence.
student fellowships and on-campus research Opportunities for research are available to MIT
assistantships. faculty members and qualified students. Inquir-
The 24-month, dual-degree Follows pram ies maybe directed to Dr. Walter 1. Wells,
begins each June. It offers full tuition and a Assistant to the Ditort. UN A-163, (817)
monthly stipend to incoming graduate students 981-7024, or Institute extention 181-7024.
planning a career In manufacturing. The Fellows
proramterates fth management and
eng neering disciplines, and emphasizes
teamwork, the management of change

Interdepartmental Study 93



94 lnterdeftMentlSUd

Management of Technology Program (SM.)

This Is a 12 month executive education program
leading to the degree of Master of Science n
the Management of Technology, aimed at
meeting the growing worldwide demand for
managers who can help bring advances in
technology to the marketplace in the form of
new products and manering processes. It
is designed for men and women with engineer-
ing or science backgrounds - and five to 10
years of technical work experience - who wish
to loam to understand, deveicp,and manage
both the new and established technological
resources of public and private organizations in
a lobal econom of rapid change. Offered
o ntly by the MI Schools of Engineering and

anagement, this is the nation's first advanced
degree program focusing directly on the man-
agement of technology.

The rigorous curriculum, developed and taught
by faculty from both Schools covers three
elements: 1) underlying core subjects In man-

omentadan alytic methods, 2) In-depth
es on management of technIcal programs

and organizations, and _., a thesis relating to the
management of technical programs and ani-
zations. Participating departments includete
Sloan School of Management and all eight
departments In the School of Engineering.

Application material is avalable on through the
program office and Is due back In Ut office by
February 19. All applicants must take the GMAT
and all forein applicants must submit scores
from the TOEFL.

Application material and complete information
on Program objectives and the curriculum are
available from the Program Office, Room
E56-304, MIT Cambridge, MA 02139, (617)
253-3733.

Materials Processing Center

The Materials Processing Center (MPG) tran-
scends the traditional academic boundaries to
provide an Interdisciplinary focus on the proo-
ering and performance of materials. The
MP's founders realized that the properties of
all type of materialesiarese from their structure-
from the manner In which their constituent
atoms aggregrate Into orystallne arrays or Into
disordered amorphous structures. A recuring
theme through all MPC research Is, therefore,
the Interrelatonships of structure-properties-
performance through processing coro.

To develop and expend the fundamental sclen-
tifi and technologica base of materials proc-
ossing, the MPG blows a three-pronged ap-

hnaprograms Ininterdiscpinayre-
search, education, and technology exchange.

and Engineering, Chemistry, Mechanical Engi-
neering, Electrical Engineering and Co r
Science, and Chemical Engineering. MPC
research incorporates all engineering materials
including metallic, ceramic, oymeric, and
electronic materials.

The M" uses two educational rograms to
attract outstanding students to the study of
materials processing. Special summer scholar-
ships bring exceptinal undergraduate stu-
dents from across the country toMIT to partic-

to in on cigmaterials research projects.
PC awardsfelowship oa lntments to out-

standing first-year radus students Investigat-
ing some aspect of materals processing. Other
graduate students are supported by research
programsfunded by grants and contracts
trough the MPC.

The MPC also conducts continuing education
porams to help keep rofessionai engineers

and ientisabteast recent technological
information. A new program brings high-school
science teachers on campus for an Intensive.
one-week course that ilustrates how engineers
make direct use of chemical and physical
scientific principles to meet the technological
challenges and needs of commerce and
society,

The MPC bulds upon the strong links that MIT
has traditionally had with both Industry and

govement.Through the IndustryColleglum,
the PC pro vides a forum for Industrial repre-
sentatives to discuss their needs and problems
with researchers In the university. Each year, the
MPC sponsors symposia on a variety of materi-
als processing topics to encourage the flow of
information on recent scientific and technol i-
cal developments between the universityan
industry. The MPC also enoourages an spon-
sors the appointments of Industry and govem-
ment personnel as visiting faculty, adjunct
faculty, and postdoctoral researchers.

For more information, contact Professor R. M.
Latanision, Director, Room 8-202, (617)
253-4697 or 263-5463, or Dr. G. B. Kenne,
Associate Director, Room 12-007, 253-3244,
MIT, Cambridge, MA 02139.

Media Laboratory

The Media Laboratory addresses the quality of
Ife In an electronic age by focusing on the
invention and creative use of modem media.
School of the Future,* "Movies of the Future,'
sythetic holography,computer music, com-
puter animation, lectronic publishing, comput-
er vision, and advanced typograric, are
examples of ongoing resarch programs, all of
which address one or more aspects of a future,
high- uaft human-like interface between
people and machines.

advanced computing resources, including a
massively parallel suproomputer, five
mainframes, 120 high-end workstations, and
over 250 personal computers. The facility
includes a 200,000 cubic foot experimental
media facility for large-scale and performing
arts experiments.

Research at the Media Laboratory is tightly
coupled with the degree programs In edIa Arts
and Sciences, a description of which can be
found under the School of Architecture and
Planning. All Incoming students receive full-time
research assistantships. Faculty affiliated with
the program believe that there Is a unique
discipline In the making at the Intersection of the
communication and cognitive sciences.

Middle East Program

The Middle East Program at MIT is an interdiscl-
plinary course of study taken in conjunction with
t graduate ram In a student's chosen

department. Theocuss I on technology, devel-
opment, and public policy. Its purpose is to
enable students with an Interest In the Middle
East to develop an expertise in the area, within
the context of a coherent program of study. The
prram Is designed to equip students with an
unerstanding of the processes of sooloeco-
nomic change, techr, 4gk deveiopment,
political change, Institutional development, and
International business and investment patterns
in the region.

This program draws on MIT's unique strength in
the areas of science and technology to offera
course of study distinct from a conventional
"area studies" approach to the Middle East.

The Program Is based on tie participaino
acu t Department o Poll Sci

ence, Civil Engineerin, and Urban Studies and
Planning; the istory Von of the Department
of Humanities; the Sloan School of Manage-
ment; the Program in Science, Technology and
Society; and the Aga Khan Program in Islamic
Architecture. Further information Is available
from Professor Nazil Choucri, Department of
Political Solence, Room E53-493, MIT,
Cambridge, MA 02139, (617) 253-6198.

Mining and Mineral Resources Research
Insttute
Mineral Resources Engineerin and
Management (S.M., Eng., Ph.)

The Mining and Mineral Resources Research
Institue (MMARI)was founded to support and
aid In the coordination of the wide variety of
academic activities and research programs
related to mineral resources. In particular, it
encourages Interdisciplinary avs for gradu-
ate students and calls attention to opportunities

Mr ̂ raas Inminral ann irm anineainnAdtFragments of many basic yet critical materials for careers in inerl s resource en an
oroceseingaproblemwre studied In normally The Laboratory Is largely fundedbndustry, mana the
Isolated academic departments. lb bridgese Including founding companies tht helped which comes from the US Department of the
divisions and focus researchon a pr ing finance MIT's now Wiesner Building, in which Interior, includes funding for a limited number of
problem as a whole, the MPC inates the Laboratory is housed. The research groups fellowships and scholarships and for soern
tacu xperise and facilities from a number of enjoy MIT's densest population of new and research activities,
MIT partments., prinoipaly Materials Solence

F

The Departments of Civil Engineering; Mechani- Science and Engineering; Ocean Engineering;
cal Engineering; Materials Science and Engl- Earth, Atmospheric, and Plane en
neering; Earth, Atmospheric, and Planetary Economics; Political Science; Sloan School of
Sciences; Ocean Engineering Economis; Management).
Management; and Political Scienoe are involved, Students desiring to pursue their studies In the
as is the Energy Laborator. Some of the major MREM ram shud for admission to
problems being address are finding mineral raduate sies In the department best suited
resources, extracting and processing them their interests. Students will be awarded the
economically and in an environmentally acce graduate degree in this department.
able manner, and reducing our need for mineral
resources and substituting one resource for the A prosAue containing detailed Information on
other. Undergraduate andraduate interdliolpli- the MREM program, Inc uding listings of aca-
nary p rams u study in Mineral Resources demio subjects in each of the subprorams,
Enginee ng and Management (described later), possible research areas, and the MREM faculty
represent teacademi side of the MMRRI. oontacts in each of the participating depart-

ments, may be obtained from Professor Herbert
Information on the activities of the Mining and H. Einstein, Room 1-330, MIT, Cambridge, MA
Mineral ResourcesResearch Institute andon_ 139, (617) 253-3598.

-&pa-me-Aa-1a1visor213n,(617) 253-3598.
depatental advisors and special prgrmsof
S a eobtained from the Office of teDieto.Prfsor John F Eiott. Room 4-138, MIT Japan Program

MIT, Cambridge, MA 02139, (617) 253-3305. The MIT Japan Program was created In 1981 to
establish MITasa leader In educating American

The Mineral Resources Engineering and scientists and engineers about Japan. An
Mans ement (S.M,, Eng., Ph.D.) prr associated goal Is to facilitate cllaboraive
provies formal educational opportunTies to research among Japanese and American
graduate students with Interests In the mineral scholars. Both alms are accomplished through
resources field. The academic subjects and the development of three areas of Integrat
research available throughout the institute make activities - education, research, and public
it possible to offer programs in several areas of service - in the US as well as in Japan. The
concentration, Ieaingto a variety of careers In Program is administered b the Center for
the mineral resources field. Studies In the International Studies at MI and Is oen to any
MREM program can lead to the Engineer, Ph.D.. undergraduate or graduate studen . Students
or Master ol Science corresponding to the can en r atany time.department of registration.

The MREM program consists of four subpro-
grams: 1) Te exploration subpogram exposes
students to the geological, technical, and deci-
sion theoretical aspects of exploration. 2) The
extraction subprogram provides a background
for d eeor of surface or undergrou nd s
selection and development of mining machin-
ery, management of large projects, and resolu-
tion of enironmental problems. 3) The process-
Ing subprogram depens the student's physical
and chemical educetion and leads to the analy-
1si and design of industrial processes Including

their managerial and environmental aspects. 4)
The resource management subprogram encom-
passes a wide range - systems engineering,
economios, and public polic - as well as
problems of cubstitution and of related re-

ThePr ram provides Intemnships to soience,
enginee rng, and management students who
have acquir Japaese language capabilities
and a cultural understanding of the country. A
student Is sent to Japan after the equivalent of
two years of training in tie Japese language
through credit or nonoredit study, Students also
must attend orientation seminare on Japan and
a two-day retreat. The Program trains and
supervises the placement of over 40 students
each year. Some of the private firms that have
hosted these Interne are Toshiba, Nippon
Electric Company (NEC), Matsushita Hitachi,
Yamachi Seu ,an the Sanwa Bank.
Other interns have studied at the Faculty of
Engiln lngat Tokyo and Kyoto Univerities, as

welas at national laboratories.

Further Information may be obtained from Ms.
Patricia Geralk In the Office of the Director,

Room E38-755 MIT Cambridge, MA 02139,
(617) 253-3142.

Nuclear Reactor Laboratory

The Nuclear Reactor Laboratory (NRL) provides
the focus for a wide range of research programs
that involve the use of nuclear radiations. Re-
search programs in various MIT departments
and centers - including Physics; Materials
Science and Engineering; Earth, Atmospheric,
and Plane enoes; Chemical Engineering;
Mechanical gineering; Nuclear Engineering;
and the Program in Toxicology in the Whitaker
College - are supported by the capabilities In
the NAL. Facilities of1the Nuclear Reactor Labo-
r are also used for teachig and research
actves byother institutions. The NRL provides
special services to regional hospitals and indus-
tries, e.g., short-lived isotopes for medical
purposes.

Current areas of research Include applications
of nuclear trace analysis to problems in the
physical and engineering sciences, life sci-
ences, geo sciences, and the environment;
neutron and nuclear physics; neutron scattering
studies of solids, liquids, and dense gases;
radiation effects on materials; reactor physics;
dose reduction in power reactors and reactor
engineering; nuclear medicine Including brain
cancer therapy; and Isotope development.

The NRL oparates a five-million watt research
reactor (MITR-11), which is one of the largest
university reactors. Recent redesign and re-
building of MITRE-1l has significantiy enhanced
the neutron and gamma-ray Intensity and the
reactor's versatility.

Experimental faclities and instrumentation at the
NRL include neutron diffraotometers; a wide
variety of sample Irradiation faoilities with fast
and slow neutron fluxes up to 10) per oma and
see; a temperature-controlled In-pile facility that
allows simultaneous neutron and Ion bomnbard-
ment; and a fast reactor blanket facility. In-pile

for corosion and Irradiation damage
tetngare avalable, which closely simulate the
environment In light water power reactors. An
excellentmedic Irradiation facility with a clini-
caly useful I-thermal beam is available for

sources (water, energy). Emphasis In the re- The MIT Japan Program Isthe focal nt for patint Irradlations.
source management subprogram can be and provides suport rJana-rea e
placed on engineeng, Management, or public e at In 8 the Program pioneered a Other expeimental facilities and Instrumentation
policy. The resr maage subprogram five-ear Intrd pogramto Investate ude a thermal Column with l hohlraum
also poie an MR M general overvilew, al'ied the Japanese no rce. Research radlochemlatry laboratories; hot Cella for d Ie-
at s ents desiring a br er education. topics Include collabotiveresearch and devel- mantling or testing; nuclear detectione0

opinent, technology management. and the ment; trace analysis facilities; a materials onaac-
For the Master of Science degree, a student internationalization of esarch and Develop- t tion laboratory and shI hot ces for
usually will take at least 76 percent of the re- ment. Other projtInclude the Japans handling and testing radioactive materials.
qui credit units from one of tsubprograms aircraft Industy, Japanese negotiation software, Underraduate students areinvoldIn thand the remaining Credit units from one Of the management of1Research Deve ent In osratn of the reactor and in the researchother subprograms. Engineer and Ph.D. stu- the computer indust research collaboration In oation oftestheroug ealor thoreseniordents usually will Concentrate at least half Of JaaE -West trade and the US-Japan trade thiesS o uresar ir
ther credit units In one of the subprogramst and alliance.tee.Gaut tdettei eerhI
take the remaining credit units tro at least o a carried on In the various research areas
of the other subprrs. Research projects In addition, the Program sponsors several mentioned earler
suitable for thesis are conducted In most workshops and symposia tok American
of the particpaUrban Studies government and ndustry of Japanese
and Planning CMCh Engineer ing rical scientific and technical developments.
Engineering: Mechanical Englnrirng; Materials
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A ourrent summary report is a'
deecribes the atMtles at the N

vailable and
NRL in greater

detail. For Information, inquire at the 6ffleeof
the Dlrector, Professor Otto K. Harlting, Room
NW12-208, MIT, Cambridge, MA 02139, (617)
253-4201 or 253-4202.

Oceanography and Oceanographic
Engineering (S.M., Eng., Ph.D., Sc.D.)

MIT and the Woods Hole Oeanographic
Institution (WHOI) on Cape Cod ofer joint
programs of graduate study and research for
studlentswith special Interests in biological
oceanography, chemical oceanography, marine
gochemistry, marine geology, marine
geophysics, oce graphic engineering, and
physical oceanography. These graduate
programs are administered by committees
drawn from the faculty and staff of both
institutions, Students accepted to the JointProg ram have access to the extensive
Inteactual and physical resources available for
advanced study at both WHOI and MIT The
program Is described In detail at the end of
Chapter VII.

Operations Research Center

Operation* Research (S.M., Ph.D.)

The Operations Research Center (ORC)
provides educational anid research opportunities
or students and faculty Interested In the inter-
disolpinary field of operations research.
Operat Ions research (OR) is the professional
disolpline that deals with the application of
scientiflo methods to decision making. OR
draws upon ideas from engineering,
mamagment, mahemati, and psychology to

conriut t awide variety of ap-iato
domains. The field is closely relate to several
otherfie In the odscslon'sclences -
aplied mathematlais omputrer"iec,
economics, Industrial engineering and systems
engineering,

The Operations Research Center is organized
as an interdepatmental center, structured to
take advantage of the experties of faculty drawn
from a variety of departrentaIncluding the
Sloan Schaolof Managment. ElectaEngi-
neering and Computer Science, Aeronautics
and Astronautics Mathematics, CMI Engineer-
ing, Mechanical n, a StudIes and
Planning, and Nuc Enering The ORC is
compo s of arximatly 30 affiliated faculty

a graduate students h a master's and
a docta d e g are offered. An

mf t" se wrrams is their
Interdisciplinary srcue to to follow-
Ing a set of core courses, students are encour-
aged to det n a curriculum that Is tailored to
their pa and research Interests. The

Awa rogbakp Winf

and the ractehniques used in building
models .-4wide variety of applications. The
ORC provides a range of micro-, mini-, and
mainframe computer faciles, with asoated
software, for model building and algorithmic
experimention.

The core graduate curriculum for the S.M.
degree consists of Ap lied Probability (6.431),
Decision Analysis (15.0), Aplied statics
(15.076), and Introduction to Mathematical
Programmin (15.081). Master's degree
students connue with three additional
graduate-level subjects and prepare a thesis in
an area of research concentration. Employment
opportunities for graduates of the S.M. program
exist in technical staffs of private firms, often In
the services sector of the economy, as planners
in governmental agencies, and in private
consulting firms.

Doctoral dre students are expected to take
core subjec, A pplied Probability (6.431), and
Introduction to Mathematical Programming
(15W~). Advanced subjects include: Discrete
Stochastic Processes (6.262), Decision Analysis
S15.065),Introduction to Stochastic Processes
15.071J/18445J), Statistical Methodology
15 ) N Optimization (15.082), Combi-

natorIal Optimization (16.083), Nonlinear Pro-
grammin .084J/6.252J). and Analysis

I.100 o ial degree candidates must
qualify for continuation In the program by
passing Qualifying and General aminations
which are taken In the frst and second years of
a typicaly four- earprogram. Coursework in a
minor program )ctolws, In addition to pursuing
an origina research project under the guidance
of a doctoral dissertation committee. The formal
academic program is sup lamented by taah-
Ing and research assistanhip opportunities for
most doctoral candidates. Graduates of the
Ph.D. program often assume faculty or consult-
Ing positions In the US and abroad.

In addition to the degree requirements specified
above, students at the ORC must fulfill awriting
requirement and a computer literacy
requirement.

Students wishing to concentrate specifically In
operations research at either the master't,
degree or doctoral degree level may apoy
dir to the Interdepartmental duero-
gram. o do so. follow the neral MIT graduate
admissions procedures aIndicate,'Opera-
tions Research - Interdepartmental Program.'
on the application materials Instead of a depart-
mental designation.

Further Information about the Operations Re-

Plasma Fusion Center
The Plasma Fusion Center, formed in 1976,
provides a focus for experimental and theoreti-
cal studies in plasma science, fusion 9nergy
development, and related engines,. g diso-
plInes. It provides the leadership required for
effectively undertaking all Os ent of Energy
sponsored fusion research atMIT The timely
development of fusion energy is one of the
most technically complex challenges facing
sooety.

The Plasma Fusion Center fosters independent
creativity, and helps Integrate the collective
fusion activities into a coheve program with the
following broader Institute goals:
- to provide, both nationally and intematioially.

rong technical leadership or the development
of fusion energy;
- to provide the intellectual environment for the

expert educational training of students, research
scientists, and engineers.

Fusion research activities at the Plasma Fusion
Center fall Into five major programmatic
divisions,

The Fusion Systems Division is concerned with
overall design and reactor physics investigations
of the next generation of major fusion devices;
understanding the potential characteristics and
technology requirements of wer-producing
fusion reactors; and develoIng new reactor
deign concepts and advanced plasma diag-
nostdc using both active and passive measure-
ments of electromagnetio radiation.

The Fusion Technology and Enjlneering DM-
sion aims to provide critical engi neering suprfor operatin confinement experiments an
advanced deign projects. It also develops
advanced high-field copper magnet technology
and superconducting magnet technology for
the national fusion program.

The Appled Physics Research DMlon is devel-
oping th basic experimental and theoretical
understandln of plasma heating and confine-
montmro iIncluding research on tokamak
systems, advanced fusion concepts, fusion
theory and computations, and diagnostics and
laser development.

search Center and the degree programs is
contained in the brochure, Greduat Education The Toroidal Confinement Epriments Division
at the Operatlon Research Center and Is is developina basic unde ing of the
available from the Operation Research Center, stablIty andtransport Properties of high-tem.

WebterSuldl; (E0-=64,MIT Cabrige, = t~retoroidal plasmaS at reacor-level condi-
Webst39 du al (E4 1 a. beCabr idge. o n aand testing concepts for

dressed to either of the Cod reco nProfessors optimization of the toroidal confinement ap-
Thomas L. Magnanli and Ameciso A. Odoni. or proach to magnetic fusion. The subprogram
to MarciaV.Chapman, Assistant Director areas inoludetALCATOR C-MOoaak

facility, which Is now under construction.

The Coherent Electromagnetic Wave Generation
Dision I developing a basic experimental and
theoretical understaniding of coherent radiation
generaton by free elecons for wavelengths in
the1Lmto1om " Partlcularemphasisis

egPlaced on thoof free $lsc-
tron WS cylotronmasers (gyrotrons), and
novel radiation sources.

in the last decade, many results ofgreat signifi-
cance to the intemational effort to develop
Wusion energy have been obtained in the
ACLATOR A and C high-field tokamaks, the
major experimental facilities in the Plasma
Fusion Center Program. For example, ALCATOR
C established a world record In obtaining the
highest product of plasma density times con-
Inament time, and was also a world leader in
lokIngtechniques to drive current by
radio -frqency waves. VERSATOR 11 Is used to
study oular research aspects of toroidal
plasmas, such as heating and current drive. The
overall program has a balance between experi-
mental and theoretical studies. Fusion activities

ft Departments of Electrical Engineering
and Computer Science, Materials cience and
Engineeng, Mechanical Engineerng, Nuolear
Eineering, and Physics, as well as the Francis
Bitr National Magnet Laborator and the
Research Laborao of os, are affiliated
welh the Plasma Fusin Center.

The Center's programs provide an excellent
lomm for the taining of students and profes-
sional researchers. Approximately 80 graduate
students and 20 undergraduate students are
currently involved at all levels of thesis work;
undergraduates also participate through UROP

Further Information may be obtained from the
Offie of the Director. Professor Ronald R.
Parker, Room NW16-288, Cambridge, MA
02139, (617) 253-653.

Power Etangnearing

P ram in Polymer Science and
Technology (PPST)

The Schools of Engineering and Science have
established a graduate program In polymers. It
is open to qulified students admitted to the
graduate program of any MIT department. It
consists of an Initial academic phase in which all
students participate (regardless of previous
background and research interest), followed by
research In a selected area of specialization.
The program leads to the doctoral degree; if
desired, a master's dgree can be obtained
through the student'sdparment.

The core curriculum, taken by all students.
provides a common base in the field of poly-
mer. It is broad, rigorous, and covers both
elementary and advanced subjects spanning
the entire range from the molecular level to the
continuum. This curriculum takes up the first
two semesters In the graduate program.

The transition from the academic phase to
research Is marked by the qualifying exam,
which consists of both oral and wen sections
The exams are offered at the end of each spring
term and are based on the PPST core curricu-
lum. Successful completion of the exam leads
to selection of a research project and the prepa-
ration and defense of a thesis proposal.

Any faculty member at MIT can act as a re-
search supervisor. The thesis supervisor(s)
advises the graduate student on a continuing
basis throughout the time of the research pro-
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Research Development Office of the Dean
School of Architecture and Planning

The Office of the Dean of the School of Archl-
teoture and Planning fosters research contribut-
ing to the understanding, education, and prac-
tioe of architecture, planning, real estate devel-
opment, and closely related fields. Research
based in the School covers a wide range of
topics. Examples of current activities focus on:
real estate development; energy conservation
and appropriate technology; techniques for
assessing the environmental impacts of devel-
opment and for mediating dispute concerning
such developments; solar ar%,hitecture; neigh-
borhood and community development; use of
media as a tool for pubic ICopation in oom-
munity planning; housing teh og and
building assessment Interior efr quaity; and job
g eneration. Housing accessibility Is now the

rget of major School-wide research activity.
The research activities are worldwide.

Research Development in the Office of the Dean
Involves a wide variety of people and institutions
both Inside and outside MIT nluding faculty
and students from MIT departments and cen-
ters, as well as from other educational institu-
tions; the alumni of the School of Architecture
and Planning; architectural and planning pract-
tioners; and client groups such as firms, public
agencies, and community oranizations. Re-
search involves graduate an undergraduate
students from several MIT department, through
research assistantships and UROP

-..-.-.--. ' ject. Com-pretion and sucoessfuldiefense of the Further information may be obtained from
Interdepartmental academic and research thesis before PPST and departmental faculty Michael Joroff, Director of Research Develop-

proams In power engineering are available In fulfill the requirements for the doctoral degree. ment, Office of the Dean, School of Architecture
ris partments of Aeronautics and Astronau- and Planning. Room 4-209, MIT Cambridge.

to, Electrical Engineering and Computer For more Information on this program, Including MA 02139, (617) 253-1354.
Sence. Mechanical Engineering, Ocean Engi- details of admission and financial aid proce-
nesring, and Nuolear Engineering. These pro- dures, contact Professor Edwin L. Thomas, Research Laboratory of Electronics (RLE)

gascover a broad range of energy-related Director, Mram In Polymer Science and
.Research I conducted at the Gas Techno l cE'orn13034, MIT, Cambridge Established in 1948 as the Institute's first

Turbine Laboratory. Laboratory for Electroma(- MA 021 (7) 2I5-6176. PPST@UZI.MIT.EDU Interdepartmental laboratory, the Research
atilo and Electronic Systems, Sloan Autom e Laboratory of Electronics provides faculty

Laboratory, Energy Laboratory, Heat Transfer members and their students, both graduate and
Laboratory, Cryogenic Engineering Laboratory, Programs for Double Competence In undergraduate. with the diverse services and
end at the Nuclear Reactor. Human itssISoclall Science and faclite of a lag laboratory to conductSolenae/Engineering research in two major area- electronics and
A graduate student enrolled in any of the above optics - together with language, speech, and
departments may construct from among various At MIT there are several ways for an under- hearing. In addition, smaller groups are focused
subjectofferings and research activities an graduate student to achieve Intellectual 'dual on atomic and molecular physics, plasma
stedemlo program and thesis research. In literacy" or "double competence," an education physics, radio astronomy, digital signal
addition treating speofc tos in that Includes study in depth in both Humanities/ processing, image processing, eleot-
power en ng, many tr rela subjects Social Science and SoienoelTohnolo areas: magnetics, and communications, Par its
5naaialmo uh topics as thermodynam- 1) double majoring, which brings Mtwos. come primaril from the Depa==ments o
os, fluid mechanics, heat transf control degrees; 2) joint majoring, wh combines leninal g ne and CoputrScience,
#ery, materials, stres analysis, vibrations, disolplines from both areas Iinl degree Physics, Chemistr aterials Sence and

gncmunrm-uand XXI- (Humanities and Engineering, and nguistics and Philosophy.
Research assistantships are avaiable for gradu- ence)-,3) a gree in a science or engineering Research in electronics and optics covers a
ds students, and some part-time employment discipline, complemented by a minor program broad spectrum of concerns ranging from
Is available for undergraduates. For further In a Humanities, Arts, or Social Solence field. electronic materials and fabrication through high
Information on the programs and on financia speed electronic and optic devices to electronic
SWU , contact the Gradt Registration Further information may be obtained from and opticl circuits and, finally, logi.arcbiteo-

of one of the participating departments. Professor Philip S. Khoury, Associate Dean, ture, and large-soals vstems. R brings
School of Humanities and Social Science, together fundamental theoretical and experi-
Room E561-230, MIT, Cambridge, MA 02139,
(617) 253-2601 or 253-4443.

I
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8 Interdepartmental study J .

mental work in the nature of materials and sur-
face interfaces with practical devices, circuits,
and systems oriented to high-performance
applications.

The program in language, ech. and hearing
Includes inguistic work In p onology coupled
with the structure and design of systems for
text-to-speech conversion and speech
recognition, as well as fundamental work on
artloulatory phonetics, sensory communication,
and auditory physiology.

Additional research fool include fundamental
studies In atomio, molecular, and optical physics
such as radiation modes and basic constant,
theoretical and experimental research in plasma
physics radio astronomy and astrophysics,
digital signal processing theory and hardware
architecture, digta processing of two-
dimensional sinalsIncluding high-resolution
television), stI eos electromagnetio propaga-
tion In nonlinear media, and a variety of studies
in communications including structure and
protocols for high-speed local networks.

Almost all research in RLE Is conducted or
supervised by academic faculty members and
students. Approximately 60 faculty members are
affiliated with RLE. They work with over 300
graduate students and approximately 100
undergraduates, in addition to research staff.
The research in RLE provides opportunities for a
broad spectrum of student thesis projects.

Additional information may be obtained by
contacting the Office of the Director, Professor
Jonathan Allen, Room 36-413, MIT. Cambridge,
MA 02139, (617) 253-2509.

Science, Technology, and Soolety

MIT recognized that science and engineering
should play vital roles in advancing our use of
the oceans. The designation of the Institute In
1976 as the nation's 12th Sea Grant College
strengthened its existing programs of ocean
research and education. Today, with Sea Grant
support, MIT expertise and facliltes are regularly
used to solve technological, social, economic,
and political problems associated with marine
resource utilization and coastal zone
development.

Sea Grant research strives for balanced use of
oceans and casts, prudent harvests of food
and useful materials from the sea, the prudent
extraction of offshore oil and undersea minerals.
and the application of engineering to improved
methods o working In and on the sas,
including design and construction of autono-
mous underwater vehicles for research. At
present. the principal departments Involved in
Sea Grant research include Civil Engineering,
Mechanical Engineering, and Ocean
Engineering. Students participate directy in
most Sea Grant research projeots at bot
graduate and undergraduate levels, and
support is avaiable for UROP projects.

The Sea Grant College Program also supports
innovative education at MIT in ocean use and
coastal zone development. The Program has
supported new curricula and textbooks in the
field of ocean engineering. A joint project with
the Massachusetts Maritime Academy is
providingnew educational opportunities for
professional fishermen.

MIT Sea Grant's Advisory Services publishes
technical reports, sponsors symposia, and
works with local governments, businesses, and
organizations to transfer comprehensive infor-
mation to the public on the many facets of

tunities for the students. Special emphasis is
placed on attracting minority students.

The MIT program consists of six major compo.
nents. First Is a design workshop in space
engineering for high school juniors in conjuno.
tion with the MITE S Program - (Minority Intro-
duction to Engineering and Science) - during
the summer at MIT. Second Is a Freshman
seminar designed to Introduce space science
and engineering In an exoting and technically
rigorous way. Thereafter students through their
senlor ya are offered supprt for undergradu-
ate research opportunites (UFROP) In space
science and space engineering during the
academic year and for summer positions in
participating companies and laboratories.

Students who do well In the undergraduate
program and are admitted to the graduate
school will receive preference for a graduate
S Grant Fellowship. These graduate fellows
wl work during the academic year at MIT and
during the summer at one of the participating
companies or at a government laboratory.

At present the departments participating In the
Space Grant Program are Aeronautics and
Astronautics, Mechanical Engineering, Material
Science and Engineering, Nuclear Engineering,
Physics and Earth, Atmospheric and Planetary
Science. Companies participatin presently are
Raytheon, Hughes, Martin Marieta, TRW,
Lockheed, Aerospace, GE Astrospace and
Rockwell. Participating laboratories are the MIT
Uncoln Laboratory and the Charles Stark Draper
Laboratory.

The MIT Space Grant Program also sponsors an
annual public lecture by a distinguished individ-
ual to review the most .ecent developments in
space engineering and scolence, and makes

resourcedevelopment in the oceans and avalable video tapes of the freshmen seminarram in Science, Technology, and coastal zones. Joint research programs, con- for use off campus in high schools.
Soo T focuses on the way In which ducted with related businesses and industries,scientc, nological, and social factors assure the efficient and timely dissemination of For more information on the MIT Space GrantInteract to shape mtom life, it traces theneColeprga
Impact Of scientifi Ideas and tchnologal nw technologies and research results. eprogam contact the office of the

praoio"on sciey an outureandexamnesDirector. Professor Daniel Hastings, Room
es on n ure and xam For more information on Sea Grant Coee 37-441, MIT Cambridge, MA 02139. (617)

t leof. and cultural cons Program projects and services, contact -tH23-0906.
eorations in shap developments in the OdfofeheftrueurirectormProfesomr
andtchnology uan draws Nos faculty from the Chrys tomidis RoomE CProgra m sa
social and natural sciences, engineering, and Cambridge, MA 02139. ( a 253-7041. SpectrscopyLaboratory
thre humanities. Various oportunities for re-
search and study are av2oable at the undero The George Russell Harrison Spectroscopy

g aduate levels. A more detailed Space Grant College Program Laboratory Is dedicated to advancing know
descranoflle ProgramI given In the ed of the structure and dynamics of atoms
School of Humanities and al Science sac- The MIT Space Grant College Pram funds a anmolecules and the properties of liquids,
ton In Chapter VII. Further information may be multidvcplInaryedueatonal o ra to further solids, and biological materials utilizinethe
obtainedfrom the Office of the Direor.Proves- the development of space so rice andspace tehniques Dfvmodn oHetoc esa

Sn R o -110,,MIT pngIneering MIT I one of 21p techniques Includeteuse of lasers, signal
Cambridge, MA 02139, (817) 253-4062, Consortia established by NASA under the procors", computers, and electrOoptic de-

National Space Grant College Program created vlces.The Spectroscopy Laboratory encourages
Sea Grant College Program by Congress In 1987. The statgy of the MIT participation and collaboration amnong tf

Spc Grant Program Isbae on two ideas, members In various disciplines of science and
first that the pool of students Intrse In space engineering. At present, several departments

The MIT Sea Grant College Program funds and engineering and science mus be Inoasr at (principally ChemistryPyisBolgEet-
coodintesmulid~c~p nay research, every level, and second that the MIT depart- cal Engineering and Computer Science, and the

educational ris and advisory servces to mente and laboratories. and the industrial partic- Harvard-MIT Division of Health 3clences and 1
Furowgthe deveoea and coastal reources. Ipants In the program offer a rich assortmenirt of Technology) are Involved. In adoltion, scientific

Folwia te ea of the National Sea Grant space-related educational and research oppor- visitor from the US and abroad participate In
College Program, created by Congress In 1986, the work of the Laboratory.

I

Current research areas include high-resolution Since much of modem statistics and data
laser spectroscopy of excited vibrational and analysis Involves computation, comuter et-
electronic moleoular levels, CARS studies, once subjctsu e tso very useful. Apcoherent
kinetics of Intermediates In organo-metalllc group of gree subjects in an area of application
komplexes laser optical pumping of atoms, usuilly In the student's undergraduate depart-

e noptical double resonance exper- ment) Isalso important. For those interested in
menrts, lar saturation spetroscopy, coherent the theoretical aspects of statistics, these sub-
transients, photon echoes, lae-nuclear spec- jeots could be partially replaced by subjects in
trocopy, uperradlance, Rydbeg atoms, mathematics and/or computer science.
structural studies of biological molecules using
Raman techniques and X-ray diffraction data, For further Information, contact the Statistics
technical holography, and applications of lasers Center or Professor Roy WelMch (School of
In medicine. mana nt), Pfesor Daniel McFadden

(EconomIcs).roesor Peter Huber
The Laboratory houses two resource centers. Mathe ), or Proessor Yasef Sheffi tCIvIl
The MIT Laser Research Center, supported by a nginering).
grant from the National Science Foundation, (s
devoted to physical scienoc research. The Laser Students considering graduate study in
Blomedical Research Center, supported by a statitics should seek th advice of the Statistics
grant from the National Institutes of Health, Is Center about the appnlation process. Once
devoted to biomedical research. The two cen- admitted to MIT students pursue SM. and
tars make available to researchers from various Ph.D. programs In statistics In a department or
university and industrial research institutions one under the general guidance of an Intoerdepart-
of the most extensive collections cilasoers for mental cormtitestablished through the Dean
speotroeoopic research In the US. Faclties of fth Graduate School. The Statistic Center
Include exoler and Nd; YAG-umpd pulsed can also provide assistance In obtaining

dye lasere, ion laser-pmped e lasers financial support.
poeond lasers, =and pulsed .Olasers.
pulsed and CW Rman spectrometrs.micro- The Statistics Center encourages graduate
computers and auxlary signal prco eing students already at MIT to obtain a minor in
equipment statistics or an S.M. In statistics while studying
qManr tfor other graduate degrees, especially the Ph.D.

Maygraduate and undergraduate atudente sa .. rm a ecm
penlormthesis research In tne Laboratory; Usually, S.M. degree programs can becoi-
UROP projects are offered In many areas of e osinn bay, pstudentswith back-
laser research. grounds in linear algebra, probability, and

statistics. A thesis is required for the S.M. de-
Further Information on the Laboratory may be gree, and almost all theses in recent years have

obtained from the Offloe of the Director, Profes- made contributions to aplied projects. The
sor Michael Feld, Room 6-014, MIT, Cambridge, doctoral p lrams for dents Instatistics can
MA 02139, (617) 253-7700. be Individually planned In consultation with

various MIT faculty In statistics.

Statistics Center

Statistics (M.S, S.M., Ph.D.)

The Statistics Center, Ind oniuncton with coop-
an departmrentsad shools, helps to

oordinate undergraduate porams in statistics
&MMcsm,.In. Iwlw,.rtmnw ' M andlPhD.

Major theoretical #elds of Interest at the Statistics
Center are recursive estimation, robust regres-
sion, ca orical data analysis, statistical com-
p ng a graphlos. detection of Influential
data, tms-series analysis, choice models,
economets, survival analysis, decision analy-
sis, andprobability theory.

Interdepartmientl Study 99

AWOf~r nTR3pamn d o.coueum asdegrees In statistics. It also provides a focal Fields of application have ranged from Asia.
Point for research, taohln, arnd consulting microbiology and astrophysics to economics,
actvies In statistics at MIT. and from the heit sciences to the TOP provides educational and research oppor-

Massachsetts Loter. Departments in which tuflties for mster's candidates Interested In
In order to concentrate (or minor) In statistics as msI n Cspecficareasof technology and development.
an unrrcrduate, it Is necessary to plan a Eonela Earth, Atmospheric, and Planetary Admission to MIT must first be obtained from
Pro hatWillalso fufil the requirements of Electrioal Engineering the appropriate academic department. The
an MIT departmentls islf st one n dS Mathematda; and e student should then submit a proposal for study

n I aoslly era CoputerS n to the TOP potoy committee fr pf.
a n hthsseveral facoulty members School of Management. uoteM oiycmitefraponre-

n Ethatngines-sanaemDetails of the program are availe upon re-
In, Economics Mathematics, and toeSchool The stasoal consultn ervice at the Center quest. Students may receive financial support In
Management. gives students and facultythe opprtunity to the form of research assistantehips associated

collaborate with researchers at M and nelgh- with current TOP research projects.
A typcal undergraduate program should In- boring Institutions on projects covering the full
cuead least one course Innrobabil-(. rangeiraci on real Further Information about the program,

18.440 or 6.041), statistics Ce: .16. .15 , problems. Including a list of current research projects, may
or 1,16), linear algebra (18%u,,and three addl- be obtained from the Offiof l the Director.
ional statistios courses, such as stochastlo While much of theoretical statistios draws heav- Professor Fred Moavenzadeh, Room 1-173
, o ese(. 18.445), time series analysis Ily on mathematics, applied statistios Is Inoreas- MIT, Cambridge, MA 02139. (617) 253-717.
~18.44)1,mexpert elg9,n(46nm

metrics (14W8), and decision analysis (16.065).

Ingy linked to computer science via numerical
anaysis, graphics, concurrent computing, and
the development of expert systems for data
analysis. These topils are a part of the rapidly
growing field of computational statistics, which
often forms a basic part of the Statistics Center's
Interdepartmental programs,

Further information, including a list of the statis-
tics subjects offered at MIT, may be obtained b
contacting the Statistics Center, Room E40-11,
MIT, Cambridge, MA 02139, (617) 253-8722.

Technology and Development Program

The primary objective of the Technology and
Development Program (TOP) Is to provide a
focus at IT for Interdisciplinary research and
education related to the role of science and
technology in the socioeconomic growth of
developing countries. More specifically, the
goals of the TDP are to promote an awareness
among MIT faculty and students of the relation-
ships among science, technology, and develop-
ment; to provide a focal point forth activities of
faculty, sunts, and visiting scholars interested
In the field of technology and development; and
to serve as a resource for organizations outside
MIT (government, academic, private sector) that
wish to explore the Institute's understanding of
developing countries - particularly their socio-
economic and technological problems.

The TDP is administered by a policy committee
with faculty from the Schools of Enginering,
Humanities and Social Science, and
Management.

The MIT/Cairo University Technological Planning
Program was initiated in 1976, under TDP
auspices, to assist Cairo University in the estab-
lishment of a Development Research and Tech-
nologlal Planning Center. Modeled on similar
centers at MIT, th 9 organization now provides
an institutional mechanism at Cairo University for
facu members to conduct contract research
withwEgyptian and international organizations on
development topics. Recently, the TdOP has
begun research on a regional and country basis
in Latin America, the Middle East, Africa, and

mok"Mma
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100 Iterdepartmental Study

Technology and Policy (S.M.)

The Technology and Policy Program prepares
young men and women for competent leader-
ship in the constructive development of technol-
off. It educates "engineers and scientists with a
derence,' persons with both strong technical
foundations and skis in dealin wit Important
social concems. It is unique in e opportunities
it provides to combine a base In socnology
with skills In IdentIing, analyzing, and Impie-
menting solutions o policy Issues.

Students In the Program work on problems In
the wide range of technoiogical fields available
at MIT, for example computers, electronic sys-
tems. and communications; energy production
and management; industrial Innovation and
product; disarmament; ulation of chemi-
cals and polution; transportton; marine and
mineral rsurces; office automation; space
technology; and solar and nuclear energy. A list
of theses completed In the Program Is avalable
on request.

The Master of Science In Technology and Policy
leads directly Into practice, or contnued study
at MIT or elsewhere. Challenging jobs In indus-
try, consulting, and govemment, both in the US
and abroad, are open to our graduates,

Many graduates of the Program proceed to
doctoral studies, either through departmental or
interdepartmental arrangements. Overall, our
graduates at MIT con the largest grou of

hnology and policy doctorates at any unier-
sity. Other graduates obtain further technical
degrees or go on to law, medical, or business
schools.
The curriculum has two parallel tracks, one with
a focus on engineering or science, the other
with a focus in the social sciences. Both assume
that the student has a stro prton, If not
a degree,in technoly Ttechnology focus
requires a concenr ation of three advanced
sub Ina spefc technologoal area, com-

by a distribution of ree subjects In

Interdep*artnl Study 101
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A thesis Is required. This Is a major analysis In
the student's fold of Interest. Students prepare
for this effort by takin(g TPP 13J, the Master's
Seminar. Theses frequently are published as
reports or professional papers. Many graduates
regard the thesis as the most significant part of
their education at MIT.

Because clear expression is a practical
necessity, students must demonstrate sufficient
writing skills before beginnin their thesis. New
students take a diagnostic w~en exam in
September. A seminar or course in technical
writingmay be required, dependirg on the
results.

Students with prior interest and capabilities in
technology and policy can complete the degree
program in one calendar year. Others may need
an additional semester.

Students typically obtain paltime jobs to
support their education. nese are mostly
research assistantships on MIT projects that
match their areas of specialization, for example,
In the Center for Technology, Policy, and Indus-
trial Development and the Energy Laboratory. A
number of students will also fin it desirable to
work In off-campus intemships. Teaching
assistantships are also avallable.

Student funding Is available through a number
of grants and giftsto the Program, A Xerox
Fellohip is awarded annuay yto a student
Interested In communiloations studies, Bernard
Rabinowitz Fellowships are awarded for leader-
ship in technology, the Rokalor Fellowship is
given to a stude oriented to practice, a Cham-

lon IntermationalThesis Fellowship is avalable
or work on environmental issues, and several
Jessie B. Noyes Foundation grants support
students In water management studies. Several
other partial tuition fellowships are available and
are awarded on the basis of excellence and
need. The Program also offers two prizes: Best
Thesis Award and the Alumni Award for Excel-
lence and Leadership, which carries a tuition
stipend.

vie poncyenvironment. The policy focus re-
quires a tree subject concentration in policy Applicants should have a stiong basis in engi-
studies, complemented bya distribution of nearing or science. Minimum GRE scores are
three subjects In technology. Both tracks re- 600 on the Quantitative and 400 on the Verbal.
quire three subjects each In the methods of TOEFL scores must exceed 580. Applicants for
rcy an,* (typically including TPP 21, the policy focus should submit a writing sample.

yem * pand 15.011, Applications are reviewed by the Program and
Applied and Ina6required the MfT department correspondingto theircoeof Witgrate subject. Academic credit Is particular Interests. Thes process rs January
routinely gratdfor comparable work done 15 and candidates are notified as soon as

possible.

Students determine IndMdual curricula in The Program enrolls about 25 students each
consultaton with their faculy advisors. We year. Thi class is limited to maintain close,
expec them to take full advantage of all the colilal relationships between faculty and
subjcsavalable at MIT an, through cross students,and to provide the beet possible
registraton, at Harvard. All students take the two integration of Technology and Policy.
core subjc, TPP 11J, and TPP 12J
Proserninar In 1oohnoov and ThPolicy. Te The Program faculty consists ofntives
Prosemir helps studiil confront policy from the Departments of Aeronatc and
Issues as they really are - complx, difficult, Astronautics, Chemical Engineering, CMI Engi-
often IN-denlned,n full of oli values. it neering, Electrcal Engineeing andComputer
is the element that distinguishes this oram Solence, Materials Science and Enginseeig
from just a set of subject's, and it the Mechanical Engineering, Nuclear Engner g,
common grnd where students meet to dis- eeri Sc and
cusssues of technoMg and policy. Urban Oslee andPlanning, as well as from the

Center for Technology, Policy, and Industrial
Development, the Energy Laboratory, and the
Program in Science, Technology, and Society.

Further Information may be obtained by
contacting the Chair, Professor Richard do
Neufville, Room E40-251, MIT, Cambridge, MA
02139, (817) 263-7693; the Associate Chair,
Professor Michael Lpsky, Room E63-463, (617)
263-2951; the First-Year Advisor, Dr. Richard
Tabors, Room E40-208 (617) 253-3083; or the
Director of the Center for Technology, Policy,
and Industrial Development, Professor Daniel
Roos, Room E40-202, (617) 253-5322.

Undergraduate Research Opportunities
Program (UROP)

The Undo~ raduate Research Opportunities
Program (UWROP) poIdes undergraduates the
opportuni a e with MIT faculty and
research stff In a wide rangeoof research
activities throughout the Institute. Students may
participate In onin research or find a faculty
sponsor for a asel-originated project. Work may
be done for credit, pay, or on a voluntary basis.
The same academic standards apply to all three
modes.

The first several pages of the UROP Directory,
published each year, give details on how to get
started. Students are urged to read this before
they embark on their research. Information on
some current projects is posted on UROP
bulletin boards in the main corridor of the
Institute, and In the UROP section of the Under-
graduate Education Office (UEO). Room
20B-141. New listings are announced each
week In Tech Talk. Further information may be
obtained by contacting the staff at the UEO,
(617) 253-7909. Students interested in research
also may contact various laboratories and
centers directly. For information about the
opportunities for Interdlscipllnay research, see
the description of the various interdepartmental
laboratories, centers, and programs In the
UROP Directory and in this chapter.

Undergraduate Seminars erlo, and Planetary Sciences. The data from
99Observatory and the New England Selsmic

The Undergraduate Seminars ram offers an Network are recorded, analyzed, and displayed
opportuni for students to Inte with faculty by three dedicated Com computers not-

W990 s smal, informal classsettings.worked with two MIcoV e and a VAX 8800 to
nem r v tre s both In e and facilitate data sharing and transfers. Data from

tcpc, some are oriented around small, Informal the Observatory along with the numerous
cl d sions wle others bring In speak- resources of the Department provide a unique
ers gd rip, or Involve extensive facility for undergraduates graduate students,

rats ar Instructors and staff to pursue research concerning the
also serve as a freshman advisor to students In Interior of the earth.
their class. Each spring term, several seminar Further Informaton may be obtained by contact-

ho ng ps Ing the Director, Professor M. Naf Tcksoz,
the* toisar nerRoplnronmauh ityE34-4Z, MIT Cambridge, MA 02139,

mn are of nte to fculty (617) 253-7862.
members bare de of ther departments Whitehead Institute for Biomedical Researchusual scope.

For more details about the program. including The Whiteihead Institute for Biomedical Re-
ttiles and descriptions of seminars, see the search provides educational and research
Undernradute Seminars Programn bookiet, opruiisfrgaut n negaut

tsejisceryearlyeandthe oshmflW1 Vrotu es orgraduatend ue uate
and Freshman Ad/sor Seminars Issue of the IT
Bulletin, male In the summer enterig At the Institute, developental biology Is stud-
frst-yeao sudets Thes pubicainsae led uIn the modemn oos of molecular biology.
ava from the Undergduate Academic The oa is to understand the processes by
Sup rt Office, Room 7-104, MrIT Cambridge, whio the fertilized egdevelops into a mature
M 139, (617) 253-771. organism. Three ma themes stand out in the

Investigative strategies of scientists at the
Unspecified Degree Programs for Whitehead Institute. In approaches that focus
interdisoiplinary Study (S.B.) primarily on gene structure, scientists examine

tmost important Individual genes In a partcu-
In a number of departments it Is possible to ar developmental system. A second approach
pursue a less specialized nmajor, loading to an to under ding developmentat the molecular
udegrs uae pd led m eaing t otd t a levl employs defective developmental systems.
pnderofsionl erel thatoe oll f o suchia a Researchers try to Identify and analyze the
without pfation, the student o re aterdones that cause the developmental
uwathout fnder the ropatuen Course n- t defect . third approach, that of cel biology,usualw der thent coernat Course num- looks at the Interplay of the molecules produced
ber Intedrmn t oseon. Te flexibilyo by Individual genesan unspecified degree program, coupled wth
appropriate advice from the home department The Institute Is an Independent, free-stand
and from other department, can giveistudents research facility adjacent to the MIT ao sn
a valuable opportunity for Interdepartmental Cambridge Center It is affiliated with MIT
study. through Itsfaulty, who are also members In the

MIT partment of Biology. Four other Inde-
Wallace Geophysical Observatory Investigators hold positions as

itehead Institute Fellows. Approximately 235
The George R. Wallace, Jr., Geophysical scientists are on the Institute s
Observatory is a unique research facility
designed to Itor ground motons and to aid Each year, a number of graduate students
in the developmeand testing of new seismio pursue Ph.D. degrese at the Whitehead Institute
and other g o alInstrumentation. It Is also t'rough the MIT Department of Biology. Under-
a keyEon of M . nine-station seismic graduatudentspursue research objectives

ntokIn New Englan. n. xh the MIT Undergraduate Resessah
Opportunities Program (UROPFurther Iforma-

The Observatory, alled 35 mes north of ton may be obtained through of the
Boston In Westford, Massachuset, has a large Director, Professor Gerald Fink. Whitehead
mult-room underground vault and a surfc institute, 9 Cambridge Center, Cambridge. MA
control room. The vault has a controied tem- 02142. (617) 2585215,
porature environment and instrument pie
rting direty on the basement rani. The
Observatmory ontaoins sensitive ssmometere
and instruments for monitoring ground tts and
the earth's tidal motions. The observatory also
seves as akey station of the GEOSCOPE
global seismic network. The surface building
oses a work area and control and recording

instruments. Data from the Observatory are
Ws|emetered direotl to the Earth Resources
Laboratory of the epartment of Earth, Atmos-

Program in Women's Studies

The Program In Women's Studies offers unique
opportunities for Interdlsolpll nazrstudy and
research for both undergradu an graduate
students. The primary objecte of Women's
Studies Is to encourage the reexamination and
reinterpretation of existing data, as well as to
promote new researoh about women and

ender In all dIsolInes. It offers new perspc-
es in fields as dvers. as anthropology, his-

tory, biology, psyhology, engineering, and
literature. St ns can take a Humanes
concentraton, minor, or mar (by p on) In
Women's Studies. The ou rrulum Inludes two
core subjects - Introduotion to Women's
Studies and Contemporary Issues In Women's
Studies - and a selection of subjects from
many de ents at the Institute. Special
Indsog ndent stud~topics and UROP projects

oan arrnge. 080ofactate Interdepartmental
research, the Women's Studies Research Room
In the Humanities Ubrary offers the MIT commu-
nity a multidisoplinar esroe for the study of

on agnder.T Program Is described
in greater detIl In Chapter III of this catalogue.
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104 School of Architecture and Planning

School of Architecture and Planning

Architecture (Course 4)
Urban Studies and Planning (Course 11)

The frstuniversityrIntuction in architecture in School's academic degree programs a gradu- Two special ams allow mid-career practitlo-
the United Staat MIT In 18, and the may embark on a career In architectural ners from mInty communities, who work in
scondgram in ann started in the do ;In planning for a hbor- urban and regional dev ment in the US and
130. hooArchitecture and hood or city or reotaerural area; in rewletate in developingcountries, to study and pursue

Incontinues In the forefont of architec- development for the public or private sector: in Independent research during one academic
ture Ann education, benefiting from the asan electedofci; In the arts as a year. in addition, the i

sc 11r= ofostered In a university of immaker or des versed in the oro istration Hatwvad Universi gives
science and technology. use of the computer tools; In the commu- profssslon0 stdents the opportunity to enrich

nicatlone Industryasea researcher developing their education at the Graduate School of De-
The School ti concerned with ser- the potential of 10sosnlo media. sign and the Kennedy School of Govemment,
Vloss forcomntethtVdlnay have Among other areas.
lacked access to professional help.amngoteraras
are fu ae Depatments and Special Programs intrnationsi engagements and their relation to
bodyandfacutrc with a s em- educational nd pofeeslcna goals are an
phasison mlnIltland women. TeSchools The School Is host to theDepartment of Archi- important factor in the reach and influence of
students- mthan 100 undergradusand tecture, theDepartment of Urban Studies and the School. These Include masters degree
40 graduate students fom thoughout the Planning and the Media Arts and Sciences tracks for planners In developing areas and
world-are trained to deal with clients and Section. These divisions offer undergraduate, n for Islamic cultures. theSpecIal Program

* at every level and scale of society and gradute-professional, and doctoral programs in U and gonal Studies (SPURS), and
every comer of the globe. n architecture, planning, and media arts and the Aga Khan Program for Islamic Architecture.

sclences, which prepare students for practice,
TheS l an u re pro- research, and futher study.

I
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As part of a great research institution, the
School provides a base for research sponsored
by the public and private sectors - conducted
In Its laboratories, programs, and centers As
research assistants, students have the oportu-
nity to gain field experience and to formu ate
ideas for new proposals. Recent projects have
represented the a :as of energy conservation
and appropriate technology, building econom-
ics, design research, environmental impact
assessment, dispute resolution, solar design.
special needs housing, neighborhood and
communi development, and management of
public partcipation for large-scale urban design
projects. Areas of International focus include
housing for developing countries and archltec-
ture and planning In East Asia.

Center for Advanced Visual Studies

Founded in 1967, the Center hosts a fellowship
program for students devoted to the exploration
of new artistic forms. The Center's main areas of
Interest are environmental es and design; and
the interaction of art, science, and technology.

Media Laboratory

The School-based, institute-wide Media Labora-
tory in MIT's new Wiesner Building addresses
the quality of the information environment. The
Laboratory draws together such once discrete
disciplines as film, graphics, photography,
music, and computer science in combinations
made possible by new digital video technolo-
gies and by advanced computer applications
capable of simultaneously manipulating sound,
Images, and data. Recent Initiatives and inven-
tions are enabling computers to serve as tools
for human interaction and expression, and are
giving new directions to publishing, entertain-
ment, and communications.

Center for Real Estate Development

in 1983, recognizing that many of its profession-
al concerns aected real estate development,
the School created the Center for Real Estate
Development. 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 Devel-
opment, an Interdepartmental degree program
that educates students to assume positions of
responsibility in both public and private sector
development orpanlzations. Faculty are drawn
from the School 9 two departments, the Depart-
ment of Economics and the Department of Civil
Engineering and from MIT's Sloan School of
Management.

Computer Resource Laboratory

A computer facility shared by the Departments
of Architecture and of Urban Studies and Plan-
ning is the School's chief link with Project
Athena. In addition, several dozen work stations
throughout the School are connected to one
another and to the rest of the Institute via the
Athena network. School faculty and students are
developing a computer-based design support
system that will enable exploration of new
multimedia aroaches for computer-assisted
teaching of design and planning.

Office of the Dean

John de Monchaux, M.Arch.
Professor of Architecture and Urban Planning
Dean

Lois A. Craig, S.A.
Associate Dean

Diane McLaughlin. M.B.A.
Assistant Dean for Administration

Deborah Cohen, M.B.A.
Assistant Dean for Resource Development

Michael Joroff, M.C.P
Director of Research Development

James McKellar, M.Arch,, M.C.R
Director, Center for Real Estate Development

Nicholas Negroponte, M.Arch.
Director, Media Laboratory

Otto Piene, M.A.
Director, Center for Advanced Visual Studies

L __________________



106 School of Architecture and Piannina

Media Arts and Sciences
Section

At MIT, the term Media Arts and Sciences signi-
fies the study, invention, and creative use of
new information technologies In the service of
human expression and communication. The
field, which Is rooted in the communication,
computer, and human sciences, addresses the
quality of the Information environment. The
Media Arts and Sciences Section, established in
1987, began as a program within the Depart-
ment of Architecture. The Section offers under-
graduate and raduate subjects (numbered
4.800 to 4.999l and graduate study leading to
the master's and doctoral degrees. Its academ-
ic programs are intimately lnked with research
p ram within the Meda Laboratory: Elec-

troic ublshig, eamngand Epistemology,
Speech Research, Music I&Cognition, Television
of Tomorrow, Movies of the Future, Spatial
Imaging, Graphics and Design, Vision and
Modeling, Interactive Cinema, Computer Graph-
los & Animation, and Advanced Human Inter-
face.

Master of Science

Students In the Master's program complete their
studies In a common culture that Includes
advanced placement or an MIT experience with
computer programming. The degree is
awarded upon the satisfactory completion of an

accetabe reearh tei. The program
requires four semesters of residence, of which
one may be a summer term.

Doctor of Philosophy

Progress toward the Ph.D. degree follows a
program of advanced study ncluding a
proseminar, which Is Intended as preparation for
a general examination in a major and two
supporting fields, and a program of facuty-sup-
ervised research that studenits begin In their first
year. Thes lead, In turn, to the development of
a program of original and significant research
within one of the research groups, and to the
completion and oral defense of a dissertation on
that research.

Research Assistantships

The Media Laboratory offers financial assistance
to all successful applicants In the form of re-
search asistantships, which are themnselves an
important p of graduate education. Assistant-
sh ire participation In research programs
wtn the MediaLaboratory; assistants normally
register for two subjects per semester and
receive academic credit for part of their re-
search.

Inquiries

Additional Information concerning graduate
academic and esearch rs, admissions,
and a t epd y e from Ms.

inda Petersoa, Room E1--224. MIT, Cam-
bridge, Massachusetts 02139, (617) 263-5114.

Faculty and Staff in the Media Arts and
Sciences Section

Stephen Anthony Benton, Ph.D.
Professor of Media Technology
Section Head

Professors

Muriel Ruth Cooper, B.FA.
Professor of Visual Studies

Marvin Lee Minsky, Ph.D.
Professor of Electrical Engineering and
Computer Science
Toshiba Professor of Media Arls and Sciences

Nicholas Peter Negroponte, M.Arch.
Wiesner Professor of Media Technology
Director, Media Laboratory

Seymour Aubrey Papert, Ph.D.
Professor of Education and Media Technology
LEGO Professor of Learning Research

Barry Uoyd Veroce, D.M.A.
Professor of Media Arts and Sciences
Music Section, Department of Humanities

Associate Professors

Edward Howard Adelson, Ph.D.
Associate Professor of Visual Soences

Tod Machover, MM.
Associate Professor of Music and Media

Alexander Paul Pentland, Ph.D.
Associate Professor of Computers,
Communication and Design Technology
NEC Career Development Professor of
Computers and Communications

David Louis Zeitzer, Ph.D.
Associate Professor of Computer Graphics

Assistant Professors

Edith Karin Elebeth Ackermann, Psych.D.
Assistant Professor of Media Technology
Fukutake Career Development Professor of
Research in Education

Victor Michael Bove, Ph.D.
Assistant Professor of Media Technology

Glorianna DavenportMA.
Assistant Professor of Media Technology
ABC Career Development Professor of Media
Technology

Kenneth William Haase, Jr., Ph.D.
Assistant Professor of Media Arts and Sciences

Adjunct Professor

Arun N. Netravall, Ph.D.
Adjunct Professor of Media Technology

Lecturer

Andrew Benjamin Uppman, S.M.
Associate Director, Media Laboratory

Administrative Assistant

Linda Haviland Conte

Administrative Staff

H. Lauren Gallant
Unda G. Peterson

Professor Emeritus

Jerome Bert Wiesner, Ph.D.
Institute Professor, Emeritus
President, Emeritus
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I

William Lyman Porter, M.Arch,
Ph.D.
Muriel and Norman Leventhal
Professor of Architecture and
Planning
Head of the Department

Leon Bennett Grolsser, Sc.D.
Professor of Structures
Executive Officer

Professors

Stanford Anderson, M.Arch., Ph.D.
Professor of History and
Architecture

Julian Beinart, M.C., M.Arch.
Professor of Architecture

John de Monchaux, M.Arch.
Professor of Architecture and
Urban Planning
Dean, School of Architecture and
Planning

Leon R. Glicksman, Ph.D.
Professor of Building Technology

lmre Halasz, Dipl.Arch.
Professor of Architecture

Tnney F. Lee, B.Arch.
Professor of Architecture and
Urban Studies and Planning

Edward Levine, M.A., Ph.D.
Professor of Visual Arts

Ronald Bentley Lewcock, B.Arch.,
Ph.D.
Professor of Architecture and Aga
Khan Professor of Design for
Islamic Culture
Chairman, Aga Khan Program for
slamic Architecture

(On leave, fall)

John Randolph Myer, B.Arch.
Professor of Architecture

Otto Pene, M.A.
Professor of Visual Design
Director, Center for Advanced
Visual Studies

Maurice Keith Smith, B.Aroh.
Professor of Architecture

Associate Professors

James Axley, M.Arch., Ph.D.
Associate Professor of Building
Technology

Eric Diuhosch, M.Arch., Ph.D.
Associate Professor of Building
Technology

David Hodes Friedman, Ph.D.
Associate Professor of the History
of Architecture

Sandra C. Howell, Ph.D.
Associate Professor of Behavioral
Science in Architecture

William Hubbard, B.Arch.-
S.M.Arch.S.
Associate Professor of Architecture

Jan Wampler, M.Arch.
Associate Professor of Architecture

Assistant Professors

Benjamin Buohloh, MPhil.
Assistant Professor of the History of
Art

Thomas Chastain, MArch.
Assistant Professor of Architecture

Rosemary Grimshaw, M.Arch.
Assistant Professor of Architecture

Leila W. Kinney, M.A.
Assistant Professor of the History of
Art

Frank Miller, M.Arch.
Assistant Professor of Architecture
Leonard Morse-Fortier, MSE
Assistant Professor of Building
Technology

Leonard Morse-Fortier, MSE
Assistant Professor of Building
Technology

Leslie Keith Norford, Ph.D.
Assistant Professor of Building
Technology

Francesco Passanti, M.Phil.
Assistant Professor of the History of
Architecture
Clarence H. Blackall Career
Development Professorship in
Architectural History

Visiting Professors

Charles Correa, B.Arch., M.Arch.
Professor of Archltechture

James McKellar, M.Arch., M.C.P
Professor of Architecture

Henry A. Millon, B.Arch., M.Arch.,
Ph.D.
Professor of History and
Architecture
(Fall)

Erich Schneider-Wessling, Dipl.Ing.
Professor of Architecture
(Fall)

Adjunct Professor

Richard Chester Tremaglio,
M.Arch.
Adjunct Professor of Architecture

Principal Research Scientist

John C. Kiensin, Ph.D.

Principal Research Associates

Reinhard Goethert, M.Arch., Ph.D.
Timothy E. Johnson, S.M.

Research Associates

John S. Crowley, M.Arch.
Michael Parent
Robert Smyser, M.L.A.

Lecturers

Michael Buckley, M.A.A.S.
Akthar Badshah, S.M.Arch.S
Renee Chow, M.Arch.
Fernando Domeyko, Dipl.Arch.
Dennis Frenchman, M.Arch., M.C.P.
John Furlong, M.L.A.
Nabeel Hamdi, Dipl.Arch.
Shun Kanda, M.Arch.
Masood Khan, S.M.Arch.S.
Earl Mark, M.Aroh., SM.
Wellington Reiter, M.Arch.
Cameron Roberts,M.Arch
Cart Rosenberg, M.Arch,
Peter Roth, M.Arch.
Lawrence Vale, S.M.Arch.S., D.Phil.
Kyu-Sung Woo, M.S., MArch

Technical Instructor

Christopher Dewart, BA.

Administrative Officer
Anne Shepley, B.A.
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Assistant to the Head of the
Department

Nancy Jones, B.A.

Administrative Assistant

Linda Okun, M.A.

Professors Emeriti

Wayne V. Andersen, Ph.D.
Professor of the History of Art,
Emeritus

Lawrence Bernhart Anderson,
M.Arch.
Professor of Architecture, Emeritus
Dean of the School of Architecture
and Planning, Emeritus

Herbert Lynes Beckwith, M.Arch.
Professor of Architecture, Emeritus

Pietro Bellusohi, Dotting., LL.D.,
So'D., D.FA.
Professor of Architecture, Emeritus

ean of the School of Architecture
and Planning, Emeritus

Richard H. Bolt, Ph.D.
Adjunct Professor, Emeritus

Eduardo Fernando Catalano,
MArch.
Professor of Architecture, Emeritus

Albert George Henry Dietz, Sc.D.
Professor of Building Engineering,
Emeritus

Richard Filipowski, B.A.
Associate Professor of Visual
Design, Emeritus

N. John Habraken, B.I.
Professor of Architecture,
Emeritus

Gyorgy Kepes, M.A.
Institute Professor, Emeritus
Professor of Visual Design,
Emeritus
Diretoer Center for Advanced
Visual Studies, Emeritus

Robert Ormerod Preusser
Professor of Visual Design,
Emeritus

Chester Lee Sprague, M.Arch.
Associate Professor of
Architecture, Emeritus

Waclaw Pkotr Zalewekl, D.Toh.Sl.
Professor of Structures, Emeritus
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Department of Architecture

(Course 4)

The Department of Architecture is a rich and
varied educational environment for the study
and practice of architecture and art. It has
strong traditions of concem for human values,
and for finding appropriate roles for architecture
in society. it is a place where the Individual
creativity of a student can be cultivated and nur-
tured in a framework of values that is humanisti-
cally, socially, and environmentally responsible.

The Department's range of ac extends from
addressing significant social, ecloal, and
environmental issues to building in today's
market economy; from recent and future tech-
nological advances, especially in the energy
area, to advances In design practice and re-
search. It seeks to relate these to architectural
theory and practice in this and other countries,
and to bring them into relationship with the
skills, thinking, and heritage of architecture.

The diversity of attitudes and working methods
in the Department makes possible a variety of
academic programs and aitemative career
paths.

The Department offers six degree programs: the
Bachelor of Science in Art and Design, the
Master of Architecture, the Master of Science in
Architecture Studies, the Master of Science In
Building Technology, the Master of Science in
Visual Studies, and the Doctor of Philosophy.
The Department is composed of five discipline
groups: architectural design; architecture
studies; building technology; history, theory,
and criticism of architecture and art; and visual
arts. Students in each degree program are
encouraged to take subje In the different
discipline groups.

Architectural Design is taught from a broad
range of perspectives linking several common
concerns: site and context, use and form,
building methods and materials, and the role of
the architect. Context Is considered in terms of
existing and historical physical form (natural and
constructed) and sociological pattems of use.
The architect is seen loe as the sole creator of
a completed building than as a participant with
user groups, or as a generator of a structure to
which users may ad dor alter.

A broad range of architectural design studios is
offered. Rather than a single core curriculum,
the focus Is on a set of design projects of
ascending complex Introductory studios
provide a basic archi raldesign background
and vocabularand help undergraduates de-
cide whether ty want to continue in architec-
ture. The Intermediate studios provide a range
of experiences of form-making In which lndMd-
ual faculty present their particular ways of
exporing a design issue. The advanced studios
give graduate students the opornity to sharp-
en their skills and to pIthr own attitudes
of form-making. in their theses, students cany
through a project of their own from concept
through theory and design to a final product

The School's computer center is avallable to
experiment with modeling techniques, graphic
representations, design methods, and assis-
tance with the design process. Students may
also partilpate In research work in these areas.

The emphasis in Architectural Studies is on
combining the study and practice of shaping
the built environment with research on the built
environment, on the forces that mold it, and on
the design process itself. it covers such areas
as large-scale physical settings, behavioral
studies, environmental programming, the form
and evaluation of cities, design theory and
methodology, decision-making procedures in
design, housing and settlement forms in devel-
oping countries, self-help rocesses, and
design in non-Westem culres. Central to
these topics is the role of the user as an active
force in the development of environments and
the role of the designer as an agent in the
process of human habitation.

Building Technology includes teaching and
applicatons of the undamentals of technology
as well as research in technology for the next
generation of buildings. Topics include building
structures, materials, Industrialized building
systems, energy in buildings, air quality control,
and building simulation. Subjects include funda-
mentals of technology, applications to buildings,
design studios, laboratories, and independent
research prjects. Students may, for example.
study problems of energy resources and tech-
nologies and use this to design physical envi-
ronments or buildings for the next decade
embodying oonceptscurrently in research.
Research facilities include the Energy Efficient
Buildings and Systems P ram, the Ughting
Labora:cry, and the MIT Solar Building o.5.
Research facilities of other departments such as
Mechanical and Civil Engineering are also used
in joint research projects.

The History, Theory, and Criticism of Archi-
tecture and Art group emphasizes ways of
developing and oranizing concepts as well as
understanding the ysical and social context of
an architect's and 's works. The group Is
most concemed with the creative process itself,
both in understanding the meanings of archi-
tects' and artists' actions and, more importanty,
In being able to contribute directly to analytical
and design processes (including work in archi-
tectural design studios).

The history of architecture offerings deal with
social and physical contexts of the built environ-
ment on many scales. While not limited to any
particular period of time, they generally focus on
contemporary understanding relevant to the
basic premises on which architects work.
Theory and criticism of architecture serve as the
methodological bases for evaluation of the
omises m process the final product, and

the implications (sociai, formal, and other) of
proposed action and nonaction. They the
development of and changes in sign=
attitudes about architectural works.

The Visual Arts group Is now being redevel-
oped; it is a floid in which the mind and hand
are fused In relation to a single vision. The
group places the particular media second and
the Idea of discovery first. The implications for
the architectural artifact are to clanfy and purify
its relation to the guiding idea.

This group is currently bein built up for MIT
undergraduates, first at the foundation level,
then for those interested in minors and majors
in the visual arts, and for architectural design
students who wish to draw creative new direc-
tions from the work and Influence of visual
artists.

The Minor Program is designed to enable
students to concentrate on the historical, thec-
reticjl, and critical issues associated with artistic
and architectural production. Introductions to
the historical framework and stylistic conven-
tions of art and architectural history are followed
by more concentrated study of particular per-
ods and theoretical problems in visual culture
and in cultural history in general.

The Minor Program in History of Art and
Architecture consists of six subjects arranged
into three levels of study and chosen as follows:

TIER I: Two subjects:

4.601 Introduction to Art History
or
4.602 Modernism and Mass Culture
and
4.605 Introduction to the History and

Theory of Architecture

TIER 11: Three subjects chosen from the follow-
ing; no more than two subjects from either the
History of Art or from the History of Architecture

4.625 Architecture in the Middle Ages
4.635 Renaissance Architecture
4.641 19th-Century Art
4.644J Representations of Women in

19th-Century Culture
4.645 Architecture: 1750-Present
4.646 American Architecture: World

War I to the Sixties
4.651 :20th-Century Art
4665 Contemporary Architecture: A

Critical Review

TIER iII: One subject:

4.609 Seminar in History of Art and
Architecture
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Undergraduate Study

The Department offers two undergraduate
courses of study. They provide a broad under-
graduate education for students who have clear
professional goals and for those who desire a
solid foundation for a number of possible ca-
reers. Course IV leads to the Bachelor of Sci-
ence in Art and Design, and Course IV-B leads
to the Bachelor of Science.

Bachelor of Science In Art and Design
Course IV

Course IV offers a flexible program for students
In four possible areas of concentration: visual
at; architectural design; building technology
(including structures, building process, energy
systems, and environmental control); and
h story, theory, and criticism of art and architec-
ture. Within a clear framework, students develop
individual courses of study best suited to their
needs and interests.

The requirements for the S.B. in Art and Design
curriculum begin with an Introductory subject,
4.01 Introduction to Architectural Design I,
designed to be taken by freshmen and sopho-
mores. The remaining Restricted Electives
Include beginning work in the arts, architecture
and the building process, and the history and
social context of ar and architecture.

Undergraduates interested In technology and
architecture should consult a faculty advisor in
Building Technology. They can plan a course
concentration including structures, thermal sys-
tems, building systems, computer-alded design,
building simulation, and work on current re-
search projects. A joint program with a depart-
ment in Engineering can also be structured.

Students should discuss their educational inter-
ests and plans with a faculty advisor not later
than the beginning of the fall term of their junior
year. The Department has prepared charts
which give the subject requirements for each of
Its four areas of concentration. Each area of
concentration provides a variety of subjects
among which to choose, as well as an opportu-
in to get deeply involved in a particular sub-

Students who pIan 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
At and Design normally are able to satisfy the
requirements for the M.Arch. In two years if they
Include in their undergraduate program a suffi-
cient number of professional subects. This re-
quires careful use of a student's Unrestricted
Electives.

Students who intend to continue with graduate
studies in the visual arts, building technology,
and history, theory, and criticism of architecture
should consult with an appropriate faculty
member to design a program of study which
establishes the basis for graduate study.

Bachelor of Science In Art and Design
Course IV

Gener Inetitte Requiremente 17 subjects

Science Requirement 5

Humanities, Ails. and Socil Sciences Requirement (Cne
subject can be satisfied by subjects in the Departmental
Program]y S

Science Distribution Requirement [one subject can be
satisfied by 4440 or 4.42J in the Depaitmental Program) 3

Laborstory Requirement _1
TOTAL Subjects 17

PLUS

Departmenteal Progam Unite

Subject names below arefollowed bycredit units, and by
prerequisites it any (corequisires in tels)
Requrad Subjects: 61

401 introduction to Architectural Design i. 12

4301 Foundations in the Visual Arts, 12. HASS-D/
HUM-0

4 401 What is a Buliding?. 9

4 05 Introduction to the History and Theory of
Architecture. 12. HASS-D/HUM-D

One of re folowing nto subjects:
4.42J Fundamentals of Energy in Buildings, 12.

SO8.02. 18.02
4.440 Basic Structural Theory. 12. SD. 8.02. 18.02

One subject each from Moof the tollowing three group$:
Group I Arhtectura estgn

4.04 introduction to Achitectural Design it. 12; 401
Group 2 Visual Arts

4322 introduction to Sculpture, 12. HASS: 4.301
4.341 introduction to Photography, 12, HASS: 4301

aroup 3 History and Social Context
4641 ih-Century Art. 12, HUM-D
4 851 2oth-Century Art.12; HUM- D

4 711 Architecture of Urban Neighborhoods and
its ransitions, 12

4770 Environmental Psychology, 12, HASS

11.001 Introduction to Urban Design and
Development. 12

Planned leetves 72

A coherent set of subjects within one of the following areas of
concentration (in addition to two subjects above in the area):
Architectural Design: suilding Technology: History, Theory, and
Criticism of Art and Architecture: Visual Als. See Department
for details.

unIn $mma e e am #Wum OMfy the215)Inettte Requkentes (24)

Unreefttod flisov51S

Total uniteRequired fo*te11.. Dm Sayendfth "eMal Institue Requmenta(GAIR$s) 10
NOTE: NO SUBJECT can be counted BOTH as part of the
17-sublect GRs AND as p of the 10 units reqrd beyondthe GIFI. EVERY subject In the students ldepartmental
program will count toward one or the other, BUT NOT BOTH.

Bachelor of ScIence Course IV-B

Course N-B is offered for students who find that
their basic intellectual commitments are to
subjects within the Deoartment of Architecture
but whose educationa objectives Out across
departmental boundaries.These students may,
with the approval of the Department, pian a
course of study that meets their individual
needs and interests while Including the funda-
montil areas within the Department For exam-
ple, students might create a coherent program
combining subjects in architecture wi subjects
in urban studies and planning, computer
sciences, systems analysis, acoustics, etc.
As early as possible, students should discuss
their interests and Intended prrams with
De palment faculty members. Students desiringto ollow this curriculum must submit to the
Department, not later than the beginning of the
fall term of their Junior year, a statement of
educational goals, including a list of the re-
stricted, planned, and unrestricted electives
selected to achieve these goals,

The Course IV-B curriculum is similar to Course
IV, except that students need take only five
sub jects. four of which must be from the first
two groupings, and the fifth of which must be
from Group 1. 2, or 3 In the Course IV curricu-
lum, plus a coherent program of planned elec-
tives (96 units) leading to a well-defined interdis-
ciplinary goal. Further details may be obtained
from the Department.

Students In either program of the Department of
Architecture may, upon consultation with a
faculty advisor, exercise flexibility in scheduling
completion of the General Institute Require-
ments, It should be emphasized, however, that
any program of studies that involves pos ning
first-yea physics and mathematics limeits
possibilities of transferring easily to (or tating
advanced subjects in) those departments that
presuppose the completion of most of the
General Institute Science Requirements by the
end of the sophomore year.

*Onty one subject In the fields of Visual Ais and Design,
History of Art and Architecture. and Urban Studies used in
fulifliment of the Departmental Program may be used to satisay
the Humanities, Aits. and Social Sciences (MASS) Requirement.
Students cannot 10the sam almental areao concen-tration and HASS Field of Concentration.

I,
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KS;

The Department offers five graduate degree
programs - the Master of Architecture, the
Master of Science in Architecture Studies, the
Master of Science in Building Technology, the
Master of Science in Visual Studiesand the
Doctor of Philosophy.

The Master of Architecture is awarded to stu-
dents who complete a program, accredited by
the National Architectural Accrediting Board,
that is an essential step toward licensure for
architectural practice.

The Master of Science in Visual Studies pro-
gram explores arts and media technology; it
accepts only students who have already dem-
onstrated a high level of competence and
achievement in their field.

The Master of Science in Building Technology
pro ram is jointly run by the Departments of
Architecture, Civil Engineering, and Mechanical
Engineering. It is meant for students who
intend to make this field their career.

The Master of Science in Architecture Studies
program stresses research and inquiry in the
bulit environment: the degree is meant both for
students who already have their first profession-
al architecture degree and those whose pre-
vious education matches the program.

The Ph.D. program is an advanced degree
program initiated in the area of History, Theory,
and Criticism, but is being expanded to other
areas - specifically Design Methodology.

Master of Architecture

The Master of Architecture is awarded upon the
satisfactory completion of an approved program
of at least 164 units, of which 96 units must be
in "A" subjects, and an acceptable thesis.
Completion ordinaril requires at least two years
of residence beyon the Institute's undergradu-
ate Bachelor of Science in Art and Design. A
substantial number of candidates are admitted
with a Bachelor's degree from other institutions.
Those who have not yet studied in a department
of architecture require at least three and one-
half years of residence to fulfill the requirements
for the M.Arch. degree.

The professional MArch. program is seen as
being diverse and open-ended with many views
of an appro theory and practice of archi-

yet with a general set of
shared oonoeme. These include a commitment
to desn aconcem for the behavior of people

th 0; tin Increating architecture,
an Interest In inquiry and criticism, a view of the
environment as a n and developinphe-
nomenon, an interest In the relation between the
built environment and Institutions, ar for
the materl processes of building, acon-
com for the spatial and temporal contexts of
buildings.

ArchItectural design studios are the center of
the M.Arch.drprogram. Students must

t*gnizethat are many possible profes-
roleand therefore must assume much

of the responsibility for structuri their own
educational ram. While the professon
OurrIoulum = that a study a

range of subjects in several interrelated fields,
students in the M.Arch. program have some
choice within each of the study areas offered in
the Department, and have the opportunity to
concentrate in one area which they may define.

Master of Solence in Visual Studies

This program offers graduate education in visual
studies and visual media with emphasis on their
technological development, communications
applications, and use in and as art. It is open to

ents from varied backgrounds.

The degree is awarded upon satisfactory com-
pletion of an approved program of study and
submission of an acceptable thesis. The pro-
gram requires four semesters of residency.

Master of Science in Architecture Studies

This program is designed to provide a climate
for research and Inquiry that stresses the investi-
gative component of understanding the built
environment. It is open to students with profes-
sional degrees in architecture, or to students
with degrees in other fields who demonstrate
experience and significant achievement in those
fields. The S.M.Arch.S. degree is awarded upon
satisfactory completion of an proved program
of study and the completion an acceptable
thesis. The Department requires two full aca-
demio years of residency.

The program has a strong interost in the meth-
ods of inquiry, development and testing of
knowledge, and the building and aplication of
theory as it pertains to the built environment. It
allows students to specialize in areas in which
they wish to obtain particular abilities. The two
major areas of study are:

1) Environmental Design - a joint enterise of
the Department of Architecture and the Depart-
ment of Urban Studies and Planning. Major
interests include environmental design, models
and evaluation, polloy analysis, behavior and
programming, and history and theory.

2) Design for Islamic Societies - which con-
centrates on issues concerning regional and
cultural identity in the design of buildings, and
the relationship between urban design and
architectural formin Islamic and other non-Wes-
tern sooleties. Subareas of research are appro-
priate building technology, ollmate, conservation
and preservation, and the development of new
design vocabularies.

An additional area, - History, Theor, and
Criticism-admits onyafewS.M.Aroh.S.
students each year. They work alongside doo-
toral students in the program, and, as a result,
are able to carry theirlnigexperience bak
to architectural practice or design education.
The strength of the faculty in this areales in the
period from the late Midde 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 culturee. Students often use a site
in their home countries as a base for their
theses.

Master of Science in Building Technology

This program provides a focus for graduate
students interested in the development and
application of advanced technology for
buildings. Students in this program take relevant
subjects in basic engineering disoiplines along
with subjects which apply these topics to
buildings. It is open to qualified students with a
degree in engineering or in architecture with a
sutble background Tn technology.

The program concentrates on the development
of the next generation of technology for build-
Ings as well as the innovative application of
state-of-the-art concepts to building systems.
Research programs, in many cases jointly
carried out with faculty and students in the
School of Engineering, include advanced
thermal Insulation concepts, solar energy
buildin envelope systems, composite
materls, air quality control, monitoring and
controls, and building simulation.

Doctor of Philosophy

The Ph.D. program in Architecture, Art, and
Environmental Studies Is primarily in the area of
History, Theory, and Criticism. it draws upon the
uni ueraneof disciplines and professions
withn the partment of Architecture and
emphasizes the study of Western (19th and 20th
centuries) and Islamic architecture and urban-
Ism, and methodological Issues that Inform or
link historical and practical work. The Ph.D.

ogram in Buliding Technology is a research-
program almed at fundamental studies at

the forefront of building technology in the areas
listed above. In addition, sometaents are
working in the area of design methodol y and
studies in architecture and environmental struc-
ture.

Candidates for the program should have a
Master's degree or the equivalent. Previous
university work may be in academic or profes-
slonal schools, andIn the history of arhitecture:
some professional experience is also recom-
mended. 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 adiory committee and a
general plan of study. Progress through the
Wprormfollows a sequence of sub work,
q Ingpap general examine in major
and minor esand dissertation writing and
defense. Proficiency In two languages Is man-
datory for studentsrn Architecture, Art, and
Environmental Studies. Students are encour-
aged to take subjects appropriate to their pro-
grams in other departments at MIT, and at

arvard.

Inquiries

Further information concerning undergraduate
and graduate academic programs in tDepart-
ment, admissions, financial aid, and assistant-
ships may be obtained from the Department of
Architecture, Room 7-303, MIT, Cambridge,
Massachusetts 02139, (617) 258-8436.

Donald Allen Schon, Ph.D.
Professor of Urban Studies and
Education
Head, Department of Urban
Studies and Planning

Professors

John de Monchaux. M.Arch.
Professor of Architecture and
Urban Planning
Dean, School of Architecture and
Planning

Robert M. Fogelson, Ph.D.
Professor of History and Urban
Studies

Bernard Joel Frieden, M.C.P, Ph.D.
Professor of City Planning
(On leave)

Ralph A. Gakenheimer, M.R.P,
Ph.D.
Professor of Urban Studies and
Planning and Civil Engineering

Hack, M.Arch., MUP, Ph.D.
Professor of Urban Design

Bennett Harrison, Ph.D.
Professor of Political Economy and
Planning
(On leave)

Frank Sidney Jones, M.B.A.
Ford Professor of Urban Affairs

Morton Kahne, M.D.
Fz.fessor of Social Psychiatry

ley Carleton Keyes, Ph.D.
essor of City and Regional

Planning

TUnney F. Lee, B.Arch-
Professor of Architecture and
Urban Studies and Planning

Gay T. Marx, Ph.D.
Professor of Sociology
(On leave, spring)

Ken R. Polenske, Ph.D.
SProfessor of Regional Political
Economy and Planning

Wllam Lyman Porter, M.Arch.
Ph.D.
Muriel and Norman Leventhal
Professor of Architecture and
Planning
Head, Department of Architecture

Martin Rein, M.S.W, Ph.D.
Professor of Sociology

Lawrence E. Susekind, M.C.P,
Ph.D.
Professor of Urban Studies and
Planning

Lance Taylor, Ph.D.
Professor of Nutritional Economics
(On leave, fall)

Judith Tendler, Ph.D.
Professor of Political Economy

Associate Professors

Lawrence Bacow, J.D., Ph.D.
Associate Professor of Law and
Environmental Policy

Phillip L. Clay, Ph.D.
Associate Professor of Urban
Studies and Planning
Associate Department Head

Joseph Ferreira, Jr., S.M.E.E.,
Ph.D.
Associate Professor of Urban
Studies and Operations Research

Lynne Bayer Sagalyn, M.C.P., Ph.D.
Associate Professor of Planning
and Real Estate Development

Bishwapriya Sanyal, M.C.P, Ph.D.
Associate Professor of Urban
Studies and Regional Planning

J. Mark Davidson Schuster, Ph.D.
Associate Professor of Urban
Studies and Planning

William Cody Wheaton, Ph.D.
Associate Professor of Economics
and Urban Studies
(On leave, fall)

Assistant Professors

Edwin Mel6ndez, Ph.D.
Mitsui Career Development
Assistant Professor of Urban
Studies and Planning

Paul Smoke, Ph.D.
Assistant Professor of Political
Economy and Planning

Lawrence Vale, Ph.D.
Assistant Professor of Urban
Studies and Planning

Lyna L. Wiggins, Ph.D.
Assistant Professor of Urban
Studies and Planning

Visiting Professors

Richard Schramm, Ph.D.
Associate Professor of Economics

Christopher Tilly, Ph.D.
Assistant Professor of Urban
Studies and Planning

Michael Wheeler, J.D., LL.M.
Professor of Law

Adjunct Professors

Philip Barnard Herr, M.C.P
Adjunct Professor of City Planning

Melvin H. King, M.Ed.
Adjunct Professor of Urban Studies
and Planning
Director, Community Fellows
Program

Senior Lecturers

Louise Dunlap, Ph.D.

Dennis Frenchman, M.C.R M.Arch.

Gillian Hart, Ph.D.
Director, Special Programs for
Urban and Regional Studies
(SPURS)

Lecturers

John Ehrenfeld, Sc.D.
Senior Research Associate

Donna Marie Horse Grant, Ed.M.

Patricia Hynes, M.S.

Amy Schechtman, M.C.P

Administrative Officer

Rolf R. Engler, ASA.

Administrative Staff

Mary Grenham, S.B.

Jeanne Washington

Sandra Welford

Professors Emeriti

Aaron Fleisher, So.D.
Professor of Urban and Regional
Studies, Emeritus

Roland Bradford Greeley, M.C.P
Professor of Regional Planning.
Emeritus

John Tasker Howard, M.C.P
Professor of City Planning,
Emeritus

Usa Redfield Peattle, Ph.D.
Professor of Urban Anthropology,
Emeritus

Uoyd Rodwin, M.PA., Ph.D.
Senior Lecturer
Ford International Professor,
Emeritus
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Department of Urban Studies
and Planning

(Course 11)

Undergraduate Study

Neighborhood and CommunF
The Department of Urban Studies and Planning A focus on practice and the development of Bachelor of SoScience In Planning schniues of describing, ev

(DUSP) offers several degree and nondegree practice-related skills Is central to the Depart- Course Xl - Option 1 hadsiaesl hesdy thin bua
r rams: Bachelor of Science in Planning; ment, particularly to students In the professional gtiineIa ons between

M er of City Planning; Master of Science in degree (M.C.P ) program. One means of so- The Department of Urban Studies and Planning nd the people who inhabit them
Urban Studies and Planning; Doctorate in Urban quring te practico-related skills and of offers an Interdisciplinary preprofessIonal pro- skills in defining needs and goals
Studies and Plannin joint progams with the integrating them with classroom knowledge is gram designed to prepare students for oarees alternative development patterns
Departments of Archtecture, Ci Engineering, through the Departments fieldwork and intern- as planners, analysts, advisors, and managers 0i and methods for Implementing p
Political Science, and Economics; a Special ship rams. Throuh fieldwork, students can either the public or private sectors. Course Wet changes in urban areas. The spe
Program in Urban and Regional Studies (for acquire competence b working with capable stresses knowledge and skills for: 1) defining relates economic and political asp
mid-career professionals from lose developed rctitioners an en ringel experiences and responding to community needs, 2) eva- opment to planning methods and
areas); the Community Fllows Prgram(for back Into the adeic setn for reflectonan luating and designing? public policies and pro
mid-career professionals from communities of discussion. Students may wor In community grams, and 3) allocating resources in an sfi- Public Policy, Urban Manageme
color in the United States); and special student organizations or govemment agencies, or under cient and equitable manner. Law focuses on the nature of pub
status for part-time mid-career professionals the direction of faculty members involved In rocesses of policy formafo
interested in taking individual courses. field-based projects for outside clients. Academ- The core of the program provides basic knowl impementation r r

Ic credit Is awarded according to the time edge of community and environmental systi tniques for planning and exes
City and regional planner's In the US and other committed. In some cases stipends are related the social science concepts used to describe policy. Subjects examine factorst
parts of the world are involved in a variety of to fieldwork or internship programs. them; and the methods and techniques with public choices - political and e
activities aimed at shaping the pattern of human which they can be analyzed, planned, and eats, social structure, and value
settlements and providing housing, public Specific opportunities for concentration and changed. Students begin with one introduoty Fieldwork and Intemship subject
services, employment oportunities, and other specialization available to students are included subject linked to either the design or policy side experience that he develop skl
crucial support systems that comprise a decent in the descriptions of the degree programs that of planning, plus three social science subjecta and management. This spelaliri
living environment. Planning encompasses not follow. Introducing basic concepts from the disciplines students for subsequent workinC
only a concern for the structure and experience of sociology, political science, and economics. blic administration and manag
of the built environment, but also a desire to During the month of J inuary, the Department of The two-sect sequence In planning and
harness the social, economic, political, and Urban Studies and Planning offers a series of aphed socrsearc hnbuldnn thesen
technological forces that give meaning to the "mini-subjects' in specialized fields not covered applied social research then builds on thes

everyday lives of men and women in residential, by the regular curriculum - unique opportuni- Ical roblem so ng. Students are also expected
work, and recreational settings, Planners oper- ties provided by the Institute-wide January tog. Shrensilsnoththe
ate at the neighborhood, metropolitan, state, or Inde dent Activities Period. Some of these thir su ec and th both
national level, in both the public and private are student-organized activities that subsequent- rth
sectors. Their tasks are the same: to help frame ly have been incorporated into the academic Student participation in departmental research
the issues and problems that receive attention, program. and public sector Internships Is an important
to formulate and implement programs and part of the program. Faculty members will help
policies responsive to individual and group The Minor Program offers students the opportu- students formulate, design, and undertake a
needs, and to work with and for various com- nity to explore asio issues in this interdisciplin- Dersonal project synthesizing what they have
munitles in allocating both economic and natu- ary field, leared. The project may involve a focused
ral resources most efficienly and most equit- The Minor Program In Urban Studies and Plan attempt at analysis, or a report on a problem-
ably. ning consists of six subjects arranged into three solving experience accomplished eer throu

Planners are often described as "generalists- levels of study as follows: a fieldwork assignment or as the result of a

with-a-specialty." Specialties have been thought workshop.
of in functional terms (such as housing, trans- Students are free to develop their own special-
portation, land use, health oare) or in terms of Tier 1: One subject: Izations In consuitation with their advisors or

the geographic levels at which decision making may select one of the three areas suggested by
takes place (neighborhood planning, town 11.001 Introduction to Urban Design and the Department:
planning, regional plannin~glanning for nation- Development
al development). Subspec oes withinthe Environmental Planning serves students
planning field alo have been described in Tier II: Four subjects from the following: seeking careers in managing and analyzing the
terms of the roles that planners are called upon quality of the environment. Students may subste
to play, such as manager, designer, regulator, 11.006J American Society: Values, Institutions, quently become specialists in planning, law,
advocate, evaluator, or futurist. ani Variety engineering, or other "environmental profes-

11.007J Politics and Public Poliy aone" such as landscapenarchitecture, water-
The Department of Urban Studies and Planning 11.008J Economic Structure of ilties resource management, and air-pollution con-
seeks to educate professionals and scholars 11.009J Surveillance and Society trol. This speciaization examines the form and
who as practitioners are able to deal with the 11.013J American Urban History I function of natural and urban systems, tech-
processes of urban and regional development, 11.131 The Urban Neighborhood niques for describing and evaluating environ-
environmental planning and design, and public 11.165 Courts and American Society mental change, approaches to analyzingand
policy analysis and implementation. The Depart-
ment is committed to educating planners who Tier IIl: One subject implementing environmental policy, andete

can dvoatethe nteest ofunderepesetednisms for assessing the choices posed by lie
can advocate the Interests of underrepresented 11.195 Special Topics in Urban Stud environmental impacts of technological ad-

and Planning vences.

AWcmpute-relatd subject suh as 1.00oi
CoW% Mpues dEngineering R~bemso
One sujec.

ntroduction to
Mng is suggested as

17 $%"ste

by

I=) can be

11.188
.1

ects 17

Planning Bachelor of Solence in Planning
environment; Course XI - Option 1

aluating, and
nge. Students
communities oenrsA instite nequkemerne
. They acquire
, In assessing
and policies, Science Requirement
lanned Humanities, Arts, and Social Sciences
cialization Requirement (threesubjects can be satisiedt
pects of devel- subjects in the Departmental Program)

theory. S ce ist01rbution Requirement' (one suil

ent, and the salfied b~ 6.041 In the Deamental Progra

bile Institutions, Laboratory Requirement [can be satisfied by
n, analysis, and or 17.2W In the DOpartmental Program)

d management TOTAL Subo
cuting public PLUS
that influence
conomic inter-
considerations. Deorsentl Program
s give students
kills In analysis
aton prepares Subjec names below are lowed bCredN i
government, p' werAqi itay(carequilee In tice
ement, and RequWse suMPeoWs:

roup I: nnodwufen
One ofe wfollowing o subjects:

11.001 introduction to urban Design and
Development, 12

11.002 Introducilon to Public Policy Analysis and
Oovmmer Action. 12

aroup I: Soolalance
11.0A) American Society' values. institutions.

and variety. 12, HUM-D
11,o007 Politics and Public Policy, 12. HASS-D/HUM-D

14.01 Principles of Microeconomics. 12, HASS

aroup I: Pluning and Appsed Social Research
11t03 Planning and Applied Social Research 1, 12

11.007J, 14.01

17.203 Political Science Laboratory 12, LAS

11188 Social Research Methods, 12, LAS

6.041 Probabiiistic Systems Analysis, 12.0S; 18.02
Grop l Senior Project
Senior Project (10-24 unts

Piwned leeive: e4 ums es
A coherent selection or five subjects in planning and applied
social science developed In consultation with the student's
depmentl adO The studn must Includeat lest one
additional socla science subject, such as ol.008 Economic
Structure of Ci or 11.014J American urban History P: at least
112 units at approved Internship. tl4*~r, or worirhop esperi-
ence; and at least three subjects comprising an approved area
of specialization (described In teAt).

une 111 a tmenta l enMat a a esatsf y
the enerl ntintutue R;=Meme

Ureststed oisee es-ese

TM4tal nsRoq*ed for the GAL.Dew" Ie Usyon
#10 Geral WOW e "ePR*) go15

NOTE: NO SUIEOT can be counted BOTH as part of the
17-subject Gits AND aspert of the 180 units T quirbeyond

the Gifs. EVERY subject In the student's departmenta
program Will1 count loarWd one or the ot her.HU NOT 90TH.

Bachelor of Science in Planning
Course X - Option 2

This option, In cooperation with Civi Engineer-
Ing, Is designed for students who want to com-
bine the skills of the two fields. Suoh proams
concentrate, for example, on environmeamengineering, on transportation systems related
to rand development, or on constructed faollities
and environmental planning. Other combina-
tons are possible.

The rogram Is administered by a committee of
facult representing the two departments.
Appllations are made dire this committee
through either departmentTe committee
advises students on the choice of courses to
meet their study objectives.

This Is a combined degree. The diploma names
only the S.B. In Planning but a letter provided
upon graduation by the bombined Program
Comittee confirms the students participation
in the program.

Bachelor of Science in Planning
Course XI - Option 2

oenvel nretlle Aequmnte 17 ujects

Science Requirement

Humanities. Arts. and social sciencesRequirement [one subject can be saris-
uled mei.cij in the Depatmental Program]'a

science Distribuon Requirement (2subjects can be saisfied by 1.00 and
1.03 in the Dopartmenta Program] 3
Laboratory Requirement 2  .1

TOTAL Subjects 17

PLUS

Depertmetel PIOUUSUnits

Subject namsbelow are followed bcedft witnS, and by
Weualter any (coreqesieI Sn lcs)
Retqured subjeste:

1.00 introduction to computers and EngineeringProblem So~og. 12.,SD

72

I.0U Engineedng AspeSMor ECO~noieAnasts,2
HASS

1.02 Optimal osign of Engineering System, 12;1,00
103 introductIon to Probability and Statistles for

Engineers. 12;18.03
one o t'f t ofgt he subjt:

11.001 Introduction to urban Design and
Deelopment.1

11.002 IntroducIon to Public Poicy Anal-
ysIs and Govemment Action, 12

18.03 Di Derential EqualIons. 12,; 18.02*

units

rns, and by

es-120
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Plained Sat". 72
Incoldng:
Sub ets which mMirb and deh In the are of
euodlmion(w towes 5Uitsl)
CMI englneedng sublects (tl st 1S unas
A speclal studies projeCt or thesis whch requires a
synhesis hof O w Ithin the scope of the joint
program (t lWM 12 unrts)

theoaettiansqai mas eaey p)

Uroetdoted eense 72

NOTE NO SUBJECT can be counted BOTH as pa of the
I7-ubje ct AND s npa oatthe 180 unt required beyond
the GlAr EVERY SOjcInothuoe student s de NsT
progr a ill count toNwa*neor the hK OfNOT BOTH.

Bachelor of Science in Planning
CourseXI-Option 3
Urban and Regional Planning In Developing
countries

This oon provides training In urban studies
and pla ning In the setting of developing coun-
tries. It Is designed particularly for thoe stu-
dents who come from developing countries or
who are preparing to work in such plaes.

Students elocti this option must take one of
the two Introductry ubjects offered by the
Department, the Urbanitudies laboratory, and
fth thesis; and a set of subjects In Issues of
regional development, and the poliics, econom-
ics, and social aspects of development. Eleo-
tives are chosen in conference with the stu-
dent's advisor and ae Intended to develop a
basic competence In analysis and planning In
some specific areas.

The major problem area fool available are
housing, transportation, and urban poy, but
aranigements can be made to combine work in
othe departments such as Architecture, Civl
Engineering, Economics, or Political Science.

Five-Year S.D.-M.C.R Option

MIT undergraduate planning ma may appl
for admission to the Departmenr master In City
Planning (M.C.P) Program at the end of their
junior yea. Students accepted into the five-year
roram ae exempted from the undergraduate

thssrequirement and receive both the Sache-
lor of Science and the Mase In City Planning at
the end of iveyears. Admission Islmited to
those undergraduates who have demonstrated
exceptonal r essional promise. More Informa-
tino the fIvwprgamarm can be obtained

fomthe Directo of Underadu Urban
Studies Program or the Chairman of the M.C.P
Committee.

The Department of Urban Studies and Planning
offers graduate work leading to the Master in
City Planning and the Doctr of Philosophy. The
Course Is open to students with varying
backgrounds. Urban studies, environmental
studies, architecture, political science. clvii
engineering. economfcs, sociology, law.
management, geography, and public adminis-
tration all offer suitable preparation. Applicants
from other fields are also accepted. Undergrad-
uate preparation for urban studies and planning
usually differs from that required for solentiflo
degrees at MIT Further Information concernIng
academic programs Inthe Department,
admissions, and financial ld may be obtained
from the Graduate Admissions Coordinator,
Room 7-338B, MIT (617) 253-2028.

Master In City Planning

The basic professional degree In the planningfield Is the Mater In City Planning M.C..). Te
Doertment of Urban Studies and laning
provides graduate education for men and
women who assume professional rolsesin public
and private agencies, In the United ttes,an
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
practioe and is therefore distinct from liberal arts
prams in urban affairs. An Intensive course
of study stresses skills for polioy analysis and
Institutional Intervention. The Masters Program
Is recognized by the Amerloan Planning Asoc-
ation.

The M.C.P program offers professional training
mainly within te context of the Institutional
processes and cultural values of more devel-
oped countrie s, n edescribed in the
folloingparagraphs. For those students from

areas of the world or for those with s

p M a v a ,i ur m ri c h a e a , a me d t hi s eo p ti oiavalable, summarized In the .bseamn

A student's plan of study in the M.C.R program
Iset forhin a program statement deveop*
jointy by the studentand tkutyf vew t
pram statement describes th purposes and
g of study, the prop soehdule of sub-
jt, the manner in whioh m n a
speoialization Is developed, andan Indicton of
a possible theis projec top Teprga
stemet is submitted at the end of t#first
semseW ofstdy to the M.C.p rCommite,
wvhich montors each sudents progress.

*Atne prerequistee are sted In the subject deenption.

Up to 27 ddWtonaluntieof Unreetfited eleciesmay be
obtlned I mm Of t eplenned elecmtdw s nthe
roWwe desinated MU studets f orf

sion.

Degree Requirements. Students are expected
to take a minimum of 30 credit units eachterm
(about three subjects) or a minimum of 126 total
units, in addition to the thseis

The Professional Core. Three subjects, taught
in conjunction with each other duin the
student's first term In the De ent* constitute
a "core experience" that we view as central to
the professional program. The core subjects
are:

110 lann and Institutional Processes,
11:210 Pa n forPlanners 1, and
11.220 Quantitative Reasoning and Statistical
Methods for Planning 1, and are described in
Chapter VIII.

In addition to the core courses, students are
Meq ured to take an introductoty course In one
Of four curriculum focus groups during the
rt semester.

During the fall of the second year students are
requiredtotake a thesis seminar In their area of
speilization.

it is possible to test out of 11.210 and 11.220,
(not 11.200); the exams also serve to diagnose
students' own strengths and weaknesses.

M.C.R students eletanareaof ap lization
by the end of the firot semester, tai oedto
individual students' Interests. Specializations at
the M.C.R level include:

Dei n and Development combines the tradi-
taareaof environmental desin and real
state development. This speclaization Involves
coneptualizIng, guiding, and Impeetn
changes In the spatialviron
envlronmental design Involves acquiring knowl-

about the y inha t , undthe
his evoluon of current forms of sette-
ment learni methods for analyzing, program-

mig eigig n ii menting environ-
Imacs l fi p am ng wtheoesIn the frman i~ctioning

of man te;and developing pro-
osses for regulatng and managing environ-
ments over time. Real Estate Development
ocus on the planning and management of

urban development and especially on design.
location, and financing.

Emphasis is on analysis of the finanoal
dimensions of real estate, public policies that
affect private development, incentIves in the
development sector, land-use regulations, and
assessment of marks and housing needs.
Public-privatepartnerships for real estate

t construction issues, and the
p of financial markets are other

hnpwan subject. tudnft may elect to
= esubjects offered as pat of the Real
Estate eveicgmeProgram, which is

Environmental Planning and Polley empha-
sizes the study of the Ial, institutional, and
economic tools by which society consves andmanages INo environmental resources. Areas of
concer Include energy facility siting, pollution
control, land use and growth management, en-
vronmental Impact assessment, sustainable de-
velopment, energy polioy. and oastalzone
management. Students examine the Interactions
between built and natural systems, techniques
for describing and evaluating changes in envi-
ronmental quality, approaches to environmental

by anaysis, and mechanisms for assessing
oby the environmental Im-

pactsof new technology in local, stats, national,
and Interational contexts.

Housing and Community Development Into-
rates economic, social, and political theories of
evelopment with planning and implreenttion

methods. While the development of the whole
comr -vnlty is necessary, the emphasis Is on the
deliveryand provision 6f housing and employ-
ment. d es Include national and local hous-
Ing employment policies; legislative, administra-
tive, and private Institions; and financial
analysis of public programs and private capital.
Other studies Include he Impact of housing,
capital, and labor markets on the operation of
the local economy; strategies for Intervening In
neighborhood Income and employment spo-
tures; analysis of current and alternative policies
toward neighborhoods; and the development of
new techn quas for defining community needs,
assessing matIve policiesand implementing
planned change.

Developing Countries and Regional Policy.
This curriculum focus area includes both those
students who are largely interested In regional
planning and policy from a developd country
prenhandth who fI n

evelopnA optin (See below). The first
p of suet will generally take 11.200 for

r coeeuon Institutional
process thos in the l gttergroup or those who
are more interested in an irnsmationl compara-
tivppetive on planning and plannings

S 11.206 Regional polio and
opment planning Involves the studyo cnm
ic growth and locationalkchange. Emphasis Is
on the production and distribution of goods and
services; job creation and employment pro-
cesses; development finance, trade, migration,
and capta flows' techniques for analyzing
regional developmentand the evaluation of
Intemational regioal economic policies. Cur-
rentiy, special on Is paid to the application
of regional input-output techniques.
The department cooperates with several depar-
mena at MIT In teaching and research In rans-

rttion Planning. Coordination is provided by
Center for Tansportation Studies described

In Chapter VI, Topics of special Interest Include
transportation systems analysis, transportation
policy studies, transportation technology
assessment, and the man t Of transporta-
tion enterprise. A number oaulty members
and stdentsare nerested In the relationship
between transportation and partcular problems.
such as regional development, urbanization,
and the pricingof cmoiis Work spans

developed and less developed countries.
All students are required to submit a theels on a
topic of their choice. The Department encour-ages M..P students to avoid the traditional
perception of the thesis as a "minldissertation,"arid to think instead of a client-ordented, profetl-
sional document, which bridges academiocand
professional conmerne. While most of the thesisWork occurs during the last semester of the
second year. students are urged to begin the
process of defining a thes topic garlyin the
second year through the partiIpaton In arequired thesis preparation seminar.

Students in the M.C.P.Program ae encouraged
to integrate fieldwork and Internships with
academic course work. The Department pro-video a variety of Indivdual and group fibld
placments Invong varying degrees of faculty
par~tIpain and supervision. Acaemio credit isawarded for field experience, although some
students cho se o partiipate In thework-study financial aid program. TheDeprt
ment also sponsors a vari of seminars
which students have an opportunity to reflect on
their field experiences.
Master of City Planning/Developing Areas
Option

The requirements for this professional degree
option are similar to the regular M.C.R program.
However, while the core and speolalized sub-
jects of the regular program tend to emphasize
practice in developed countries, the M.C.R/DAprogramn places greater weight upon cultural

ind i t comparisons and on the plan-
ning skills for regional and urban growth and
deveopment In Asia, the Middle Ea, Africa.Latin America, and the Caribbean region. Stu-
dents with anInterest In the developmentprob-
lems of disadvantage regions In the United
States, Canada. Euro p, and Jaa should Inmost oaesaplyt lam M.C.P program
and should i the reg policy sub-spe-
olalzation.

As an alternative to th core subject, 11.200,Planning and Institutional Processes, students In
the M.C.P/DA take 11.206, Planning Roles and
institutions In Developing Countries, which
stresses the role of Inst ions In shaping plan-
nIng processes In third world countries. Stu-dent may test out of the other two required
core subjects, 11.210,11.220, as described
ealieM. For theRegional Economic specialization
under the M.C.R A option, additional econom-
Ics and quantitative methods courses may be
required after review of the student's prior
course work and diagnostic test results.

Possibilities for specilization under the
M.C.R/DA option Include: Ronal nd Urban
Economic Thoty/Economl Devs ll
Housing and Human Settiement Policiesina-stucture and Transportaton. end Income
Distribution, Employment, and Poverty Alsvi-ation. It Is alsoossible to cnsa otscal$ zft
on in environental designrl a d

maaement,Institutionalp andenvironmental policy andplnig

11l4 Sehestof Arahites!m Ofe a nlngn
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Simultaneous Master's Degrees in City
Planning and Architecture

Students who have been admitted toeithe
Department of Urban Studies and Planning or
theDepartmt of Architecture are invited to

prgrams for joint work In ttwo
Sedng todegreee In both fie. Degree

combinationse may be M.C.P.-M.Arch. or
M.C.P-M.Aroh.S. Program proposals must be

madeprir toftstudents final academico year
In the firstote eror and ae considered
during fthopinga dm selons process. Students
are expcted to meet fth requirements of both
degrees, but may submit a Joint thoess.

Doubledegree orams mayInclude an
Innovative combinatio of work In any ofth
felds of specialization of the two
They may represent pr= ration for prfesonal
roles thabridge the ofieldsor the definition
of new roles that are needed but not yet de-
fined. Students pursuing dual degrees work
with advisors In both departments.

Simultaneous Masters Degrees in City
Planning and Transportation

Students who have been admitted to study for
the Master of City Planning or the Master of
Science In Transportation are invited to propose
programs for Joint work leading to Masters
degrees In both fields. The details of

gawedescribed in CatrV under t
&nter for 'ansportationSules.

Simultaneous Master's Degrees In C
Planning and Real Estate Developmen

Students who have been admitted to the Master
of City Planning Proram may pooepo
grams that inlude as well all ofte requred
subjects for the Master of Soience in Real Estate
Developmentinformation on this program is

uer the School of Architecture and
aning at the beginning of this chapter. Stu-

dents may submit a joint teis.

Doctor of Philosophy

The Ph.D. is geared to serve as the advanced
degree In planning or urban studies. Admission
requirements are substantiallythe sae as for
the Master gree, while more emphasis is
placed on acadeoi preparation In the student's
propoe .r of speialation. We do no
rquire a MCR equivalent C w for admission for
Ph.D. stuies.

The doctoral program emphasizes the develop-
ment of fundamental research competence and
fbility In the exploration of questions that no
single academic discipline can address. Stu-
dents work under the mentorehip of a faculy
advisor. They may center their aotivitles on any
subfield In Which the Department of Urban
Studies and Planning has faculty expertise.

After successfu completion of a required first-
year doctoral pawermad general examinations,
each Ph.D. candidate must write a doctoral
dissertation which gives evidence of the cpacw-
ity to do independent research. To be eligibl
for financial aid. students In the Ph.D. program
must be registered for at least30 credit units
each term.

Students must take oral and written general
examinations In two fields: a broad Intellectual
discipline (environmental design, urban and
regional economice, economic development.
policy and Institutional alys specialization,
urban hisoy and an area to which this applied
(environmental planning and natural resource
policy, neighborhood and community develop-
ment, housing and real estate development,
labor and employment polcy negotiation and
dispute resolution, planningIn developing
countries, pblic finance. relonal development.
transportaW and city plann ng).

Recent establishment of the Center for Real
Estate Development at MIT opens new opportu-
nities for doctoral students to take advanced
work in real estate and paricipate in the re-
search program of the Center, which brings
together faculty and students with active profes
sionals In real etate development companies.
Specialized work Ie available In such fids as
real estate finance, development policies, and
relationhips between the public and private
sectors in city development

Doctoral candidates require two to four terms of
study in residence before taking their examina-
tions and beginning their dissertations, although
the process may require up to six terms, de-
pending on prior Preartion. A minimum of
120 units, plus 30 unfor the diertation (a
minimum of 150 unite) Is required for the Ph.D.
dnree. However, students who have not com-
pleted a Master's degree Inarelated field prior
to admission to the Ph.D. program will be
expected to complete a minimum of ISO units,
plus 30 units for the thesis a minimum of 210
units). Previous work at M4 or elsewhere may
count toward the degree. Th. general require-
monts for the Ph.D.aeseiid in Chapte IV.

Interested and qualified students can undertake
withdtheoDepartment of

Economics.

Master of Science in Urban Studies and
Master of Solenoe In Urban Studies and
Planning

The majorrofaduatstudents In the Deart

or doctoral candidates. Under special circum-
sans, however, admission may be granted to
candidates seeking the Masterofone
degree. The general requirements for the S.M.
are given In Chapter IV. For further Information
concerg the S.M. option, contact the Depad-
mont Hea, Room 7-344. MIT

Nondegree Programs

A limited number of nondegroeeAents are
admitted to the Department each term. This
special student status Is especially designed
for midcaee professionals Interested in devel-
opng specialized skills, but it also is avallable to

Every year 10 to 12 women and men from
various parts of the United States ae selected to
participate In the Community Fellows Program,
a 10-month nondegre program that seeks to
expose the Fellows noararnge of political and
ideological positions bearing on the existence of
people of color In America and the development
of their communities. The Program promotes
the belief that people of color In America cannot
achieve maximal economic and pol itical devl
opment WOu the sharing and/or pooling of
their talents, skills, and resources.

The Special Program for Urban and Regional
Studies of Develoing Aas SPURS)pro-

vldeancporuniy fr a smal number of
md-ca professionals to spend a year at MIT
studying the prblae of urban and regional
change within a broad context of natial devel-
opment. The majorty of students are from
developing counties, and SPURS offers partiol-
pants the opportunity to work with people
Interested In similar problems.

Further Information on these nondegree
programs is available from the Department.
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School of Engineering

Aeronautics and Astronautics Material Science and Engineering (Course 3)
(Course 16) Mechanical Engineering (Course 2)

Chemical Engineering (Course 10) Nuclear Engineering (Course 22)
Civil Engineering (Course 1) Ocean Engineering (Course 13)
Electrical Engineering and Computer
Science (Course 6)

In this age of accelerat technologioal ad-
vances coupled with ingly scaroe and
exps resources. theProfesion of engi
neering is oupyng an Increasingly Important
role b othIncreaing the compx systems
society nedsand wants and Inensuting that
these system met soietagoals for thu-
man environment. Neverhave Ithe challenges
and opprtnities for careersIn engneering
been more exng or more promisng than
they are today.

le dermandfor en n raduates, not
on enter tOw es=nlraciof engi-
nearing, but to bring the stre of an I-
moorig oation tc oklaedfieds such aslaw.

Theary objetvesofft School of Engi
eto edatandp amen

a women for eip In Ind
the nowedgebas oftheeniergpofs
sios; nd o Ifluncethe =futurdrons m~of

iaeprofession concered engineering education and praooe.
dr~so-P'V ncl scientific knowi-

and c i socetal needs The educational programs in the School em-
n ph, omlo human, polital, phaslse the understanding of fundamental

gal and cultural constraints. rflpl faelty wl with
tosanalytical ,diilopWment 0of

The growinginuence of technology on all the sk in the c processes ofengineeri
funcions ofecetysuch as energy and natural such as design; and thedelo en of a
resource anprodu manuft andmater- self-onfidencand versail mind
ale pocsing. heali6 care and human rehabli- ete idMdafor alitmeof learning
ation, Informaionrdution, defense, con-a profesonal growth.
struction, andtransportton have created a

L

The acadmic departents in the School Pro-
vide the prmry homes for faculty, stents,
and deree prams, and provde coninuity
and sabity basico engineering disci-
plines. Howeverthedeparnttn ringlYsharcm on interssIn M thbrad areasOf
applcaton to which their indnsidiscipllne
and tmohnolee apply. Am th maj r.

ocan, uban lv
ooen, ftn rliendjuirntiv), ommnr

u )am -udnnroanafncui
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Engineering Internship
Program

School-Wide Electives

Through its departments and various interde-
partmental groups, th School of Engineedng
offoe a wide variety of educonal programs.
Large numbers of undergraduate students often
enroll In some graduate subjet, and all stu-
dents are strongly encourageod to participate in

& &~fresearch, engineering applicatons,
adD loservice proet oiW these

andInteractio a rich educa-
tional experience.

The School of Engineedng offers formal gradu-
ate degree programs In both the departmental
area and a number of Interea mna areas
inluding Biomedical Engiri Envronmen-
tal Studies, instrumentation, Operations Re-
search, Materials, Mineral Resources Engineer-
Ing and Management, Toohnoloy and Policy,
and Management of 1Tchnoogy, in addition.
numerous otherInterdepartmental opportunities
exist at both the undergraduate and graduate
leve. Wi the faculty and resources of all the
departments available, the studentI able to
develop a prgramn that satsfis his or her own
intellectuan professional objectives. The
student Interested in an Interdepartmental
prora will find it helpful to study thedepar-

e descriptions as well as to readthe spe-
cific sections in Chapter VI covering intrdepart-
mental opportunities that combine disciplines
from M s four other Schools with those of the
School of EngIneering.

Undergraduate deoome* ae awarded by the
departments of the School but can embrace
Seversl fields as well. Several

depatnono ofer undolgnt A"do-
grees, which lead to the lo of Science
without departmental designation. The curricula
for these programsoffer studes opportunities
to pursueprgrm of studie that ame broader
thancol be accommodated within a normal
four-year departments! program.

Most undergraduate departmentsl degree
proram IntheScholare accredited by the

Board for Enginerng and Tech-
nology. However, given their more general
nature, accreditation has not been ecudht for
any undesignated degree programs. Holdere of
an accredited-program degree can generally
take examinations for professional registration
with fewer years of experience than hdor of
unacoredited or non-engineering program
degrees Also, an accredited degree may be
required for certain jobs. As the situation varies
maked from fldW to fiel, students should

dsustequestion of accreditation with their
fac0ulty advisors when considerin undesignated
degree programs.

For undergraduates, the first-year ourioulum
encompasses study of physics, chemistry,
mathematis, and humanities/soclal scences,
while still offering students many oportunities
to make ontac with engieerng trough
undergraduate seminars, research opportuni-
ies, anid elective subjects. In toe second year.
studentistypically continue these studies with
subjctsleading toward the fulfillment of the
Sc eDistributn Laboratory; and Humani-
ties, Art, and Sm oi Scee requirements. An
undergraduate student normally becomes
afiated with a particular department as eary as
the beginning of the sophomore year. and from
that time on works losely with an advisor from
thatdpatmn or program. Alternatively, a
sen aylet to delay this choice until the
start of thejuniory without necessarily
delaying graduation beyond four years.

However, a student with an interest In eninew-
Ing is encouraged to become Involved with one
of-he engineering departments ven during the

frehma yerfr example, through the Under-
graduate R h Opportunities Program or
the Undergraduate Seminar Program.

Many opportunities exist for individual Initiatives.
For example, significant numbers of students
find it possible to combine their primary under-

radaedegreeswith a second undergraduate
soIn anohererea such as management,

science, economics, one of the
sciences, orwanothe&eaof engl-Mineerng. Ohr
organize their .... so as to receive under-
ringrduate=s degrees simultaneously.

the undergraduate degree re-
quirements in less than four yars Is also possi-
ble in some oases.

The School also offers an extensive ram In
continuing education through the Centr for
Adva d E r nStudy. Its isto
Impr oovethcpabiand ness of

a Oti~ngn Prioriy Is given to advano-rr~t* ndsw uo applioations, rather
than remedial Instruction, In both technioal and
manageril-technical areas Further details on
this interdepartmental program may be found in
Chapter VI.

The EngIneering IntemshIp Program Is national-
ly recognized for its excellence. It combines
traditional on-campus acadmic Programs with
off-campus work experience in Industry and
government. Such expere can be an Impor-
tant aspect of aesound engineering education
and can also help students make more In-
formed choices among the on-campus educa-
tional offerings, as wal as obtain a better under-
standi of career opportunities available to
them atrgraduation.
The Engineering internship Program is similar to
the V-A Internship Program in the Department
of Electrica Engineering and Computer
Science.
Emphasis is placed on ensuring that students in
fthe program are placed In rewarding "real-the oompany assignments that extend the
learning experience into areas that are not
avalableatMI. There Is extensive faculty
participation and advising In both the on- and
off-campus components of the program.
The EngineeriInternship Prorm is de-
signed di Iasa jint undrgraduate and
graduate program that a to the amulta-
neous award of the S.8. and SM. degrees In an
enierng Oruprtment upon successfl 0cm-

ofdegree requirements.

Programs have been established in the De -
ments of Aronautics andAsrnuisQC)
Civil Engineerng 1),Materials Science and
Engineeina Il-UMechanical E niern
I- ), Nuclear Onn ering (XXI-Aand Ocean

9gseig(XIHI- ).

Program Desoription

The folowing general description istypical of
most participatng departments. Pleatse see the
iting in the appopri department for unique
features of each program.
Students normall enter the program In the
summer after theirrsophomore Y at MIT
Sophomores In good standing in the School of
Engineering are eligible to apl for the pro-
gram and must be esieoted bye participatingcompany during the on-campus Interview
process.

The program consists of three work assign-
mentaf the same industrial firm or govemment
agency. Work assignments of three months'
duration each occur Aft the studens second

aM one after te thrd year During
efirst term of the fourth year. aStudent applie

to the department for admission Into the gradu-ate program. For those students who are so-
ceped tothe gaUAteWroram, ther is one
additional wr assignment o seven months'
duration after the foirth yea Additional or
substitute work assignments are possible.

For those students who are not admitted to the
departmental graduate poram or do not con-
I uson to graduatesoo for other reasons,
the Intesmep Program wil terminate at the end
of the spring term of the fourth yew at the SB.

Student who are accepted to the graduate
wrogram will oftn do a combind S.B.-S.M,

thesison atoo related to their work assign-
ment. Usually, for such a thessth effr will be
performed primarily in-plant during the final
work assignment, under combined supervision
of company staff and an MIT faculty member.

Students are paid during their periods of rs-
dence at the participating companies and
should expect to receive a travel allowance.
There are no obligations on either side regard-
Ing further employment.

Further information on the program may be
obtained from the department of registration or
fromWilliam H. Ramsey, Director, Engineering
Internship Program, MIT Room 1-21 .
Cambridge, Massachusetts 02139, (617)
253-8061.

The School of Engineering offers a set of
School-Wide subjects, each of which Is of
interest to students from a number of de
monte In the School. A School-Wide subject
may; 1) Integrate knowledge from several
disoplnes and illustate the commonality of the
Intellectual underpinnings of the departments In
the School of Engineering, 2) be at the Interface
betw~een the ademnio program of the School
of Engineering, and the prorams of other
Soho1 at MT,3)bea ervcesub e tor gi
neering students and other student, and 4)
Laman. to many engineering students, without

Igcentral to any one departmental program.
A lit of current School-Wide Elect follows.
Pleas note that registration for these subjects
takes piace throuh one of the departmental
numbers. Subj~ desoriptions may be found at
the end of the subject description chapter of
this catalogue.

Computer Models of Physical and Engineer-
In?,g Sysms 1.12) SD
1.2,2.101, 3.0 10.11, 13.51, 16.008, 22.006

Enineering Risk-Benefit An alyals (A)G(2)
1.152.943, 3.577, .938, 10.816.13.621(
16.794, 22.82

Englneerng Systems Analysis (A)0(O)
.1,2.1.3.1613.62. 1.784, .821.

TPP 21

Entrepreneurship %9)
2.942,3.56,8.969,10.801, 13.78. 16.672, 22.86

Inventions and Patents U(1)
3.172, 6.901, 16,673, 22.084

Management In Engineering U(1)
2.96, 6,930,10.806,13.52.15.993. 22.002

Nuclear War: Threat and Avoidance U(2)
HAS$
6.934, 8.208, 13.91, 16.994. 17.46, 22.003,
STS 051

Nuclear Weapons and Arms Control:
Technol and Pol 1)sues i)
6.932.,13. .18.995, 1 48622.4

Opmal Design of Engineering Systems U(1)

Probabilistic Models In Engineering U(2)
1.06, &;939, 13.672, 16.793

Office of the Dean

Gerald Loomis Wilson, So.D.
Vannevar Bush Professor
Professor of Electrical and Mechanical
Engineering
Dean

Donna R. Savioki, B.S., M.S.
Assistant Dean for Administration

Alfred R. Doig, Jr., A.B., M.S., M.S.
Director of Development

William H. Ramsey, S.B.
Director, Engineering Speclal Programs

Sheila M. Kanode
Administrative Officer

School Professors Without Departmental
Affilation

Judah Leon Schwartz, Ph.D.
Professor of Engineering Solence and
Education

Nicholas A. Ashford, Ph.D.
Associate Professor of Technology and Policy

Lawrence L. Bucciareli, Ph.D.
Associate Professor of Engineering and
Technology Studies

James M. Utterback, Ph.D.
Associate Professor of Engineering

Professors Emeriti

Alfred Adolf Heinrich Ke,
DrRer.Nat.
Professor of Ocean Engineering, Emeritus
Ford Professor of Engineering, Emeritus

Myron Trbus, Ph.D.
Professor of Engineering, Emeritus
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Department of Aeronautics
and Astronautics

r

ESaut Morton Murman, Ph.D.
Professor of Aeronautics anoc
Astronautcs
Head of the Department
Director, Project Athena

Professors

Eugene Edzards Covert, SO.D.
Professor of Aeronautics and
Astronautics

Edward Francis Crawley, So.D.
Professor of Aeronautics and
Astronauos

John Dugundjl, So.D.
Professor of Aeronautics and
Astronautics

Alan Harry Epstein, Ph.D.
Professor of Aeronautics and
Astronautics

Shaoul Ezekiel, So.D.
Professor of Aeronautios and
Astronautics and Electrical
Engineering
Director, Center for Advanced
Engineering Study

Edward Marc Gretzer, Ph.D.
H. Nelson Slater Professor of
Aeronautics and Astronautics
(On leave)

Walter Mark Hollister, So.D.
Professor of Aeronautios and
Astronautics

Kad Uno Ingard, Ph.D
Professor of Aeronautics and
Astronautics and Physics

Jack Leo Karrebrook, Ph.D.
Richard Cookbum Maclaurin
Professor of Aeronautics and
Astronautics
(On leave)

Marten Teodor Landahl, Tekn.D.
Professor of Aeronautics and
Astronautics

Winston Rosooe Markey, So.D.
Professor of Aeronautis and
Astronautics

James Elliot McCune, Ph.D.
Professor of Aeronautics and
Astronautics

Amedeo Rodolfo Odoni, Ph.D.
Professor of Aeronautics and
Astronautics and Civil Engineering
Codirector, Operations Research
Center

Robert Warren Simpson, Ph.D.
Professor of Aeronautics and
Astronautics

Leon Trilling, Ph.D.
Professor of Aeronautics and
Astronautics

Wallace Earl Vander Veide, So.D.
Professor of Aeronautics and
Astronautics

Harold Yehuda Wachman, Ph.D.
Professor of Aeronautics and
Astronautics

Shela Evans Widnall, So.D.
Abby Rockefeller Mauz6 Professor
of Aeronautics and Astronautics

Laurence Retman Young, So.D.
Professor of Aeronautics and
Astronautics

Associate Professor.

Michael Bryce Giles, Ph.D.
Associate Professor of Aeronautios
and Astronautics

Robert John Haneman, Jr., Ph.D.
Associate Professor of Aeronautics
and Astronautics
(On leave)

Daniel Edgar Hastings, Ph.D.
Associate Professor of Aeronautics
and Astronautics

Paul Alfred Lagaos, Ph.D.
Associate Professor of Aeronautics
and Astronautics

Manuel Martinez-Sanchez. Ph.D.
Associate Professor of Aeronautios
and Astronautics

Lena Valavani, Ph.D.
Associate Professor of Aeronautlos
and Astronautics

Andreas Hubertus von Fotow,
Ph.D.
Associate Professor of Aeronautics
and Astronautics

Assistant Professors

Harold Luchsinger Alexander.
Ph.D.
Lynde and Harry Bradley
Foundation Career Development
Assistant Professor of Aeronautics
and Astronautics

Mark Drela, Ph.D.
Assistant Professor of Aeronautics
and Astronautics

Michael Jeffrey Graves, Ph.D.
Boeing Assistant Professor of
Aeronautics and Astronautics

Steven Ray Hall, Ph.D.
Finmeccanica Career Development
Assistant Professor of Aeronautics
and Astronautics

Adjunct Professors

Richard Horace Batin, Ph.D.
Adjunct Professor of Aeronautics
and Astronautics

RudrapatnaV. Ramnath, Ph.D.
Adjunct Professor of Aeronautics
and Astronautics

Joseph Francis SheA, Ph.D.
Adjunct Professor of Aeronautics
and Astronautics

Senior Lecturers

Judson Richard Baron, So.D.
Charles Oswald Cary
Norman Douglas Ham, So.D.
Sir WilliaReds*&Hawthorne., SoD.
Yao Tzu U,So.D.
Ren6 Harcourt Miller, M.A.
Robert Channing Seamans, Jr.,
Sc.D.
Edward Story Taylor, S.B.
John Regnier Wley, S.B.

Lecturers

Paul Jon Cefola, Ph.D.
John Jacob Deyst, Jr., So.D.
Donald Charles Fraser, So.D.
Betsy Gidwitz, Ph.D.
Stephen James Madden, Jr., Ph.D.
George Thomas Schmidt, So.D.
John Pascal Vinti, So.D.
Robert Franklyn Weiss, Sc.D.
Leonard Stephen Wilk, M.S.
Joseph Yamron, S.B-

Technical instructors
Jeffrey Christopher DrfUlXo, B.S.
Richard Frank Perdichizzi
Edward Donald Weiner, A.S.E.E.

Administrative Offier

Helen Robbins Raine

Administrative Staff

Phyllis Anna Collymore, A.A.
Anne Marie Maynard
Elizabeth Zotos, B.A.

Senior Research Engineer

Charles MoMaster Oman, Ph.D.

Principal Research Engineers

Choon Sool Tan, Ph.D.
Gerald Roger Guenette, Jr., Ph.D

Research Associates
Robed Halmes, M.S.
David Wesley Mlller, Ph.D.
James Francis Nash
Albert Thomas Supple, Jr., A.E.E.

Research Engineers
Raymond Anthony Austotas, M.S.
Peter Paul Belobaba, Ph.D.
Prank Herman Durgin, E.A.A.
Dennis Francis Xavier Mathalsel,
Ph.D.
John Demetrios Pararas, Ph.D.

Research Specialist

Paul H. Bauer, B.S.

Research Staff, Administrative

Ping Mal Lee
DianaIrene Park
Holly Esther Rathbun, A.S.

Theodore Hsush-Huang Plan,
So.D.
Professor of Aeronautlos and
Astronautics, Emeritus

Robert Channing Seamans, Jr.,
So.D.
Professor of Aeronautics and
Astronautics, Emeritus
Senior Lecturer

Edward Story Taylor, S.9.
Professor of Flight Propulsion,
Emeritus
Senior Lecturer

Emmett Ates Witmer, So.D.
Professor of Aeronautics and
Astronautics, Emeritus

Visiting Professor

Satya Nadham Atlud, So.D.
Jerome C. Hunsaker Visiting
Professor of Aeronautics and
Astronautics

Robert Karl Mueler, So.D.
Assoolate Professor of Aeronautlos
and Astronaudos. Emeitus
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Research Affiliates

Kurt Annen, Ph.D.
Steven Robert Bussolart, Ph.D.
James Draper, Ph.D.
Michael Roman Hachkowski, B.S.
Byron Kurt Lchtenberg, So.D.
Conrad Wall, Ill. Ph.D.
Gregory Zacharias, Ph.D.

Postdoctoral Associates

Ung Uu, Ph.D.
Usa Slever, Ph.D.

Visiting Research Assoclate

John Peter Longley, Ph.D.

Professors Emeriti

Judson Richard Baron, Sc.D.
Professor of Aeronautics and
Astronautics, Emeritus
Senior Lecturer

Joseph Bicknell, S.M.
Professor of Aeronautics and
Astronautlos, Emeritus

Robert Louis Halfman, S.M.
Professor of Aeronautics and
Astronautics, Emeritus

Norman Douglas Ham, So.D.
Professor of Aeronautics and
Astronautics, Emeritus
Senior Lecturer

Otto Cad Koppen, S..
Professor of Flight Vehicle
Engineering, Emeritus

Elmer Eugene Larrabee, S.M.
Associate Professor of Aeronautlos
and Astronautics, Emeritus

Yeo Tzu U, So.D.
Professor of Aeronautics and
Astronautics, Emertus
Senior Lecturer

James Wah Mar, So.D.
Professor of Aeronautics and
Astronautics, Emeritus

Walter McKay, S.M.
Professor of Aeronautics and
Astronautics, Emeritus

Rsn4 Harcourt Miller, M.A.
Professor of Aeronautics and
Astronauos, Emeritus
Senior Lecturer
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Undergraduate Study
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The prim goal of the Department of Aeronau-
tics and Asrnautics to provide the best
possible environment for the undergraduate and
graduate education of aspiring young engi-
neers. The undergraduate environment centers
on the classroom, where experienced facul
teach the basic phenomenology that underles
the vehlole-oriented activities associated with
Aeronautics and Astronautics. A broad scope of
technology is required to design and develop
such disparate air and spaoe vehicles - rang-
ing from "man-powered" to high-performance
mitary aircraft; from manned or unmanned
launch vehicles to satellites and space stations;
or from vertical take-off and landing machines to
trans-atmospherlo or one-stage-to-orbit vehicles
- yet a common knowledge lies In the scientific
fundamentals and procedures for their pIloa-
tion to specific missions. A basic foundaon of
this kind, followed by subjects treating special
topics appropriate to a paricular vehicle, pro-
vides our graduates with a background that aids
their "Ife-long" education and maturation, and
supports oontnued success in the increasingly
complex and sophistioated profession of
engineering.

Through research and consultation with indus-
trial and governmental organizations, the faculty
contributes to the Department's knowledge
base and maintains an awareness of today's
important technical Issues and the Implications
of the application of phenomenology to the
design and deveiopment of advanced vehicles
and associatedaysterns. No Indivdual pos-
sesses sufficient Insight to foresee all of the
critical vehicles and their uses two decades
from now, yet the underlying mathematical,
physical. and chemical principles will not be
altered drastically. Thus, today's student will be
well served by teaming fundamentals and
acquiring learning skills In order to continue to
learnas needed.

The Department is fortunate to have a faculty
dedicated both to teaching and advising stu-
dets end to conducting research. It is this
combination of vehicle or system-oriented
teaching and research interests that provides a
sense excitement to both classroom and
laboratory instruction. This statement is as true
In sophomore classes as in the advanced,
relatively specialized, disciplinary subjects for
upperciass students.

Classroom actiy is supplemented by laborato-
ry exercises, a pro laboato. and a prelmi-

nary-ies~norsstem-orlented class ftht Is
alsuet. Such activities expose

young engineers to the complexities that exist
when actual hardware is used, as compared
with the Idealization usually present in analytical
activitles. The design- or systems-oriented
sub in partoular shows the interrelationship
and compromises among the several disoiplines
when theyare applied to a vehicle. This rein-
forces thelessons earned in Unified Engineer-
ing, and in the advanced, professional-evel
undergraduate subjects in Aeronautics and
Astronautics.

The reports that are written by students describ-
ing their laboratory and project activities may
also be used to satisfy the MIT Wr,1g Require-
ment. Undergraduates must also tull a Huma-
nities, Arts, and Social Sciences Requirement to
help them understand the era in which they live,
and the effects of their work on the lives of
others.

A central feature in this approach to education is
that students ieam how to leam, how to use
basic principles to solv engineering problems
(skills that will serve them well over an entire
career), and how to foresee the consequences
of their solutions and designs. Using computers
is a part of virtually every subject, from the
standpoint of its utility as a tool through
classroom instruction. Students naturally come
to use it in homework assignments.

Using computers is a part of virtually every
subject, from the standpoint of its utility as a tool
through classroom instruction. Students natural-
ly come to use it in homework assignments.

in addition to formal classroom and laboratory
instruction, undergraduates are encouraged to
participate In the research activities of the De-
partment through the Undergraduate Research
Opportunities Program. The various research
opportunities available to graduate students are
outine undor Graduate Study.

The graduate educational environment com-
bines the classroom and the laboratory. As the
students proceed from the Masters to the
Doctoral Program, the laboratory, In the broad-
est use of the term, becomes the focus for
larning. This focus occurs naturally as an
outcome of the faculty's research Interests.

Aero/Astro graduate education is characterized
by continued attention to basic phenomena
associated with the disciplines being studied. A
thorough grounding knowledge Is provided
through classroom and laboratory exercises, as
well as through the experience gained by
coping with unstructured problems, creating the

fleblty needed for a long and successful
career, bothwithin and beyond the sphere of
Aeronautics and Astronautics.

The graduate teaching and research activities of
the Department are interwoven. Gradu-
ate subjects evolve from e research and
professional interests of the facuity and, in turn,
serve to Introduce students to fth areas of
active research. Teaching activities are Informally
organized into six division of Instruction: Me-
chanics and Physics of Fluids; Structures
Materials, and Aeroelasticity; Propulsion and
Eney Conversion; Instrumentation, Guidance,
and Control; Biomedical Enginee ; and
Aeronautical and Astronautical Systems. Re-
search 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.

Bachelor of Science In Aeronautics
and Astronautics
Course Vi

Undergraduate study In the Department leads to
the Bachelor of Science in Aeronautics and
Astronautics at the end of four years. The currio-
ula provide flexibility to meet the needs of

rofessionalsIn aerospace activiies ranIng
frmfundamental research to responsible

engineering direction of large enterprises.

The required undergraduate curriculum pro-
vides a core around which the student can build
- either to become a practicing engineer upon
receipt of the S.B. or to continue on to graduate
studies in any of the specialties. It includes: 1)a
fall-spring luence of subjects called Unified
Engin nal-V, 2) a set of Advanced Required
Subjects, 3) an Experimental Projects Laborato-
ry, and 4) a Systems Engineering subject.

Unified Engineering is offered in sets of two
12-unit subjects in two successive semesters.
These subjectsare taught coopratively by a
number of faculty members. Their purpose is to
Introduce new students to the disciplines and
methodologies of aerospace engineering at a
basic level, with a balanced exposure to analy-
sis, empirical methods, and design. The areas
covered include statics, dynamios, structures,
fluid mechanics, thermodynamics, propulsion,
control, and systems engineering. Several
laboratory experiments are performed and a
number of systems problem which Interrelate
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 areasof Aeronautics
and Astronautos desoribed in the introduction
to the Department. Aternatively, a student may
take Unified Engineering In the junior year, and
complete the Departmental requirements in the
senior yer this also provides a well-rounded
engineering education and excellent preparation
for graduate study.

The Advanced Required Subjects treat more
completely andI inreat er depth the material to
wh the student Introducedin Unified
Engneerin and in the other basic required
suo eah se du dibu
from among the undergraduate subjects is
required.

Each student has the opportunity in the Under-
graduate Projects Laboratory (16.622) to
conceive, organize, and execute an Individual
experimental project under the supervision of a
facuity member. A proposal is prepared; oral
and written reporting of the results are required.
The written project reports are critically reviwed
for writing style and expostin fac from
the Schoci of Humanities and Social Scinoe.

The Systems Engineering subject requires
students, as a team, to pull together their under-
graduate education through the design of an
c1ratng system such as a manned space
station or a vertical takeoff airplane. For maxi-
mum beneit, students should have com pted
all other Departmental requirements for the S.B.
degree.

To take full advantage of the unique research
environment of MIT undergraduates are encour-
aged to become Involved In the research activ-
toe of the Drnt through UROP the
Underraduate Research Opportunities Pro-

ram. Manof the faculty activelysek under-
graduates o become a part of their research
fsam. Specific areas of research opportunity are
outined under Graduate Study. It also should
be noted that the advanced undergraduate
student, through careful selection and schedul-
Ing of the elective freedom, can progress to
graduate subjects in one or more areas of
interest.

The Department recommends 1) that either
3,091 or 5.11 be used to satisfy the Institute
Chemistry Requirement, 2) that an introductory
diga cmpi r ogramming subject such as

i.02.10, orS.1 be taen as earl as posi-
bie, and 3) that both 16.741 J Engineering
Aspects o Economic Analysis and 21.78
Scientific and Engineer rng be taken as
part of the Humanities, A and Social
Sciences Requiremnent.

Any one of several rams leads to the do-
arsefBachelor of Sc in Aeronautics and

Astrnauicsandalt are accredited by the
Accreditation Board for Engineering and Tech.
nology. If desired, the student may request an
unspecifiedl degree, Bachelor of Science. This
degree is not so accredited.

Program 1 Aeronautioal and
Astronautical Engineering
Program 1 Is appropriate for student desiring a
broad exposure to aerospace engineering in the
normal four years of residence at MIT. The
required subjects may be supplemented with
additional advanced undergraduate subjects or
graduate subjectsacording to individual inter-
ests. Further details on concentrations in the six
main areas of Aeronautics may be obtained
from the Department.

Bachelor of Science in Aeronautics and
Astronautics
CoureseXVI
Program 1 Aeronautical and Astronautical
Engineering

General In tlute Requiremente 17 Subjects

Science Requirement
Humanities. Arts, and Social Sciences Requirement
Science Distribution Requirement (two of the required three
subects can be satisfied trom among 6.071, 8.03,18.03 or
18032 and 1.001 in the Departmental Program]

Laboratory Requirement (can be saitied by 16622 in the
Departmental Program])

TOTAL Subjects
PLUS

a

.1

DOpatmentl PM M Unite

Subjecr names below are followed bycredtUnils, aNd by
Weequ"iN ir any (coequis in ice)

Basis Required subjeets: se
3.004
6.071
8.03

16.001
18.002
16.003
10.004

18.03

MamralaTec nology 12:1.01 16.002
introduction to Electronics. 12. SI, 18.01. 8.02

Physice ill, 12. SO:0.02*, 18 02
Unified Engineering 1. 12.SO:;8.01,18.03

Unified Engineering I1. 12: 8.01, 18.03
Unifie Engineeing Il. 12: 16.001, 16.002
Unie Engineering IV. 12It60001,16.002

Diferential Equations. 12. SD; 18.02*

or
18.032 DifferentIal Equations. 12,8; 18.02*

AdvareedReWed 5ubgeet
on. e ort o t m"subecb) :

16.02 Aerodynamics. 12:10.004
10.06 MoIeuier GasnMc of Space and

1620 Strutural Mechanics 12: 1.004*
16.30 Principles of Automatic control, 12: 18.03*

one offe o I M sublecs.
16.53 Rocit Propulsion. 12; 10.004
10.64 Arcrat Engines and GasTurbines, 12; 10004

PkA
16.621 EspeslmntlProjets1.:T.004M
16.622 EnpermnalProecs11, 12. LAS: 16.621

one Of telow Ing two aubinte-

16.64 Flight Vehicle Engineering, 12
1.8 Space systems Engneerng. 12

Units in DegutmRna Pron that daes s
the Genera InsitteReuiemn (36)

Ureticted Slootves 48

Total Unit Required ter the .0.1. beyond
the Genera inatltute Requiremente 0INa) 143
NOTE: NO SUBJECT can be counted BOTH as part of the
11-subject OlS AND as pan of the 163 unt required beyond
the GIRs EVERY subjc In the studen's depatMental
program will count toward one or the other, BUT NOT BOTH.

Program 2 Aeronautical and Astronautical
Engineering: Avionics Option

The Avionics Option prepares the student for a
career In AerospaceElectronics. It also provides
a song foundation for graduate work in the
fields of instrumentation, Guidance, and Con-
trol. The p ramIs designed for students who
are interese In the application of electronics to
guidance, navigation, suveillance/stabiilization,
Instrumentation, and control of aircraft or space-
craft. New graduates traditionally have joined
this professional area after having had an under-
graduate major In electa or aeronautical
engineering, and having been Introduced to the
other half of their discipline through apprentce-
ship or graduate study. This option alows the
student to team the basics of both parts of the
discipline as an undergraduate. Thet require-
ments Include core subjctsIn Electia Engi-
neering, which can be taken In the junior tea

orasa ophomore If Unified Engineering I
deferred to the nor year. The elective freedom
can be utilized take advanced subjects In
guidance and control depending on the sbt-
dent's particular are of Interest within the broad
field of avionics.

75
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science Requirement
Humanities. Arts, and Social Sciences Requrement
Science Oflbution Requirement Jim of the required three
subjeccan be saI tifefrm aMONg .002.8.03. 18.03 or
18.032, and 18.001 in the Deparmentai Program)
Laboratory Requirement [oanh e satisfed by aI111
or 10.022 in the Departmental Progmron

TOTAL Subects

co"aW as program Un

Subrnaer-nibelowae WowdrbyCredit and
sramse'equi&ed suj(coreq iaft*)

8.002 CIrcuits and Electronics. 16.,0:8.02*. 1
.111 introductory Dlgital system Laboratory.

8.002
8.0s Physics I, 12.,SD;80.02*. 18.02

16.001 Unmed Engineering 1. 12. s0;8.01. 18.03
18.002 Unified Engineering 1. 12: 8.01, 18.03

18.003 Unified Engineering il. 12: 16.001,18.00

18.004 Unmed Engineering Il. 12:16.001,16.00
1.03 DfMerenal Equaions, 12. D: 1M 2*

or
18.032 Differential Equations, 2. SD:18.02*

Advned Nequsmd Su*ueete:
WM of t0e10oklw*,gsevtersubjets:

001 structure amdinterpretation or Compute
Programs, 18

8003 signals and Systems, 15;0.001.0.002
6.012 Electronic Oevices and Circuits. 12; 8.002
8.013 Electromgnetlc Fields and Energy 12; 81

8.02
6.014 Electrodynamics 12;:6.013
.301 Solid-$we Circuits, 12:6.012
16.61 Miroprocssor Architecture, intefing,

anedonr. 110.0.002

one f insWowing d" tivsjets:
IS.)2 Asrodyrramlcs 12:16S004'

103 Moecuar Go'. rarric of Spece and Ip

1620 Structural Mechanics. It. 1.004

e

.1.
17

'I

by

8.03*
12, LAS;

Advanced Req*ed uiSjeote (Connue4)

O Ofof te tllowfflg tw ubjecta:
0.302 Feedbacl Systems. 126 00s3*
10.30 Princlples of Automatic Control. 12:16.03, 16.004

18.40 Prnciples of Flight Guidance. 12 1.300
10.021 Experimental Projects I. 3;18.004
16.822 Expedrmental Projects 11. 12. LAS; 146121

On e of he fo fng Me subc.ts
18.84 Flight Vehicle Engineerung, 12
10.8 Space Systems Engineering. 12

t ienGarter Isutneqio "t (0 or -3)

unrnttejed Usolevee 4

tal Unt ReIII d fortw I. neWree beyn
towe GneraliuietteReqshsnete(Oifte) 1911
NOTE: NO SUBJECT can be counted SOTH Ma part of the
il-subject GIRl AND as par of te 198 unterequired beyond
theGa ws. EVERY subject In the studente doartNtOal
progr& a tiIoDunttowar1d one or the OWr BUT NOT BOTH

Graduate Study

Engineering Internship Program ade he Department of Aronau- several smaliaopen circuits d e available for fluid The Las Systems Laboratory pioneers In thes
course XVI-O tc n srnuIincludes researh work mechanics research and configuration tests. All deveiopment and application of laser technolo-

culintig i athsi and study of graduate- laboratories have accees to several Interactive gy. Specificactivities Include optical gyro-
u Depament and oiher computation systems and to experimental scopes; optical frequency standards; ultra-high-

the ptAerEng n u- departments an hoos at MIT Degrees are equipment serving their purposes. rsiu ada p a mert .
&Wdd a th Maters, shipers, ndIntense radiation with atms and rmolecuies.

P ram ( EP) administered by the School of Doctorallevels. The range oaubject matter Structures, Materials, and Aeroelastiolty. The
E eering.t is Intended as a five- ear joint allabl is best conveyed by brief descriptions manifest Imprtance of minimizing the structural Other control-related resea ro

at af S parat h altemat ngo th aciviiseofodpauorekaI weigof ht fractons eof aircraft and spacecraft has carried out In the Space Systems Laboratory
periods a o stuhytat additin dth ino ane so e nWl aadm ted the aerospace engineer to create now and elsewhere In the Department, with substan-

discussion fthiS rai oductio Moredetailed iny be obtained fom structural forms, to develop and exploit new tial focus on the control of large flexible assem-

the School of Enin rin t n i the Graduate Office or from Mndidual faculty mateflals ouo the fiamentary omoies, to
ngiesg.members. Invent new analytical and numerical techniques

for stress analysis, and to pursue aggressively a Biomedical Engineering. The Man-Vehicle
Interested students apply for participation in EIP betrudrtnigo aatohcfiue n aoatory apnlies control and Instrumentation
during the spring term f ptheir sophomore yea. Divisions of instruction and Research en desadng caadstipaesndnr
Once a selection Is made and epted, bot Laboratories areas probms at the man-machine nterface. It has
the student and the company agree to oninus Dern selected to perform manned sp experi-
that association to competion the Program. The raduate ect offerin of the DOW- Research activiles for students interested In ments on Spacelab-1 to investigate anoe,

monare informally organized into six divsions: Structures. Materials, and Aeroelasticty are adaptation to zero1g, and "space motion slck-
The student eams six units of credit for each o Mechanics and Physics of Fluids; Structures, centered primarily In the Technology Laboratory noes. In addition, conducts flight simulator
the two undergraduate work periods by register. Materials, and Aeroastolty; Instrumentation, for Advanced Composites, the Space Sme studies on man in the loop, vehicle display and
ing for 16.801. The student aso same 12 units Guidance, end Control; Propulsion and Energy Laboratory, and the Gas Turbine Laboratory. control, and air traffic control research. The
of graduate G credit through registration for Conversion; Biomedical Enin ; and Facilties include vibration equipment, two laboratory also works on bloinstrumentation,
16.1802 during the work period as a graduate Aeronautical and Astronautical Systems. Re- computer-controlled universal testing machines, physiological control systems, and cinical

stdn -efoliowing spring and summer ayoacotlssemndlicl
student.Theosearch is conducted in a number of research an autoolave for the fabrication of filamentary applications of the aerospace sciences. Activi-
terms, he or she Is usually required to be at MIT laboratories. A faculty member Is typically composite structural components. a blast ties include modeling of the human visual and
to co eetesubjctreuirements and the Inolved in teaching graduate and under-gradu- chamber that can contain catastrophic failures. vestibular system. flight simulation, cognitive
thesis report. me Bachelor of Science and ate subjects In one or more of the dMsions, and a large and a small chamber for the simulation leaming, and work on diagnostic instruments-
Master of Science degrees are then awarded Inconducting research in one ormore of the of zerogstructural behavior, wind tunnels, and tion for diseases of the eye and ear
simutaneusly dpartmentlabra o r at the Charles Stark a blowdown compressor facility for the study of
Th w x rienesrvie u dr C e Draper Laboratory. Propulsion and Eerg Conversion. This
The wof itrwienm l r a unfder Courst~ e f diisin adreses.In LI. aandreach

Cooperative Program course XVI-5 XVI-C are the same as for Course XVI wih Mechanics and Physios of Fluids. Fluid me-
3 16.801 (twice) used as 12 units of elective. For ohanlos is an essential discipline for diverse

further information, please see the Department elds of engineering that are concerned with
2 t eatiproved gramnAeraduts thed EIP Coordinator. material, energy, and Information transfer and
)2 opportunity to participate In professional activ- their consequences. The principles of fluid

ties In an aerospace organization for about Double-Degree Program mechanics are essential for an understanding of
seven months before their senior year ihteimescoveing a wide". of
program permits omtor n o eurmnsfr Studentsmay pursue two S.S. d pedeattuean ludprprtefrom
the Bachelor of Sol e degree In r yeas. the Double-egeProgram outlined In Chpe thosaoiated with io-sp eed fligt tran

- Students in this program bcm regular em- Ill. In partculKr some stuients may wish to atntohgspdnerspace opeativsan
ployees while working In the company, and are combineaprofessional education in Aeronau-7 -" paid at prevailing rates. tics and Astronautics with a liberal education Research in fluid mechanics is carried on inthat links the development and practice of $vWdpvotllbrtre.Tefcso
interested students should contact the professor science andevineing with their social, slCompuartnal laidaDynamos maborato ofin charge for details and an interview; also, economic, historical, and cultural contexts. For on the development of Improve aortmsstudents should aorrnge a schedule with their them,t nt eronauics and ther develon o improved algorwihms and

faulyadiorterprmt a asnc ro stoauis n theDprmetorumnte their application to external and Internal flow
2u8.02 MiT d rir thaerist or the sen of tsonautcsn the r ofH an fsldsfor all speed ranges. Emphasis In the

2..0 MT uring etethfisorteecntrmf (in cooperation wihteIrem I Science, Fluid Dynamics Laboratory le on turbulence
002. the third year. One summer at MIT usually is Tochnoloy, and Society) oera double-deree sruture and fow The Molecular Beamnecessary. rM ta combines majors In Course )%tutr n fo tbltmeMlclrBaCourseary.A dombaile des o Cofat Laboratory employs techniques which examine

The curriculum roqremwsnths derei Ingatdere rmwllb found under mont and vehicle surfaces. mhe Center for Aero-thisdegrein Interate degre Aet illed found of that te nature of Interactions btenhenvron-
Course XVI-B are same as for Course XVI the description of erograInScwithtwith the addition of required registration for Techooy an-d Sm" floinabou conletnedih t hies
18.80 Industrial Practice durig V theeailaortoisaneattwndtunesm
period, In place of eight units of elective. w aoaois prt L-dt nn .

I iL Wi h th f used for airfoWWand

aenry.

nquiries

For addonal Information conceMring academi
and reearch programs In the Department,
admissions, sugestedr-year undergraduate

prorasintrdscPonaryprmogras, inanci
aid, eftc..glease writs to the DepretOf

Aeonu~ adAstronautis Unerraduate
Office, Professor Winton R. Markey Room
33-208, MIT, Cambridge, MA 0213g, (617)
253-2279.

rngm tro ers rciymuupv um inaonlle research, rotor wing dynamlos, aircraft
development and the simulation of wind loads
on ground structures. An acousti tunnel is
equipped with an anechoic chamber for noise
research on conventional and VTOL. aircraft. A
icwturbulencs tunnel provides test channels
partularly suited for transition and turbulence
investigations as well as airfoil study. In addition,

conducte on the Strucua technology forhigh-performance aircraft, commercil trane-
ports, general aviation aircraft, and satellites.
Other programs are directed toward the suc-
tural integr ofet engines, the propeller blades
of the advanedturboprop, and large space
structures such as for a manned space station.
All of the research requires the development of
new eprmental techniques as well as the
conou t development of design metodolo-
gies utilizing analytical as well as finite element
methods.

, IK"altGM .I WU F uIW , 
those disciplines and technologles of special
Importance to propulsion and energy conver-
sion. Subjects are offered In aircraft and rocket
propulsion. internal flows, and advanced energy
conversion, The Gas Turbine Laboratory pro-
vides unique experimental and computatonalfacilities for research on fluid mechanics, heat
transfer, and aeroelasity In turbomaohinerytand for research on space propulon and
power systems. The Laboratory has extensive
experimental facil ies for the study of turboma-
chinery incdin atrannlo blowdown corn-

instrumentation, Guidance, and Control. pressor and biowdown turbine.
Faculty members In this Divsion teach and
perform theoretical and experimental research Activities In the division include theoretical and
In control and its applications, navigation eye- experimental study of transonic compressors.
terns, Instrumentation, estimation, lasers, digital and stability of compression systems, compua
systems, and other related topics. tonal and experimental study of Internal andexternal heat transfer In turbine blading. ad-
One focus for the activities of the Instruments- vanced angine controls, rotor dynamics, electric
tion, Guidance, and Control DMlon is the propulsion devices, performance enhancement
Drr Laboratory, which offers opportunities for of propulsive devioes through tallored stream-pascpton to students of US ciizenship. Many Wise vortiolty. high-speed propuislon, and

Deatetfaculty and stud eeactively vortca structure and unsteady flows In turbo-
involved In research programs In this Laboratory machines. A major new research thrust Is the
on guidance syste and components for aill Interdeil Inary topic of 'Smart engines.' which
types of flight vehicles, including Inertial guld- ut1e active control to enhance tdynamic
ance. using the advanced facts for research performance of propulsion system components.
on all phases of control and guidance. In the
past this work has resulted In fth development Research Is supported not only by gvmment
of many flight vehicle systems Including the agencies and laboratories, but by Industry as
Apollo spacecraft naviainadgiac well, and there are strong links between the
systen. Further detail on the Draper Laboratory wrk in the dslon and te real-WOrld
Is given In Chapter V1. problems of advanced propuion and energy

conversion.

Bachelor of Science in Aeronautics and
Astronautics
course XVI
Proram 2 Aeronautical and Astronautical
Engineering: Avionics Option
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Aeronautical and Astronautical Systems. The
high levels xpenditure Involved in the devel-
opment of aeronautical and astronautical sys-
tems, 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 systemn and the develop-
ment of formal analytical tools to optimize itas a
whole rather than by pars. From this need has
grown the concept of systems engineering.
where successful application to the space
program and to the analysis of transportation
systems has amply demonstrated Its effective-
noes as an engineering tool.

New graduate students are normally admitted as
candidates for the degree of Master of Solence.
Admission requirements for candidates for the
Engineer In Aeronautics and Astronautlos are
more rigorous and such admission is ordinarily
considered only after the candidate has spent
some time In residenoe at MIT

Admission to the Doctoral program Is offered to
students who have been accepted for graduate
study and have passed the Doctoral Oualyng
Examination. The Qualfying Examination seeks
to measure the candidates aptde for engi-
neering researh, and understanding of ft
fundamental princlples underlying aerospace
engineering. This examination Is offered onoe

The Department requires two terms of ad-
vanced matoatics beyond 18.03 Differential
Equations, one of whloh must be either 18.076
or 18.085 or their equivalents. This requirement
may be fulfilled either prior to or as a part of the
Master's program. The choice of subjetin the
area of major Interest and the thesis topicare
arranged Indvdually by each student In consul-
tation with a facu adviur, the program of
study must have al of the faculty
advisor, who acts on behalf of the Department
faculty.

Master of Sclence In Technology and Policy

The broad coverage of system engineering ear, usually during the January indepen- Students Interested In applying their aeronautl-
clearly Implies that the responsibilities of the dent Activities Period. Students who wish to be cal engineering background to probiems of
engineer include far more than the design considered for the Doctoral Program must pass policy and socloeconomlo assessment of
synthesis and construotion of devices and the Qualifying Examination before the fourth technolog may apr for the interdepar ntal
facilities. The engineer must be aware of the semester foiiowng initial registration in the Master oflance rogram in Technoiogy and
social Implications of his or her work and do- graduate program. A prospective candidate Policy. This program combines subjects In
in, not only for maximum efflcency and may take this examinationloniy once. a t y with subjets in econom-

,a1ety but also for minimum disruption of the io, systems analys9, political science, and law
environment. The Department of Aeronautics and Astronau- and engages the student in significant project

tics requiresthat all entering graduate students workitrating technoin and policy. Gener
Students interested In working In aeronautical demonstrate satisfactory English writin ability requirements and applioprocedures are
and astronautioal systems shouid place primary by taking the Writing Diagnostic Examination described in Chapter VI.
emphasis on a broad educational base that offered by the Writing P roam of the MIT
should Include subjects In most of the divsions Humanities Department. The examination Is Maste of Science In the Management of
described earlier. In addition, the student should usually administered during the week after the Technology
obtain training In the disciplines that support Initial date of registration in Graduate School,
systems analysis, such as probability and stats- and all entering candidates must take the exami-
tic, operations research, economics, and nation at that im. Those whose skills are found Individuals who would like to apply their Aero-
computer science, and should also maintain an defolent will be required to complete remedial nautios/Astronautics engineering background
awareness of the external disciplines that help training spcifically designed to fulfill their and at least five years of technical work exped-
sha soolety, such as economics, law, and the Indvdul needs. once to issues in technical management may

scilences. Most of this material would be want to explore the Program In the Management
obtained in the graduate program, and under- in addition, foreign candidates whose nue of Technology. Jointly developed and offered by
graduate students can become prepared fora of Instruction has not been English for atIrasi MIT's School of Engineering and the Sloan
more eflective graduate program by a udiolous five years. must take the MIT English Evaluation School of Management, this program entails a
choice of undergraduate elective subjects. Test for Foreign Graduate Students after rigorous twelve-month curriculum, focusing on

gistration. The examination Is held In early m nt pdnples for technical ein a
The research of the me Division is con- September and late January. On the basis of technical environment. The ram
duoted in the Flight Transprtation, the Space performance on this examination, the faculty signed for scientists and engineers on a career
Systems, and the VTOL Technology Laborato- may prescribe remedial courses in English th irin innageral responsibil-
ris. The Flight Transportation Laboratory con- offered at MIT iesfortLhnicalactivities. Detls of the pro-
di fts research In many areas of fliht transpor- ram and application procedures are described
tatMncovering airlineo , traffic Master of Science in Aeronautics andI
control operallons, aircraft navigation and guld Astronautics
anoe, airport planning, and the application of Engineer in Aeronautos and AstronautIes
adanceopions research ehniyues t The general requirements for the Master of
anorationsytems.fT space ut a-m Science degre are cited InIChapterIVhe The Programleading to the degreeofEngineer

Lbrtranatly ge cet fodpc untt'linzma-tion and exploratloi, Ing space manufac- specific Departmental requirements are an In Aero*atis and Astronaut*Ics iofferd-for
turing, thes desg of large space structures, and acceptable thesis, and at least 68 subject units, students Interested In a greater breath of

spac trnsprtaiontyplcally In graduatie subjects relevant to fte graduate subjects than Is normally associated
space tansporation.&Midatas ams f too.iml itares . f m 8 WMtha Master 3 or Doctoral program, and less

Entrance Requirements for Graduate Study

In addition to th general requirements for
admission to the raduate School, applicants
must have a song undergraduate background
In some otf t fundamentals of aerospace
enineeringand mathematics as described in
Undergr udu.eo terms of advanced

r18rd.03 Differential Equa-
tions or its equivalent are required et o
to, or as part of, all graduate progirams. GaJps In
preparation can belled early in tgraduate
program.

units, 42 units must be In WA'lsubjetsof
which at leas 21 units must be In Departmental
subjects. To be credited toward the degree, non
"K level subjects must ca rade of Bor
better. Full-time students normly must be In
residence one full academic year. Special
students admitted to the S.M. program In this
Department must enroll in and satisfactorily
complete at least two graduate A-level subjects
while In residence (i.e., after being admitted as a
degree candidate) regardloss of the number of
subjects which have ben completed before
admission to the program. Students holding
Research Assistantshps will require a longer
period of residence.

emphasis on research-thanreqlredof dotora
cadidates. The minimums program of 162
subject units must include gruate subject
from each of the dsons of instructionand the
thesis work must have a strong eineedng, as
distinct from a scientific, orientation. Two year
beyond the Bachelor of Science dege nrAl-
ly are required for completion of this degree by
a full-time student.

Doctor of Philosophy and Doctor of Science

The general requirements for this degree are
given in Chapter IV. To be considered for the
Doctoral ram, a candidate must pass the
Doctoral uaifying Examination. Other require-
ments for admission to the proram and for the
proram Itself are outlined In a booklet entitled

Doctoral Program. Briefly, after selectingan
area for study and research, the candidate in
consultation with the thesis supervisor forms a
doctoral thesis committee, which assists in the
lormulation of the individual's research and
study programs and monitors the student's

rores. The sub)jects selecte to futfill the
major and minorrogram requirements must
be approved by committee. The candidate's
mastery of the major and minor areas Is tested
mawritten and an oral General Examination

ministered by the doctoral thesis committee
.it leon of the major and minor

Flight Transprtation. For students interested in
a cree inItiht transportation, a program Is

ava t orporates a broader graduate
education In disciplines such as economics,
management. law, and operations research than
to normnallyrfpursued by candides for degrees
In Englneeng. Graduate research emphasIzes

on te areao ht transporta :
Flight Vehicle DesignandC I; Airport
Planning and Design;, Air Trafi Control; Air
Transportation Syste Analysis; and Airline
Economic$ and management, with subjectsseloted approriately from those available in
the Departmesof Aeronautics and Astronau-
tios, Civil Engineering. Economics, and the
Center for Transportaon Studies. A special
Interdepartmental program may be estblished
for the doctors] student (or participation In the
Operations Research Center Program may be
considered - see Chapter VI).

sner compuno i uav u usubjects. Fellowships Research and Teaching
Assistanthps

Demonstrated competence for original research
at the forefront of aerospace engineering is the Financial assistance for graduate study may be

n t forranng the Doctor- In the formof fellowships or research or teach-
aI degree. sTuchnd i's t ie serves In pa Ing assistantships. There are several endowed
to demonstrate such oomPetenoe, and on and departmental fellowships that are granted to
completion is defended orally In apresentation students of exceptional promise. The Depart
to the facuity of the Department, which May ment attempts to place a student In a laboratory
thenrecommend the award of the degree. In which the research actity Is closely related

to the student's interests. Both the fellowship
Intsrdlislplinary Programs student and the research assistant work with a

facuity supervisor on a specific research assign-
The graduate division of the Department mnt of Interest, which generally leads to a

tes in several Interdeislloinstv fields, thesis.
peoh aw i al vwimm ce f " orioauitlos

andA ~n b research and the
curriculum.

Blomedical Enginsering. This Program is
avaiable to students Inteested in boedal
instrumentation andpysioloal control sys-
tems where td pnes involved In Aeronau-
tics and AsrnauticWa eappid to biology and
medicine. Graduate studybased on this pro-
gram may be e Dewitmental
orcram. the I hto lH~ *0
ind-Technolgy S.M.-Ph.D. Program In Medical
Engineer and Medical Physis or the Inter-
departe lPh.D. proramiInBiomedical
Engineering. At thMs' degree lvel
students he Deparm may specialize in
biomedicalengineering, emphaizng quanit-
tive physiology, instrumnt nndotrol
and iostatiutics, or in man-machinoe systeims

andengneeingpsyholgyand in Instrmen-
tion and i For arther descripton of
thee programs, please we Chapter V under
iordical Engineering. Most biomedical

enineering resrch In the DepartrmntOf
Aeronati:and Astronautics is conducted in
the Man-Vehlole Laboratory.

Inquiries

For additonal information o n academic
and research programs In te0epatmnt,
admissions, Interd isol inary programs, financial
ald, mistantshIe et., please contact the
Department of ronautc and Astronautics
Graduate Offloe, Professor H. Y Wachman,
Room 33-208, MIT, Cambridge, MA 02139, (617)
253-2260.

p

L

MR



-I----

128 School of EngineerIng

Department of Chemical
Engineering

Robert Arthur Brown, Ph.D.
Arthur Dehon Uttle Professor of
Chemical Engineering
Head of the Department

Robert Calvin Armstrong, Ph.D.
Professor of Chemical Engineering
Executive Officer of the
Department

Professors

JAnos Mikl6s Be& . Sc.D.
Professor of Che:nloal and Fuel
Engineering

Howard Brenner. So.D.
Willard Henry Dow Professor of
Chemical Engineering

Robert Edward Cohen, Ph.D.
Bayer Professor of Chemical
Engineering
Associate Chair of the Faculty

Clark Kenneth Colton, Ph.D.
Professor of Chemical Engineering

Charles Leland Cooney. Ph.D.
Professor of Chemical and
Biochemical Engineering
Associate Director, itechnology
Process Engineering Center

Wiliam Murray Deen, Ph.D.
Professor of Chemical Engineering
Graduate Officer

Lawrence Boyd Evans, Ph.D.
Professor of Chemical Engineering

Trevor Alan Hatton, Ph.D.
Chevron Professor of Chemical
Engineering
Director, School of Chemical
Engineedring Practice

Jack Benny Howard, Ph.D.
Professor of Chemical Engineering

Klavs Flemming Jensen. Ph.D.
Joseph R. Mares Professor of
Chemical Engineering

Robert Samuel Langer, So.D.
Germsehausen Professor of
Chemicoal and Biochemical
Engneerng

Edward Wilson Merrill, So.D.
Carbon P Dubbe Professor of
CheMIcalEnginering

Adel Fares Seroin, Sc.D.
Lamrnot du Pont Professor of
Chemical Enginerin

Charles Nelson Satterfdlid, So.D.
Pro8esor of Chemical EngInering

Herbert Harold Sawn, Ph.D.
Professor of Chemical and
Electrical Engineering

Kenneth Alan Smith, Sc.D.
Edwin R. Gilliland Professor of
Chemical Engineering
Associate Provost
Vice President for Research
Director, Whitaker College of
Health Sciences and Technology

George Stephanopoulce, Ph.D.
Leaders for Manufacturing
Professor of Chemical Engineering

Gregory Stephenopoulos, Ph.D.
Professor of Chemical Engineering
Associate Director, Biotechnology
Process Engineering Center

Jefferson William Tester, Ph.D.
Professor of Chemical Engineering
Director, Energy Laboratory

Daniel I. C. Wang, Ph.D.
Chevron Professor of Chemical
Engineering
Director, Biotechnology Process
Engineering Center

James Wel, So.D.
Warren K. Lewis Professor of
Chemical Engineering

Associate Professors

Edmundo Daniel Blankschtein,
Ph.D.
Texaco-Mangelsdorf Associate
Professor of Chemical Engineering

Mark Albert Kramer, Ph.D.
Associate Professor of Chemical
Engineering

Preetinder Sngh Vrk, So.D.
Associate Professor of Chemical
Engineering

Assistant Professors
Keith Middleton Baley. Ph.D.
Assistant Professor of Chemical
Engineering
Station Director. School of
Chemical Engineering Practice

Jeffrey Lee Feerer. Ph.D.
Assistant Professor of Chemical
Enginsering
AssiaeDretor, School of
Chemical Engineerng Practice

r:ren Klinoewioz Gleason, Ph.D.
Assistant Proflessor of Chenica
Engineering

Jonathan Golden Hanis, Ph.D.
Herman P Melsener 1929 Assistant
Professor of Chemical Engineering

Paul Anthony Webley, Ph.D.
Assistant Professor rf Chemical
Engineering
Station Director, School of
Chemical Engineering Practice

Administrative Officer

Robert Choate Morrow, B.S.

Senior Lecturers
Charles Michael Mohr, SoD.
Undergraduate Ofier

Urich Werner Suter, Dr.Sc.Teohn.
(Vsiting)

Lecturers

John Roos Ehrenfeld, So.D.
David John Goldstein, So.D.
Jean-Francols Pierre Hamel, M.S.

Instructor

Victor Howard Barocas, M.S.
Assistant Station Director, School of
Chemical Engineering Practice

Philippe Jean Matthys, M.S.
Assistant Station Director, School of
Chemical Engineering Practice

Senior Research Associate
Charles VBemey, Ph.D.

Principal Research Associate

Maria Flytzanl-Stephanopoulos,
Ph.D.

Postdoctoral Associates

Anath V Annapragada, Ph.D.
Zblgnisw Bartozak, Ph.D.
David Emile Bomside, Ph.D.
inda G. Cima, Ph.D.

Smadar Cohen, Ph.D.
WIlliam ttle Conner, Ph.D.
Antony John D Emanuele, Ph.D.
Hugo Guterman, Ph.D.
Zhichsng Hu, Ph.D.
Do Hyun Kim. So.D.
Regine Labee. Ph.D.
Antonos Georgice Mikos, Ph.D.
Matthew Alfred Nugent Ph.D.
lbs Gwan Park, Ph.D.
Sanjay Patnalk. Ph.D.
Ronald Jefferon Phillips, Ph.D.
Shmuel David Shefer Ph.D.
Janet Ayako Tamada, Ph.D.

Postdoctoral Fellows

John Christos Calandranis, Ph.D.
Ernst Gall, Ph.D.
Genady losilevskil, Ph.D.
Un-Shu Uu, Ph.D.
Makato Shinozakl, Ph.D.

Graduate Student Administrator

Jean Anne Bueche, B.A.

Personnel Administrator

Constance Lynn Tumburke, S.M.

Technical Instructor

Stanley Robert Mitchell

Visiting Scientists

Zvi Boger, M.Sc.
David Andrew Edwards, Ph.D.
Erik Oddmund Eineet, B.A.
Andrea George Helget. Diplom
Ingineur
Zhguo Su, Ph.D.
Ping Wang, M.S.
Erich Wintermantel, Ph.D.
Toshio Yoshioka, M. Pharmacy
Martin Leon Yarmush, M.D., Ph.D.

Visiting Engineers
Wataru Izumi, 8.S.
Bertrand Sliwa, M.S.

Research Affiliates

Howard Bemstein, M.D.
Larry Richard Brown, So.D.
Elazer R. Edelman. Ph.D.
Colin Robert Gardner, Ph.D.
Michael KIlgbrun. Ph.D.
Edith Mathlowltz, Ph.D.
Eric Matthew Morrel, Ph.D.
Claudy Mullon, D.Sc.
Eyal Ron, Ph.D.

BryAlan Solomon, Ph.D.
Michael Bemard Stemerman. M.D.
Charles Alfred Vacanti, M.D.
Joseph Philip Vacanti, M.D.
Warren Myron Zapol, M.D.

Professors Emerli

Raymond Frederick Baddour. So.D.
Lammot du Pont Professor of
Chemical Engineering, Emeritus

Hoyt Clarke Hotlel, A.B., S.M.
Professor of Chemical Engineering,
Emeritus

r
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Department of
Chemical Engineering

(Course 10)

Undergraduate Study

Marcus Karel, Ph.D.
Professor of Chemical and Food
Engineering, Emeritus

John Ploeger Longwell, So.D.
Professor of Chemical Engineering,
Emeritus
Senior Lecturer

Herman Paul Meissner. D.So.
Professor of Chemical Eng~mering,
Emertus

Aobert Clark Reid. So.D.
Professor of Chemical Engineedng,
Emeritus

Johnson Edward Vioin, So.D.
Professor of Chemical Engineering,
Emeritus
Glenn Carber WAillams, So.D.
Professor of Chemical Engineering,
Emedtus

Chemical engineeri lea broadly based
discipline, having a sop Involvement with
chemistry along with the applications of physics
and mathematics, which are common to all
engineering disciplines. in its broadest sense,
chemical enInedng is the creative application
of chemsr tothe solution of significant
problems. Cmoal engineering is making
substantial contributions to the development of
clean energy sources, to the provision of
adequate food supplies, to the recreation of
proper ecological balances, to the advancement
of medical/engineering science, and to the
economloc production of material goods.

The Departmnt of Chemical Engineering at MIT
offers two undergraduate programs. One Is
Course X, leading to the Bachelor of Science In
Chemica Engineering. This poram is accred-
ited the AccreditatIon Board or Engineering

andTehnology and the American Institute of
Chemical Enineers. The other program is
Course X-C, leading to the Bachelor of Science
without a Ification, which is not acredited
and requires less study In formal chemical
engineering subjects.

The De t offers a wide selection of
graduate subjects and research leading to
advanced degrees in chemical engineering.
Important subject areas include fuels and
energr. polymer chemistry, surface and colloid
chery, biomedicalengineering, biochemical
engineerng, chemical process development,
transport processes, andenvironmerial engi-
neering. Many of our current undergraduates
find it ttrctv In the upperclass years to take a
variety of these raduate-evel subject. This
exposure Is Invaluable In Identifying potential
Independent research intereets for the student.
Other students find these subjects to be fruitful
as terminal technical subjects prior to moving
on to work In enginsern. government, or
management. Students Interested in the various
areas of graduate study In Chemical ineer-
Ing should consult the section on Graduate
Study.

The School of Chemical Engineering Practice,
also described In detal In the graduate section,
Involves one term of work under the direction of
an Institute staff resident at the Practice School
Stations. There each student has a unique
opportunity to develop the abil to apply basic
professional principles to the soution of practi-
cal problems In Industry.

The undergraduate curriculum In chemical
engineering provides basic studies in physics
and mathematics, a major concentration In
chemistry. and a strong core of chemical engi-
neering. Tfour- underaraduate pro-
grams, deslned to develop Judgment, Initiative,
and respon bil give stu s considerable
latitude In arranging a of subjectsthat
best fts their needs. Those who expect to go on
to graduate school may therefore elect subj
that strengthen their preparation for advanced
work.

In addition to work In science and engineering.
students take an wer egrated sequence of sub-
jects In the humanities and social soiences.Thechemical ngineesr's progress and accomplish-
ments are not determined solely by technologi-
cal competence; fully as Important are a breadt
of outlovk and an understanding of s
curriculum provides a sound proearatonfor

oing onto jobs In Industry or govemment, and
?or graduate work.

Chemical engineering also provides an Ideal
preparation for careers In medicine and related
fields of health science and technology. The
Departments stong emphasis on chemistry
provides excellent training toward medical
school. A suitable program of stud maybe
arranged within the regular ouc of course
X or X-C. Interested studentshould consult
with their faculty advisor.

A departmental brochure gIves typical four-year
programs and provides adic In choosing
electives In chemistry and chemloal enginer-
Ing, Undergraduates are encouraged to take
part in thes research activities of the Department.

Bachelor of Soience in Chemical Engineering
Course X

The student who decides early to major In
chemical engineering Is encouragedtobegin
taking professional subjects. For exam , .11
Principles of Chemical Science, 5.12 Organic
Chemistry I, and 10.001 ntroduction to Com-
puter Methods may be taken in the freshman
year. If the subjects 10.13, 10.14. 18.03, and
10.301 are taken in the sophomore year. the,
student Is In on excellent for professoon-
al workIn some depth In nd fourth
years.
Some students may wish to defer choice of a
major field or exercise maximum freedom
during the first two years.If the Science Dist-
bution subjects chosen In the second year
include 18.03 and two are in the field of fluid
mechanics, thermodynaIcs, chemistry, biolo-
gy, or chemical engineering, students can
n"i a com te the requirements fora

oengineering in two more
years. Students are advsdto discuss their
proposed program with a Course X faculty
advisor as soon as they become Interested Ina
degree In chemical engineering.

.... ......
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V

Boaho of Solence In Chemiosi Engineering
course X

aee"al Inltate eqeMeents 17 5a8jeet~

SOence Requirement S
Humanities. Ails, and Social Sciene Requirement I
Science Oltr u lonReurmntw, tt. - ;t' .can be
saisd1rM anong 10.o13s.s12. OMd16.03 or 15.0in fth
Depimental Program] 3
LaboratoryRequirement en be satid by 8310 or
.311 In the Depmeta Program .

TOTAL. Subject 17
PL.US

Depermnent Program Units

SubWt nan.belowae sIlowd bycredaun, and by
PrqaIs f any(CcarequiaIn t leu)

One Of e ofowatn wo subac

6.310 Labortory Chemistr 12. LAS: 5.12
5.311 t ordly Chemial Expedmentation, 12, LAS:

.12

611
P".
Principles ofChemicalSCWenc', 12

812 OrganlcChemletyi, 12.05.11
-us

10.001 Intrduction to Computer Methods2, a
-us

10.13 Chemca Engieering Thennodynamlcs, 12, SO
18.02

10.14 Chemica Engineering Thermwodynamics 11, 9
10.001,1013
PAW

One of 0* be t cfgMe sujft*
10.20 ChemicalEnneedng Laboratory 12:811,

10.1410s21037
10.27 OhmcalEngineing Proceses

Laboratory 12: 1013 1014,10301

10.301 FuAd Mechans, 12 18.03
10302 1Tanc Proceses,. 10.13.10.301
10.32 Separatlon Prcesses. I1210 14, 10302

10.31 intg dChemical Engineerng 1, 1210.32.
10.17

10382 InIegraed oChemIcal Engneeing 1. 12: 10.361
10.37 Che Kineis and Reactor Desn, O 10.13,

10.301
18.03 OllsrentalEquations. 12. W.:18.02*

14.032 Oerenial Equations. 12,D; 18.02*

Shtswho use .11 totu04 the Geral intitute Require
ffs.tIn Cliemiuly musttamte12 addit"naluntsof Unre
stiloWtedolciva,

2
Rryhdmep can ao-best dIn thel

ai comeino"on o 2InI Course V 10., z10
iS wweicyW&JM offeredbythedepar.

Restricted EleetyIs'. 21-27
One subject In Chemical Engineeding, ecept lO.UR, 10.91.tO.mU'10. 11. 102 O or 10.01- 10.ste; lone lboratory
subjW from the fclloidng hal:

3.0 1 Materials Laboratry, 12. LAS
632 Intermediate Chemlcal Expedmentation, 18;

6.3100. 5.13, 5.0
7.011 Introducton to Experimental iology 1S. LAB:

?.01t
10,611 Microelectronics Processing Technology. 12;6.071
10O66 Polymer Morphology and Propeuies

Laboratory. 12
10.07,1 Polymer Science Laboratory, 12
10.26 ' Chemical Engineering Laboratory. 12;

8.11, 10,14 10.302 1037
10.27' Chemical Enginring Processes

Laboratory. 12;1013. 10.14,10.301
10.ThU Undergraduate Thesis, 12

Unite sI n 7 rtmntal p ar that s94 satsfytheoene tislte is5

unrestietad Uteetls ee 4-SI

tld UnfteR211. e 1

NOTE? NO SUBJECT can be counted BOTH as pan of the17-subject GiRs AND as part of the* 192 units required beyond
the GiRs. EVERY subjec In the* Student's departmental
program will count toward one or the other. UT NOT BOTH.

Bachelor of Science Course X-C

Students in Course X-C are permitted to plan
programs Involving basic subjects In chemistryand chemical engineering, but Instead of con-
tinuing in dept i these areas, can study in
other fields, such as other engineering disol.
plines, biology, biomedical engineering, eco-
nomlos, or management. Course X-C has
proven to be especially attractive to students
who wish to specialize In chemiry, phyic,
biolo, patent law, or management w hle
simultneously gaining a broad exposure to theengineering approach to solvng problem..

Students planning to follow this curriculum
should discuss their interests with a member of
the facuity of the Department. At the time they
decide to enter the Course X-C program, prefer-
ably by the first term of their senior year, they
should submit to the Department a statement of
goals and a proam of subjects which achieves

eir objectives. Students are assigned a mem-ber 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 coherentproramof ubjcts(102 units) Incuding at

units In ohmial engineering. urtherdetails may be obtained from the Department.

Five-Year Programs/Joint Programs

In addition to offering separate programs lead-
mg to the Bachelor of Science and Master of
ciF n Chemical Engineering, the De -

m n offers a program leading to the o nmuit-
neous award of both degrees at the end offive
years.cA detailed description of this program is
available from the Graduate Registri Officer.Students In the five-year prgrm normally
enroll In the School of Chem l ,Engineering
Practice.

For chemical engineering students Interested In
nuclear applications, the-Department of Chemi-
cal Engineering and the Department of Nuclear
Engineering offersa five-year prog ram leading to
fth joint Bachelor of Science in Chemical Engi-
neering and Master of Science In Nuclear
Engineering. Such programs are approved on
an Indivdual basis betweeon the registration
officers of the two departments.

Inquiries

Additional Information concerning undo redu
ate academic and research programs, a1mis-,
Mions. and financial aid may be obtained by
writing to Dr. C. M. Mohr, Undergraduate Officetr,Department of Chemical Engierig Ro
W-460, MIT, Cambridge, Massachusetts 02139,
(017) 253-2018.

Graduate Study

Fields of Graduate Study

The technology of chemloal meeing in the
rocss industresfalls looselyit w e o

re:physial and chemical. Whlbo-
we encountered in many indusral5
raute subjects ofInsuti reeah

as localygrupedIn the corresponding
Nd b eg~harng o #wns and &Ww
Mtryost grc4Le tufis take some

Wol nec il, and in the School of Chemni-
col EnaineingPractice the orobis...assign-
mts lvWe rndamta In both areas.-
r fto subjectsIn each of the followifields

le01d chemistry and engineering opera-
tions are described In Chapter Vill.

Biotechnology and Bloenginsering. The
results from molecular biology and genetics
must be translated by chemn engineers In
order to aohleve industral reat. A Natonal
Science Foundation supprtdiotechnoloy
Process Engineering Cenpter has been estab-
i thed to full theeg a. Tn Chemical Engi-
rearing facuity membe~rs iopate In the
research p ramsin this Center arch

word htobrane ta in
olofcoft Centoers

goal for fostering oross-ddInary Interactions.
neof ftheresearchare sreseme bioreactor

design and opertio for prokaryotic and euka-
ryoteorganim. A secondMaworeO t ocuses
on downstream proessing: product Isolation
and purinon. Some examples of the new
coneptand pulnoileeoIn #thisaeinlude
reversed miosis for Wr Jilctc.dy-
namicchromatography, ucus affinifty
recycle extractioni, membrane processes, and
immunoadscrption chromatograhy. The last
use of research addressee . ., control,
syntheis, and optimizaton of biochmical

In ecausey rsn
kft ating probles W
procses and chemical a cation
0f physiological ftons by artificalorans
requires, In addition, application of surfc
ohemisti, polymer chemistry. reaction

engneeing ad mteralscience. Researchers
I thoesarea collaborate with bkviomeia
scientists on campus and at the Harvard
Medical School.

Lmsse

ChemiEal Engnering Systems and Process
Conrol i aneraofstuotural changes in the

chemical and biochemical industries, the com-
puter-aided engineer is challnging convention-
al modes throughout the, whole Osetrumn of
ctites such asproduot design, process

conoe n anddeel n, proe engineering,
conto and operations, safety, and environmen-
tal proion. Extensive research efforts are
ourrsnty under way in all of the above areas,
supported by state-of-fth-artcomputer facli-
tes and software utilites. Methodologies from
artifiolal intelln and LISP-computrtech-
nologies are iorously being interfaced with
various com pur-alded engineering acivities,
leading to new intellin pes for Indus-
trial analysis and de=n. Procss simulation:
design of batch processes design of molecules
with desired prpris; procss synthesis:
oerablity, control and safety: development of
biotechnolOWa roems; intellgnt data-
bases and graph :svnthlWe of
control st :intellgentroonfolers, etc., are
charerVistic examplsof currentresearch
prot Sh geW pfr pocs

4 ng

Catal ale and Reaction Engineerin. Catalysis
Is by farftheMost IMPclsnt procseC% the
manufaturing of ohmicais and In the rafing
of fhole for transportation and power. atals Is i
also fthemsin prosess in reducing impurities In
fuels, and thus soMng environme ntlrolems
from combuson products. Rec ances In
new c ymaterials are openn thdoors to
beftetcnologies. Modem 9pc ocplo and

oomp~kMWWoh~que amprovdigpower-
fu proeonf theo WU cin

The heart of most chemiaprocesses is8the
chemical reaotor, which determines the overall
process succoe. The Overall performance is
determined by the interactions of fluid mechan-
lo, miing, and transprt phnomena with
chemical kinetics. RaiADesign and operation
of both otalysts and reactors arethe obecv
of this research area.

Energand Environment EnT and environ-mentaL ~ proide icreasng opportuni
ties for cnrbtosb hmiclegn~s

Transport Processes and Thermodynamics.
Research In transport prosesses and thermody-
namls provides the foundation for many new
and evolving technologies In areas rangin from

bicihmloalproduotiontomroeetris
Fundam l studies under way e at te
forefront of scientific disoiplines such as
thermodynamics, continuum ano statistical
mechanics. chemioal physics, hst and mass
transfer, interfaelal transport, fluid meohartios,

adappled mathematCs. Many Departmental
u research interests Whichfail Into

these areas, and their projects offer stimulating
fnaetlstudies motivated by application.

Present emphasis Is on analysis of transport In
heteogeneous systems (e.g., suspension,
emulsions, porous media), on studies of
structure of fluid/fluid and mlt/solid Interfaces,
and on research In Newtonian and non-Newto-
nian fluid mechanics. Theory and experiments
are combined to provide a complete under-
standing of a research problem. TheX xrimen-
tal work uses the latest, state-of-the-ar
eument, while the theoretical p ahs
Invov both analytical and numerca methods.
Much research iW specialized In the develop-
ment of new numerial methods for large-scale
physiochemlial hydrodynamics.

Polye rs. Polymers comprise a large fracto of
thetoa production of the chemical-industry.
Their unique macromoloular structure adds
interesting omlextyad aihn" to the study
and understani ng o rlaioships between
their molecular archoecture and physical
propeties. As polmere continue to replace
existing matedifsIn certain applicatons and to
open up interestingnew areas of technology,

reater understanngis required at various
eveils, ranging fromthe molecular to the

continuum. Chemical engineers contribute to
the polymer field In numerous areas of activity
such as polymer processing, polymer rheology,
structure-property relastionships, polymer
synthesis and characterization, and Interactions
among these different areas. In addition to a
progrm of graduate study n polymers within
thes 9eatmn, opportunitiesexist to partici-
pate d reotly and lndlrectly In the actvites of the
Interdepartmental Program In Polymer Science
and Technology.

This aresisa long sanding and majo a Inthe Department Extensive prograIms areUne Surface Sciene and Mroelectronlcs. The
,jin experimental and theoretal studes of study Of MSurc hemisty and surface physc

fu oo Wlo rproceses such as: Fishn-,Is central to ftheunderstading of many frmmn-
11ropsoh synfthee prlsso ol l-mass, cal engineeringprocesse. InftheDepartn
and oll shale: and h p"ro Mal'lqeaon, both fundamntal andapolied rercwh Is being
high-tomperreg~ d91fl0t, and combustion oWnuced InyNareas Ofgas-solid and

coa ard W MU s.Studiesof sootand colloidal surface science.
aromoatic fomatio, n~togen oxide

, and control of sulfur misonse The undersand-sold kines is
also an im po tof the program, as are crucial In tihe su er eos aysi
new studies in g rlr ir engineering and the fabricaton of tegratd.cirouit. Using
and In aftu m osof recovery of a the new and rad itechniques of
from underground systems. ui-hir.tkineticooftalti processes, plasma etching of Inte-

grated circuits, and chemical vapor diPOston
of th films are being explO MIT. 1ooh
niques Including X-ray photoc *Pact*$-

eugas speotsoopymodu ed beam
.Mass spectroe, lase-induced

fluorescce electron microcop, and BuT
measures are typically used.

Bachelor @1 Science In Chemical Engineering

Ether 10.26 or 10.27 must be taken as Oepamen
Requiem eardcnoso me sed to sso tosRetrted
LaboratryRequiremen

'Alienst. rsrqulstesare Min the subjtdescrptIon.

---- -------
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The surface science of colloidal and biological
systems Is being studied at MIT with application
Ito the separation of bloproduots, enzymatic
catalysis In organic solvents. Interfal transport

enomena, and the thermodynamios of surfac-
gregationand solubilization. The follow-

Ing techniques are avalable for use in research:
analysis yliht, neutron and X-ray otering,
interfavoelometryNMR. ESR, l -in-
duced fluorescence, andoemometry.

School of Chemical Engineering Practice

Since its Inception In 1918 the School of Chemi-
cal Engineering Practice ias been a major
feature of the graduate edcation in the Depart-
ment. in this uniue prgwm students receive
Intensive instrn toboadentheir education,
not only In the technical aspects of the profes-
sion. but also In oommunication skills and
human relations, which are frequently decisive
in the success of an engineering enterprise. The
Practice School program stresses problem
sovng in an engineering Internship format,
where stdentundertakeprojectsl at Industrial
ftee under the direct supervision of resident
MT faculty Credit Is granted for participatiorn In
Practice School in lieu of preparing a master's
thesi.

The operation of the Practice School is quite
similar to a small consulting company. The
resident staff work closely WithOttchnical
personnel of the host companies in identifying
project assinmentswith significant educational
mert, and solutions tt make important
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
another, gMng every Individual an opportunity
to be a group laderat least once.

Students in the Practice School program are
required to demonstrate proficincy-in or take
one graduate subject in each of the following
areas: Thermodynamics, Heat and Mass Tans-
f~e ied Process Chemsby ineios and

Design, and Applied athematice.

Advanood Degrees

The followingadvanced de are offered in
irvaster*Tchemical eninern: the stler of Science In

Chemica Engiern or the Master of Science
In Chemicl En een Procge. Chemical
Min.er DoctorOf So nooor Doctor of Philcs-

eqiaetto 5.02 Physca
Cheisty"ad6.12Ogaic Chemistiry Ilie

normally essenialfor Onjgray atework In
chw emalenineering. dWWdesorlp-
tnofnechofthe pogr canbeobtned

fro thegrduaere on ~ein the

Matter of Science in Chemical En Ineering.
Prrams for the Master of Science in Chemia
Enneering usually are oraned as a continua-
tion of undergraduate professoal training, but
at a greater lvlof depth and maturity. The
general requirements for a Master's program are
given In Chapter IV. To complete fth require-
ments of at last86 subject units, of which 42
units must be In "A sub . together with an
acceptable thesis, generally takes one academic
year.

Master of Science In Chemical Engineering
Practice. The unit equirements for the Master
of Science in Chemical Engineering Practice
Course X-A are the same as those for the
Master of Science In Chemica Engineering,

except that 38 units of Practice School experi-
ence may be accepted in ieu of the Masters
thesis.

Bachelor of Science graduates of this Depart-
ment can meet the requirements for the Master
of Science in Chemical Engineering Practice
CourseX-A In two terms. BeInning In the

?Optnibe W ~n graustion, students are at
the field stations until ie end of December, and
then return to the Institute to complete the
program rn the sprng term. A similar

Pratlc Scoolfield prcgran begins in Febru-
ary and extends to the end of May.

For students who have graduated in onemical
engineering from other institutions, the usuA!
program ofstudy for the Master of Solence in
Chemical Engineering Practice involves two
terms at the Institute followed by the field station
work in the Practice School. Graduates in
chemistry from other Institutions normally re-
quire an additional term.

Master of Science In Technol nd Polio
Students Interested In applvy r chemical

VIneeri background to problems of policy
and ec assessment of technology

may applyfor the interdepartmental Master of
Sclence 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 apploation procedures are
described in VChaptei.

Chemical Enner. The Engineers degree is
offered for those studKents who desir an ad-
vanced graduate education In depth but who
are not itersted primariliy in research. The
pr1c~am of study and research normally In-

ttendanceat the Practice School,
completion of an arved Integrated minor
consisting of at 24 units outside the Do-
arrnnt. A detailed description of the Chemical
ngneer's program may be obtained from the

Graduate Registration Office

Master of Science in the Management of
Technology

Indvduals who would like toapl their
chemioal eineerin background and at least
five years of"tec4hnica work experience to issues
in technical management may want to explore
the Program In the Management of Teochno .
Jointly developed and offered by MITes Schob]
of Engineering and the Sloan School of
Management, this program entails a rigorous
tweive-month curriculum, focusing on manage-
ment nciples for technical people in a
techn vironment. The program is
designed for scientists and eng neers on a
career path requiring increasin manageel
responsibilities for technical Mtl. etals of
the program and aplition procedures are
desoibedIn Cht VI.

Doctor of Science or Doctor of Philosophy.
Admission to the doctoral program is granted
only after the candidate has passed a written
and oral geneiral examination. The examination
Is given in January and May. It Is usually taken
at theend of thefirst term In residence ass
graduate student. It is not necessaryto com-
plete a Master's program in order to obtain a
doctorate.

The requirements for the doctoral degree in-
clude a program of advanced study, a minor
program, and a thesis. The ram of ad-
vanced study and research Is normally carried
out In one of the fields of chemical engineering
under the supervision of one or more faculty
members in the Department of Chemical Engi-
neering.

The joint program with the Woods Hole
Ocean phic Institution is Intended for
students whoseprimary career objective is
ocengaphicngneerng. The progr aats
the end of this chapteron MIT's Joint Program
In Oceanography and Oceanographic Engineer-
ing with the Woods Hole Oceanographic nstitu-
ion.

Financial Support

The Department has t, wide variety of financial
support graduate students, includil tah-
Ing and research aseitantships, fllowships,
and loans. Information about financial ass
may be obtained by writing to the Graduate
Registration Offlcer, 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, eto., may be obtained by writin to the
Graduate Office, Department of Chemia
Engineering. Room 68-366, MIT, Cambridge,
Massachusetts 02139, (617) 253-4579.
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Department of Civil
Engineering
(Course 1)

Undergraduate Study

civil engieerig19 the principal Instrument for
focusing human ty's scintific and technical
skills on the creatn of construoted feoli Wee
which advance a society toward the attainment
of basic objectives such as economic develop-
ment, envionmental protection, and social
well-being.

The scope of oMI engineering education and
research aclvities at MIT is quite broad and
multifaceted. This stems directly from our
roogition of the underlying characteristics of
te MI engineering proe with whloh the oMi

Iermutultimately deaol. Such projects are0ally lrgI ndPtetal pogiand ywith ro-
found environmental, social, and financ
Impacts. Their design requires the oMI engineer
to deal with oomplx toohnologlcal and scientific
Issues as well as diffloult sooia and public
poicy questions. Therefore, our Department's
porams emphasize a broad understandi of

I het lvel oftecnolgy available, the
behor of the engineering favility ata systems
level, and the management, organizational, and
Institutional settings within whloh such engineer-
ing systems operate. On t technology dimen-
sion, cur programs deal with areas such as
structural anaysis and design, analyticalme-
chanIcs, gotechnical engineering, materials,
hydrodynamlos, hydrology, and aquaio sol-
ence. In the engineering systems area, we

cus on such topics as economic analysis,
Information and r systems, enginsering
risk assessment, operations analyse and

. In th management, o n
J, andl Institutional area, we address Ise

such as a eon of very large-scale enI-
neeringo e ment regulation, indus-
try struture, and ntitutIonal Issues in engineer-
Ing project Impleenttin.
Ci engineering professions are concerned
with the criical problems of today's society. For

xam , our energy needs demand projetsof
inary s and potential environmental

in t(e.g.., the rans-Aaska Pipeline, offshore
exacion facilitles). Rebuilding the decaying
Infrastructure (e.g.. highways, bridges, urban
water systems)1inthUntedStateiarepresents a
major technical and econlomi challenge, as
does the construction of new Infrastrutre In1hoedove*cplnQwor. The technoloy of

lties pforfthesaf dfposalof
as wastes and tunnels for transport of

ncommodities requfree new
~ anafyris, design. an drsk
efficien transport of goodsand people reuiesinovativeotsnqures In

*Aningand tmplemntao onfrastrr as
we#l as a basic uderstndingof the underlying

The of na uralqfM.war
depends upon adeeprunrst gofthe
interacion of maufctre sbsaneswith th

bloal sse hri.ER the

hmnonumption, irigation, and power
generation, and proto-n of scetyfrom the

Wnt disasterof lods or drughts requires
o is w design, and opera of

4W s woas a uestn= ding o h
demands of octy for this resource. CMvi
engiee play a leadership role In fth

oc n, planning, realization, and operation
of faclite and systems that help solve
problems In all the above areas as well as others
concerned with basic human and societal
needs.

As these applications Illustrate, oMI engineering
embraces a broad scope of activities in plan-
ning, analysis, design, construction, na-
ment, operation, andmaintenance of a v of
faoility 9, activities which are brought to
bear on solution of many kinds of complex,
multidimensional problems. It Is our belief that
the education of civil engineers for future leader-
ship itions should provide a rigorous per-
s t on the latest hnology and analo
methods, as well as on opportunities to develop
the social science and management skills that
are required to assess needs, evaluate soolal
and environmental impacts, and operate the
engineering enterprise. Such opportunities are
ensured through a broad curriculum and the
encouragement of Interactions with other do-
partments at MIT and neighboring universities.

Job opportunities in oMi engineering are quite
varied. Positions are available In large and smal
consulting organizations, firms in a variety of
industries, and agencies at all levels of govem-
ment, both in the US and in the international
sector. Many of our students build upon the
technical, planning, and management skills
em ed Inour become involved
in theeeneuria aiyof owning and

r own erprises. Furthr our
undergraduate programsre considered excel-
lent entris to graduate study In engineering as
well as such filds as law and management

The Departent of CMI En ineering is orga-
nized into three functional visions: Con-
stru d Facilities, Tansportation Systems,
and Water Resources and Environmental
En ineering. These DMelons represent the
major profesional thrusts of the Department. At
the same time, many problems within CMI
Engineering transcend any one of these DM-
slone. This is reflected In the Department's
educational and research programs, including
those of its Center for Constuction Research
and Education, which draw upon and integrate
the techniques and concepts of thsmajor
functional area. Detailed descriptions of the
p rams of the DMsions and the Center are

Ind In the following pages.

in addition, the offers a number of
undergraduate adgraduate subjects in the
following areas: indmaionsystems On Com-

pualnI Methods; Aaltia Mechanics;
ngineeng Systems, Economics, and Manage

ment; Enginering Risk Assessment and Proba-
bilistic Anaylysis an Institution and Public
Policy - whichawe of Interest to students In.a

vreyof fields at MIT.

The Department of CiEngineering offers three
undergraduate ourricula for students seeking a
strong base for careesIn oM eIneering or
related fields. Course 1, which losds to the
Bachelor of Scienoc In Civil Engineering, Is
designed for students having educational goals
that fall substantially within the scope of ci1
engineering. Course I-A, which leads to the
Bhelor of Science without designation, is
designed for students having a well-defined
educational goal, whose anmt requres a
aeially formulat program of study. thin

rse I-A the Department offers as lal
option In Engineering Systems and Comut
tion. Course 1-B leads to the Bachelor Sci-
ence in Environmental Engineering Slenoe.

Each of these curricula provides suffiient
flexibility to permit students to develop their own
spooial Interests by taking subjects in the De-
partment of CMI lngineering and other depart-
ments. Undergraduates are encouraged to
participate In the research activities of the De-
partment and in many oases 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 raduate
study. This Isreadily accomplished for those
students who embark on the Departmental
Program in their second yew. Under certain
circumstances, students are permitted to work
toward receMng simultaneously undergraduate
and graduate degrees.

W." opo
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The curriculum for this degree is designed to
help the student develop roblem-solving and
decision-makIng abilities that can be brought to
bear on civil engineering problems. The
seven-subject core of this curriculum Introduces
the student to the Issues, problems, and

methds o oMIengieerng. It provides a
foundation In the areas of analysis and
computation, engineering science, and systems
and management science, with emphasis on
their application to prblems that arise within the
scope of cii engineering. Planned lectives
provide useful knowledge of some aular
aea of civil engeng In depth. is progra
(including the Internship Optin Is accredited
by the Accreditation Board for engineering and
Technology.

Bachelor of Science in Civil Engineering
Course I - Internship Option

Students who wip tho gain Industrial experience
as part of their i nderaduate and graduate
rrograms maydoso applying to CourselI

temship tion. The Englnetg Internship
Program is dc in detail in the School of
Engineering section of this ohapter additional
Infrmation on the Course I Internship Option
will be presented here,

The Intsmshlp Option requirements are the
same as for Course 1. In addition, provision is
made for students to be employed In the of-
floes, plants, or construction sites of participat-
ing companies. The two undergraduate work
assignments are together considered equivalent
to a 12-unit subject and may, by petition, be
used toward the planned electives requirement.

The program Is expected to be particularly
attractive to students who wish to study for the
combined S.B.-S.M. degree, requiring five
years for completion. Such studentsI admitted
to the graduate school, then omplete two
further work assignments, cons ng of the
summer and the subsequent fall term following
the fourth year A thss for theS.M. degree is
ordinarily based on the industrial expe .
Twelve units of graduate credit are awarded for
these two work asgments, in addition to

regu thesi preparation of the S.M.
thesis.
Students desiing to participate in the Internship
Option should apply early in the second term of
their sophomore yewg.

Science Requrement
Hurnantle. Arts, and Socia Sciece Requiremn (one
subject an be satisfie by 1.01J In the Departl
Program] a
sen e Odrbution Requirment (2 sub nts can besaisfied
byC1.00,1.04. or1. 12 AMdby 1.03or18.02 Inthe
Deparmental Program] 3
Labore*IosRequirm (all or half ofM t rquimen can
be satisfidbysubjtIn the De tmenua Progm 1

TOTA SUbjects 17

PLUS

Dspatment Progra un

Subject names belowae olowed bymodit nsa and by

Ne*awed de aw 10 or 144

Analysis d Cornputaton
1.00 Introduction to Computers and Engineering

Problem SoIng'. 12,SD5
1.12 Computer Models of Physical and EngIneedng

Systems, 12. SO; 8.01. 18.02
18.03 Oferentil Equations. 12. SD:O18,02*

or

18032 Dttreniat Equations. 12. Sc: 18.02
Engineeing Science

$04 BehavlorofPhysleal Systems l. 12. SD .801.
18.02

105 Behavtor of Physical Systems i, 12;6.01, 18.03

pMr oA' odme tong Ste sub 00:
130 Soil Mechanics, 12: 1.04

1.50 Introduction to Structural Engineering, 12:1.04

1.1 Mc i of Conruction Maerl and
Structures.I121.04

1.00 Fluid Dynamica, 12:1.03

1.80 Fundamentals of Ecology. 12

Systemend Managemet ScinCe
I.01jJ Einsdring Aspects of Economic Analys., 12.

1.03 ntroducton to Pbby ed Stistcs for
EngInes. 12; 18.03

Deadmvttial ftal

one of the Departmental offerings hat count toward the institute
Laborakoy Requirement (1.101J, 1.102. 1.10..1.10. 1.107, or
1106).

owneral Intttt nequirement. 17 sublecto

Bachelor of Science as recommended by th
Department of Clvii Engineering
Course l-A

Inest Systems and Computation
f(I&C) O;on

oose Inelineteq*uemeWte 17 Sublee

sw&enceRequirement
munftie. Atsand SocialSciencsRequirment (one
subec can be satifie by 101J In the Departmet

Scenoe nstribution Requirement (2 subets can be safed
by 100 or 1. 12 andby 18.03 or 18.032 In ftheDeparmntoal

rgram]
aboratorys Rqurmen hall or halfo the requiremnt can

De satid bysubetsIn the DepamnTAL Program
TOTAL Subject

Osputmenta presrm ut

s Other Course I-A Options Bachelor of Science In Environmental
Engineering Science

In addition to the EngineeringS s and courseI-B
Computation Option, the De0 provides
other programs under Course I-A. These pro Genera InstIue eeqnmente 1
grams are available to students who cannot

ts achieve their goals through the Course I or I-A Science Requirement"
options desclbed earlIer. There are five required Humanities, Ada and Social Sciences Requirement [
subjects (1.00, 1.01J, 18.03 or 18.032 and o subect can besated by 1.01Jin the Depdmental
of the following: 1.03, 1.04,.1.06, 1.12), plus a Program)
coherent selecon of'at last seven pannod Science Distribution Requirement (2 subects can bet

s elective subjects, which meet a weIIdlined by 18.03 or 18.032 and .80 or 10.13 In the Depadm
educationial goal. The planned electives we Program]
developed In consutationwithRand aeap aborstory RequIrement (can be saisfied by 1107,1

s proved by, a memnber of the departena5.310 in the Depanmental Program]
faculty who agrees to Serve as the program
advist Some options specify a number of fth TOTAL Subjects

17 planned electives (see, for example, description PLUS
of the options in Englneerifig Systems and

- Computation). Depatmentl Prern

te

Bachelor of Science in Civil Engineering Bachelor of Science In Civil Engineering
Course I Course I Planmd Elsen-UB:

A selectlon of three subjects which add depth andlor breadth
to the Departmentat Program. whtich meot a stated educallonaJl
objelyv. and which are approved by the studenr faculty
advIsor The selection may Include subjects from outside the
Department of CMI Engineehdng.

Wtilett Do uMntal Po m thatd de saisfly
U utequisretnt(42 or 4)

Unreeutted Uets 4

TOtiUnite Required fee the S.D. Do"e eyn
the~ a Genera hetluResiemeonts (GIfts) 110
NOTE: NO SUECT can be counted 10T q as par of the1 7-subject ORs AND as pant of the 160 units requtred beyond
the OtRa. EVERY subject in the students departments.
program will count toward one or the otha BUT NOT BOTH.

Bachelor of Science as recommended by the
Department of Civii nglneering
Course 1-A

The program leading to this degree is provided
for those students whose Interests and educa-
tional goals fall within the field of civil engineer-
Ing in its broadest sense, but who cannot
achieve their goals by meeting the requirements
for the undergraduate degree with designation.
The Engineering Systems and Computation
Option described later Is an example of such a
program.

A program leadi to this degree is not acored-
Rod by the Acritation Board for Engineering
and Technology, an Issue that should be dis-
cussed with the faculty advisor.

Engineering Systems and Computation
(ES&C) Option

This option is designed for students who wish to
have a broad engineering-based systems and
comn tion program, but do not wish to satisfy
all of the requirements for the Bachelor of
Science In Cii Engineering. The program Is
focused on software and systen-analytic tools
for dealing with large and complex engineering
issues. It preparesstudents for careers In di-
verse flssuch as e ine gmodelbuild-
Ing, applications software dac n, large-Scale systemns sanalysis, and data acqus &oWan
processing.

The ES&C option also provides aaaalsor Th10 iecon manclude subets frm outs
neeing anid computaton bes b

peole anttDpurse graduatestuisin
Wesuoh as busines manemntaopera-4.

lions researoh, planning, app4ir4)
management, as well as api Ca'
lion ars such ast rtalonenergy, thee eor
environent, ad logie*

NOTE NO SURJECT can be counted OTH as pan of the
1-subject GIRAND as peAofMo 180 unftsrequired beyond
trOWee M VRYsubjectin te tdnts earmtt
PtegreR M on oOrd oneor the thlUTNOT somH

Bachelor of Science In Environmental
Engineering Science
Course i-B

This option is designed for students who wish to
acquire an In-dept knowledge of fundamental
physical, chemical, and biologlprocesse
coupled with analytical and computaonal skills
suitable for addressing the cruoial problems of
human impacts on the environment. The pro-
gram provides the eduoaton necessary for
careers In environmental engineering, manage-
mont, and plannined forms a solld founda-
tion for graduate y and research In both
basic and applied environmental disciplines.

2.10 may be accepted by petItion as asubeule for 1.00.

*Altemnae prerequisitee are listed In the subject deecriptIo.

"Anyofthesubecstat fuise nt*Chel$tmY
Requirement isdsdtisfactoy though .11 or SP 01arrom-
mened

[pn-

one

satisfied
ental

106, or..1
17

UnO

Subject names below eaw followed by credit untta, arid by
Subjc ermblwa 1mdb rtunt,.and byprerequistesNWany (Corequlaties In ftlocs)
ReqiredSubt: 15-141

1.01J Engineeing Aspects of Economic Analyss, 12.
HASS

1.05 sehavior ofrPhysical Systems 1 12: .01,.18.03
18.03 Differential Equations. 12, SO; 18.02*

or

18.032 Dfferential Equations. 12. D;:18.02'

.71 Introduction to Hydrology, 12; 1.05

1.80 Fundamentals of Eorogy. 12

1.86 wastewater Teatment Engineering, :1.80*
one Of the Wfollo o ~subjecfts

1.00 introduction to Computers and Engineedng
Problem Soing. 12. sD

2.10 Elementay Programming and MachIne

one Of the fowing twg M subjet
5.80 Chemical Thermodynamics. 12, 0;18.02

10.13 Chemical Engineering Thermodynamics I,
12,SD;818.02

One of the olW Ing IWO subjects:
12.23 Environmental Chemistry and Climate Change.

12;:6.00*. 18.03
TOX 104J Chemicals In the Environme. Human Disease.0
One of fe t on hree subjects:

1.03 Introduction to Probabity and Statistics for
Enginem 12; 18.03

6.041 Probabilistic Systems Analysis. 12.:SD;18.02

18.08 Introduction to Probability and Statistics. 12. S0:
18.01'

one ofe oWowng tree subelsc:
1.00 Fluid Dynamics.12; 18.03

2.20 Fluid Mechanics. 12.S:18.02.18.03

10.301 Fluid Mechanics, 12 16.03

Orr of theftow ir" e a ubpje .

1.107 Aquatic Chemistry Laboratory.12, LAS: 6.11'
1.108 Laboratory and Field Proects in Environmental

Fluid Mechanls. 12. LAS
5.310 Laboratory Chemistry, 12. LAS:

6.12
(COO*" aed n reao pegs

sujecnamebmowe e ed t t nt, and by
serequisn9any (coreqtof n as)

*ieds*elect: 114or120
Andyss and Computatlon

1.00 Introduction to Computers and Engineering
Problem Solving', 12. SD

10603 Differential Equations. 12.SD: 18.02*

or
18.032 Diteorential Equations. 12. SD:18.02*

1.12 Computer Models of Physical and Engineeing
Systems, 12, W,:6 01, 16.02

Enginderng System and Computalon
1.011 E ngineot Aspects of Economic Analysis. 12,

1.03 introduction to Probablty and Statistics for
Engineers.M 12 18.03

pwa- 1 taeWontg as subots:
1.02 Optimal Dosign of Enginring ste, 12; 100
1.06 Probabilistic Models In Engineering. 12; 1.03*
1.07 Engineering Appications of utftlcial

Intemigence, 12
1.15 Computer Applications in Statistics, 12;1 00. 1.03

18.06 unear Algebra. 12.S80;18.02*
Depatmental Laboratory
One o the Departmental offerings that count toward the insttute
lboty Requirement (1.1011 and 1.102 are pariculadty

s5

A sletin of An bects which add depth and/or breadth to
t Depamal Program. which meet a steed educailonal
Obective. and which are approved by the students faculty

ie

2.10 may be acoepted by pethion as asubute for 1.00.

18
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Graduate Study

(conunirued aem previous pagel)
Planned eethes: I
Students e refured to take three sublecty that add deh
atd/or breadth to the requied program am 1thate approved
by the :tudents faculty advisorne othe department for & list of
approved planned eRectfvse.In addhlonstudet can choose
to wls oan undergraduate thestis in lieu of one or more of The
planned lectives

UnitsIn Departednitain Progrom th en.sad
the OeneralnstateReqiremente D(4)

uffertled Etothe e as1-r5o7relectiv etiesprogams.

Sot units Req toed for the kS.oDegree wam e r
the feneralu nsUt Reurmats (otan) IN
NOs NO SUBJECT can be counted BOTH a Pa9of the
17-subectoIs AND as pa t of the o uns required beyond
the G~s EVERY subect In the students de atenta
Program will count toward one or the other. OUT NOT BOTH.

Electives and Research Opportunities

A list of undergraduate electives In CMI Engi-
neering may be obtained from the D rent.
Students reistered In the Department ae

encorage toconsider appropriate subjects
offered by other departments s part of their
elective programs.

Students wishing to work closely with a member
of the faculty on research may obtain permis-
sion to register for thesis, or to enroll In 1 .999
Undergraduate Studies In Cii Engineering.
Numerous possibilities for UROP projects exist
In the Department. To help undergraduates
understand the professional challenges of Cii
Engineering as well as help establish working
relationships with the faculty, up to ten $800
UROP traineoshipa are awarded to undergradu-
ates each spring.

The Department of Clvii Engineering grants the Financial Assistance for Graduate Studentsfollowing advanced degrees: Master of Solence;
Master of Solence In Ci Engineering; Cvil The research of the Department is an integralEngineer; Environmental Engineer; Dotor of part of the study program, and approximately
Science; and Doctor of Philosophy. The Insti- 100 gauastu dentseachyea receivea-tut's general requirements for thse d 5esR es o
may be found In Chapter IV Detailed irnfomsa-most of these appointments fully cover tuitionton on the departmental requirements for each and reasonable ivng expenses In the Bostondegree may be obtained from the Academic xarea.
Programs Office, Room 1-281.

At the graduate level, research and education
go hand-in-hand. Students Interested in
physical processes or In the analysis and design
of component facilities may work in a funda-
mental area such as soil, water, or structures.
Students Interested In the planning, design,
construction, and operation of large-a e
systems of facilities may work in such fields as
transportation, water resources, and other
public and private systems.

The functional Dsons of the Department and
the Center for Construction Research each have
responsibility for the administration of the re-
search and academic programs of the Depart-
ment, including graduate admissions and re-
search assist teaching assistant, fellowship
and traneeship awards and assignments. Pro-
spective graduate students indicate their pre-
ferred affiliation when applying for admission.

Fields of Advanced Study

Inte rated programs of advanced studyare
valable In Htfollowing areas: geotechnical

engineering, structural engineering and
mechanics, construction engineering and
management, transportation systems, hydrody-
namics and coastal engineering, hydrology and
water resource systems, water quaity contN
and the aquatic environment, and envrrnmenial
engineering.

Entrance Requirements for Graduate Study

Applicants do not need to have an undergradu-
ate degree Iivi engineering.
Numerous opportunities for raduate education
in ci engineering exist for stdents with back-
grounds In other branches of engineering,
science, and certain social sciences. These
arise through the growth of Interdepartmental
research end degree programns that bring
people of diverse acgrounds together in
search of solutions to major societal problems.
Graduate students and faculty in theDepart-
ment have, for example, experience Ineconom-
ics, poial science, sociology, architecture,
urban and regional planning, management,
biology, geology, and oceanography.

Primary requirements for graduate study are a
keen Intellect combined with capability and
interest In quantitative approaches to real pb-
ems. Prerequisites for each subjc are gien In

the subject descriptions. tuetmay make up
deficiencies In prerequisites while pursuing a
program of graduate study. All applicants are
ruired to submit scores om GRE Apti-

tudsT.

In addition to financlal support, these appoint-
ments provide valuable edlucational experience
and, In the case of Research Assistantships,
thesis opportunities.

A number of Fellowships are also available for
graduate students.

F ft..*..e .4 Ik.IB 1..t... 4 S~ * M1*IS t *~** ~IWE*L*~U *

Divisions, Laboratories, and
Special Programs

I.

"Irv,

Constructed FaclIlties Division systems, structural performance of joints In Intelligent Engineerin System Laboratory
precast concrete segmental bridges, soll-struo- iESL) Is composed of facultyand students

The academic and research programs of the ture Interaction under seismic lo ia, and reliabil- whose main Interest lies In the applications of
Constructed Facilities DMsion are concened Ity of structures. In materials, the current re- artificial Intelligence techniques(Al)to
with the broad field of development, design search ptrogrmIncludes projects on Innovative enginesring problems. Computing facilities

n and asse smentofgealiofcoh-t ht materials for consrtion (e.g., Include I MiariVAX-ve, 3 SUN SPARC Station l's,
stue a a i . bg~e havIoofcn fibre-reInforced cements, ceramics, celluiar 1 SPARC Server 370,2 SUN Ill'.Software
=thnicl engineen na n tural materials, and structural sandwich panels), Ice features X window application environment and

dln and analysis buld upon subjects In mechanics, loe-structure Interaction on offshore Includes various Al programming tools and CAD
mechancal behavior of materials, engineering structures In the Arctic, and fatigue and multiax- packages.
mechanics, applied probability and statistics, lal failure behavior of concrete.
and computer-bae analysis methods In RMREC
des ning a program that mets particular The Gotchnical Engineering Research REMERGENCE

and Interests. Students may emphasize a Laboratory conducts applied and fundamental
particularenginserIng area or combination, or research on the enpinee ng properties of soil The laboratory for Resource Extraction Materials
may focus ore on one of several disanlinary ad rook and dveps n experimental equip" EnsryReservoir Gotechnical, Environmental,
areas-Inldg engineering risk assessment, mont and field performance of materiel-structure and Costruction Engineering provides an

computer-alded engineering, analytical mehan- systems. The unde IobjecivIs to evaluate intellectual environment and al efor both
Ia, and construction automaton. and improve 9 lo predict the behavior of theoretical and experimental work with: natural

consrucon dfacilities through the Integration of and construction materials, extraction and
he major areas of research and teaching In the ro measurement, system analysis, and construction processes Involving thoseConstructed Facilities Divsion awe: 1 poerformance. materials, and structures built In or with those

materials.
Gootechnical Engineering. The graduate Engineerin Risk Assessment Is importantn rprogram In gectechnical engineering emph- clvH nnerng projects, since uncertainties on The REM ERGENCE Laboratory Is a coordi-
sizesfundamental par-niplestof cnsoftc hara loading, and construction nated, focused endeavor, characterized by the
materials, engineeri g ogy.cmational materials are . in addition, laboratory tos- Integration of materials, processes, and struc-
analysis, and analysis of unertainty - that lay Ing and In stu experimentation produce dat, tures and by a set of disciplines common to the
the basis for dealing with the challng g he effective Inrpretalonof which requires the broader branches of engineering involved.
technical engl sftproblems odthusetreof aithloal ures. The aadmic

tecnalsramofthe M rovideexposure to Twenty-five faculty, 10 research staff, and ap-
Basic raduate-level suojets in mechanics , probablity theoty, statists. modeling with proximately 50 graduate and 50 underraduate

, numerloal anlysiand probablity random functions, reliability analysis, and risk- students from the Departments of Architecture;
are taken Only with other students studing in based decision methods with an orientation Civ Enineerlg; Mechanical Einering;

F lties. A seris of subjt towards oMi engineering applications. Ocean Engin ;Materials Scence and
dealing with the engineering behavior of soll Engineerin; and arth, Atmospheric, and
and rock, and the measurement and evaluation Com uter-Aided Engineering is based upon Planetary Sciences are partiolpang in this
of the properties of these materials,Isoffered e dciplnar areas information processing, laboratory, which has very strong research and
The approach to the use of fundamental knowl- computatio methods, and artificil Inteill- teaching components.
edge, site Investigation, and rience to solve gence. A series of speoific subjects in theory,
geotechnlcal engineering problems Is devel- methodology, and practice Is offered, and Transportation Systems Division
cped In subjects dealing with foundations and applications are Integrated in a number of clvil
underround construction. Advanced subjects engineering subjects. The educational and research programs of the
a offered often every other yea - for eamytle hn esents Transportation Systems Dlvislon are based on
undergrin c os~truciolng, i yais n treatment of the mechanics of solids and it the philosophy that the analysis, design, and
underground construction extension to multiphase media. Students inter- Implementation of transportation Improvements
The major areas of research are: soft-ground sated In noen a ca com e this result from omblnln 1) quantiative analysis of

consrucion getecnicl apecs o proramwffi acilionl gotehn~l ~alternative solutions; ) an In-depth understand-
earthquake en aneua underground structural mechanics subjects. igo pcfcpolmae~ann rih
construc tins iy natral e s n rTh m eung e urban, intercity, an n
constiuctivemodelin a Tasanrookc T Structures Laborato Is an educational sporta. and 3) knowledg of the ecoIn earthwork enine ingpl foundations, facility for studying the behavior of structural nornlic and institional setting fnwhich solutions
applications ofand decision theory, elements and structural 1sstems. The special are Implemented.

iron cntifu model testing ratory equipment assist students In ra The academic programs of the Diision reflet aand 14situ tsting- espeitheoreticalhorepredictions to actual response andn
forpofohoatvisu. Wn the behavior of complx Systems. multi-modal orientation, emphasizing basic

Students elsw deslgn md ostuc odl of methode of analysis and their appliaions to a
Structures and Materials. The graduate - structu yst ar thantestedforve ofp economcs,a ocs, nmude a
gram in structures and materials givees cation of design.y es co s. dSbrouursandina tes he lalo fstr ctono te eig.matical programming, as well asvie tois of
aurand eradn from whicheyarev u- The Advanced Construction Materials Labora- management and the social sciences. Subject

I mad. aterilm rwi c hasiey is to"' Is both an educational and a research offerings stress both the technical anaysi of
made.itIn vieheacademicnprogramethe physical and transportation systems and the social and

itcualoani sod me - ofconstrui.thlstd a e al lcalfact= that must be considered In
Wndathmeda.adialehasubjecin numerloal to their com ws. Current research includes tansp n decison, Including subjects In

methods and dik assess in enineering mechanical beavior of ooncrete, asphaltic and various applications areas.
cementtilous composites, fibrous composites,

program cellular materials, composite sandwich panels,
ceramics, rocks, and 1c.

The current research program in structures
Inoludes rojects on oomputer-aided structural
angining, Intelligent strucural engineering

noatmn a f ,--afanmonoI% I
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The research in the Dvision also reflects a wide and water qualy, energy extraction from wavesrange of methodgl and substantive inter- and the ocean termal gradient, and economic
oft. The current ma research activities in development and environmental impact
which students are encouraged to participate assessment in the coastal zone.
Include the following: logistics; railroad opera-
tons; trucking network planning; travel demand Hydrology and Water Resource Systems-
analsic network equili n microcomputer Emphasis Is on both deterministic and stochas-
ap ationsIn transportationFrt analy- ticrepresentations of the hydrologic cycleautmoilelnu I;frihtand inluding hydrometeorology, hydrolimatooy,
urban passenger transportation n developing infiltration and runoff production, and gruu -
cou es; regulation in thecommon er water flow. Ongoing Investigations cover catch-
Industr; decision support for carrier marketing; ment geomorphology, rain all modeling and
transit operations and planning; Institutional and monitoring, global water balance, monitoring
organizational issues in transportation; and the network design for surface and groundwaters,
relationship between transportation and down- reservoir operations, irrigation scheduling,
town retail activity, spatial variability in surface and groundwater

systems, remote sensing and contaminant
The faculty, students, and staff of the Transpor- transport in groundwaters. Opportunities for
tation Systems DMslon actively participate Inthe participationin several field projects exist.
MIT Center for Transportation Studies (CTS), issues of water resources management and
which coordinates transportation research and systems technology in soMng water problems
educational activities at MIT The interdepart-are also of interest.
mental degree of Master of Science In Trans-

rtation is offered in oopration with the Aquatic Science and Environmental Engi-
Unter for Transportation Sudes. MostCi nearin . Major areasof Include environ-Engineering students studyng transportation at revntal Auld mechanics, aquatic organic and
the Masters level are enrolld1n this Interdepart- Inorganic chemistry, plankton and Wetiand
mental program, although the Master of Science ecology, and the develo ent of analytical
In CMI Enging degree Is still offered for techniques for studieso water contaminants
thosestudnts whose educational objectives and microorganisms. Emphasis Is on the Into-
are better served by that program. Require- gration of hydrodynamlo transport and bogeo-
mente for the Master of Science In Transporta- chemical transformation processes in models
tion and a detailed description of the Center are designed to predict the fate and effects of trace
contained in Chapter VI. elements and organic compounds In groundwa-

ter rivers lakes estuariesan oceans
The Transportation Systems Division and Center
for Transportation Studies are launching two Research includes waste heat management,
new programsthis year. The first Is a new, harbor and coastal modeling, local and regionalfederally funded program of transportation water quality, microorganism/pollutant Interac-
studies In cooperation with other Now England tion, phytoplankton rowth dynamicsInorganic
area universtes. This program will support 10 and organico chemisr of sur ace and ground-
to 20 student fellowships annually. The second water, and wetland geochemistry.
Is a cooperative program between the Sloan
School of Management and MIT In thei logistics The Ralph M. Parsons Laboratory, which
area. Students in this program will earn two houses the DMsion, is a major unit foresearch
Master's degrees (Management and Transporta- on problems associated with aquatic environ-
tion) and work with industry at the same time. ments, containing more than 40,000 square feet

of classrooms, teaching and research laborato-
WatrResources and Environmenalries (sight separate laboratory areas), shop*,
Engineering Division - Ralph M. Parsons fcmierifaeities, and tfo d .nLaborat o

Laboratory Itnwe n orhydrodynamcstudids lon byLabortoryIng Wave motion, jet turbulence and diffusion by
The prams of graduate study and research neans of law-Doppler instrunentation, flows
include both departental and Irterdisolplinary with themnal and do" stratification, and flows
programs In tea& W n aagral In Porous media. Rseairch facilities are also
aspects of water resources n The educational available for water analysisI ncluding , C,
and research programs are broady grouped in GC-MSalpha and gamma spectrometry, las

thee&ras lgh attrn.adNw trsr.A3-dimen-
teonal wave generator has recently been coim-Related subJects in OceanographyandOcean peted. Computer falittles include alocal areaEneng are offered by other departments at network of 6 miorovax ste, personal com-MiTand at Wod Hole Oceanographic puters, and a set of Athena stations.

Institution.

rodynamics, Coastal, and Oceaneraphi Center for Construction Research and
Engineering. A wide selection of subjeX s Education

Including theoretcal and pplied fluid
mechanics, hydrodynamlos of wave motion, Construction Is a multibillion dollar Industry and
beach eroelon and coastal sediment problems, one of the largest orsof the nation's
wave interaction in harbors, offshore structures economy. It creates the buildings, industrial
and ariOD Ie, estuary and coastal clrculation plants, and infrastructure facilities required to

serve a broad range of social and economic
activities. The construction industry is unique in
its size, scope, and strategic Importance. It is
also unique in the diversity of participants and
activities Involved In transforming resources of
capital, labo materials, equipmentotechnology,
and management Into physical falities.

The Center for Construction Research and Edu-
cation provides an intellectual environment and
a focal point within MIT for pooling academic
and Industry resources to address major and
fundamental Issues of ths critcall important
industry. Since its founding in 192, the Center
has developed comprehensive programs of
education, research, and Industry interaction,
which have earned it a reputation as a center'of
construction expertise and excellence.

The Center offers graduate degree programs in
Construction Engineering and Management
designed to prepare students for a wide variety
of career opportunities, not only in construction
firms, but also in owner organizations, govern-
mont agencies, engineering and design firms,
and other companies that sup Important
materials and products to the Industry.,
Approximately 40 percent of the Centers
students are pursuing Ph.D. degrees in
preparation for careers in research and
teaching. The theoretical foundations of the
discipline of construction engineering and
management are covered through a wide
choice of subjects in the decision sciences,
construction management, and construction
technology. Students have the flexibility to select
other subjects from throughout MIT that are
most appropriate to their Individual back-
grounds and interests.

Through grants, sponsored projects, and Ph.D.
thesis research, the Center provides aupport
and direction to a wide range of projects to
develop new knowledge and advance the state
of the art of construction technology, resources,
and management. The Center' ram for
Advanced Construction Technology (PACT)
focuses directiy on d
new and emerging techngein suo areas
as knowledge-based systems, artiftoal intelli-
gence, advancoed engineering materials, auto-
mated sensing andcondition assessmentand
constrnotion robotics. Other Center research
projects are seeking heights into new areas of
construction demand, such as Infrastructure
rehabilitation and hazardous waste control In
order to Identify the Implications for financial,
laboec equipment, and material resources. The
Center's management research projects are
addressing a range of strategic and operational
Issues at the Industry, firm, and project levels.

The Center also promotes continuing interaction
with the construction industry through a number
of activities. For example, it organizes various
lectures, seminars, and roundtable meetin
that Involve Industry leaders, faculty, and&-
dents In the discussion of critical isctues and
challenging opportunities in construction. In
add Won, a construction Industry affiliates pro-
gram provides the basis for more formal and
contnuous relationships with specifico compan-
lee involved in the design and construction
process.

The Center's programs are leading to a better
understanding of the nature of the construction
industry and the fundamental changes occur-
rg in in supp and demand. Our goal Is to
use this understding to foster the discovery,
development, and implementation of advanced
technology, analytical methods, and manage-
ment lrategies to improve the industry's pro-
duc , the quality of Its products, and Its
compet ness in both domestic and intema-
tional markets.

Computer and Automation Paclilties

VI

management, economics, politoal science, and Joint MIT-Woods Hole Oceanographic
soio , as well as in mechanical and Institution Program
e l engineering,ecol y, chemistry, and Course I-W

g . Accordingly, de p research
and su In offerings have been developed in A joint degree program exists between MIT andmany Interdisciplinary areas of current and the Woods Hole Oceanographic Institution. Thefuture IMponce such as environmental th WH ed for studen , environmental mana ement and wse primary career objectivenIsalied orcontrol, puo service systems, u on ngineering oceanography. Students 'dvdengn nengineering and public poly, ar oengineeig gnerin g ndpulpoy, the r academic and research efforts between theproject evaluation and management. campuses of the two institutions. While In resi-

dence at MIT, students enrolled in this course
Undergraduates and graduate student can follow a program similar to that of other studentsbuild educational prorams In these and other In this Department. The program Is described Inareas, and can selsot subjects from amongthe more detail under the section at the end of thisofferings of other departments of the institute, ch taer on MIT's Joint Program In Oceanra-such as Urban Studies and Planning, Arohitec- ohar Oce n ogra in e n r -
ture, Management, Mathematics, Economics, ad Oceanographic EniutithPoltoal Science, the life and earth sciences, w Hole Oanographic Ins .
and the other fields of engineering, Each stu-
dent's educational and research program ma Mining and Mineral Resouroes Research
be arranged to reflect his or her personal and institute (MMRI)
professional goals, whether they are Intensive or
extensive In nature. The Mining and Mineral Resources Research

interdisciplinary orams at the graduate level
are administered by Interdepartmental commit-

-teI.-ho I.-of-researc opporun eesetdseni nThe Do ent maintains three networked from oMI engineering are In environmental Chapter VI.
comp r facilities, one in each of its dMsions. engineering, transportation, materials, applied
Major academic and research services are earth sciences, operations research, computers
provided on 20 Digital MioroVax its and Vax and information systems, ocean engineering, Inquiries
Station lie using VAX VMS and UNIX operating public systems, the social applications of tech-
systems. These machines support a large nology, management of technology, and mineral Detailed information about the academic poll-PASA ofrdanguages,Including FORTRAN, C, resources engineering and management. oles and programs of the Department may bePASCAL, and Common LISP; word processing obtaie ywiigt h cdmcPorm
ide Includin SCRIBE and WPS and subrou- Master of Science In Tchnology and Policy Offe, Room 1-281, MIT, Cambridge, MOne libraries nludiMS02139, (617) 253-7106.

and applications packages Including ICES
STRUDL, LOGO, ROAD , MAPPS, and the GDS Students interested in applng their ovil engi-
CAD system. neering background to problems of poiloy, risk

assessment, and strategic planning for technol-
In addition to several clusters of IBM PC/XTs cAy may apply for the nrd ental Master
and PC/ATs, the Department maintains a variety oence Program in Technology and Policy.
of CAD and Al workstations, Including SUN 3. This program combines subjctsinadvanced
and Tektronix 4400s. All machines (except the technology in the particular field of the student's
PCs) re networked together for remote access, choosing with subjects in economics, systems
file transfer, and electronic mall, and are con- analysis, political science, and law. General
nected to the outside world through the faclities requirements and application procedures are
of the campus network. described in Chapter VI.

To reduce costs and improve productivity and Master of Science in the Management of, the Department is also doing extensive Technologywork In the appliation of robotics, automation,
and remote sesing to problems In construction
and In re rehabilitation. A method to Students who would like to apply their civil
sfficlently and economically automate lonstruo- engneer ingbackground, and at least five years
ticn processes Is ourrently being developed In of ehnica work experience, to Issues In
thespartmentof Civil Enineering at MIT. technical management may want to explore the
Called ICADM (integrated Cnstruction Automa- Joint Program In the Management of
tion Design Methodology), themethod calls for Tchnoiogy. Jointiy developed and offered by
infterating the designers of the building system MITes School of Engineering and the Sloan
- e architect, the building contractor, and the School of Management, this Program entails a

machine designer - and emphasizes the need rigorous 12-month curriculum, fdousing on
to simplify machine design by keeping workers management principles for technical People in a
In fth loop as machine operators. technioe nvironmet The Programmi

designed for solentiets and engineers on a
Inbrd aree path requiring increasi aiserialInteisolplInary Programs responsibilities for technical aetaols of

the program and application procedures am
In responding to the interdisciplinary character described in Chapter VI.

omayproblems utIf nterest, the Department of
CMI E n has added faculty with training
and prdfsnexperience in law,

Instiute coordinates academic and researchacties at MIT In tmineral resources field.
The MMRRI and Its various academic and
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elligence Laboratory
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in William Drake, So.D.
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gineering

dred Spiewak Dresselhaus,
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titute Professor
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id Physics

ter Elias, Ph.D.
win S. Webster Professor of
otrical Engineering

vid Jacob Epstein, Sc.D.
ofessor of Electrical Engineering
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ector, Center for Advanced
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ton G. Fonstad, Jr.. Ph.D.
ofessor of Electrical Engineering

wrence Samuel Fdshkopf, Ph.D.
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engineedng

bert Gray Gallager, So.D.
tsu Professor of Electrical
gineering
director, Laboratory for
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iJay Grodzlnsky Ph.D.
fessor of Electrical and
engineering

Leonidas J. Gulbas, Ph.D.
Professor of Computer Science
and Engineering

John V. Guttg Ph.D.
Professor of mputer Science
and Engineering

Hermann Anton Haus, So.D.
Institute Professor
Professor of Electrical Engineering

Berthold Klaus Paul Hom, Ph.D.
Professor of Computer Science
and Engineering

Erich Peter Ippen, Ph.D.
Elihu Thomson Professor of
Electrical Engineering

John Gabriel Kassakian, Sc.D.
Professor of Electrical Engineering
Associate Director, Laboratory for
Electromagnetic and Electronic
Systems

Robert Spayde Kennedy, Sc.D.
Professor of Electrical Engineering

Jin Au Kong, Ph.D.
Professor of Electrical Engineering

Richard Charles Larson, Ph.D.
Professor of Electrical Engineering

Jae Soo Um, Ph.D.
Professor of Electrical Engineering

Barbara H. Uskov, Ph.D.
NEC Professor of Computer
Science and Engineering

Nancy Ann Lynch, Ph.D.
Professor of Computer Science
and Engineering

Roger Greenwood Mark, M.D.,
Ph.D.
Mateushita Professor of Electrical
Engineering in Medicine
Codirector, Harvard-MIT DMsion of
Health Sciences and Technology

Alan Louis McWhorter, Sc.D.
Professor of Electrical Engineering
Head of the Solid-State Division,
Uncoln Laboratory

James Russell Meicher, 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
(On leave)
Marvin Lee Minsky, Ph.D.
Professor of Computer Science
and Engineering
Toshiba Professor of Media Arts
and Sciences

Sanjoy Kumar Mitter, Ph.D.
Professor of Electrical Engineering
Codirector, Laboratory for
information and Decision Systems
Director, Center for Intelligent
Control Systems

Frederic Richard Morgenthaler,
Ph.D.
Professor of Electrical Engineering

Walter E. Morrow, Jr., M.S.
Professor of Electrical Engineering
Director, Uncoln Laboratory

Joel Moses, Ph.D.
Dugald Caleb Jackson Professor of
Computer Science and
Engineering
Alan Victor Oppenheim, SO.D.
Professor of Electrical Engineering

Ronald Richard Parker. Ph.D.
Professor of Electrical Engineering
Director, Plasma Fusion Center

William Tower Peaks, So.D.
Professor of Electrical and
Bicengineering
(On leave)

George Woodman Pratt, Jr., Ph.D.
Professor of Electrical Engineering

Marc H. Ralbort, Ph.D.
Professor of Computer Science
and Engineering and Motor Control
Leo Rafael Ref, Ph.D.
Professor of Electrical Engineering
Director, Microsystems Technology
Laboratories

Ronald Unn Rivest, Ph.D.
Professor of Computer Science
and Engineering

Compute r rLaboratory for

James Kerr Roberge, So.D.
Professor of Electrical Engineering

Jack Philip Ruina, D.E.E.
Professor of Electrical Engineering
Secretary of the Faculty
(On leave, spring)
Jerome Howard Seltzer, SoD.
Professor of Computer Science
and Engineedng

Herbert H. Sawin, Ph.D.
Professor of Chemioal Engineering
and Electrical Engineering

Campbell Leach Searle, S.M.
Professor of Electrioal Engineer '

Stephen David Senturia, Ph.D.
Professor of Electrical Engineering

William MoConway Siebert, Sc.D.
Ford Professor of Engineering

Henry 1. Smith, Ph.D.
Joseph F. and Nancy P Keithley
Professor of Electrical Engineering

David Hudson Staelin, So.D.
Professor of Electrical Engineering

Kenneth Noble Stevens, So.D.
Clarence Joseph LaBel Professor
of Electrioal Engineering
(On leave, fall)

Gerald Jay Sussman, Ph.D.
Professor of Electrical Engineering

Richard Douglas Thornton, So.D.
Professor of Elotrical Engineering

Donald Eugene Troxel, Ph.D.
Professor of Electrical Engineering

Stephen Ashley Ward, Ph.D.
Professor of Computer Soince
and Engineering

Cardinal Warde, Ph.D.
Professor of Electrical Engineedng

Thomas Fisoher Weiss, Ph.D.
Professor of Eleotroal and

iBoeengineering
(On leave, sprng)
David CaMn White, Ph.D.
Ford Professor of Enginserng

Alan Steven Willsky, Ph.D.
Professor of Electrical Engineering

Gerald Loomis Wilson, So.D.
Vannevar Bush Professor
Professor of Electrical Engineering
Professor of Mechanical
Engineering

Patrick Henry Winston, Ph.D.
Professor of Computer Science
and Engineering
Director,Artificial intelligence
Laboratory

John L. Wyatt, Jr., Ph.D.
Professor of Electrical Engineering

Assoclate Professors

Harold Abelson, Ph.D.
Associate Professor of Computer
Science and Engineering

Robert Cregar arwlck, Ph.D.
Associate Professor of Computer
Science and Engineering and
Computational Unguistics

Rodney Allen Brooks, Ph.D.
Associate Professor of Computer
Science and Engineering

William J. Daily, Ph.D.
Associate Professor of Computer
Science and Engineering

James G. Fujimoto, Ph.D.
Associate Professor of Electrical
Engineering

David K. Gifford. Ph.D.
Kar R. Van Tassel Career
Development Associate Professor
of Computer Science and
Engineering

Shafrira Goldwasser, Ph.D.
Associate Professor of Computer
Science and Engineering
(On leave)

William Eric Leifur Grimson, Ph.D.
Associate Professor of Computer
Science and Engineering
Peter L. Hageistein, Ph.D.
Associate Professor of Electrical
Engineering

Carl Eddie Hewitt, Ph.D.
Associate Professor of Computer
Science and Engineering

Pierre Amodee Humbiet, Ph.D.
Associate Professor of Electrical
Engineering

James Logan Kirtley. Jr., Ph.D.
Associate Professor of Electrical
Engineering

Jeffrey Hastings Lang, Ph.D.
Associate Proessor of Electrical
Engineering

Hae-Seung Lee, Ph.D.
Associate Professor of ElectrIcal
Engineering

Charles E. Leiserson, Ph.D.
Associate Professor of Computer
Science and Engineering

TomAs Lozano-P6rez, Ph.D.
Associate Professor of Computer
Science and Engineering
Associate Director, Artificial
Intelligence Laboratory

Silvo Micall, Ph.D.
Associate Professor of Computer
Science and Engineering

Rishlyur S. Nikhil, Ph.D.
Associate Professor of Computer
Science and Engineering

Terry Philip Orlando, Ph.D.
Associate Professor of Electrical
Engineering
Martin Frederick Schlecht, So.D.
Associate Professor of Electrical
Engineering

Charles .Sodini, Ph.D.
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Engineering
Associate Director, Microsystems
Technology Laboratories

Peter Szolovlt, Ph.D.
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Science and Engineering
John N. 'Ibitsikls. Ph.D.
Associate Professor of Electrical
Engineering
(On leave, spring)

George C. Verghese, Ph.D.
Associate Professor of Electrical
Engineering
WIlliam Edward WOh, Ph.D
Associate Professor of Computer
Science and Engineering
Markus Zahn, So.D.
Associate Professor of Electrical
Engineering

I. -
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Science and Engineering
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Engineering
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Engineering

Qing Hu, Ph.D.
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Engineering
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Engineering

David Allen MoAllester, Ph.D.
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Science and Engineering
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Don R Clausing, Ph.D.
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Senior Research Scientists

David D. Clark, Ph.D.
Nathaniel Isaac Durach, M.A.
MaQa Ilic, D.Sc.
Robet Harmon Rediker, Ph.D.
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John J. Guinan, Ph.D.
Victor Walto Zue, So.D.
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Michael B. Mollrath, B.S.

Research Engineer

Joseph M. Walsh

Research Associate

Prabha K. iladrow, Ph.D.
David Volfson, MS.

Research Affiliates

Victor S. Armati, M.S.
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Henry Hall, M.S.
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Howard S. Lehman, M.S.
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Peter W. Mul, S.8.
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Robert Pose, MD.
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Gordon Stanley Brown, So.D.,
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Professor of Electrical Engineering,
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Wilbur Bayley Davenport, Jr., So.D.
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Jack Bonnell Dennis, So.D.
Professor of Computer Science
and Engineering, Emeritus

Murray Eden, Ph.D.
Professor of Eleotdial Engineering,
Emeritus

Robert Mario Fano, So.D.
Professor of Electrical Engineering
and Computer Science, Emeritus

Richard Henry Frazier, S.M.
Professor of Electromechanics,
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Hany Constantine Gatos, Ph.D.
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Truman Stretcher Gray, So.D.
Professor of Engineering
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Charles Kingsley, Jr., S.M.
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Engineering, Emeritus

Robert Louis KyhI, Ph.D.
Professor of Electrical Engineering,
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Francis Fan Lee, Ph.D.
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 communloation systems involving
wires, optical fibers, or wireiess technology
abound in radio, television, telephone, and
computer-communloatlon networks. Modem
electronics has made possible sophisticated
instrumentation systems for use In all branches
ci the physical and bioiogical sciences, as well
as In most areas of engineering. Electrical
machines and electronic circuits control a
multitude of systems that deeply affect our lives
In man ways. The large quantities of electric
poer Qtserve sool are provided by elo-
to motors and generators and are controlled
and distributed by complex transmission and
switching networks.

The tremendous reduction over the last decade
in the cost of digital electronic devices has led
to an explosive growth in the use of computers

The Department's undergraduate programs
provide the Intellectual tools and skills needed

r professional work and form the basis for
continuing study and loaing that Is character-
istic of engineering leaders. The heart of the
unde duateprorams i a Common Core of
subjecte (6.001, 6.02, 6.003, and 6.004, each
inoluding a laboratory ornponent), whloh
introduces all undergraduate majors in the
Department to the noples of organizing
computer software and hardware, as well as to
the fundamentals of electrical olrouits and linear
systems. It, as well as many of the required
subjects In the separate programs described
below, emphasizes mathematical and physioal

noiples along with the techniques used in
sir appliaton to real problems. Beyond the

required subjects. students may el additional
olassroom or laboratory subjects of a more
speclalized nature. Each student's program is
developed through personal discussion with,
and guidance from, his or her faculty advisor.

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 theinitiative 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 accordingly.
Students are encouraged to think about thesi
projects early, since preliminary work may begin
even In the junior year.

The Departmental programs allow students to
choose a number of unrestricted eiectives, and
they are encouraged to select from the areas of
science and public policy, engineering manage-
ment, Inventions, entrepreneurship, finance, or
managerial economics. Other elective choices
might, for example, lead to a "minor" in Pro-
gram 1 or Program 3, or to gaining more exped-
ence with design activities.

All undergraduates are encouraged to acquire

Joseph Carl Robnett Uokilder,
Ph.D.
Professor of Electrical Engineering,
Emeritus

John Francis Reintjes, M.E.E.
Professor of Electrical Engineering,
Emeritus

Walter Alter Rosenblith, IngRad.
Insttute Profssor, Emeritus
Provost. Emeritus
Profess of Communloations
Biophysics, Emeritus

William Francis Sohrelber, Ph.D.
Professor of Electrical Engineering,
Emeritus

Claude Elwood Shannon, Ph.D.
Donner Professor of Solence and
Professor of Electroal Engineering
and Mathematics, Emeritus

Louis Dijour Smullin, S.M.
Professor of ElcralEngineering,
Emeritus

Arthur Robert Von Hippel, Ph.D.
Institute Professor, Emeritus
Profesor of Eleotrophysics,
Emeritus

Joseph Weizenbaum, S.M., So.D.
(honors cause)
Professor of Computer Solence
and Engineering. Emeritus

Jerome Bert Wesner, Ph.D.
Institute Professor, Emeritus
President, Emeritus

John MoRynolds Wozenoraft,
Ph.D.
Professor of Electrical Engineering,
Emeritus

Henry Joseph Zimmennann, S.M.
Professor of Electrical Engineering,
Emeritus

W mitei ust" d.e Thesemoe are UWebased
upon a background of mathematics and physi-
cal sciences, includin the fundamental electric
and magnetic p s of materials, and are
empioyed in awde rangeof applied problems,
inluding both man-mad and biologica sys-
tems. Acordingly. the focus of the undergradu-
ale curricula, and many of the subjects offered
ir graduate students, is on the fundamental
principles and models of the electrical and
computer solences. Elective subjects, laboratory
subjects, and thesis research complement this

onbIntroducing more specialized
niques analysis, design, and experimen-

tation in a variety of fleide.

The rajor part of each curriculum consists of
classroom subjects presented in lecture-recita-
ton format. These subjects provide an orga-
nized introduction to e ciples and meth-
ods of electrical engineering and computer
science - an Introduction that Is reinforced by
regularly asslgned homework exerciss and, in
manyoases, elementary laboratory or designpro ems. In aclion to these classroom sub-
ecte, there are two other important components

of each ram: laboratory-project subjects
and u ergiaduate thesis.

Laboratory-project subjects expose the student
to the design of experiments, equipment, or
computer programs; the problems of implemen-
tation; and the evaluation of results. Because of
the importance of this experience, students are
expected to complete one Departmental Labo-
ratory subject In addition to the General Institute
Laboratory Requirement

Proram 1 prepares students for electrical
eng neering careers in Industry, research, or the
academic world. Through a proper selection of
elective subj , students may geta good
foundation for an industrial career in one of the
specialized branches of electrical engineering or
g= aethemselves for graduate study leading

an academic or research career in ineer-
Ing or such related fields as physics, %emat.
los, management, or some of the social
sciences. Program 1 requires at least one term
of mathematics, including differential equations,
and one term of quantum phyes or thermody-
namlos, beyond the General Institute Require-
ments. This background supports and comple-
ments the Common Core and therequired
subjects in electronics, electromagnetic fields,
and electrodynamios. Additional rest
electives allow the student to choose from the
fields of statisticalpysics, probability, or ad-
vanced ahras

I

and compua . At the same time, cur n The Department offers two underraduate industrLaexperdenco during therr program at
creased understanding of computer science rams: Program 1, Electrical Sclence and MIT. Many aspects of engineering education can
has made possible the development of new Engineering; and Proram 3, Computer Science be more effectiveiy pursued on the job than in
software systems of Increased power, sophisti- anEngineering. Vesions of these two the classroom, especially when students see
cation, and flexibility. prrams combining study with Industrial that the knowledge they have gained at MIT

Inenring practice are available under the does in fact help to solve real and important
Modem electronic systems are increasingly designation VI-A. Both rams are accredited engineerin problems. This experience may bedigital in nature, exceedingly complex, an by Engineerng tation n acquired or through participation in the I-A
would be inconceivable without todays VLSI of the Accreditation Board for Engineering and Internship Program or through appropriate
"chip* technology. Indeed, such systems are so Technology, summer jobe.
complex that the principles of their design bear

similarities to the design principles of large The curriculum requirements listed for the Additional Information about thb Department's
software systems. Thus, computer solence and Do nt programs are not rigid. Some undergraduate programs may be obtained from
electronic system design require similar back- vations are routinely permitted, while others Professor L. A. Gould, Electrical Engineering

rounds in many respects, and computer aids are considered on an indvidual basis. Approval and Computer Science Undergraduate Office,
design are essential in this ever expanding of requests for substantials hanger may be Room 3-476, MIT, Cambridge, MA 02139, (617)

domain of engineering, granted to well-prepared students whose pro- 253-7329.
posed ograms are comparable to the listed

The pervasiveness and success of electrical curriou ln breadth, depth, and an integrated Bachelor of Science in Electrical Engineeringengineering and computer science ae due In apprh to a well-defined educational objec- Course VIlarg par to the conceptul models that elood n fectrng-ttive.mmoan es affgam 1: Electrical Science and
clengineers and computer scientists have portion ofL unolthoer.mmonaColy Engineeringdeveloped for the devices and systems with approved.

I
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The Bioelectrical Engneering Option Is a Bachelor of Science In Electrical Engineering
variant of Program 1 that prepare. students for a Course VI
variety of careers in biomedioal engineerin and Program 1: Electrical Scoence and
medicine. The required subjects in this opion Engineering
are the same as those in the normal Program 1
curriculum, with the addition of three subjects in osneralinsttute Reuemente 17 sublectequantitative hysioloy: 6.021J Cels and is-
sues, 6.022J Organ ransport Systems, and
6.023J Sensory and Motor Systems. The ro- Science Requirement I
stricted elective requirement is satisfied b a Humanities, Arts. and Social Sciences Requirement 6
single choice or either 6.041 or 18.313. Othr Science DstrIbutIon Requirement (2 subjects can be satisfied
modifications ma be appropriate for students by 8002 and 18,03 In the Departmental Program] 3
who have speoli zed career objectives. Laboratory Requirement -1
Most students in the Bloelectrical Engineering PLUSTOTALSubects 17
Option will wish to include several chemistry Ps_
and biology subjects in their prrams. Note
that, althou h 5.11 Principles of Chemical oea"etlPrgam Units
Science, 5 Chemalol Thermodynamics, and
7.01 General Biology are not specifically re- Subt name below are Wowed by credit unts, and by
quired In the Departmental Program, these per meeeayy (coreteaIn Iahca)
subjects are prerequisites for many advanced1
chemistry and biolog ubjects. Only students eieSuets
with a r ood high soo preparation In chmis- 6001 Structure and lnterpretation of Computer
tryandbiology should elect not to take 5.11 and 6002Programs. 1
7.01. Those Who may be interested in applying C003 Signals and Systems,iec 1. 0, 6002for admission to md school probably willomputaon structures. 1001. 002want to elect additional chemistry and biology 8 012CElectontuvicesn6cicui0,.2;.002
subjects, such as .310 Laboratory Chemistry, 6,012 Electronic Devices and Circuits. 12..002.6802
51 Organic Chemistry 1, and 7.011 introduc- 6013 Electromagnetic Fields and Energy. 12.
ton to Experimental Biology. Further detailsu 0. 002.6.02

B.014mElectrodynamcs, 126.013about the B cal Eng neering Option may 1803 Differential Equations, 12, SO: 18602*be obinen from the Department. 8 12

Reosted ElecUes:

Bachelor of Science in Computer Science
and Engineering
Course Vi
Program 3: Computer Solence and
Engineering

Program 3 provides a broad background for
careers in computer systems (including both
hardware and software aspects) or in sophist-
cated applications of computers to technical
and organizational problems. It also provides a
solid preparation for graduate study leading to
academic or research careers in computer
science and related disciplines. This program
includes the Common Core, described earlier,
plus required subjects in artificial intelligence,
software engineerng, and linear and modern
algebra. Restricted electives allow the student to
choose additional subjects in computer systems
or language implementation, theory of computa-
tion,agonthms, probability, or robotics.

Although Program 31Is designed for students
whose primary professional -interest is in com-
puter science and related fields, it also provides
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 ad-
vised to undertake their major studies in that
discipline with an appropriate selection of
elective subjects in computer science,

45
1. One Subject each fom three of the JollowIng our groups:
aroup A. ThenwdynaminstatKlatts Mehankts

016 lStatsia Mechanics and Thermodynamics. 12.
M0:8602. 18.03

580 Chemical Thermodynamics, 12, SD; 18.02
2.40 Thermodynamics. 12. SD. 6802.16.03

oupE B. uanitin Meshaniee
6017 Introduction to ouantum PhysIcs, 12. SD.

1803.8602

Grou C. Ptobabllty
6041 Probaballstic Systems Analysis, 12 SD: 18.02

18313 Probability. 12. SD: 1802*

Group D. Advanced Mathemates
18.04 Complex Vaiables with Applications, 12; 1803,
18.08 Une Arfebra. 12.860.1602'

18.0 Introduction 10 AlgebacSysems. 12. SD. 1802*
18.100 Analysis I, 12; 19.03*

2. One 12.ar ub ectsed fomfthe Undergraedute
Laborer a o Subn.h100-8. 182,described in Chapter W
(i additionto General MA e Laltay Requ#ennen

u et eea 4mthat ao satisy

tenthea d e eotie e 18

TOlUnts Reqed feritle .B. DOeWByn
the Gene11ral1141st1111te0Requtremente (GIfs)10
NOTE: NO SBJECT can be countd BM Aspanof the
17-subject Oft ANDas pan of the ISO units required beyond
the GIRs. EVERY subject in the student's departmental
program wit count toward one or the other. BUT NOT BOTH

*Aitemale prerequisites are listed in the sublect descrfption I
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Bachelor of Science In Computer Science
and Engineering
OourseVI
Program 3: Computer Science and
Engineering

General tetllufe neuemnt sulses

Sle""4Requlmnt 5I
Humanities, Arts, and social slcencesRequirerent
Sscnce Distbution Requirement (2 sublects can be satisfied
Som among 6.034 or 6.002, 18.0. and 18.053 In the
Depadmental Program) e
LabOratory RequIrement -1

TOTAL subjects ?
PUs

Dipatmental efn units

ubjectambelow we tdlowe ~ orby fl wi, and by
rerneu Ites any (co equlese M la)

Ressred subleete: 12I
6.001 structurM and interpretaton of

computer Programs. 15
6.002 circuits and Electronics, 15,S; 8.02*. 18.0*

6.003 SIgnals and Systems. 16: 6001, 60002
8.004 Computation Structures. 16: 0.001. 0.002
0.034 Atificial inteligence. 12.S;0.001
6.170 LaboratoryinSotware Engineeing, 15; 6.00.

18.083 Introduction to Algebraic Systems, 12.6D;:18.02*

1.00 unerAlgebra, 12. SD: 16.02*
6.ThU Undergraduate ThesIs. 12

Reetiteted Eleetivee: se

.one cr te ft w g " aubiec
6.033 computer System EngineerIng. 1. .004
6.036 Computer Language Engineedng. 12;6 170.

2.Ce ormfeft ig 11w os s.

0-044J ompuablity.Logic, anMProgramming, 12;

604&J Automata Computability and CompleIty, 12;
19-083*

a oneof ef "M" g^vesubjeota:
6.036 IN W - ..ScMng Paradigms. 12; 6.034
6.037 con-puterrepls. 12: 16.02

S046 Introduction to Algodthms, It .001.,16.0036
0.001 Machine Vision. 12: .003
6.0a2 Robot Manipulat1on12;8.01, 16.02

go m al kaft ls o sat27)
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T Units Red for te nO5. e s o f

M,~ NO SIJIECT can be counted mom as pai of the
IT-Subject Olfs AND at pel of the 160 unht required beyond
1114 Ost EVERY sMOectIn fthestudents department
PerMM will aco unad one or the other. SU NOT OTH

VI-A internship Program

The VI-A intemship Program combine. indus-
trial and research experience with academic
work through a series of organized assignments
at affiliated companies Interwoven with the
regular course of study at MIT. Although stu-
dents may stop at the Bachelor's degree, the
Program encourage.siomuitaneous comrpletion
of t Bachelor's and Masters degrees by the
end of te fft year with only the Master's thesis
required for the two degrees. The work of the
final two VI-A Intemship assignments normally
serves as the basis for this thesis. Since the VI-A
intemship Program maintains a continuing
liaison between the partilpating comepanis and
the faculty of the Department, den receive
assignments of progressive responsibility and
sophistication that are usually more rofession-
ally rewarding than typical summer oebs. While
on Intemship assignment, students are bona
fide employees offteprtcpating company
and receive pay as wel as academic credit for
their work.

Second-year students who are registered and in
good standing in any of the regular programs of
curve VI may apply for admission totthe VI-A
Intemship Program during the annual selection
period In February. The Department cannot

uarantee the acceptance of a student into the
gram. however, sinc openings are limited

and the partocipating companies make the final
selections.

The companies and laboratories artiipating in
the VI-A internship Program oe a wide
spootrun of assignments in te various fields of
e engineerin and computer science, as
well as an exposure the kinds of activities in
whloh engineers are ourrently enga . In all
cases, VI-A students must remain wi the
company with which they startthe Pora.At
the onoluslon ofthe Program, studenare not
obliged to a opt employment withter com-
pany, nor Is the company obliged to offer such
employment.

Additional information about the VI-A Intemship
Prog am can be obtained from the Director
K J. O'Toole, VI-A Offloe, Room 38-473, MIT,
Cambridge, MA 02139, (617) 253-4644.

Students In the VI-A Intemship Program usually
complete the Sachelor's requirements In the
normal four years, including a minimum of two,
but occasonally three, Intemnship assignments.
Academio credit Is eaned, while on assign-
ment, by registering for 6.921 VI-A Intership
and, when tprop ate, 6.922. Students may
reqestqto subjects after hours at sister
institullons for transfer credit at M IT, when it Is
necessary for completion of the Program within
the normal time span. VI-A students stopping at
the B.B. degree may substiuti work done as
part of the WIntemship Program for the

Sahelor's thesis, provided the work Is ap-
proved by a faouly mmber and Include. both
a written report In te format and an oral
report at MIT or at the ompany.

Students who wish to receive both a Master's
and a Bachelors degree in the VI-A Internship
Program must for admission to theMIT
Graduate = the junior year. Student
admitied to the combined S.B./S.M. program
are normalxpeted to complete four assign-
ments with rcooperating company.

*Altemee prerequisies ae listed in the sublect desotipton.
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Graduate Study

The program of raduate education in the
Department of Electrical Engineering and Com-
puter Science has three aspect. First, a variety
of classroom subjects inphyslos, mathematics,
and fundamenta f e ialengineering
and computer solence is offered to permit
students to develop strong theoretical back-
grounds. Second, more specialized classroom
and laboratory subjects and a wide variety of
colloquia and seminars introduce the student to
the problems of current interest in many fields
of research, and to the techniques that may be
useful in attacking them. Third, each candidate
for any advanced degree conducts research
under the direct supervision of a member of the
faculty and reports the results in a thesis.

Three advanced degree programs are offered.
A well-prepared student enrolled in the Master
of Science degree program normally requires
about two years to complete formal studies and
the rsuired thesis research. With an additional
year of study, a student who does superior
thesis research can receive the degrees of
Electrical Engineer and Master of Science
concurrently. The completion of the doctoral
program usually takes about five and one-half
pars beyond the Bacheior's degree. The
Department, with rare exception, requires a
doctoral candidate to have completed a Master
of Science degree at MIT or eisewhere.

There are no fixed programsof study for these
degrees. Each studenf-plans a program in
consultation with a Graduate Counselor, a
member of the faculty whose professional field
is related to the student's Interest. As the pro-
gram moves toward thesis research, it usually
centers in one of a number of areas, each
characterized by an active research program.
Areas of spelizationIn the Departmentthat
have active research programs and related

Research activities in electrical engineering and
computer science are carried on by students
and faculty In laboratories of extraordinary range
and strength, Including the Laboratory for
Information and Decis on Systems, the Re-
search Laboratory of Electronics, the Laboratory
for Computer Science, the Artificial Intelligence
Laboratory, the Center for Materials Science and
En insering, the Laboratory for Electromagnetic
and Electronic Systems, the Energy Laboratory,
the Center for Space Research, Lincoln Labora-
tory, the High-Voltage Research Laboratory, the
Media Laboratory, the Francis Bitter National
Magnet Laboratory, the Operations Research
Center, the Plasma Fusion Center, the Miorosys-
tems Technology Laboratories, and the Strobo-
scopic Ught and Pulsed Sonar Laboratory. Full
descriptions of many of these laboratories,
including a list of current projects, may be
found in Chapter VI.

Requirements for Graduate Study

Because the undergraduate backgrounds of
appicants to the Department are varied (electi-

oaf ngieerngcomuter science, physics,
mathematics,biomedical engineeringro,
example), no specific admissions requirements
are listed. The backgrounds of all applicants are
studied carefully to assure that they meet the
principal prerequisites necessary for fthir gradu-
ate programs. App n with unusual academ-
ic backgrounds are encouraged to communi-
cate directly with faculty members in their
proposed area of study for advice. In any case,
superior achievement n undergraduate
sciences Is considered particularly Important.

Master of Science In Electrical Engineering
and Computer Science

Doctor of Philosophy or Doctor of Science

The general requirements for the degree of
Doctor of Philosophy or Doctor of Science are
given in Chapter IV. Doctoral candidates are
expected to perform thesis work, which is a
significant contribution to knowledge, and to
particiatein the educational pram of the

ent. Students are norm allyrequired to
qualify for the Master of Science degree. The
quality of the thesis submitted for this degree is
a major component in the decision to allowa
student to proceed in the doctoral program.
Students who enter with a Master's degree must
submit evidence of equivalent research
accomplishment.

Candidates for the doctoral program in areas
other than computer science are required to
take a written examination that evaluates their
undergraduate preparation for graduate study.
This examination is taken in January of the first
year of graduate study. An oral examination
covering both undergraduate and firstyear

raduamate is normall tak-ain the third
trofsuy. An oral examination focused on

the student's specific field of study Is normally
taken In thefifthn term.

Doctoral candidates In computer science are
required to demonstrate prepaation In several
areas considered by thef to be funda-
mental to graduate study In computer science
at MIT This is done b taki designated gradu.
ate subjects or by taking wrn examinations in
these areas. An oral examination is required
when this preparation has been demonstrated,
usually during the second graduate year. Anoth-
or examination with both writen and oral com-
ponents, focused on the students research
area, is taken in the third year.

graduate subjects include systems, communi- The general requirements for the degree of A thesis examination is required when the thesiscations, and control; computer science; artificial Master of Science are given in Chapter IV. The research is completed. An approved minorintelligence; electronics, computers, and sys- Depvtrtment requires that the program include at program is also required.
tems; electromagnetice and dynamics; energy least four formal graduate-level classroom or
conversion devices and systems; materials and laboratory subjects (lited as "A" subjects).
devices; VLSI system design and technology; Students woring full time for the Master of Joint MIT-Woods Hole Oceanographic
communication and probabilistic systems; Science degree may take as many as four Institution Program
operations research; optics and quantum elec- classroom subjects per term. The subjects are Course VI-W
tronlos; bloelectrical ineering; high-voltage wholly elective andre not restricted to those
radiationeaneering; photgra- given by the Do .. ,. The program of study A joint program with WHOI Is intended for
phy and un asound. must be well bne emphasizing one or students whose primary career objective Is

more of the theoretical or experimental aspectsoceanographic engineering. Students dividein addition to graduate subjects in electrical of electrical engineering or computer science. A their academic and research efforts between theengineering and computer scienceman thesis is required. campuses of the two Institutions. The pramstudents find It profitable to study subjetsIn Is described In more detail under fth section at
other departments such as Bogy, Eonomics, E t ln the end of this chapter on MIT's Joint ProgramUnt'iistice and Philosophy, Manmaement, w in Oceanography and Oceanographic
Ma ematios, Physics, and Brain and Cognitive Able students who desire more extensive train. Engineering with the Woods Hole Oceano-Solences. Ing than Is possible within the Master of Science graphlo insttution.

program are encuraged to study for the de-The informal seminar Is an important mecha- gree of Electrical Engineer. This degree may benism for bringing together members of the awarded for work in either Elec Engineeringvarious research groups. About 16 seminars or Computer Science. The course of studies formeet every week. In these, graduate students, this degree is elective, and a thesis Is required.faculty, and visitors report their research in an The proram ordinarily requires at least four
atmosphere of free discussion and criticism, terms ograduate study beyond the Bachelor ofThese open seninars are excellent to Science level. The general requirements for thelearn about the various reeearch aes in the Engineer's degree are given in Chapter IV. TheDepartment. Dep also requires that the program

inude at least eight approved graduate *A"
subjects.
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Other Degree Programs

Graduate students enrolled In the Department
participate In several of the interdepartmental
degree p ramsdescribed In detail in Chapter
VI. Amn programs are: Biomedical
Engineerng, Managment of Technology Pro-
gram Operations h, and Technology
and illoy.

Fellowships and Research and Teaching
Assistantships

Studies toward an advanced degree can be
supported by personal funds, by an award such
as the National Science Foundation Fellowship
(which the student brings with him or her to
MIT), b a fellowshipor traineoship awarded by
MIT, orby a gradua assistantship. Assistant-
ships require participation in research or teach-
ing in the Department or in one of the asso-
ciated laboratories. Assistants normally register
for two or three scheduled classroom or labora-
tory subject, depending upon the terms of
their appointmente, and may receive add itonal
academic credit for their participation In the
teaching or research program. Many assistants
spnd two years In a program leadin to the
multaneous award of the degrees oDMaster of

Science and Electrical Engineer; the Depart-
ment encourage assistants to pursue such
programs. A brochure entitied Research and
Graduate Study In Electrical Engineering and
Computer Science at MIT, describing research
and teaching opportunities in detail, may be
obtained from the Department.

Inquiries

Additional Information concerning graduate
academic and research programs, admissions,
financial aid, assistantsh ., may be
obtained from the ElectraEngineering and
Computer Science Graduate Office, Room
U-444, MIT, Cambridge, MA 02139, (617)
263-4606.
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Department of Materials Science
and Engineering

Morton Corson Flemings, Sc.D.
Toyota Professor of Materials
Processing
Head of the Department

Professors

Robert Welerter Balluffl, Sc.D.
Professor of Physical Metallurgy

Harvey Kent Bowen, Ph.D.
Ford Professor of Engineering
Codirector, Leaders for
Manufacturing Program

Joel Phillip Clark, Sc.D.
Professor of Materials Systems
POSCO Professor of Materials
Science and Engineering

Thomas Waddy Eagar, So.D.
Leadero for Manufacturing
Professor of Materials Engineering

John Frank Elliott, So.D.
Professor of Metallurgy
Director, Mining and Mineral
Resources Research Institute

Unn Walker Hobbs, D.Phil.
Professor of Ceramics

Klave Flemming Jensen, Ph.D.
Joseph R. Mares Professor of
Chemical Engineering and
Professor of Materials Science and
Engineering

Keith Huber Johnson, Ph.D.
Professor of Materials Science

Ronald Michael Latanision, Ph.D.
Professor of Materials Science
Director, Materials Processing
Center

Heather Nan Lechtman, M.A.
Professor of Archaeology and
Ancient Technology
Director, Center for Materials
Research in Archaeology and
Ethnology

Koichi Masubuchi, Ph.D.
Kawasaki Professor of Engineering

Frederick Jerome McGarry, S.M.
Professor of Civil Engineering and
Polymer Engineering
Director Summer Session

Regis Marc Noel Peloux, Sc.D.
Professor of Materials Engineering

Robert Michael Rose, Sc.D.
Professor of Materials Science and
Engineering

Kenneth Calvin Russell, Ph.D.
Professor of Metallurgy and
Nuclear Engineering

Julian Szekely, D.Sc., Ph.D.
Professor of Materials Engineering

Edwin L. Thomas, Ph.D.
Morris Cohen Professor of
Materials Science and Engineering
Director, Program in Polymer
Science and Technology

Harry Louis Tuller, Eng.Sc.D.
Professor of Ceramics and
Electronic Materials
Director, Crystal Physics and
Optical Electronics Laboratory

John Bruce Vander Sande, Ph.D.
Professor of Materials Science

August Ferdinand Witt, Ph.D.
Professor of Materials Science
Associate Director, Materials
Processing Center

Bemhardt John Wuensch, Ph.D.
TDK Professor of Materials Science
and Engineering
Director, Center for Materials
Science and Engineering

loannis Vassiliou Yannas, Ph.D.
Professor of Polymer Science and
Engineering

Associate Professors

Samuel Miller Allen, Ph.D.
Associate Professor of Physical
Metallurgy

Ronald George Ballinger, Sc.D.
Associate Professor of Materials
Science and Engineering and
Nuclear Engineering

Yet-Ming Chiang, Sc.D.
Kyocera Associate Professor of
Ceramics

Michael John Cima, Ph.D.
Norton Associate Professor of
Ceramics Processing

Andreas Mortensen, Sc.D.
Alcoa Associate Professor of
Mechanical Metallurgy

David Kayo Roylance, Ph.D.
Associate Professor of Materials
Engineering

Michael Francis Rubner, Ph.D.
Class of 1957 Associate Professor
of Polymer Physics

Donald Robert Sadoway, Ph.D.
Associate Professor of Materials
Engineering

Cart Vemette Thompson 111, Ph.D.
Associate Professor of Electronic
Materials

Assistant Professors

Stuart Bryan Brown, Ph.D.
Richard P Simmons Assistant
Professor of Materials
Manufacturing

Peggy Cabe, Ph.D.
Esther and Harold E. Edgerton
Assistant Professor of Polymer
Physics

Nicole Herbots, Ph.D.
Carl Richard Soderberg Assistant
Professor of Electronic Materials

Kirk D. Koenbrander, Ph.D.
Assistant Professor of Electronic
Materials

Manuel Oliveria, Ph.D.
Assistant Professor of Materials
Science and Ceramics

Uday Bhanu Pal, Ph.D.
John Chipman Assistant Professor
of Chemical Processing of
Materials

Visiting Professors

Harold David Brody, Sc.D.
Professor of Metallurgy and
Materials Science

Marcelo Breda Mourao, D.Eng.
Assistant Professor of Materials
Science and Engineering

Adjunct Professors

Uonel C. Kmerling, Ph.D.
Adjunct Professor of Electronic
Materials

Robert Alfred Laudise, Ph.D.
Adjunct Professor of
Crystallography and Electronic
Materials

Senior Lecturers

Benjamin Lewis Averbach, Sc.D.
Michael Berliner Bever, Dr.Jur.,
M.B.A., Sc.D.
Robert Louis Coble, Sc.D.
Morris Cohen, Sc.D., D.Tekn.
Harry Constantine Gatos, Ph.D.,
Sc.D.
Nicholas John Grant, Sc. D.
Walter Shepherd Owen, Ph.D.
David Vincent Ragone, Sc.D.

Lecturers
Dorothy Hosler, Ph.D.
Jamos D. Uvingston, Ph.D.

Technical Instructors

Joseph A. Adario
Patrick A. Keamey

Senior Administrative Officer
Joseph Mitt Dhosi, SM.

Administrative Assistants

Patricia Ellen Gavagan
Ann Austin Jacoby, B.A.
Marguerite A. Meyer, B.A.
Michael O'Connell, B.A.
Hilda Nevlus Peirce, B.A.
Brian E. Tavares, B.S.

Senior Research Associates
John Scarseth Haggerty, Sc.D.
Robert Charles O'Handley. Ph.D.

Principal Research Associates

Paul David Bristowe. Ph.D.
James Allen Corne, Ph.D.

Research Associates
Teichi Ando, Ph.D.
Douglas J. Carlson, Ph.D.
Frank Field, Ph.D.
Gopala K. Gazula, Ph.D.
Il-Soon Hwang, Ph.D.
Harold Larson, Sc.D.
Imtlaz Majid, Ph.D.
Pradnya V Nagarkar, Ph.D.

Postdoctoral Assoclates

Abbas Amiri-Hezaveh, Ph.D.
Craig Ballentine, Ph.D.
Jayesh Bellare, Ph.D.
Aul Evans, Ph.D.

WeI Gao, Ph.D.
Rakesh Kapoor, Ph.D.
En Ma, Ph.D.
Donald Bryce Mitton, Ph.D.
Thomas J. Plocone, Sc.D.
Eero Punkka, Ph.D.
James Speck, Ph.D,
Tatsuya Yamamoto, Ph.D.
Weiping Zhang, Ph.D.
Jinho Zong, Ph.D.

Research Affiliates

Bill C. Giessen, Ph.D.
Emesto M. Gutierrez, Ph.D.
Christian Krarup, Ph.D,
William Tasker, Ph.D.

Sponsored Research Staff

David R. Gabbe, Ph.D.
Leonard Sudenfield
Frederick D. Wilson

Visiting Scientists

Marina Agular, MS.
Motoi Hara, Ph.D.
Aroka Hiroyuki, B.S.
Yoshiro Ito, MS.
Pierre Joly, SM.
Xiaoming Lu, B.S.
Hugues Malvos, S.M.
Hiroshi Maruyama, Ph.D.
Shunji Nomura, M.S.
Masahiro ikukawa, MS.
Khatiboleslam Sadmezhaad, Ph.D.
Mirce Stubicar, Ph.D.
Funic Uchikoba, M.E.
Kunihiko Uwal, Ph.D.
Heikki Ylonem, M.S.

Visiting Scholar

Dwight Schwark, B.S.

Visiting Engineer

Klyoyuki Fukul, S.M.

Professors Emeriti

Benjamin Lewis Averbach, So.D.
Professor of Materials Science,
Emeritus

Michael Berliner Bever, Dr.Jur.,
M.B.A., Sc.D.
Professor of Materials Science anc
Engineering, Emeritus

Robert Louis Coble, Sc.D.
Professor of Ceramics, Emeritus

Morris Cohen, Sc.D., D.Tekn.
Institute Professor, Emeritus
Professor of Materials Science ani
Engineering, Emeritus

Cal Frederick Floe, Sc.D.
Professor of Metallurgy, Emeritus

Harry Constantine Gatos, Ph.D.
Professor of Molecular Enginesrin
and Electronic Materials, Emeritus

Nicholas John Grant, So. D.
Professor of Metallurgy, Emeritus

Robert Edward Ogilvie, Sc.D.
Professor of Metallurgy, Emeritus

Walter Shepherd Owen, Ph.D.
Professor of Physical Metallurgy,
Emeritus

Cyril Stanley Smith, Sc.D.
Insttt Professor, Emeritus
Professor of Metallurgy, Emeritus
Professor of the History of Sclenc
and Technology, Emeritus

Herbert Henry Uhlig, Ph.D.
Professor of Metallurgy, Emeritus
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Department of Materials Science
and Engineering

(Course 3)

Undergraduate Study

Materials science and engineering co prises Materials processing is a major part of materials Bachelor of Science in Materials
the generation and application of materils-re- engineerin. Improved performance of materials Science and Engineering
lated knowledge. It is concerned with the struc- depends directly on advances in processing. Course iII
ture and properties of materials, and the control There are also many examples of challenging
of structure and properties through processing. engineering problems in reducing the cost and The undergraduate program is Intended toEngineering goals Include new materials for improving the productivity of industrial process- serve the needs of students who Intend to
improved evices and machines: they also ing of materials. The Department has strong nursue empoment in the materials-reiated
include lower cost materials and processes for academic and research activities in all aspects ndustres immediately upon graduation, as wellimproved industrial productivity and competi- of the processing of materials, as well as in as those who will do graduate work in the
tiveness. Materials science and engineering is other parts of materials engineering, engineering or science of materials. The pro-critical to all other fields of engineering, andgrmIdeindtbesaedtthbgnig
advances in these other fields are often limited The links between materials engineering and gram Is dhigned to be started at the ginning
by advances in materials. materials science are very strong, and the two ofatedshteromt ysoer losthouh hedu n beactivities are Interwoven in the Department. flexibilte
Materials with which the department concerns There are some subjects that all students of
itself include electronic materials, ceramics, materials should know - thermodynamics, The first three terms of the program containmetals, and polymers. Modem computers and kinetics, and certain aspects of solid mechanics, required core subjects which address theother electronic devices rely heavily on new hlos, and chemistry. Suitable core subjects fundamental relations between processing,electronic materials. Similarly, new ceramics and In these areas areprovided at the undergradu- microstructure. propartles. and applcatins ofmodem metal alloys are critical to high- ate and graduate levels. In addition, subts modem materials. The oesubjects are fol-performance engines including aerospace covering a wide variety of topics from solid-state lowed by a sequence of restricted electivesengines; polymeric materials continue to show physics to the analysis of materials systems are which provide more specialized coverage of thestartling improvements for many engineering offered. By the selection of appropriate sub- four major classes of modem materials -
applications. jects, the student can follow many different ceramics, electronic materials, metals, andpaths through the science and engineering of polymers. A thesis is required of Course Ill
Cutting across these four materials classes are materials, with emphasis on engineering, sc students, which provides an opportunity for
the basic science and engineering of materials. once, or a mixture of the two. original work beyond that which occurs else-Materials science emphasizes the study of thew wogrg e-I
structure of materials and of structure-property Materials science and materials engineering where In th ram. The d ram in
relations in materials. It Is the physics and disciplines seek to identify and understand the Course Ill (and also Course IIl-B. to be dis-
chemistry of real materials. Almost all of the rinciples, phenomena, and ideas that are basic cussed later) is accredited b the Accreditation
properties of imp ce to an engineer are all material s. Many large industries today Board for Engineering and Tchnology; the Ill-A
structure-sensive: that is, they can be modified manufacture products containing a large variety program is nofor accredited.
in significant ways by changing the chemical of different materials, and their materi s engi- The program is designed to permit a typicalcomposition; the arrangement of the atoms or neers must acquire a working understanding of term courseload of two departmental programmolecules In crystalline or amorphous configu- the basic behavior of all of them. However, there oubjects, one HASS subject, and one elective
rations; or the size, shape, and orientation of the also are many large industries in which a single subject. Departmental advisors will work withcrystals or other macroscopic units of a solid. To class of material (e.g., steel, polymers, glasses) students to arrange effective schedules, andunderstand how the useful properties of a is manufactured &nd processed, and their also to assist In selecting elective subjects
material can be modified, it is necessary to materials experts must have a knowledge of suitable to the student's needs and Interests.
understand the relationships between structure various aspects of the science and engineering While the program should satif the academic
and properties and how the structure can be of one class of material. Thus, programs are needs of most students, petitions for variations
changed and controlled by the various chemi- provided in the Department that enable a stu- or substitutions may be approved by the De-cal, thermal, or mechanical or other treatments dent to specialize in the science and engineer- partmental Undergraduate Committee; students
to which a material Is subjected during man- Ing of ceramics, electronic materials, mes, or should contact their advisors for guidance inufacture and In use. The fundamental under- polymers. such cases.
standing of materials developed through materi-
als science has replaced empiricism as the Materials engineers and materials scientists Participation in laboratory work byundergradu-basis for development of new materials. Whole whether generalists or specialists in a particular ates 1an integral part of the curulum. Aclasses of new materials such as semiconduc- class of material, are in continuing high demand laboratory subt emphasizing materials struc-tors, superconductors, and some high-tempera- by Indust and government for jobs In re- ture (3.081) Is required of all students, and
ture alloys have their roots in modem materials search, development, production, and manage- advanced underaduate laboratory subjectsscience. ment. The find chalienIng opportunities in a are available as Restricted Electives in ceramics,wide variety of Importn positions In operations, electronic materials, metals, and polymers. The
All recent achievements in materials have de development, and research In the fast-growing undergraduate student aso has access topended as much on developments in materials electronics industry, in aerospace, in consumer extensive facilities for research In materials asengineering as they have on materials science. Industries, and in te basic materials preparation part of UROP and thesis projects.When developing processes for preparation and and producing industries.
production of materials, and when designing
materials for specific applications, the modem
Snmust have a sgr of the
modem el neigsciences n log heat
and mass tranfeW and chemical kinetics. He or
she must also have a proper concern for eco-
nomio, social, and environmental factors.

5
S

Science Requirement

Humanities, Ails. and Soclal Sciences Requirement

Science Distribon Requirement 1 subiect can be satisfied
by300. 3.10,3.11 or 3.13. and by 18.03 or 18.032In the
Depatmental Program]
Laboratory Requirement (can be satisfied by 3.081 in the
Departmental Program)

TOTAL Subects
PLUS

DqialmeetaProron nt

Subect names below are moowed wbyardi s, and by
prerequisnI any (coequlies In italis)
Required subjects: 1  10S

3.00 Thermodynamics of Materials. 12. SD; 18.02

3.01 Physical chemistry of Materlafs, 12; 3-00*
3041 Undergraduate Research Seminar, 3

3081 Matedals Laboratory. 12, LAS
3.10 Chemical Phsics of Materials, 12.SO;3.091'.

3.11 Mechanics of Materials, 12. SO;08.01. 18s03
3.13 Structure or Materials. 12. SD:3.091*. 8.02, 18.02

3 186 Transport Phenomena In MateIals Engineering,
12:3.01, 18.03

18.03 Diferential Equations, 12.0SD:18.02
or

18.032 DIfferential Equations. 12. SD: 18.02*

3.ThU ThesIs (9 units)'

Reetated EeCe e:' at least 57
At Meer rUits Chosen rom fte lok*ng"list, ofwITch one
must be a Worarfo

3.09o ceramics ProcessIng, 12: 3.185
3.07 IntroductIon to ceramics, 12, So; 3.01*. 3.13

3.075 ceramics and Glass Laboratory, 12; 3.081
Elfetrnie Materile

3.15 Electrical, Optical, and Magnetic Materals and
Devices, 9:3.10

3.15 Microelectronics Processing Tschnology, 12; 3.15

3.156 Electronic Materdals Project Laboratory, 9; 3.1561

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-optic ;laboratory.
electron microscopes and microanalyzers; and
complete test apparatus for the study of me-
chanical, thermal. electrical, and magnetic
properties. In the ceramics laboratories, most

pes of refractory as well as electrical ceramics
and glasses can be prepared and their prper-
tiesstied. Facilities for the growth adharac-
terization of metallio and nonmetallic crystals are
available. The chemical metallurgy laboratories
contain equipment for the study of heat and
mass flow and for thermodynamic and kinetic
Investigations at high temperatures, as well as
for the seingof various materials. The
materials p lng laboratories e equiped
for work on deformation, solidification, joining,
and vapor deposition as processing techniques.
Laboratories In polymer structure and proper-
ties, surface chemistry, and corrosion are also
open to undergraduates.

Bachelor of Science In Materials
Science and Engineering
Course IlI

Oe"e'al Inetiute Reqiremerde 17 subleeto

Chemical Metallurgy. 12;:3.18

Metals Processing Laboratory, 12: 3.01,
3081,3.13
Physical Metallurgy, 12: 3.01. 3.13

Polymer Chemistry, 9. 3 001*

Polymer Physics, 9: 3.082,.o00

Polymer Engineering, 12. 3.11. 3.185
Polymer Science Laboratory. 12

in Dethat ale. eaethe (s)

Unredtrited sMaeees 48-61

3 Total unite Requied for the S. . De seWBeyond
the General IneteRequirements (01e) IN

1 NOTE: NO SUBJECT can be counted BOTH as part of the
17 17-subject GIRS ANDMasaOf the 180 unIts required beyond

the g il. EVERY subect In thhesthues depafImental
program will cout toward one or the other BUT NOT BOTH.

substitution of similar subjects may be p

2
Students can elect up to 15 units.

*Altemate prerequisites are listed In theI

Bachelor of Science
Course ill-A

Some students may be attracted to the many
opportunities available in the materials disc-

e, but also have special Interests which are
not satisfied by the conventional Course liI or
Course Ill-B programs. The il-A program may
be of value in such cases; it is a more flexible
curriculum In which a larger number of elective
choises Is available. For Instance, some stu-
dents may wish to take more biology subjects in
preparation for medical school, or more man-
agement subjects prior to entering an MBA
program.

This more flexible program is not 8ultable for
most students: It is not formally accredited, and
it does not serva well as preparation for most
employment or graduate study in materials. For
this reason, admission to the program is
granted only when the student has a very clear
set of academic objectives which canno be
satisfied by the accredited programs. Students
considering this program should contact Profes-
sor Stuart B. Brown, who will counsel the stu-
dent more fully on the academic considerations
involved. Under his guidance, the student will
prepare a complete Ian of study which must
be 8proved by the Dpartmental Undergradu-ate ommittee. This approval must be obtained
no later than the beginning of the student's
junior year. Students are then required to ad-

ere to thisplan.

The ill-A program is not intended to be used for
a double 1lgree program.

The curriculum requirements for Course Ill-A
are similar to, but more flexible than, those for
Course 1ll. Four subjects are to be selected
from among 3.00, 3.01, 3.10, 3.11, 3.13, 3.185,
and 18.03 or 18.032; one laboratory subject
from among 3.065J, 3.075, 3.081, and 3.082;adtresubjects from among the remaining
Restinted Electives shownunder Course il In
addition, the student and his or her advisor
should develop a program of six planned elec-
tive subjects, which are not specified in terms of
department, in order to attain the goal defined
by the student. Further details on e degree
requirements and planned elective programs
may be obtained from the Department.

Bachelor of Sclence in Materials
Science and Engineering
Course ll-B

This program provides a student with Industrial
experience concurrently with academic work
through cooperativework assignments matched
to the student's capabilities. A faculty advisor is
assigned to each student to act, together with a

copn eresentative, as co-eupaivisor
during soher work asignments. Care Is
taken to ensure a more challenging and reward-
In g rience than is typioal of most summerjo. udents earn a salary during their work

ermitted by petition. periods and also receive academic credit.
Growth in job responsibility is expected as the
student progresses.

sublect descdption.

I

Metaugy
303
3 082

3.14

P IF
3.082
3.053

3.084
3 oss
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Admission to th program Is preferatily obtained
during the second year so that the wtirk periods
follow during that summer and the summer of
the third year. This work program, properiy
reported, may be used tosasfy the undergrad-
uate thesis requirement.

An option available to students who wish to
oontinue their studies Into Graduate School
under the auspices of the Ill-8 program is the
combined S.B.-S.M. degreerequiring five
years for oompletion. At the end of the senior
ear, such students then complete two terms of
industrialpractice and one term of on-campus
study, during which time they complete the
subject requirements of the SM. degree. A
single thesis, typically based upon the Industrial
practice, suffices for both degrees. Students
exercising this option must follow the normal
application procedure to the Graduate School.

Students electing the Engineering Intemship
Program, which is described In detall at the
beginning of the School of Engineering in this
chapter. would register In Course ill-B.

The curriculum for Course ll-B Is the same as
for Course ll, except that 12 units of
3.930/3.031 Industrial Practice are substituted
for the thesis. Further details may be obtained
from the Department.

Inquiries

Additional Information regarding undergraduate
prams may be obtalned from Professor D. K.
Roylance, Room 6-202, MIT, Cambridge, MA
02139, (617) 253-3309.

Departmental Degrees

The Department offers the degrees of Doctor of
Philosophy and Doctor of Science In Ceramics,
In Electronic Materials, In Materials Engineering,
In Materials Science, In Metallurgy, and In
Polymers. It offers the degrees Master of
Science in these same fields and also offers the
degrees of Materials Engineer and Metallurgical
Engineer.

The fields are described briefly below. A de.
scription of 15 to 20 elective subjects in each of
these fields is provided In Chapter Vill and in
literature available from the Department. The
subjects 3.20 Thermodynamics of Materials and
3.21 Kinetic Processes in Materials are basic to
all degree programs and constitute a required
core or all graduate students enrolled in doctor-
al programs In the Department. This require-
ment may be waived upon petition to the De-
partmental Committee on Graduate Students if it
may be demonstrated that equivalent coverage
of this material has been secured In previous
study.

Ceramics. The field of ceramics Is concerned
with the science arid engineering involved in the
manufacturing, processing. and utilization of a
wide rane ofInorganic materials, Including
oxides, nitrides, carbides, silicates, and more
complex compounds. Ceramic materials are
essential to many diverse Industries. In recent
ears a large research and development effort
as resulted in Important extensions of the

useful properties of traditional ceramics and has
led to the development of many exciting new
materials. The ore subjects are 3.20 Thermo-
dynamics of Materials and 3.21 Kineti Pro-
cesses in Materials.

Electronic Materials. The field of electronic
materials is concemned with the science and
technology of materials for semiconducting,
magnetic, optical, and superconducting device
applications. It is further concerned with the
design and realization of useful materials
through understanding and control of the
Interplay between electronic processes and
structural aspects - atomic arrangements,
defects, Interfaces, and phase constitution and
morphology. Research within this field includes
electronic materials processing in bulk and
thin-film form; chacterizaton of the semicon-

dutn1,optical, and magnetic roerie of
crystal ne and amorphous matri n relation
to their miorostructure and composition; and
theoretical and experimental study of the elec-
tronic characteristics of solid-solid, -liquid, and
-gas Interfaces and their implications for de-
vices. In addition to 3.20 and 3.21, the core
subjects are 3.43 Physics and Chemistry of
Materials, 3.46 Electronic Materials and Devices,
3.47 Electronic Materials Processing, and 6.732
Physics of Solids.

Materlis Engineering. Materials engineering is
concerned with technically and economically
feasible solurtions to problemp of materials
production and utilization. It Involves the synthe-
Wes of fundamental andpactical knowledge to
develop, produce, modiy, and apply materials
to meet specific needs. within te field

Involves Issues relating to physical and chemial
aspects of materials extraction, production and
utilization, to problems of Innovation, costs,
quality, and reliability, and to societal and envi-
ronmental concerns. In addition to 3.20 and
3.21, the core subjects are 3.55 Macroscopic
Transport In Materials Processing and 368
Engineering Systems Analysis.

Materials Solenee. Materials science Is the
study of common principles and fundamental
phenomena that undele the structure and
properties of a wide range of materials - met-
als, ceramics, polymers, and electronic materi-
als - which are frequently used in combination,
The common principles involved are those
associated with electronic structure and bond-
ing, atomic arrangement, phase stability, and
the role of imperfections and microstructure.
Fundamental phenomena considered include
structural and phase transformations; reactivity:
mass and charge transport; Interface behavior:
and the optical, electronic, and mechanical
responses to internal and external stimuli. In
studying these principles and phenomena,
materials science employs many characteriza-
tion approaches, drawing heavily on diffraction
and Imaging methods, as well as microanalysis
and computer modeiing. to provide coherent
descripon of materil structure and structural
imper etions to which particular materials
properties can be ascribed '1addition to 3.20
and 3.21, the core subjrct are 3.271 Structure
of Materials, 3.31 Phase Tranisformations, 3.33
Defects In Crystals, and 3.43 Physics and
Chemistry of Materials.

Metallurgy, This well-established discipline
encompasses the study of metallic materials,
elemental, alloy, and composite. It includes the
processing of ores and minerals; extracting and
refining metas by mical processes; the
melting, alloying, ad cstng of metals: and
control of sro b hniques such as heat

treamen an mehanca working. The roe-
tions between composition. trcture, and

tis ometallic materials and the study of
ine behavior of metals under service conditions
are important parts of the field. Metallurgy Is
viewed as a coherent discipline and all candi-
dates are expected to have a working knowl-
edge of both chemical and physical areas -
though not usually to the same depth. Suitable
programs are likey to be individu and
may be constructed In a number of ways from
the various subjects available. In addition to 3.20
and 3.21, the core subjects are 3.40J Physical
Metallurgy and 3.50 Physical Chemistry of
Metallurgical Processes.

I

Polymers. SnWnetio high plmers, platis,"
are long molecules, the principal constituents of
which are typically carbon, hydrogen, oxygen,
chlorine, and a few other elements. Because of
the unusuai nature of carbon bonding, an
infinite number of combinations can be con-
ceived and produced, with virtually all exhibiting
low specific gravity, ease of melt forming, and a
wide range of properties, depending upon
composition, structure, and processing history.
Both the science and the engineering of materi-
als have reached a high leve of sophistication in
this field: linear, cross-linked, crystalline, amor-
phous, oriented, glassy, rubbery, strong, stiff,
homopolymers, opolymers, terpolymers,
blends, transparent, opaque, filled, reinforced,
alloys, composites, laminates, and adhesives
are but a few of the descriptive aspects that can
be controlled and manipulated to achieve a
desired profile of properties.

Numerous opportunities exist for a student to
concentrate on specific areas of polymer si-
once or engineering: physical properties, me-
chanical 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 ndividual interests. In
addition to 3.20 and 3.21, the core subjects are
3.91J Mechanical Behavior of Plastics, 3.93
Thermal Transitions, Optical and Electrical
Behavior of Polymers, and 10.691 Synthesis of
Polymers.

The various raduate fields are not separated by
sh boun ares. Each member of the depart-metalfacult w Ik n at least two of these
fields and a umber of subjects appear In

n the lists of elective subjects In each

A large and active research program on the
structre and properties, preparation, and
processing of materials, with emphasis on
ceramics, metals, polymers, and electronic
materials, Is conducted In the Department.
Graduate research is an Important part of the
educational process and much emp has is 
placed on the research thesis. Students choose
research projects from many alternative oppor-
tunities that exist within the Department, and
work closely with an Individual faculty member.
The results of the research must be of sufficient
significance to warrant publication In the scien-
tifio literature. There are a large number of
well-equipped research laboratories In the
Department, and there is much Interaction
between them, Including sharing experimental
facilities and equipment. Mos memCers of the
Department also are members of the Center for
Materials Science and Engineering, which
M rovldes and maintalns excellent central facilities
ncluding a machine and Instrument shop. The
Center promotes interdisciplinary research on
materials and Is described in Chapter VI.

Master of Science In the Management of
Technology

Students who would like to apply their materials
science and engineerngbackgound and at
least five years of techi uloal wor experience to
Issues In technical management may want to
explore the Management of Technology
Program. Jointy developed and offered by
MITe School of Engineering and the Sloan
School of Management, this Program entails a
rigorous tweive-month curriculum, focusing on
management principles for technicalpeoplein a
technical environment. The Program is
designed for scientists and engineers on a

Management and the Departments of Aeronau-
tics and Astronautics, Chemical Engineering,
Electrical Engineering and Computer Science,
Materials Science, and Mechanical Engineering
in the School of Engineering. General require-
mente and aplication procedures are de-
scribed In Chapter VI.

Mineral Resources Engineering and
Management

Students In the-Department with interests In the
scientific, technical, and policy aspts of
mineral resources can find relat programs of
study and research In the areas of metallurgy,
ceramics, and materials engineering. These
activities are also coordinated with the Interdisci-

linaryprogramin Mineral Resources Engineer-
fng an 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 Sol-
ence degree from the Department of Materials
Science and Engineering may be obtained from
the Department.

Joint MIT-V/oode Hole Oceanographic
Institution Program Course II-W

degree program; there is a great deal of intera- career path requiring increasing manageralof A joint mrogram with WHOI Intended for
ton between the fields. The graduate fields are responsibilities for technical activities. Olseai5o studeni whose primary career objective Is
also coupled to other activities on materials tie program and application procedures are oceanographic engineering. The program Is
within the Institute. Faculty from other depart- described In Chapter VI, described in more detail tinder the section at

moteprtciae nthe deprtmental teaching the end of this chapter on MITs Joint Program
d resarc these e Sujc offer y Master of Science in Technology and Policy in Oceanography and Oceanographic

other departments are, whenever appropriate, Engineering the Woods Hole Oceano-
included in the recommended electives and Students Interested in applying their materials graphic Inttution.
mas ental students n In science and engineering background to prob-
mu i r earojects witu Isms of policy and socioeconomic assessment Requirements for Completion of Graduate
and faculty from various parts of the Institute. of technology may apply for the interdepart- Degrees

mental Mase of Slance Program in Tecohnolo-Students are expected to learn the fundamen- metlMsrofcin.PgamITchl-retoevynand Policy. This program combines su t The gnr requirements for completion of
understanding of one or more significant as- in advanced tonlg ntepriua il f gaut ere edsrbdI hpe V
pects of ft. The general examinatione for t the studlent's choosing with subjects in eco- Sudents completing a Master of Science de-
doctoral degree are designed accordingly. A full nomics, systems analysis, political science, and ree are required to present a seminar summa-

"eof advanced-evesubjects Is offered In law. General requirements andappilaon' zIthe thess.The Department requires that
sac graduate field. In addition, arrangements procedures are described In Chapter VI- canidates for the doctoral degrees go through
can be made for Individually planned study of a qualifying procedure before continuing with
any topic. Apart from 3.20 and 3.21, students Master of Scoence In Materials Science and their programs of study and research, and that
arenot required to take any specifed subts. Engineering and Management they saty a minor requirement. Information on
but t Is strongly recommended that they take this procedure and on toe awoa covered byhti
furter appropriate core subjects unless they Students planning on ap lIng their Engineering general examination Is available from the Car.
have taken equivalent subjects earlier In their education to a caeer In gh, manufacturin mgan offthDepartmental Committee on Gradu-
careers. The selection of subjects and decisions Industry ma y for the 24-month Leadersfor ate Students
about combinations of subjects that constitute a Manufacturing roram. The rigorous program
minor usually require much thought by the combines subjects In advanced technology with
student, as well as consultation wth faculty subjects in management. and Involves on-site
AdvIsor. research work and close cooperation with

manufacturing companies. The Program Is
offered jointly through the Sloan School of

L
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Entrance Requirements for Graduate Study

The general admissions requirements are given
in Chapter IV. Programs are arranged on an
Individual basis depending upo thereparation
and Intereets of the student Tose w= have
not studied some thermodynamlos and kinetics
at the undergraduate level are advised to take
3.01 Physioal Chemistry of Materials. Students
wishing to do graduate work In ceramics are
asked to take 307 Introduction to Ceramics
unless they have had a similar subject in their
undergraduate programs.

Teaching and Research Assistantship*

The Department offers assistantships and
fellowships for graduate study. Research and
teaching assistantships are avalable in the fields
In which the Department is active.

Inquiries

Additional information regarding graduate
porams, admissions, financial aid, etc., may

obtained by writing to the Chairman of the
Departmental Commtee on Graduate Students,
Professor L. W. Hobbs, Room 8-303, MIT,
Cambridge, MA 02139, (617) 253-3329.

David Neal Wormley, Ph.D.
Professor of Mechanioal
Engineering
Head of the Department

Professors

All Suphi Argon, Sc.D.
Quentin Berg Professor of
Mechanloal ngineering

Haruhiko Asada, Ph.D.
Professor of Mechanical
Engineering

Klaus-Jurgen Bathe, Ph.D., D Sc.
Professor of Mechanical
Engineering

Stephen Harry Crandall, Ph.D.
Ford Professor of Engineering

Ernest George Cravalho, Ph.D.
Edward Hood Taplin Professor of
Medical Engineering
Associate Director of the
Harvard-MIT Division of Health
Sciences and Technology

Clarence Forbes Dewey, Jr., Ph.D.
Professor of Mechanical
Engineering

Steven Dubowsky, So.D.
Professor of Mechanical
Engineering
Associate Director, Laboratory for
Manufacturing and Productivity

Woodie Claude Flowers, Ph.D.
Professor of Mechanical
Engineering
(On leave, spring)

David Clair Gossard, Ph.D.
Professor of Mechanical
Engineering

Peter Grffith, So.D.
Professor of Mechanical
Engineerng

Elias Panayiotis Gyftopoulos, So.D.
Ford Professor of Engineering
Professor of Mechanical and
Nuclear Engineering

John Benjamin Heywood, Ph.D.,
D.Soc
Professorof Mechanical
Engineering
Director, Sloan Automotive
Laboratory

Nevile Hogan, Ph.D.
Professor of Mechanical
Engineering

Roger Dale Kamm, Ph.D.
Professor of Mechanical
Engineering

Patrick Leehey, Ph.D.
Professor of Mechanical and
Ocean Engineering

Padmakar Pratep Lele, M.D., Ph.D.
Professor of Experimental Medicine

Richard Harold Lyon, Ph.D.
Professor of Mechanical
Engineering

Robert Wellesley Mann, So.D.
Whitaker Professor of Biomedical
Engineering

Frank Ambrose McClintock, Ph.D.
Professor of Mechanical
Engineering

Borivoje Budlmira Mikic, Sc.D.
Professor of Mechanical
Engineering

Ronald Filmore Probstein, Ph.D.
Ford Professor of Engineering

Ernest Rabinowicz, Ph.D.
Professor of Mechanical
Engineering

Warren Paul Seering, Ph.D.
Professor of Mechanioal
Engineering

Thomas Brown Sheridan, So.D.
Professor of Engineedng and
Applied Psychology

Joseph Leconte Smith. Jr.. So.D.
Professor of Mechanioal
Engineering

Ai Ant Sonin, Ph.D.
Professor of Mechanical
Engineering

Nam Pyo Suh, Ph.D.
Ralph E. and Eloise F. Cross
Professor of Manufacturing

James Henry Williams, Jr., Ph.D.
Professor of Mechanical
Engineering

David Gordon Wilson, Ph.D.
Professor of Mechanical
Engineering

Gerald Loomis Wilson, So.D.
Vannevar Bush Professor
Professor of Electrical and
Mechanical Engineering
Dean, School of Engineering

oannis Vassillou Yannas, Ph.D.
Professor of Polymer Science and
Engineering

Associate Professors

Rohan Absyaratne, Ph.D.
Associate Professor of Mechanical
Engineering

Triantaphyllcs R. Akylas. Ph.D.
Associate Professor of Mechanical
Engineering
(On leave)

Lallit Anand, Ph.D.
Associate Professor of Mechanical
Engineering

Wal Kong Cheng, So.D.
Associate Professor of Mechanical
Engineering

George Chryssolouris, Ph.D.
Associate Professor of Mechanical
Engineering

Michael Patrick Cleary, Ph.D.
Associate Professor of Mechanical
Engineering
(On leave)

William K. Durfee, Ph.D.
Associate Professor of Mechanical
Engineering

Ahmed Fouad Ghoniem, Ph.D.
Associate Professor of Mechanical
Engineering

Timothy George Gutowski, Ph.D.
Associate Professor of Mechank;
Engineering
(On leave, fall)

David Edgar Hardt, Ph.D.
Associate Professor of Mechanical
Engineering
Director, Laboratory for
Manufacturing and Productivity

Shahryar Motakef, Ph.D.
Samuel C. Collins Associate
Professor of Mechanical
Engineering

David Moore Parks, Ph.D.
Associate Professor of Mechanical
Engineering

Anthony T. Patera, Ph.D.
Associate Professor of Mechanloal
Engineering

Igor Paul, Sr.D.
Associate Professor of Mechanical
Engineering

Carl Richard Peterson, So.D.
Associate Professor of Mechanical
Engineering

Derek Rowell, Ph.D.
Associate Professor of Mechanical
Engineering

Jean-Jaques E. Slotine, Ph.D.
Assistant Professor of Mechanical
Engineering

Kamal Youcef-Toumi, So.D.
Associate Professor of Mechanical
Engineering

Assistant Professor*

Mary Cunningham Boyce, Ph.D.
Assistant Professor of Mechanical
Engineering

Jung-Hoon Chun, Ph.D.
Assistant Professor of Mechanical
Engineering

Markus 1. Flik, Ph.D.
Bradley Foundation Assistant
Professor of Mechanical
Engineering

Mark J. Jakiela, Ph.D.
Flowers Career Development
Assistant Professor of Mechanical
Engineering

Steven H. Kim. Ph.D
Assistant Professor of Mechanical
Engineering
(On leave)

Harr Kytomaa, Ph.D.
Assistant Professor of Mechanical
Engineering

John H. Uenhard V, Ph.D.
Assistant Professor of Mechanical
Engineering

Emanuel Sachs, Ph.D.
Rockwell International Assistant
Professor of Mechanical
Engineering

Harry West, Ph.D.
Corl Richard Soderberg Assistant
Professor of Mechanical
Engineering
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Department of Mechanical
Engineering

(Course 2)

Visiting Professors

Sang-Gook Kim, Ph.D.
Assistant Professor of Mechanical
Engineering

Alexandra Sotlropoulou, Ph.D.
Assistant Professor of Mechanical
Engineering

Adjunct Professor

Emesto Enrique Blanco, B.M.E.
Adjunct Professor of Mechanical
Engineering

Senior Lecturers
John Patrick Appleton, Ph.D.
Stanley Backer, So.D.
Nathan Henry Cook, Sc.D.
Carlo John DeLuca, Ph.D.
Philip Aldrich Drinker, Ph.D.
James Alan Fay, Ph.D.
Leon Robert Glickeman, Ph.D.
William Hamilton Ha-is, M.D.
George Nicholas Hatsopoulos.
So.D.
Charles Edward Huggins, M.D.,
Ph.D.
James Collyer Kock, Ph.D.
Henry Maryn Paynter Sc.D.
Warren Max Roheenow, D.En
Ascher Herman Shapiro, So.g-
Giuliana Cavalled Tesoro, Ph.D.
Tau-Yi Toong, So.D.
Caroline Whitbeck, Ph.D.

Lecturers
Edgar Hel Bristol 11, S.B.
David Elsenhaure, M.E.
Lewis Erwin, Ph.D.
Jeffrey Joseph Fredberg, Ph.D.
Cheryl Goodenough-Trepagnier,
Ph.D.
James B. Grinnell, Jr., M.ind.Ed.
Wilson C. Hayes, Ph.D.
W. Andrew Hodge, Ph.D.
James Hubbard, Ph.D.
Alexander H. Levis, So.D.
Philip Franz Meyfarth, Ph.D.
Patricia C. Renaud, Ph.D.
Michael James Rosen, Ph.D.
Nannaj Saka, Sc.D.
J. Kenneth Salisbury, Jr., Ph.D.
Andre Sharon. Ph.D.
Mandayam Srinivasan, Ph.D.
Ming-Ka Tee, Ph.D.
Wiliam Charles Unkel, Ph.D.
Daniel Eugene Whitney, Ph.D.
Victor Wong, Ph.D.
Dana Russell Yoerge, Ph.D.

Technical instructors
William Eugene Bachman, S.A.
Kevin Baron
Joseph Anthony Caloggero
James Briggs Grinnell, Jr.,
M.Ind.Ed.
Robert Francis Kane, B.S.M.E.
Kevin Spratt, B.S.M.E.

Administrative Officer

William James Westoott

Administrative Staff

Peggy Garlick, A.S.
John F O'Brien, Jr., M.S.A.
Leslie M. Regan

Senior Research Engineer

Yukikazu Iwas, Ph.D.

Senior Research Scientist

Stanley B. Gershwin, Ph.D.

Principal Research Scientists

Michael James Rosen, Ph.D.
Nannaji Sake, So.D.

Principal Research Engineer

Mark Johnson, Ph.D.

Senior Research Associate

David Parks Houkt, Ph.D.

Research Engineers

Ralph Gordon Burgess, S.B.
Richard R. Fenner. B.S.

Postdoctoral Associates

Said Ahzl, Ph.D.
Kuen Hsa, Ph.D.
Eric Montegut, Ph.D.
Jian Quin, Ph.D.
Moon Hwo Seo, Ph.D.

Research Affiliates

Joseph Seaton Ban', Jr., M.D.
Donald Lee Grimes, Ph.D.
Undsay Russell, SM.

Professors Emeriti

Stanley Backer, So.D.
Professor of Mechanical
Engineering, Emeritus

Nathan Henry Cook, So.D.
Professor of Mechanical
Engineering, Emeritus

James Alan Fay, Ph.D.
Professor of Mechanical
Engineering, Emeritus

James Collyer Keck, Ph.D.
Professor of Mechanical
Engineering, Emeritus

Shih-Yng Lee, So.D.
Professor of Mechanical
Engineering, Emeritus

William MacGregor Murray, Sc.D.
Professor of Mechanical
Engineering, Emeritus

Henry Martyn Paynter, Sc.D.
Professor of Mechanical
Engineering, Emeritus

Augustus Rudolph Rogowski, S.M.
Professor of Mechanical
Engineering, Emeritus

Warren Max Roheenow, D.Eng.
Professor of Mechanical
Engineering, Emeritus

Ascher Herman Shapiro, So.D.
Institute Professor, Emeritus

Prescott A. Smith, S.B.
Professor of Mechanical
Engineering, Emeritus

Charles Fayette Taylor, Ph.D., M.E.
Professor of Automotve
Engineering, Emeritus

Tau-Yi Toong, So.D.
Professor of Mechanical
Engineering, Emeritus

Kenneth Wadlelgh, So.D.
Professor of Mechanical
Engineering. Emeritus

Engineering is a creative profession concerned
with combining human, material, and economic
resources to satisfy the needs of society. Me-
chanical engineering is one of the broadest and
most versatile of the engineering professions.

The educational program in mechanical engi-
neering prepares students for professional
practice In an era of rapidly advancing tech-
nology. It combines a strong base in the engi-
neering sciences (mechanics and materials,
fluid and thermal sciences, and systems and
control) with project-based laboratory and
design experience. It strives to develop inde-
pendence, creative talent, and leadership as
well as the capability for continuing professional
growth.

Several broad areas of professional concentra-
tion described below are illustrative of the
rewarding career opportunities for mechanical
engineering graduates in the years ahead:

E.nergy Conversion and Conservation. This
area includes the technology associated with
the design, construction, and operation of
equipment for energy conversion and
conservation, especially the conversion of
thermal, nuclear, chemical, mechanical, and
electrical energy. New concepts in turbines,
generators, boilers, and internal combustion
engines, as well as heat pumps, fuel cells,
thermionic converters, and solar heating
systems are of interest.

Given the importance of energy supply, this field
is fundamental to our economy. Mechanical
engineering provides a broad background for a
career in almost all aspects of the power and
energy industries.

Environmental Engineering, The approach to
environmental problems reflects the dual goals
of halting environmental degradation and of
designing technologies for conserving limited
Material ener resources. Examples
include modeling nhe transport of pollutants in
ar and in water; ncreasbingwater supplies by
desalinating salt water and by purifying waste
waters: recycling solid wastes: increasing the
durability of capital and consumer goods;
controlling the ecological impacts of thermo-
chemil pollutants; regulating thermal pollution
byugrading the heat-transfer technology of
coolin towers; improving food supplies by
exploig the potentials of sewage and thermal
wastes; and reduolng the levels of toxic chemi-
cals emitted frontautomobiles, aircraft, and
various industrial facolities.
These diverse activities in the Department share
a common commitment to reducing environ-
mental hazards while converting potential liabili-
ties into material and energetic assets. This
commitment demands an understanding of
physical, chemical, and biological aspects as
wellas of ecological processes.

Biomedical Engineering. There is a growing
recognition of the enormous potential of science
and engineering for the advancement of human
health. This Includes deeper understandings of
physiology, advanced methods of medical
diagnosis and therapy, more effective and
economical health care systems, and the
development of devices concemed with all the
foregoing.

An undeigraduate foundation in engineering
can be directed either toward a career as a
biomedical engineer, or toward medical school
and practice and research in medicine. The
Department of Mechanical Engineering, with its
course offerings in biomedical engineering and
its extensive research programs in medically
related topics, provides an excellent undergrad-
uate base for either of these directions. Ample
opportunity exists, through project laboratories
and thesis, for engineering-based medical
research and/or clinical experience.

Manufacturing and Materials Processing.
Mechanical engineers have a strong interest In
the production of equipment, components, and
materials. The manufacturing Industry com-
prises a major element of the economy, and its
productivity strongly influences domestic living
standards and competitive positions in intema-
tional trade.

industrial production encompasses a range of
subject areas from pure research to technical
management, Including physics of manufactur-
ing processes; design and control of manufac-
turin processes and machinery: design, imple-
men~tlon, and operation of complex
manufacturing systems; and optimization of
processes and products relative to societal
needs. This field includes computer-controlled
automaton of complete manufacturing systems,
and robotics.

Mechanics and Materials. More than ever, new
concepts in designs, the use of new materials,
plus the economic need to conserve materials
are challenging the ingenuity and resourceful-
ness of today's engineers In the area of me-
chanics and materials. A disciplinary program in
mechanics and materials has many diverse
applications, and may include subjects on the
statio and dynamic behavior of structures,
acoustics, the mechanics of continua, the
mechanical behavior of conventional and newly
established engineering materials, and modem
methods of computational mechanics to analyze
solids and structures.

Mechanical Engineerinp Design. Design, in
the engineering sense o deliberate creation of
something new and useful, Is at the heart of
most of the diverse fields In mechanical engi-
neering. Design in itself can be rewarding, and
core subjects provide the broad background
upon which advanced design subjects in spe-
ciflo disciplinary fields are built. Undergraduate
and graduate experience includes subjects
ranging from introduction to design, through
machine elements, design proj , and com-
puter-aided design, to advanced design proj-
ects offering an o portunity to develop proto-
type equipment. veral thesis topics each year
are strony oriented toward deal n, with ample
opportunity to conceive, design, guild, and test
innovative solutions to "real world problems.

Transportation. The transportation of people
and goods vitally aflots the economy and the
quality of life. The growing need for better
transportation services coupled with increasing
emphasis on safety, environmental protection,
and energy conservation creates many new and
satisfying opportunities for meohanil engl-
neering grauates to contribute to this important
field. Mechanical engineering encom asses the
basic technologles of transportation, Inoluding
structures (vehicles, guide-ways, and terminals),
power and propulsion, and automation and
control. The core program provides a sound
background for enter almost any of the many
transportation fields, b partioularly those
related to ground transportation.

Systems, Computers, and Control. This field
centers around the methodology for the analyti-
cal modeling, computer simulation, and control
of all ty of enginer systems. It includes
the aioation of compters to engineering
analys i, optimization, and design, and the use
of feedback techniques and assoolated hard-
ware to automate or control physical devices or
processes. The low-cost microprocessor is

ready revolutionizing the design of devices in
such developing flfsasautomated manufac-
turing, power generation, ensry conservation,
transportation, pollution control, and health care.

Mechanical engineering provides the strong
engineering-soence base needed for profes-
slonal work in this field combined with a range
of basic and applied subjects and laboratories
in automatic control, systemd os, comput-
ers, and computer hardwaredsin. Education-
al opportunities are enhanced by comput-
er facilities which allow students "hands-on
experience In dgital, analog, and hybrid com-
putereW aong with Interactive graphics.

Research Laboratories and Programs

The Department is organized into three divi-
sions: Mechanics and Materials, Thermal and
Fluid Sciences, and Systems and Design, and
has active research programs at the foefront of
a wide range of fields Int e areas.

The educational opportunities offered students
in mechanical engineering are enhancoed by the
availability ofa wide variety of research leboAo-
ris and programs, and well-equipped shops
and computer facilities.

HL
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Many of the laboratories and centers are inter-
departmental and are described In detail in
Chapter V:

Center for Transportation Studies
Energy Laboratory
Laboratory for Manufacturing and

Minng ai ineral Resources
Researith Institute

Among the more important Departmental labo-
ratories, and their major areasof research, are:

Acoustics and Vibrations Laboratory - vibra-
tion and acoustical studies applied to a diverse
range of problem areas.

Eric A and Evelyn E. Newman Laboratory for
Blomechanios and Human Rehabilitation -
research on the human musouloekeletal system
and the development of technology for
diagnosis and remediation of physical
disabilities.

Reacting Gas Dynamics Laboratory - fluid
flow, chemical reaction and combustion phe-
nomena associated with energy conversion in
propulsion systems, power generation, industrial
processes, and fires.

Center for information Driven Mechanical
Systems - ocupling of computation, signal
processing and mechanlal systems, nonlinear
modeling and control, robotics, and
mechatronios.

Machine Dynamics Laboratory - studies the
dynamics of high-speed mechanisms,
machines and control systems, and the use of
dynamical response data for oprstional
diagnostics.

Martin Center for Engineering Design -
design of Integrated electrical-mechanical
systems, prototype development, advanced
computer-aided design techniques.

Mechanical Behavior of Materials Laboratory
- mechanisms of deformation and fracture
processes in engineering materials.

Laboratory for Medical Ultrasonics -
application of utrasonic radiation to surgery,
diagnosis, and to the treatment of tumors
through hyperthermia.

Sloan Automotive Laboratory - process and
technology which control the performance,
effilcency, and environmental Impact of Intemal
combustion engines, engine lubrication, and
fuels requirements.

Surface Laboratory - various aspectx, of
tribology, including wear theory, lubrication.
frotion and adhesion, high-speed rolilng con-
tacts, magnetic recording, and sliding electric
contacts.

Vehicle Dynamics Laboratory - improving the
dynamic performance characteristics of round
trans vehicles and their guidewayswh
spec attention directed to dynamic perform-
ance. safetv. ride uallt. handlina. ando ost.

Cryogenic Engineerin Laboratory -M
superconducting Cgenerator and the The under graduate prog ram provides a broad
application of thermodynamics and heat transfer intellectual ndation. A firm technical back-
to cryogenlo refrigeration and to the ground Is essential for a career as diversified
characterization and processing of high-Te and challenging as that open to the mechanlcal
superconducting films. engineer. inni=th mathematics, physics.

ano chemit stu ts acquire proficiency in
Fibers and Polymers Laboratories - fiber the engineering sciences: dynamics, mechan-
physics, textile processing dynamics, lymer Ice, andeoperis of materials; fluid dynamics;
engineering, and the developmentof ilocal heat mass transport; thermodynamios;
materals such as artificial skin. systems analysis; and control. Furnner students

experience the ways in which soientiflo knowl-Fluid Mechanics Laboratory - fundamental edge can be put to use in the development and
research in computational fluid mechanics, design of useful devices and processes to solvephysloochemical flows, turbulent transport and engineering problems. Mastery of this art,dispersion, multipase flows and phase change; ly by ject-oriented work of a creativeapplicationsi oal systems, augmented nre, Ise primary object of subjects in
heat transfer slurry transport atmospheric laboratory and design. Design experience oftendispersion and the acid rain problem, toxic Involves consideration of economic, social,wastes in ground waters, etc. legal, and political factors.
Heat 'ransfer Laboratory - fundamental and
applied heat transfer including material process-
Ing, two-phase flow, nuclearpower, thermal

ng of biological tissue, transport charao-
*Wmtisinturbulent transition region, augments-

aerosolt o
mO em'Donuin g mterals

MenMaohlne Systems Laborato" - Intera-
0"or between people and the systems which
they control.

Bachelor of Science in Mechanical
Engineering
Course il

The Department provides many opportunities
for undergraduates to establish a close relation,
ship with faculty members and their research

F rupsIn heDepartment. Students Interested
nproect work are encouraged to consult their
faculty advisors or approach other members of
the faculty.

The curriculum for the Bachelor of Science In
Mechanical Engineering has been designed to
provide alternatives - through the Restricted
and Unrestricted Electives - for students
having a wide range of career goals. The De-
partment r nizes in its curriculum three
categories ofs te it wishes to servi.
1) those who base their professional careers as
mechanical engineers on the bachelor's degree
with nM further formal study; 2) those who
pr.oeed to formal graduate study in mechanical
engineering or in an allied field; and 3) those for
whom the undergraduate program provides a
broad base- in intellectual styleaswellas
intellectual content - for further professional
study directed toward medicine, law, business,
or industrial management.

The departmental program for the Bachelor of
Science in Mechanical Engineering, Course 11,
consists of three levels corresonding roughly
to the second, third, and fourt years. The first
and second levels constitute the universal core
of subjects required of all candidates for the
S.B. In Mechanical Engineering.

The first level provides a fundamental Introduc-
tion to mechanical engineering through subjects
in system dynamics, solid mechanics, manufac-
turing and materials processing, instrumenta-
tion, and design. The second level emphasizes
the basic engineering sciences and their into-
gration through laboratory and design projects.
The third level consists of professional electives
and leads into areas of professional concentra-
tion, either in the engineering sciences, Group
A; or the broader aspects of engineering sys-
tems and design, Group B. In the former cate-
gory, students interested In the technology of
fields such as bloengineering, pollution, energy,
materials, and autto control may select
additional subjects from other engineering
departmentsand the School of Science. Some
students may place more emphasis on the
humanities and sooial sciences, as preparation
for graduate study in such fields as engineering
of social systems, technology and policy, law,
man nt, technology assessment and
medi ne. All student are required to complte
a thesis, working on an Individual basis wita
faculty or research-staff member. This program
Is accredited by the Accreditation Board for
Engineering and Technology. 1

Students are urged to contact the Underradu- Bachelor of Science in Mechanloal
dtsOffioeassoonasthey have decided'to enter Engineering
mechanical engineern so that faculty advisors Course i
may be assigned. tuents together with their
ffaculty advisor plan aprgr that bes utilizes
fi two resictd ele san the 51 units of ee aw wtbe nequg eer
unrestricted electives available i the Course il
degree program.

qekmfla l nt

17 subiete

6
Humanities Als, and Social Sciences Requirement 
Science Distribution Requirement [2 subirIs can be satisfied
by 2.01.2.02,2,20. or240 and by 1.03 in the Departmental
Program]' 3

Laboratory Requirement (can be satisfied by any
combination or the subjects 2.071.2.072, and 266e in the
Departmental Program) -

TOTAL Subjects 17

Writing Requriement. Phase 1 [can be satsfed by submitting a
ten-page'iaorsioy report from 2,671 or 2 7212
PLUS

epanmaae l Pregras' Units

SubjCt name below WenOllowed by credit Uu, anid by
prerequisiter efany (coaeqasn n alic's)
Req*eduWeeo: 141

2.01 Mechanics of Solids. 12, SD; 8.01,8102
202 introduction to Systems Dynamics, 12, SD, 8.01,

18-02

2:03J Dynamics, 12; 2.01. 2.02. 1803
2.20 Fluid Mechanics. 12, SD; 18.02. 18.03

230 Mechanical Behaviorrof Materials. IS:
201, 2.071, 2.80

240 Thermodynamis. 12, SO 802 10.03

2671 Measurement and instrumentation. 12. LAB; 2.02

2072 Project Laboratory, 6, LAB; 2.20. 2.40, 2.071

2.70
2 73
216

The Depatmsuggests that 0.071 introduction to Electronics
be eted

2
In c wn cirumstances, rportsfom 2.30 or 2-UR may also be
used - the Wiling Coordinator should be onsuted.

Substtuion of subects fsinar content MY be permitted by
peiion t* the senior registri on e r.otn graduate
subjects may be substitute for restrcte electives With
permIssion of the senior registration ofc.
4
loter substatil researh and dsIgn ach oednt .the
Depatnt permits up to 8 units of 4additional thesis cRi.
subject to approval o the students faouiy adviso

The Deparmtrec$= omnds thatstudents electan introducto-
IVydigtal-coputingsubjc(such as 1.00) as elysa possible
In their programs.

introduction to esign, 9
Design Prolects. 9;2.031..20, 2.30,2.40. 2o70
introduction to Manufacturing. 9, LAB;
2.01.2.70

18-03 Differential Equations, 12, SO 18.02'

Thesis(9 units)

Restricted Eetimee: 24
No ofrmathe Wig nine sub)jcwt, at Mat one Rom Group A;
addMonasubjects "en mray be usnd Ar 0 (nonIl cred
'owrdgraduat degreein mchan ~om ngie.g:
Orot A

2.0J Mechanical Vibration. 12; 2.030
2.14 Control stem Principles. 12; 20

2.22 Appied Computational Analysis. 12; 1803.2.10

235 Role of Microsructure in Mechanical
Behavior, 12.;2.30

2A1J Thermal Power Engineering. 12; 2.40

2.51 Introduction to Heat mllnsfer. 12; 220,240

2.72 Eliements or Mochanical OesIgn. 12; 2.01. 2.70

2.0 Management in Engineering. 12

I.01J E ngeme Aspects of Economics Analysis. 12.

the 0wos InstittaeI (6)

Unreetnteted Uleetes 51

TotldUnit Requkied IN tihe E.G. OW" 9"111111
t te General kWeti asnelS t )i11 is0
NOTE: NO SUBJECf can be counted BOTH as pait of the
17-subje tIRs AND aspa of the 160 units required beyond
the GIRs. FVERY subject In the student'se ,rtNOTsTl
program will count toward one or the otherU NOT BOTH

Bachelor of Science
Course Il-A

Many students have a defined goal that can
best be met by organing a curriculum specifl-
cally tailored to that goal. To meet such needs,
the Department offers the Bachelor of Science,
with a significant part of the curriculum made up
of Planned Electives. These are chosen by
agreement between the student and a depart-
mental officer so that the complete curriculum is
coherent and in pursuit of a clear objective.

For instance, some students may wish togo
more deeply into some field of mechani
engineering by choosing additional subjects In
one of the professional Ields of concentration
as well as Introductory graduate subjects from
among the related engineering sciences. Others
Interested in electromechanical devices might
combine advanced subjects In dynamics,
systems anales, and vibrations with subjects In
electrio oiroults and electromagneto field theory.
Students interested in air polluon, fires, Inter-
nal-combustion engines, and related fields
involvin chemical reaction might study fluid
mechanics, heat transferphysical chemistry,
reaction kinetics, and statistical mechanics.
Some combine subjects in mechanical engi-
neering with subjects in economics and man-
agement. Students interested either in medical
school or in a career in biomedical engineering
may wish to develop backgrounds in biology,
biochemistry. or physiology. Many other combi-
nations are possile.

Students who wish to pursue this degree must
advise the Departments Undergraduate Officer
by the inning of their junior year in order
that there adequate op nity for planning
a complete program. Registration for this de-

ree program ures pprovalin writing from
theRegistration Oier in charge of Course Il-A.
This program leadin9 to the undesignated
Bachelor of Science 9 not accredid by the
Accreditation Board for E ineering end Tech-
nology, and students should discuss the signifi-
cance of this with their faculty advisor.

1
See discussion of significance oaccreditation underDegree
Progranin gloneengI in the Deans seatint at thebeginning of the School of Enginseering sectio
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The Course Ili-A curriculum is similar to Course
I1. Course il-A is substantially more flexible in
that, in addition to thesis, students need to take
90 units from among the lists of Required
Subjects and Restricted Electives shown under
Course 11. The remainder of the program is
Planned Electives (consisting of six subjects),
aimed at a well-defined educational goal, and
Unrestricted Electives, for a total program be-
yond the General Institute Requirement of 180
units Further details may be obtained from the
Department.

subjects durin the raduate ear. With prior
approval in their fou year, stdents in this
rogram may combine the work of the Bache-
or's and Master's theses into a single thesis of
scope comparable to both theses. The Master's
study may be within the Department or In a
cooperating department such as Nuclear Engi-
neering. Students interested In these programs
should consult the chair of the departmental
graduate committee early in the senior year.

Engineering Internship Program In
Mechanical Engineering
Course il-8

Students who wish to gain Industrial experience
during their underrduate and graduate pro-

rams may do so y electing to participate in
the Engineering Intenship Program, described
in detail in the hool of Engineering section.
through enrollment in Course il-B.

The Course degrees and curricular require-
ments are the same as for Course 11; however, in
addition, provision is made for the students to
be employed at the cooperating companies.
The plant work at the undergraduate level
consists of two summers, starting with te
summer after the sophomore year. The lant
work Is considered as equivalent to a 12-unit
elective subject: 2.951 Engineering Intemship.
This program is accredited by the Accreditation
Board for Engineering and Technology.

Student. In this program interested Ingraduate
study are encouraged to apply for early
graduate school admission under the combined
Bachelor's and Master's program (see the
following section). A studentIn this Program
may spend an additional seven months (one
summer and one term) at the cooperating
company and write a single combined
Bachelor's and Mastr's thesis. Subject to
approval of the thesis supervisor, the thesis may
be related to the work experience.

Additional information may be obtained from
Professor Igor Paul, Rcoom 3-4618, MIT,
Cambridge, MA 02139, (617) 253-4488.

Inquiries

Further information on undergraduate pro-
grams, admissions, and financial aid maybe
obtained from Profeesor David Gordon Wison
or Professor Peter Griffith, Room 3-164. MIT
Cambridge, MA 02139, (617) 253-2305.

Combined Bachelor's and
Master's Degree Program

Some students who obtain early admission to
the graduate ram mabepermitted to
deiesstisfyirpg allo the achlor'sdege
requ re until their fifth year, satisfying the
requirements for both degrees simultaneously.
This program permits students to complete
some basic core graduate subject Intheir
senioir year Waving time to take more advanced

The Mechanical Engineering Department pro-
vides opportunities or graduate work leadng to
the following degrees: Master of Science in
Mechanical Engineering, Master of Science
without a iflation of department, the Me-
chanical neer's deree, and the Doctor of
Philoso hy ~P.D. )or Doctor of Science (Sc.D.),
which fer n name only.

Most Master's degree students register for the
degree with specification in Mechanical Engi-
neering. Some students mayp refer to forego
the specification in order to allow more freedom
in the selection of subjects. The two Master's
degrees have equal academic stature.

The Engineer's degree offers preparation for a
career in advanced enginearing practice. It
does so through a program of advanced
coursowork that goes well beyond the Master's
level. This degree Is normally not used as a
stepping stone toward the Ph.D.

The Doctor of Philosophy (or Science) is the
highest academic degree offered. It is awarded
upon the completion ofra program of advancedstudy and significant original research, design,
or development.

Entranoe Requirements for Graduate Study

Applications to the Mechanical Engineering
Graduate School are accepted from persons
who have completed, or will have completed by
the time they arrive, a Bachelor's degree. Most
incoming students have a degree in Mechanica
Engineering or some related branch of engi-
neering. The Department's admission criteria
ar not specific, however, and capable studentswith backgrounds In different branches of
engineering or In science may gain entry.
However, to qualify for a graduate degree other
than the Master's without specification, the
candidate is expected to have had at least anundergraduate-level exposure to the core ME
subject areas (applied machanics, dynamics.
ui mechanics, thermodynamics, materials,

and design) and to be familiar with basic electric
circuits and electromagnetic field thery. Thosewith deficiencies may be asked to make up
subjects in certain areas before they graduate.

Applications for September entry are due on
January 15 of the same yea, and decisions are
reported in March. Applications are also so-
copted for February (second term) entry; these
are due on Novem ber 15 of the previous year,
and decisions are reported In December For-
eign students applying from abroad are ad-

Itte only If they have full financial support for
the first year.

The GRE (Graduate Record Examination) is not
required for domestic students, though it is
recommended that students applying from
abroad take it and submit their scores. Students
applyingfrom non-English- ing countries
are required to take the TOE;Lftest (Test of
English as a Foreign L uage) and receive a
score higher than 575.

Writing Ability Requirement

The Mechanical Engineering Department re-
uires that all incoming grad ste students

demonstrate satisfactory English writing ability,
or successfully complete apropriate tralninp In
writing. This requirement reacts the faculty 9
conviction that writing is an essential skill for all
engineers. All Incoming graduate students,
native aswell as foreign, must take the depart-
mental writing Ability test, which Is administered
in September Depending on the results, a
student will either pass or be required to take a
subject in writing.

Master of Science in Mechanical Engineering

To qualify for the Master of Science in Mechanl-
cal Engineering, a student must complete at
least 66 credits of coursework (about six sub-
jects). Of these, at least 42 must be "A-level*
graduate subjct, designated by the leter A
next to their tities In Chapter Viii. The rest of the
66 units maybe for "G-level" subjects or ad-
vanced undergraduate subjects that are not
requirements rnthe undergraduate Mechanical
Engineering curriculum.

At least two of the subjects must be chosen
from a prescribed list of basic Mechanical
Engineering solences, and the student must
also either have had previously, or take asapart
of his Master's program, two advanced mathe
matics sublects., 18.075 and 18.076, or
18.085 andi1..

Finally, a thesis Is required. The thesis Is an
original work of research, development, or
design, performed under the supervision of a
facult or a research staff member, and Is a
major part of any graduate program at MIT A
Master's student usually spends as much time
on thesis work as on ooursework. Details of the
Program are available from the Departmental
Graduate Offlie. S Master's degree usually
takes about two years to complet.

Master of Science (without Specificatlon)

Mechanical Engineer's Degree

The Mechanical Engineer's degree provides an
opportun for further study beyond the Mas-
ter level for those who wish to enter engineer-
ing practice rather than research. This degree
emphasizes breadth of knowledge in Mechani-
cal Engineering and its economic and social
implications and Is quite distinct from the Ph.D.,
which emphasizes depth and originality of
research.

The Engineer's degree requires a broad pro-
gram o advanced coursework in Mechanical
Engineering and management, totaling at least
16 credit unit. (typically about 14 courses),
Including those taken during the Master's
degree roram, The program Is centered
around te application of engineering principles
to advanced engineering problems and In-
cludesan application-oriented thesis, which
may be an extension of a suitable Master's
thesis. Details of the program may be obtained
from the Departmental Graduate Office. An
Engineer's degree icaltrequires at least one
year of study beyo the aster's degree.

Doctor of Philosophy and Doctor of Slence
The highest academic degree is the Doctor of
Science, or Doctor of Philosophy (the two differ
only in name), This degree is awarded upon the
completion of a proraom of advanced study,
principally at the ins e, and the performance
of significan original research, design, or
development.

Students become candidates for the doctorate
by passing a rigorous qualifying examination,

ichthey take no later than attheend of three
regular terms after arrival or after the completion
of 'the Master's degree. The doctoral program
Includes a major program of advanced study in
the student's principal area of interest, and a
minor program of study In a different field.

The principal oonent of the program is the
thesis. The thesisa major, original work that
makes a significant research, development or
design contribution Ints field. The thesis and
the oroaram of study are done under a faculty

Dual Degree Program - Leaders for
Manufacturing Program

A two-year program of study in the area of
manufacturing leading to Master's degrees in
mechanical engineering and in management is
available as described in the Sloan School of
Management section in Chapter ViI (Course 15).
The program incorporates coursework In engi-
neering and management with thesis research
conducted at an industry site.

Assistantships and Fellowships

The Department of Mechanical Engineering
offers three types of financial assistance to
graduate students: Fellowships, Research

ssisatships, and Teaching Assistantships.

A Fellowship provides the student with a direct
grant, and leaves the student open to select his
or her own research project and supervisor. A
number of students In the Department are
supported by fellowships from outside
agencies.

The majority of students in the Department are
supported by Research Assistantehips, which
are appointments to work on particular research
roject.s with particular faculty members. The
aculty members procure research grants for
various projects and hire graduate students to
carry out the research. The research is almost
invariably structured so that it becomes the
student's thesis. An RA appointment provides a
full tuition scholarship (i.e., covers all tuition)
plus a salary that is adequate for a single per-
son. The financial details are outlined in a sepa-
rate handout available from the Departmental
Graduate Office. An RA may register for a
maximum of 24 units (about two subjects) of
classroom subjects per regular term and 12
units in the summer term, and must do at least
the equivalent of 24tunits of thesis (i.e., research
on the project) per term.

Teaching assistants are appointed to work on
specific subjects of instruction. As the name
Implies, the usually assist a faculty member in
teaching often grading homework problems
t, M _ 1 6 IAk11C1

The requirements for the Master of Solence sp oand a doctoral committee selec and tutonng students. InsMechanical Engi-
WitOueoification are that the student take 66 the student and his supervisor, and peuaps neng Department, TAare very seldom used
cWri units of subjet, with 42 of them being A ote interested faculty members. The commit- for regular fu~me classroom teaching. TAs are
level, and the aooipletIofOf thesis. Thee a tee makes an annual examination of the candi- limited to 24 units of credit per regular term,
t minimum requiremetsfor an M.S degree ress and conducts a final examina- Including both claseroom subjects and thesis.
at MI'T The degree5'5without secifcation aid to tionbaIeorthe thesis. The doctoral progra The TA appointment does not usually extend
one with ~pecn uhve equal academi sually takes a minimum of two yeas of work through summer
stature. The degree WOutspecifiation does beyond the Master's degree.
not however, exlcil onfer an association Experience has shown that the optimum gradu-
wii Ih MchncaEngineering profession, ate program consists of about equal measures

h such an associaton may be Inferred Interdisciplinary Programs of coursework and research, consistent with an
=roh er's havi ee registered in the Graduate student. registered in the Mechanical RA appointment. The main advantage of a

Mechanoical Engineng Depatmet Student. Engineeri Department may elect to participate feaowhip Isagreater freedom In choosing a
who opt for the de eWOutspecification in interdisoiplinary programs of studrograms project and supervisor. A Teaching
Usually have in mind specific programs of study are available in health sciences and h og ssg, A shlp gives the student teohing exp-
with which they cannot meet all the M.S.M.E. pol scence an tech , technology once and can also be extremely valuable for
degree requirements in the time they have i T e s c rap reviewin subject material, for example In

av~ible'between MIT and Woods Hole oeanographic preparatin or the doctoral general exams. It
institute for students whose primary career does not, however, leave much time for thesis
objective Is ocenraphic engineering. Further research, and may extend the time t
information is avalle from theDepartmental student needs to complete his degree.
Graduate Office.
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Mujid Sullman Kazimi, Ph.D.
Professor of Nuolear Engineering
Head oftDepartment

Additional Information concerning the details of
the academio and research programs, admis-
sions, financial aid, etc., may be obtained by
writing to Ms. Leslie Regan, Mechanical Engi-
neering Graduate Regisation Office, Room
1-108, MIT, Cambridge, Massachusetts 02139,
(617) 253-2291.

Professors

Gordon Lee Brownell, Ph.D.
Professor of Nuclear Engineering

Sow-Hein Chen, Ph.D.
Professor of Nuclear Engineering

Jeffrey Philip Freidberg, Ph.D.
Professor of Nuclear Engineering

Michael Warren Gcay, Ph.D.
Professor of Nucle&r Engineering

Elias Panayiotis Gyftopoulos, So.D.
Ford Professor of Engineering
Professor of Mechanical and
Nuclear Engineering

Kent Forrest Hansen, So.D.
Professor of Nuclear Engineering
Associate Director, Energy
Laboratory

Otto Karl Harling, Ph.D.
Professor of Nuclear Engineering
Director, MIT Nuclear Reactor
Laboratory

Allan Francis Henry, Ph.D.
Professor of Nuclear Engineering

Ian Homer Hutchinson, Ph.D.
Professor of Nuclear Engineering
Head, Toroidal Confinement
DMsion, Plasma Fusion Center

David Dayton Lanning, Ph.D.
Professor of Nuclear Engineering

Richard Keith Lester, Ph.D.
Professor of Nuclear Engineering

Lawrence Mark Udsky, Ph.D.
Metoalfe Professor of Engineering
and the Uberal Arts
Codirector, MIT's Contexts
initiatives

John Edward Meyer, Ph.D.
Professor of Nuclear Engineering

Norman Carl Rasmussen, Ph.D.
McAfee Professor of Engineering
Professor of Nuclear Engineering

Kenneth CaMn Russell, Ph.D.
Professor of Metallurgy and
Nuclear Engineering

Neil Emmanuel Todreas, So.D.
Professor of Nuclear Engineering
(On leave)

Sidney '~1p, Ph.D.
Inquiries

Sidney Yp, Ph.D.
Professor of Nuclear Engineering

Associate Professors

Ronald George Ballinger, So.D.
Associate Professor of Materials
Science and Engineering and
Nuclear Engineering

i(m MoMg, Ph.D.
Associate Professor of Nuclear
Engineering

Assistant Professors
Eric Wesley Molariand, Ph.D., M.D.
Esther and Harold E. Edgerton
Assistant Professor
Assistant Professor of Nuclear
Engineering

Nathan Slu, Ph.D.
Assistant Professor of Nuclear
Engineering

Jacquelyn C. Yanch, Ph.D.
Class of 1958 Assistant Professor
Assistant Professor of Nuclear
Engineering and Whitaker College

Senior Lecturer

Francis X. Masse, 8.8.
Radiation Protection Offlcer.
Medical Department

Administrative Offloor

Jennifer deVries Gwinn

Administrative Assistant

Clare Marie Egan
Graduate Office Coordinator

Research Staff

Rachel M. Morton, B.S.
Manager, Computer Facilities

Senior Research Engineers

D. Bruce Montgomery, SO.D.
Associate Director, Plasma Fusion
Center
Senior Research En ineer. Plasma
Fusion Center and Nuclear
Engineering

John E. C. Williams, B.So.
Senior Research Engineer Francis
Bitter National Magnet Laboratory
and Nuclear Engineering

Professors Emeriti

Manson Benedict Ph.D.
Institute Professor, Emeritus
Professor of Nuclear Engineering,
Emeritus

Michael John Drisooll, So.D.
Professor of Nuclear Engineering,
Emeritus

Thomas Henderson Dupree, Ph.D.
Professor of Nuclear Engineering
and Physics, Emeritus

Irving Kaplan, Ph.D.
Professor of Nuclear Engineering,
Emeritus
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Senior Research Scientists

Daniel R. Cohn, Ph D.
Senior Research Scientist, Plasma
Fusion Center and Nuclear
Engineering

Thomas Henderson Dupree, Ph.D.
Senior Research Scientist, Nuclear
Engineering and Physics

Marvin M. Miller, Ph.D.
Senior Research Scientist, Nuclear
Engineering and Center for
International Studies

Dieter J. Sigmar, Ph.D.
Senior Research Scientist, Plasma
Fusion Center and Nuclear
Engineering

Principal Research Scientist

Richard Lanza, Ph.D.

Research Scientists

Michael John Driscoll, So.D.
Research Solentist, Nuclear
Engineering and Nuclear Reactor
Laboratory

Peter Stahle, B.S.M.E.

Visiting Scientists

Jong im, Ph.D.
Kazuhiko Kunitomi, Ph.D.

Research Affiliates

Jerome Ackerman, Ph.D.
Ronald Christensen, Ph.D.
Mirko Hrovat, Ph.D.
Vincent Manno, Sc.D.
Samuel Patz, Ph.D.
Bruce Rosen, Ph.D.
Andrei Schor, Ph.D.
Donald Trent, Ph.D.
William Vesely, Ph.D.
Lothar Wolf, Ph.D.
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Department of Nuclear
Engineering

(Course 22)

The Department of Nuclear Engineering pro- Intense radiation
vide undergraduate and graduate education for ity In combiningI
students interested in developing the peaceful a practical and a
applications of nuclear reactions, plasma phys- ment has strong
ice, and radiation. In keeping with MIT's tradi- tale, materials foi
tional role in other branches of knowledge, the engineering of fu
Department alms to educate the individuals who
m;a the key soientiflo and enginering ad-
vances in these fields. The technological pob-
lems of energy generation by neutron-inucoed
fission of heavy elements in nuclear reactors
and fusion of light partles in thermonuclear
plasmas receive primary emphasis.

in addition, faculty and students are strongly
Involved in the engineering physics of charged
particles, neutrons, and photon radiation: in the
roader roblems of providing energy in social-

ly acceae ways; In the medical applications
of radiation; and In radiation health physics.

Fission reactors are used to generate heat and
electricity, to propel submarines and ships, to
transmute elements, and to produce radoiso-
topes for medical and other applications. In
some countries, the fraction of electricity ob-
tained from nuclear power Is greater than 50
percent. In the United States it Is about 20
percent. In recent ears, the growth rate of
electricity has declined because of more cost-
effective uses of energy and the international
economic recession. This has led to a signifi-
cant reduction in new nuclear power plant
orders. Nevertheless, many nations include a
significant and expanding nuclear conponent in
their energy programs because they are con-
vinced that nuclear power is a cmparatively
reliable, inexpensive, and safe way to produce
electricity.

The safe and economic development, design,
construction, and operation of nuclear power

lants and their related nuclear fuel processing
acilities is a major field of engineering. Chal-

lenging tasks facing today's nuclear engineers
are to reduce the capital cost of nuclear power
stations, to increase their reliability, and to
extend the life of nuclear fuels so that nuclear
plants can be the most economic way of gener-

nelectricity in ever-widening regions of the

Another challenge to nuclw engineers is the
development of economic nuclear powe. sys-
tems that regenerate or yield a not norease in
their essential fuel, such as breeder reactors.
Breeder reactors can Ian energy re-
source upaplyngsu the needsof the
world for years.

A potentialsource of ney and neutrons Is
controlled fusion of light en. from
fusion would be practically Inexhaustible. Fusion
reactions must be carried out In a fully ionized
plamaheated to many million degrees. Such

are usually confined by strong magnet-
Recent progress Increases theIlk

hood that controllefulon will become a pract-
cal source of energy and neutrons within the
lifetime of a engineering students. Attain-
men of a power plant requires Improved
behavior of plasmas In electric and magnetic
fields, development of materials capable of
withstanding high stresses and exposure to

I

, and great engineering ingenu-
fusion power components into
conomic system. The Depart-
programs in plasma fundamen-
intense radiation fields, and

usion systems.

The fundamentals of plasmas also underlie
astror .ysloal and Ionospheric phenomena,
magnetohydrodynamic energy conversion, ion

po ion, thermionic energy conversion, and
gpoweras lasers, all topics of interest In

the Department. Students concentrating on
applied plasma hyslos are therefore trained not
on to contribut to the advancement of con-
trolled fusion but also to apply their knowledge
in areas of immediate practcal significance. in
these plasma prorams, the Dep ent Is an
active participant In MIT. b d Interdepart-
mental program% f research and instruction in
plasma physics aid its varied applications.

To achieve the 1 Ia potential of nuclear energy
from either fission or fusion reactors, it is neces-
sary to deverop special materials capable of
withstanding intense radiation for long periods
of time. The Department's nuclear materials
engineering program Is concemed with effects
of radiation on materials and development of
improved radiation-resistant materials. Other
areas of concentration are the chemical and
metallurgical engineering aspects of the pro-
duction and fabrication of fuels for fission reac-
tors, the processes for recovering these materi-
als from the highiy radioactive spent fuel
discharged from reactors, and processing and
enrichment of fuels for fusion reactors.

To fulfill socie's needs, not only must new
techno leesbe developed, but energy conver-
sion plants must also be designed and operated
so as to produce energy safely, reliably, eco-
nomically, and with acceptable environmental
im t. Consequently, the Department is in-
volvedactively across the entire field of energy
production in the areas of thermal-hydraulics,
structural mechanics, reliability analysis, safety
and licensing, health hysics, environmental
impact of power prouction, and engineering
economios.

The Department's radiation science and
technology program Is devoted to studyin the
production and uses of neutrons, oharged
particles, gamma rays, light and other radiations
from fission reactors, radiosotopes, particle
accelerators, and lasers. Topics treated include
the detection and measurement of radiation, the
Interaction of radiation with matter, the use of
radiation in processing materials, the design of
irradiators, biological effects of radiation, and the
use of scattering experiments with neutrons and
coherent light to determine the structure and
molecular dynamics of solids, liquids, and
dense gases. In particular, the program of
radiological sciences encompasses medical
applications of radiations for therapy,
diagnostics, and radiobiologiy It Includes not
only nuclear radiations but so ultrasound, laser
light, and nuclear magnetic resonance
Interactions.

The radiation health physics program is de-
signed to provide students with a strong foun-
dation in the scientiflo and engineering disci-
plines needed for the management and control
of Irradiation expsures. It emphasizes princi-
ples of radiobi oogy, radiation measurement and
dosimetry, risk assessment, and management of
radiation exposure.

In all the programs, attention is focused on the
related aspects of science and engineering -
for exam pl, low-energy nuclear pyslos, plas.
ma physics, nuclear materials, hig-flux heat
transfer, and numerical methods. e approaoh
Is interdisciplinary and draws heavily upon
Important segments of physics, chemistry,
applied m ate , and metallurgy, and on
the techniques of chemical, civil, electrical, and
mechanical engineering.

Undergraduates and graduate students in other
departments at MIT who wish to leam how their
major professionai fields may be utilized in I
nuclear developments may nd certain offerings

the Department of Nuc Enineerin to be
ointerst, such as the medically riented?
radiologcal sciences program, nuclear power
plant engineering, applied plasma or radiation

p s, nuclear materials engineering, and the
rterdepartmental program on structural me-
chanics in nuclear power technology.
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Undergraduate Study

Bachelor of Science In Nuclear Engineering

The undergraduate programs in Nuclear Engi-
neering prepare students for careers In the
nuclear power industry or the applied radiation
Indu , Including mdical technology, or for
graduae study in nuclear engineering and
related disciplines. The field Is very broad and
the program is arranged to provide a variety of
subje combinations aropriate for career
preparation. Three specfc options have been
defined (fission, fusion, and radiological
sciences) ,but other subject combinations may
be selected to satisfy the needs of Individual
students.

The Department offers two undergraduate
programs leading to a Bachelor of Science in
Nuclear Engineering. The first, Course XXII, is
normally completed in four years. The second,
Course XXII-A. is part of a five-year Engineering
Internship Program; it leads to both a Bachelor
of Science anda Master of Science in Nuclear
Engineering and combines study with industrial
practice.

The back round portion of the departmental
program Fncludes a science distribution prepa-
ration In differential equations (18.03) for all
tracks; in physios (8.03) for fission and fusion
tracks; and In biolog (7.01) for the radiological
sciences track. In addition, an applied nuclear
physics subject (22.02)Is used to Introduce
many topics that are fundamentally Important to
nuclear engineering. Finally, a seminar ispeci-
led to prove familarity vdep ent

soademlo and research activities (22.011 for
fission, 22.012 for fusion, or 22.013 for radlolog-
loal sciences).

Subjects in engneering rinciples are a major
component of te derental program. In this
area, the student is expected to become familiar
with the foundations of engineering practice.
The uired topics of study ae strength of
materias, fluid flow, thermodynamics, heat
transfer, and computer modeling of physical
systems. Many of the Institute departments offer
subjects covering these to os, and there Is
onsiderable latitude in fulfling this segment of
the curriculum. Suitable subjects for the fission
and fusion tracks include 2.01 for strength of
materials (Engineeing Principles 1); 2.20 for
fluid m(chan ( (ngneering Principles I); 2.40
for thermodynamics (EngIneering Pinples -I);
2.51 for heat transfer (Engineering Principles IV).
Fission track students select 2.02 or 22.008 or
22.07W for EnginsengPrinciples V:fusion
track studentsselt 6,71 or 22.000 or 22.070J
for Engineering Principles V. Suitable subjects
for students seiallzing in radiological sciences
Include 2.02 (Enging Principles 1); 2.20
(Engineerin Princles I; 6.071 (Engineering

I nles I ; 2.7 (En ineerlng Pin es
IV); 2 (Engine gPrinciples

The final portion of the undergraduate program
is a broadly based introduction to the specialties
of nuclear engineering. The required toplos of
study include a laboratory subject, a subject
dealing withphysics as applied to nuclear
reactors, and three subjects dealing with design
and systems. Suitable sub ects for e fission
option include 22.09 for la ratory; 22.021 for
applied physics; and 22.03, 22.031, 22.033 for
design/systems. Suitable subjects for the fusion
option Include 22.069 for laboratory; 22.061 for
applied physics; and 22.03, 22.031, 22.062 for
design/sy ems. Suitable subjects for the radio-
logical sciences option Include 22.09 for labora-
tory; 22.057 for applied physics; and 22.04,
22.055, 22.056 for design/systems.

The choice of specific subjects and the order in
which they are taken are arranged In consulta-
tion with the student's departmental advisor. The
fission option is Intended for students planning
careers in deeign, analysis,
fission reactoni, and for 9rac
areas. The fusion option Is i
planning for graduate study
areas of engineenng researc
related to fusion reactors. T
sciences option is intended
ning careers in medicine or
neerin with articular empi
tions radiaon in diagnos
Information on each optionI
student's departmental advi
departmental undergraduate
24-204).

The degree programs in Cc
Course XXI i-Aare acoredite
tion Board for Engineeringa

Bachelor of Science in Nu
Course XXII

Most requirements and opti
the preceding paragraphs.

En ineering Design experier of the curriculum, and t
east 36 units of engineering

tome may be satisfied by ar
of subjects as approved by
requirement may be partlall
design-oriented thesis or sP

A Bachelor's degree thesisI
required.

,u:ablfor seminar, en n
torye physics, and desig y

*Afternale pwerquisitesare tistedint

Bachelor of Science in Nuclear Engineering
Bachelor of Science In Nuclear Engineering
Course XXiI

Geneal Inetute RequWment 17 Subjects

Science Requirement

Humanities, Arts, and Social Sciences Requirement

Science Distribution Requirement [2 subjects can be satisted
from among 22.02, 7.01 or 803. and 18.03 or 18032 in the
Departmental Program]

Laboratory Requirement [can be satisfied by 22.089
or 2200 in the Departmental Program]

TOTAL Subects

PLUS

5

3

1
17

DeP&tMeW Program'Unit
and operation of
duate study in these
ntended for students Background: 42
and careers in 701 Introduction to Biology. 12, SD: (radiological

ch or development sciences)
he radiological or
for students plan- 8 03 Physics li1 12. SD. 802*. 18 02 (fission, fusion)
biomedical engi- pus
hasis on the applica- 1803 Differential Equations, 12. SD: 1 02*
tics and therapy. or
is available from the
sor or from the 18.032 Differential Equations. 12. SD. 18 02*

a office (Room 22 02 Introduction to Appied Nuclear Physics, 12. SD:
8.02. 1802

urse XXII and Seminar,6
d by the Accredita- P i
and Tehnology. Engtmin Phncipes.

Engineering Principles 1. 12
clear Engineering Engineering Principles I. 12

Engineering Principles 111. 12

ons are described in Engineering Principles v, 12

Engineering Principles V. 12

nce is an essential
the requirement of at NucleariEgineedntg Specialties.
g design and 5- Laboratory, 12

the advisor. The Applied Physics. 12

y satisfied by a Design and Systems, 38
ecial topic (22.091).

The 12
of 12 units is also

Unite I DePartmental Pro tassaty
the Gnral Inetitute Req=m 0te(36)

Unweettteted Elecine.11

Total Unte 'equired for the S.S. DegeeBeyond
the Genera sinatitute Requirernents (GIR1s) 116
NOTE: NO SUBJECT can be counted BOTH as pan of the
17-subject GIRs AND as pant of the 168 unts required beyond
tie QIRs. EVERY siject in the student's departmental
program wil count toward one or the other. BUT NOT BOTH,

woring principles, tabora-
rtems ae ghten In the tt.

the subject description

L.
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Graduate Study

Bachelor of Science In Nuclear Engineering Combined Bachelor's and Master's Programs The Nuclear Engineering profession Is exoep-
Course XXII-A tionally broad and many undergraduate diel-

The fiveuearprograms leading to a joint Bache- plinee provide suitable preparations for graduate
Nuclear Engineering Deparment students who lor of SO In chemical engneering, ovil study.
participate In the En Ineerin Inership Pro- engineering, electrical engineering, mechanical
gram, described In ge1iIn School of Engi- engineering, nuclear engineering, or physic., An undergraduate degree In physics; engineer-
nearing section, are enrolled in Course XXII-A. andaMaster of Science In nuclear engineering, Ing physics; chemistry; mathematics; metlur-
The requirements for C. .arse XXII-A are the are helpful to students who, early In their under- gy; or chemical, oMI, electrical, mechanical, or
same as for Course XXIl, except that the 12 graduate studies, decide to pursue a graduate nuclear engineering fumishes suitable prepare-
units of thesis are replaced by 12 units of degree in nuclear engineering. Students desir- tion for graduate study In nuclear engineering.
22.092 Engineering Internship. The program Is Ing to enter such a program must meet the Optimum undergraduate preparatinwould
structured as a five-year program leading to graduate admission requirements of the Depart- Include the following:
both aBachelor of Scence and aMaster of ment of Nuclear Engineering, and they must Physics. At lattoyas qiaett I
Science in Nuclear Engineerln. Students submit their applications for admission atthe Psu os.0At least two years. eq alent to MIT
normally enter the program in lhir sophomore end of their junior yea. If admitted, the stu- subets 8.01, 8.02,8.0, and .04, and for
year at MIT. Each student must be selected by a dent's program is arranged between the regis- graduate study In applied lasma physic. or

applied radiation physics,th equivalent to MIT
pari ptig opany after application and an tration officers of the two participating depart- subjects 806 ad 80,a el
Interview T program consists of four work ments. For further Information, Interested . an ., as well.
assignments at the same company. The first two students should contact either their undergradu- Mathematics. At least two and one-half years,are undergraduate work signments desig- ate department or the Department of Nuclear equivalent to MIT subjects 18.01, 18.02 18.03,nated as fth required subject 22.092. Engineering. 18.076 and 18.076.
The award of the Master's degree Is not auto-
matic. To work for the S.M., the student must
apply for graduate school and be formally
accepted. In most cases the decision on such
applications Is made early in the student's fourth
year.

Enineerin design experience Is an essential
p of the urse XXII-A curriculum.The
requirement of 36 units of engineering design
and systems subjects may be satisfied in part
by work assinments that are design-related.
Otherwise, the requirement is to be satisfied by
an appropriate selection of subjects, as ap-
proved by the student's advisor.

The Bachelor's thesis requirement is usually
satisfied upon acceptance of the Master's
thesis, which is prepared during the third and
fourth work assignments (subject,22.92). If the
student does not enter the Master's Iof
the prram for any reason, the ent maysubttt work done as part of the first two
work assignments, provided that the student
prepares a writtenproposal and a written re
In thesis format that Is acceptable to a facult
adviso. Otherwise, the student mustfollow
same stepa for satisfyingthe thesis requirement
as sktsIn Course WXI.

Inquiries

Further information on undergraduate pro-
grams, admissions, and finanoial aid may be
obtained from Professor J. E. Meyer, Room
24-202, MIT, Cambridge, MA 02139, (617)
263-8.

I .1 V, WV .W V.

Chemistry. At least one term of general, Inor-
gaiand physical chemistry.

Engineering Fundamentals, At least one term
equivalent to MIT subjects 2.01 or 10.302,
10.301 or 10.13. Studetsmay obtain equivalent
background by taking 22.311 Energy Engineer-
ing Pinciples.

Prospective graduate students should make
every effort to complete undergraduate prepara-
tion before starting graduate study. Students
whose preparation Is Incomplete may make up
their deficiencles after admission to graduate
study, but they need more time to complete the
graduate program.

Students who expect to ap for admission toa
graduate course In NuclearlEngineering should
discuss their undergraduate p rams withtet
Department's Reg iration Officerprefery
before the end of their Junr year. Applicants for
admission are not required totake the Graduate
Record Examination.

Master of Science in Nuclear Engineering
Course XXII

The object of the Master's prram istogive
the student a good genera knowledge of nu-
clear engineeriandto providea foundation
either for od work In the nuclear field or
for more advanced graduate su. The general
requirements for this degree are listed ithe
Graduate Education chapt. Subject 22.111
Nuclear Physic. for Engineers 1, or Its equivalent
Is required for all Mae's degree candidates.

Other subjects may be selected In accordance
with the student's particular fieold of Interest.
Most Master's candidates specialize In ono of
five altemative fields: fission reactor technology,
applied plasma physic, radiation sclence and

t log Y, nuclear materials ineerin, and
radiation ha phys. Dotal desort of
th subjects available in each of these areas
may be found under the Department's derp-
tions of subjects In Chapter Vill.

Students specializing In radiation health physics ment, radiation solence and technology, and Candidates for a doctoral degree must also
follow a special two-year curriculum that In- applied plasma physics. The Objectives of the satisfactorily complete (with an average grade of
oludes the core subjects General Health Phys- ram are to provide thecandidate with a B or better) an approved program of advanced
Ice, Nuclear Radiati Measurement and Protec- broad kno':.a4dge of the profession and to studies. The program requires that students
lion, introdutryApplied Nuclear Physic., and develop competence in engineering applica- take not less than 60 credit hours of subjects
Rladlobloogy. Some subject@ may be taken at tions or design. The emphasis In the program Is (excluding special problems), of which at least

te Harva School of Public He . more applied and less research-oriented than 38must comprise a field of specialization (the
the doctoral program. Majo ) that will be closely related to the stu-

Students with adequate undergraduate prepara- dents doctoral thesis top. Twenty-four units
tion normally need one full yearto comple ti*a The engineering project required of all (the Minor) must consist of coordinated sub-
requiremen for the Master of Science. Addl- candidates for the Nuclear ngineer's degree Is loots clearly outside the fild of spoolalization.
lional Information conceminth re remt generally the subject of an Engineer's thesis. A
for the Master of Science In ucl~Eanglnear- student With full undergraduate preparation Doctoral research may be undertaken either in
Ing, Including lists of recommended sub e , normally needs two years to complete the the Department of Nuclear Engineering or In a
may be obtained from the Department of Nu- program. A student who satisfies the nuclear-related field in another department.
clerEngineering. requirements for the Engneer's dree Is Appropriate areas of research are described

simultaneously approved for the S.M.by the gene rally In the Introduction to the Department,
Master of Science in Technology and Policy Department o Nuclear Engineering ditional and a detailed list may be obtained from theInformation may be obtained from Department of Nuclear Engineering.

Dfartment.
Students Interested in applying their nuclear ".Joint NED-HST Radiological Sences
engineering background to problems of policy J~tND.S a~lgclSine
end socioeconomic assessment of technolog Doctor of Philosophy and Doctor of Science Graduate Program
MAY appl for the Interdepartmental Mastero
Sclence rogram In Technology and Polioy. This The program of study leading to either the Medical and biological application, of nuclear
program combines subjects In advanced tech- Doctor of Philosophy or the Doctor of Sclence engineering may be pursued under the joint
nology in the particular field of the student's degree alms to give a comprehensive knowl- Nuclear Engineering Depariment-Diviln of
cosing with subjects in economics, systems edge of nuclear engineering or radiation sol- Health Solences and Technology (NED-HST)
analy s, political lscience, and law. General once and technology, to develop competence Radiologcal Sciences Graduate Program.
requirements and application procedures are In advanced engineering researoh, and to Breakthroughs In radiological science including
described in Chapter VI. develop perspective In assessing the role of magneto resonance imaging MRI), dynamic

nuclearsclence and technologyin our olety com er-aidedtom p y ( n), positron
Master of Science in the Management of General urements for the doctorate emissi tomography and single photon

Tscholog quiemens fo thedoctrateare emission =raphy SE~i make this area
Technology given in the Graduate Education chapter of this one of the m exo ng develo ntsIn

ogue and in the Graduate Sch Manual. applied nuclear and radiation science.
Students who would like to altheir nuclear The eific requirements of the Drent o
eng ieri background a e years Nucle Enineering are the GExamina- Admission to the program and award of the

otecnical work ex e to u es th tion.the MaMin Program, and the doctoral doctoral degree In Radlogical Sciences will be
technical management may want to explore the thesis. made jointly by N ED and theDivsion of HST. In
Joint Program In the Management of addition to a strong background in the physical
Technology. Jointiy developed and offered by Upon satisfactory completion of the require- and engineering oiences, applicants are urged
MIT's School of Engineering and the Sloan ments, the student ordinarily receives a Ph.D. to have complete two undergraduate courses
School of Management, this program entalls a unless he or she requests an So.D. The require- in biology or biochemistry upon entrance, and
rigorous twelve-month curriculum, focusing on ments for both degrees are the same. are required to complete three additional life
menageeent principios for technical people In a sciences courses prior to receiving the doctoral
techn environment. The h rogram ins Prior to starting doctoral research, each student degree. The core curriculum Includes topic. In
designed for scientists and engineers on a is required to pass a general examination dem- nuclear and radiation physics, radiation biology,

reer path requiring inoreas managerial onstrating adequate undergraduate pration medical imaging, and biomedical applicatons o
responsibilities for technical ces. Details of In physics, chemistry, matematics, a eng- radiation. Thecourses form to basis of the
fts program and application procedures are neering fundamentals, and ocmnpreher-give Department doctoral examination taken by most
described In Chapter VI. knowldgeat herauatlevel of a chose students two Year aft entering the porm

feld in nuoia engineering.
Nuclear Engineer Doctoral candidates may elect to study and be

examined In one ofthe following fields: fission
The program of study leadingto the Nuclear reactor physics, fission reactor engineering,
E eersdeeper knowledge aled plasma physics, apled radiation

eng than Is possible In the phics, nuole matrasengineering, fusion
Master's program ana Is Intended to train stu- reactor technology, nuclear and alterative
dents for creative professional careers in engi- energy ems and polcy, and radolo
nestng application or design. science. etals of the dloctoral examinato In

each of these fields may be obtained from the
General requirements for this degree, deoritbed Department.
In Chapter IV. include 162 units o subject credit
plus a thesis. Each student must plan an Indivld-
Wly selected program of study, to be approved
In advance by the faculty advisor, and must
complete, and orally defend, a substantial
Project of signifllcant engineering value.

Afer suocessfuo oompebon of the exam, ful-
time thesis researoh Ispursued In specialty
areas of medica Imaging, radiation biology end
biophysics, or Image procesing and computer
applicatis. To supple te ram's
academlo traning, aone-month clin prwb-
cum in one of the affiliated Boston-area hospl-
tale Is also required.A dootoral thess willbe
submitted and defended before a committee of
MIT faculty, including members from NED and
HST In acordance with the Interdisolplinary
nature of the program.

The princpal sof study sre nuclear reactor
phsc, nuclear reatoregineering, nuclear
matisengineerng, nuolw fuel manage-

I
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Aid

aid for graduate students is available in
of research and teaching assistant-

9atent-administered foe s
Dltal subsidies from the Col1*je
dy Program. Assistantships are
to students with very good academic
The duty of a teaching assistant Is to
culty member In the preparation of
atenals and the conduct of classes,
of a research assistant Is to work on a
project under the supervision of one or
ulty members.

ps are mostly awarded In April for the
academic year. Assistantships are
on a semester basis. The assignment
g aasistants is made before the start of
ester while research assistants can be
at any time. Fellowships and research
hips usually go to students already
n the Department; for entering stu-
majority of the aid therefore will be In

of teaching assistantships.

n for financial aid should be made to
D. Lanning, Room 24-105, MIT.
gs, MA 02139, (617) 253-3843.

information on graduate admissions
emic and research programs may be
from the Department's Graduate
om 24-105, MIT. Cambridge, MA
17) 253-3814.
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Department of Ocean Engineering

The departmental programs are supported by a
number of outstanding experimental facilities for
advanced research in nuclear engineering.

The MIT Research Reactor in the Nuclear Reao-
tor Laboratory operates at a power of 5,000 kw
and is fueled with U-235 in a compact light-wa-
ter cooled core surrounded by a heav-water
reflector. It is one of the finest university re-
search reactors In the worid. Details of the
Laboratory's research rograms and facilities
are given in Chapter VI.

The Department utilizes extensive experimental
plasma facilities for production and confinement
of large volumes of highly ionized plasmas and
for studies of plasma turbulence, particle mo-
tions, and other phenomena. High-power lasers
and other equipment are available both for
plasma diagnostics and for study of basic
physical Interactions. The Department has
facilities to support a unique program of con-
trolled fusion engineering studies and has its
own well-equipped graduate laboratory for
instruction on plasma laboratory techniques.

The Department has played a major role In the
design and operation of the series of high field
Tokamak fusion devices ALCATOR and In the
design of the fusion magnetec mirror device
TARA, both projects of the Plasma Fusion
Center. ALCATOR is capable of producing
dense, hot plasmas near the regime of fusion
interest, and serves as an important educational
and research facility.

Most of the departmental research on plasmas
and controlled fusion is done in the Plasma
Fusion Center, described in detail in Chapter VI.

The Whitaker Laboratory of Computer-Aided
Microscopy and Image Technology operates
sophisticated scaning and transmission lecm-
tron microscopes and light microscopes for
microscopic analysis of matedals. The facility
has full capability In sample preparation and
utilizes a dedicated computer for data analysis
with an emphasis on quantitative wori.

In addition to the above facilities, the Depart-
ment has a nuclear Instrumentation laboratory, a
plasma physics laboratory, a 14 MOV neutron
source, and two suboritical natural-uranium
reactors, one moderated by water and the other
by graphite. Laboratory space and shop faili-
ties are available for research in all areas of
nuclear engineering. MIT's extensive computer
facilities are used in research and graduate
instruction. The Whitaker Laboratory of Micros-
copy is available for ultrastructural research in
materials.

T. Francis Ogilve, Ph.D.
Professor of Ocean Engineering
Head of the Department

Professors

Arthur Benard Baggeroer, So.D.
Professor of Electrical and Ocean
Engineering

Alexander Douglas Carmichael,
Ph.D.
Professor of Power Engineering

Chryssostomos Chryssostomidis,
Ph.D.
Professor of Naval Arohitr dure
Director, MIT Sea Grant College
Program

Ira Dyer, Ph.D.
Weber-Shaughnese Professor and
ProfessorofDoceaEngineering

Ernst Gabriel Frankel, Ph.D., D.B.A.
Professor of Marine Systems
(On leave, spring)

Justin Elliot Kerwin, Ph.D.
Professor of Naval Architecture

Patrick Leehey, Ph.D.
Professor of Mechanical and
Ocean Engineering

Kolchi Masubuchl, Ph.D.
Kawasakl Professor and Professor
of Materials Science and Ocean
Engineedng

Jerome H. Milgram, Ph.D.
W~ilrn 1. Koch Professor of Ocean
Engineering

John Nicholas Newman, So.D.
Professor of Naval Architecture

J. D. Nyhart, J.D.
Professor of Ocean Engineering
and Management

Barrick Frank Tibbitts, Nav.E.
Professor of Naval Architecture

Michael Stefanos Thantafyllou,
So.D.
Professor of Ocean Engineering

John Kim Vandiver, Ph.D.
Professor of Ocean Engineering

Thmaez Wlerzbloki, So.D.
Profesor of Applied Mechanics

Assoclate Professors

Rlohard Celotto. Ocean.E.
Associate Professor of Naval
Architecture

Research Affiliate

Gregory Lynn Duckworth, Ph.D.

Professors EmerIti

Martin Aaron Abkowitz, Ph.D.
Professor of Ocean Engineering,
Emeritus

John Harvey Evans, B.Eng.
Professor of Naval Architecture,
Emeritus

Alfred Adolf Heinrich Keil,
Dr.Rer.Nat.
Professor of Ocean Engineering,
Emeritus
Ford Professor of Engineering,
Emeritus
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Judith Tgger Kildow, Ph.D.
Associate Professor of Ocean
Policy

Henry Stuart Marcus, D.B.A.
Associate Professor of Marine
Systems

Nicholas Marinos Patrikalakis, Ph.D.
Associate Professor of Ocean
Engineering
Henry L. Doherty Professor In
Ocean Utilization

Henrik Schmidt, Ph.D.
Associate Professor of Ocean
Engineering
Henry L. Doherty Professor In
Ocean Utilization

Paul Demetre Solavounos, Ph.D.
Associate Professor of Naval
Architecture

Dick Kau-Ping Yue, So.D.
Associate Professor of Ocean
Engineering

Senior Lecturers

David Valentine Burke, Ph.D.
Harry A. Jackson, B.S.

Lecturers

John E. Agapakls, Ph.D.
John G. Arrson, M.A.
Howard M. Bunch, M.B.A.
Leonard Grantner, D.Eng.Sc.
Maurice M. Sevik, Ph.D.
Benjamin Whang, Ph.D.

Administrative Officer

H. Sharon Trohon. B.S.

Postdoctoral Associates

Femando do Carvalho Frimm,
Ph.D.
David Keenan, Ph.D.
Jea S. Kim. Ph.D.
Moo-Hyun Kim, Ph.D.
Chang-Ho Lee, Ph.D.
Nikoforos Papadakis, Ph.D.

Assoiate Research Engineer

George S. Thantafyllou, Ph.D.

Research Engineers

Michael S. Drooker, Ocean E.
Marvin H. Duncan, S.M.
Spyridon A. Kinnas, Ph.D.
F. Thomas Korsmeyer, Ph.D.
Franz-Erich Wolter. Ph.D.
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For centuries the oceans have served societal
needs by providing avenues of transportation,
resources of food and minerals, and natural
barriers of defense. These uses of the ocean are
perhaps even more important today as the
world faces problems of rowing populations
and shrinking resources.'-ut of the need for
Increased utilization 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 Engineerin provides
the essential skills that ultimately enable its
students to conceive, initiate, and direct
complex engineering projects. Such tasks
demand flexible an adaptive engineering
minds. The degree requirements in Ocean
Engineering begin with the same basic
mathematics, science, and engineering subjects
as other traditional engineering disciplines and
then extend beyond to prepare a professional
who is capable of responding to the broad
demands of complex engineering tasks,
Through selection of degree programs and
elective subjects, students may concentrate in
areas such as structures, fluid mechanics, or
naval architecture.

For neal a centry, MIT has been a leading
cent ship research and design,aand Is
widely recognized for its contributions in such
areas ashydrodynamics, ship structural me-
chanicseand dynamlos, propeller design, and
overall ship design. The Pratt School of Naval
Architecture and Marine Engineering, which was
established through a bequest to MIT In 1912, is
an Integral part ofthe Department of Ocean
Engineering. Building upon this historical base,
the Department's curri ulum today offers stu-
dies In all systems that must operate in an
ocean environment.

Marine transportation encompasses broad
questions of Intemational trade. The ocean
enginee must be able to assesIn an Inte-
grated fashion a wide range, of technIcal, eco-
nomio, and political considerations. Other
aspects of marine transportation include design-
i deep-water ports, Integrating harbor facilities

wiland-based transportation systems, and
planning new uses of waterways to help solve
urban transportation problems.

Oil and gas beneath the ocean floor are increas-
ingly mpotanlourcof energy. Zn oocn
engineer is concernedwith soov
ering, producing, and delivering offshore petro-
leumn resources, a complex and demanding
taok. Also of central Importance Is the develop-
ment of new methods to protectmarine wildlife
end ct'ist regions against the undesirable aide
effetsof offshore ci production. Mining of
sealoor miners is assuming greater impor-
tance, and the ocean erniner has the task of
dleveopntehn= oyforico""ngand recover-

nile beneath the
oceans. Much new technology is required to
explore the fe of ocean min more still
Is neededto make econcmioally and
compatible with the enironment

Once regarded as an inexhaustible source of
food, the oceans are now approaching critical
levels of depletion for some spooles. Engineer-
Ing techniques of analysis and prediction are
essential to maintain the delicate natural bal-
anoes of the oceans. The ocean engineer,
together with marine biologists, aquati ecolo-
giet, and public policy planners, has a critical
role to play in managing ocean resources to
ensure survival of marine species and continu-
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 students a logical extension
of their ocean engineering educati on. The
Department offers subjects designed to enable
people to cope with technologies relevant to
modem naval systems, including ship design
alternatives, seafloor habitats, sonar systems,
and underwater navigation and communication.

The education of an ocean engineer or a naval
architect revolves around three central compo-
nents. The first is a firm foundation in such
basics as hydrodynamics, structural mechanics,
vibratory phenomena, energy conversion,
materials, and electronics. Second, the engineer
needs broad exposure and practical experience
in skils such as analysis and design. Third, the
context for specific applications needs to be
understood. The Department's undergraduate
and graduate programs combine these compo-
nents In a balanced way to provide an educa-
tional base upon which to build a rewarding
career.

Once a student has attained the engineering
basics, individualized programs to meet pastcu-
lar interests are strongly encouraged. The
Department's facult has wide and continuing
research end industial experience. Departmen-
tai faclitie - including a variable-pressure
propeller tunnel, a ship model towing tank, a
channel for oil-water interface studies, an acous-
tic and vibration laboratory, a design laboratory,
and computer facilities - offer a variety of
opportunities for laboratory experience.

Bachelor of Science In Ocean Engineering, Bachelor of Solence In Ocean Engineering, Bachelor of Science In Ocean Engineering,
in Naval Architecture and Marine In Naval Architecture and Marine In Naval Architecture and Marine
Engineering, or without designation Engineering, or without designation Engineerin , or without designation
Course Xiii Course XIIIlCourse X1 -C

The basic program offered by the Department is o k n 116111,16 Course XIlli-C is an Engineering Internship
designed for students interested In eneineeringn____enma_ program that enables students to combine
aspects of ocean sciences, ocean exploration, professional experience with their academlo
and the utilization of the oceans for transposta- Science Requirment work, while at ti same time providing for part
tion, defense, and/or resources. The program Humanities. Arts, and Socili Sciences Requirement' 0 of their educational expenses. The four-year
leads to the Bachelor of Science in Ocean science Distribution Requirement (2 subiects can be rogram leads to the Bachelor of Science in
Engineering, in Naval Architecture and Mains sailsied from among 2.01. 2.4013.00. and 18-03 or 18.032 Naval Architecture and Marine Engineering, or
Engineering, or without designation of field. The in m r.e Deparimenral Program .s in Ocean Engineerng, or without designation.
curriculum without designation of field permits Laboratory Requirement (half of the requirement can be Students in the internship program also may
pursuit of broader marine-reated interests. satisned by 13.01 in the Depanmental Program) 1 pi for admission to the Graduate School to
Graduates are prepared for work in industry or TOTAL Subjects 17 o n the Bachelor of Science ooncurrently
government, or for further study in graduate PLUS with the Master of Science at the end of their
school, n_ __Posfifth year. This program Is part of the Engineer-

Ing intemship Program, described in detail In
All Course XIII undergraduates take the same 09rtwnl Pemram Units the School of Engineering section.
required subjects in mathematics, science, ad All MIT sophomores In good standin can ap
enginering fundamentals, along with subjects subjectAnamellbMToepwhioor*WbngcredoosanftWddming p
fuif ling the General institute Requirements. qiarry(coequoIeI ca ttefor entrance to the program.Ateg rk sis
Some departmentally prescribed subjects may atthed nsttu and at cooperaing od lies a
be teplaced by other subjects if such substitu- arranged so that graduation Is not delayed
tion enhance student ives. The elective oftofn te sfowftg uee aubecfs: beyond the normal date.
prog am consists of two past: planned elec- . 202 Introduction to systems Dynamics. 12. so; Ts01.

18.02 The companies and laboratories particang I
Clui obeswhctivred neosttdeSets&603 lnasand Systems. 15;.6.001,600W2 the Internship program cover allIimportant

S rthe u p led eas 13SW Mhnical Vibration. 12: 2030 aspects ofoceanoengineern, Including naval
or abroaenin ofthe tudets veral edca ~architecture and maune engineering. Assign-

tinf tee ve du stu ments with these organizations provide opportOne ofe0* e cof rne subjecs: nities to participate in activities such as con.
The offers counseling to students 220 Fluid Mechanics. 12, So; 1802, 18.03 struotion, testing, design, development,whgDepartment 1o6e0combintosfulanedito Fluid Dynamics. 12: 1.03 research, and technical planning.wishing to use some combination of planned
and unrestricted electives for environmental Pita
studies. Such a course of study Is Similar to tie 1300 introduction to Geometrtc Modeling and The Course XIII-C program leading to the

othr fur-w iT rogams spplmenedcomnputaton. 112. So. 6.01, 116.02 Bachelor of Science In Ocean Engineering Is
with elective stdes, that prepare students for 13.003 Dynamics. 12;,2.012.02.18o03 accredited b the Accreditation Board for En
environmentally related work. 13.021 Marine Hydrodynamics 1. 12;,2.20' neering and Technology, while those leading t

13AW Introduction to Structural MechanIcs. 12; 2,01 the Bachelor of Science without designation o
The Course Xii program ieading to the Bache- 1340intuct to an 2;21 field are not.
icr of Science In Ocean Engineering is accred- Engineeing Design. 122.01,13.00,220* The Course Xiii-C curriculum Is Identical toIted by the Accreditation Board for Engineering, 13700-
and Technoiogy, while those leadingitonteern 13.7o special Problems i n g. 12 Course Xii, exce t that 13.771 Engineering
Bachelor of Scc without design-ation of fiel 13901 ocean Engineering Laborattory 1,8. LAS.2.20 IntshiF 12 ub and 13772 Industrial
Bae not. ngnaon lPracdie n Ocean n7l7ne 2 (12 to 36 units)are0 . so nrenial Eauations 12 so: 18-02* _ .,-1 1-- -. 1-im nMa

*1

or
18.032 DlfferentIal Equations, 12, SD; 16.02*

201 Mechanics of SolIds, 12, so; 6.01, 1602
240 Therodynamics. 12. so; 8.02, 1.03

ustcted aebese4 s

Thirty units ato be chosen by the studen and facuity
~ flwtoattain prepartionfore areer in Ocean Englneer-

Ing or in Naval Archnectur and Marina Enginredng, or to attain
anoherducaonaoblote deno ythestudent.

Vivtrlted uaseVes4

ply

rs

Combined Bachelor's and Master's Degree
Program

Programs leading to a joint Bachelor of Science
(in aeronautios and astronautlos, olvil engineer-
ing, electrical engineedrng, mechanical engi-
neering, naval architecture and marine engi-
neering, or ocean engineering), and a Master of
Science (in ocean engineering or in naval
architecture and marine engineering), are
available to students who, ealy in their under-
graduate studies, decide to pursue a graduate
degree In ocean engineering or naval architeo-
ture and marine engineering. Students desiring
to enter such a program must meet the gradu-
ate admission requirements of the Department
of Ocean Engineering. They must submit their
applications for admission at the end of their
junior year. If admitted, the student's program is
arranged in consultation with the regitraon
officers of the two participating departments. For
further information, interested students should
contact the Departmenta Student Administra-
tion Office.

Inquiries
In Furter Information on undergraduate pro-

d grams, admissions, and financial aid may be
obtained by contacting Professor Dick K-Y Yue,

tu. Room 5-326A, MIT, Cambridge, MA 02139,
(617) 253-4366.

f

1)
are taken in place of Speolal roems in Ocean
Engineering. Further details may be obtained
from the Department. The Department also
suggestsat 13.901 and 13.902 be taken to
sagsy the institute Laboratory Requirement.

*Altnmate prerequisites are lsted In the sublect descipstion

14.01 PrInciples of Mlcroeconomics is required In the Humani-
tlda, Art and SoieaScinocee p rm I another subloct In the
Ield of economics Is not Included In the eOWcNSprogram.

2
The Deparment allowts sutton of suID1ects Of similar

4
Students must receive gade ofC or better In core sublecs
wich semv as prereuisftes for other Ospailmntal coe
sublects before continuing in the Departmntal program

5
For the deree In Ocean E neering, students are required to
tai tastM30 unit from the flowing area: Dynai.
Desin. Hydrodynamics. Instrumentation and Electronics,
Mnaflmnt and EconicsMaterials AMd FabrftWn Ocean

e Genera n . Res mne t o(C ) 16 3 11 Systems Analysis. and i
For the degree without de natIon of field delete 13.40 notbe In different areas.

NOT NO SUJECT can be counted BOTH as pailOf the Introduction tocomuer-Aided Ocean Engineering O edgn
17-sublWGct ~ AND as pant of the 188 units required beyond from the lis of required sublct and Incrase the Unrestincted 8
lihGift. EVERY imbiect in the stude's departent Elective units by 2. For the deree In Naval Arch
Program ill courrttoard one or the other. " NOT BOTHleAt one subject from the am

be Included In the 30 units ofi
footnots 5above.

offt, Power and Propulsion.Prbabl.
aiructures Seted subects need

itecture and Marne Engineng, at
reuof Powe and Propuls i must
elective subectsdescrbed in
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Graduate Study

Graduate study In the Department of Ocean
Engineeg can lead to the following degrees:
M of lence; Ocean Engineer; Naval
Engineer; Doctor of Philosophy; or Doctor of
Science.

An acceptable program of vutjects plus an
acceptable thesis leading to the Master of
Science usualy requires from one to two aca-
demic years, depending upon undergraduate
preparation.

The Ocean Engineer and Naval Engineer de-
grees require aleast two years, including a
substantial thesis.

The Doctor of Science or Doctor of Philosophy
with a specification in an ocean-related field
usual requires more than three years following
a Bachelor of Science.

Students, together with their program advisors.
usually can tailor their programs of raduate
study to suit Individual interests andcareer
objectives. Detailed Departmental re uirements
are available from the Department Student
Administration Office.

Entrance Requirements for Graduate Study

Undergraduate preparation for admittance to
graduate study in the Do artment of Ocean
Engineering ideally should be equal in quality.
quantity, and breadth of coverage to the
Department's undergraduate curricula. An
undergraduate degree in ocean engineering is
not required.

If undergraduate reparation is lacking in one or
more areas, the eficencies may be made up
concurrently with graduate work, usually by
successfully competing one or a few uppe
level undergraduate subjects. Undorgrauate
subjects so required may not count toward
advanced degree requirements. Somewhat less
broad undergraduate work is required of candi-
dates for the degree of Master of Science
without specification, provided that the student
has a correspondingly Increased competence in
areas pertinent to his or her proposed graduate
program.

Ocean EngInserIng/Naval Architeoture
and Mari EngineerIng
Course XIII

The Department's curriculum leading to a
Masters degree in Ocean Engineering is based
on a broad working knowledge of all the basic
engineering skills. The intended outcome of this
program is a person whose main interest is the
development of the ocean for the ood of
humanity, and in following this ambition is
prepared to use whatever engineering disci-

nes are needed to address the problem at
and. As art of the more general field of

Ocean Engineering, Naval Architecture and
Marine Engineering Is coernedrwith all as-
gc te of waterbomre vehicles operating on,

low, and Just above thesasurface. The SM.
degree In Naval Architecture and Marine Engi-
neering is intended to develop an individual
who prans to concentrate in areas related to
waterborne vehicles and/or their subsystems.

Major fe of study or specialization include
(but are not limited to) the following:

Acoustics
Applied mechanics
Computer-aideddesign and fabrication
Fluid mechanics
Hydrodynamics

ne data systems engineering
Marine materials and fabrication
Marine systems
Offshore engineering
Offshore platform design
Ship and offshore rig dynamics
Ship propulsion
Structural mechanics
Welding fabrication

Doctoral degrees are offered in the fields of
Ocean Engineering and Naval Architecture and
Marine Engineering. Students are admitted to
the doctoral program after successful comple-
tion of the appropriate qualifying examinations.
The students program must be acceptable to
the Departmental Committee on Graduate
Students, both with respect to depth in the
major area and broadness in collateral areas.
Details on the examination process and other
requirements, including the doctoral thesis, may
be obtained from the Departmental Student
Administration Office,

There are also a number of interdepartmental
doctoral programs availabie to students in the
Department.Details may be found In Chapter
Vi.

Naval Construction and Engineering
Course XIII-A

This Program provides propriate academic
background for naval oc who later actively
participate In concept formulation, design, and
construction of naval vessels. In addition to
general eineering and science and a core
program IsubjectsIn ocean engineeringeach
student follows one of several specializ
curricula in aspects of, or applicable to, naval
construction and engineering.

7

The Program leads to the Naval Engineer or Ocean Engineer or Naval Engineer Joint MIT-Woods Hole Oceanographic
Master of Science. For prorams leading to the institution Program
Naval Engineer, a Master ofScience may be The programs leading to the Ocean Engineer or Course XII-W
awarded simultaneously upon recommendation Naval Engineer degrees require a higher level
of the Department or of some other department and s*icantly b der ran e of professional A joint ram with WHOI Is Intended for
related the student's alty. For ograms c noe in engineering an at requi studen wose primary career objective is
leading to the Master o ence, an nal for the S.M. dree. The p ram for an Engi- oceanographic engineering. Students divide
Master of Science may be awarded simulta- neer's dgr odinaril includes subjects in the their academic and research efforts between the
neously in a second field of specialization upon areas of economics, inustrial mangement, campuses of the two institutions. While in real-
recommendation of the department represented and public policy or law, and at Ist 12 units of dence at MIT, students enrolled in this course
by that field, comprehensive design. Should the student be follow a program similar to that of other students

working toward the simultaneous award of the in the Department. The program Is described in
Ocean Systems Management Engineer and Master's degrees, a single thesis more detail under the section at the end of this
Course XIll-B isgenerally acceptable, provided it is appropr- chapter on MIT's Joint Program in Ocean ra-

te to the specifications of both degrees and phy and Oceanographic Engineering withe

The XIII-B Program in Ocean Systems Mane- demonstratesthe educational matu yex a ods Hole Oceanographic Institution.
mont otters both Master of Science and Doctor of candidates for the hIc ; or degree. ddig al
of Philosophy degrees. oinat on Dartmental requirements I Assistantships and Graduate Scholarships

avalable from the Departmental Student Admin-
The Master's nroa'ram Is lnra..dmufr s tudents Istration Office. T.,* we- l .. ,d n mbe o tsh .o n
with solid engineering backgrounds who are
Interested in business and govemment
management aspects of ocean engineering
systems and activities, including ocean trans-
portation, marine resource development, public
policy and ocean use, ocean mining, ports. and
fisheries. Technical background should consist
of a 5.8. deg:reeIn engineering or science.
Backgrounshould include at last on# under-
graduate subject each In differential equations,
probability, and microeconomice. Any deficien-
cy should be eliminated during the first term at

IT. Students not possessing a background in
ocean engineering are required to take 13.40
Introduction to Computer-Aided Ocean Engl-
neering Design.

Depending on background preparation, a
student entering this program can take from
one to two years to complete the degree. The

ramcan be accomplished In one year by a
eparmentundegradatewho carefully

schedules his or her elective time from the
junior yew on. Such a student is awarded
concurrently an S.M. In Ocean Systems Man-
agement and an S.B. degree. Further Informa-
tion on the Masters program requirements can
be obtained from the Departmental Student
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 expected to cometea program of study and
write a dissertation ta successfully Integrates
Nory meand experiencein te
funxdamental di sciplnes that constitute the
Ocean Systems anagement area, such as
e ineenng. economics, business administra-
on, operations research, public policy analysis,

and law. Students are admitted to the doctoral
poram after pasbing the appropriate written

aoral qualifying examinations. Further infor-
mation on the doctoral program requirements
and examination process may be obtained from
the Departmental Student Administration Office.

Technology and Policy (S.M.)
i ere, area ummonme mnywresearch aesistantehipe available to graduate

students in the Depar nt each year. These
are awarded on the basis of both qualifioaticn

The Department also offers a Master's degree in and need. The duties assoolated withthese
Techn andPolicy. Thie proram educates assistantships contribute directly to the assis-
students wth a strong technica foundation In a tant's educational program. An assistant may
marine-related field as well as a strong compe- not register for more than 36 units per term,
tance In dealing with policy Issues. This pro- depending on the appointment held. Additional
gram Is Interdepartmental and Is described In registration may be aowed when directly
Chapter VI. Requirements for entry Into this connected with an assistant's assigned duties.
progam are the same as those required for the
Xll-%8 Program with adjustments made for the A limited number of awards and scholarships is

alrequirements of the Technology and available to graduate students in the Depart-
P Program. ment. Scholarship are awarded each ywrby

the Sooety of Naval Architects and Marine
Transportation (S.M.) Engineers. These awards can be used for study

at anyinstitution of the recipient's choice and
usuallyare awarded to applicants who, through

The interdepartmental degree of Master of their education or their professionalwork, have
Solence in ran offered in coopers- evidenced strong Interest in some field of naval
lion with the Center for Trauns Studis. architecture and marine engineering or in ocean

Mostocea enineeingstudntsstuding engineering. Fellowships are also awarded each
transportation atthe Master's level are enrolled ebthe ie of Naval Research (ON) and
in this Interdepartmental ram. Requirements Na Science Foundation (NSF).
for the Master of Science einransportation are
described in Chapter VI. Prospoodve students are Invited to communi-

Management of Technology Program
oats -With ftfeDepartmnent regarIn glany o01 ms
educational and financial opportunies. Applica-
tions for the Society of Naval Architects and
Marine En in-er-Graduate-F.llowships Office

IndMduals interested in applying their ocean of Naval Research, and National Science Foun-
inserin background an at ve Noyears dation fellowships are made directly to the

of n work experience to Issues in hni- proriate society. Inquiries for the fall termcal management may ply for admission to the a be made late in the preceding fall term.
Management of Techolo Pror am. Jointly
developed and offered by IT's choolof
Engineering and the Sloan School of Manage- Inquiries
ment, the program entails a rigorous twoive-
month ourrIcuum, focusing on management Additional information concerning academic
prinolples for technical persons in a technical programs, research opportunities, admissions,
environment. The pram is designed for and financial aid may be obtained by writing to
scientists and engineers on a career path requir- the Student Administrator, Deo nt of Ocean

increasing r ilresponsibilities for Enneerin. Room 5-225, MI Cambridge, MA
chnical activities. ls of the program are 02f 3, (61 7)253-1994.

described in Chapter VI.
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School of Humanities and Social Science

Economics (Course 14)
Humanities (Course 21)
Linguistics and Philosophy (Course 24)
Political Science (Course 17)
Program In Science, Technology, and Society (STS)

Special Interdisciplinary
Programs in Humanities and
Social Science

The School of Humanities and Social Science
reflects the great diversity of MIT today. In a
university whose activities center around
science and technology, the School represents
the main fields of the liberal arts. Strong
graduate p rams exist in economics.
.nguitics, phlosophy, and political science;
students and faculty participate extensively in
the research activities of numerous centers,
laboratories, and departments outside the
School. There is an ambitious and steadily
broadening ram of undergraduate
education, includes majors in
anthropclogy/archaeology, economics, foreign
anguags d iterature, history, guage and

midd Wwllur, msicand theater afts,
phi h , political science, solence,
tech and society and writing, plus an

ris major In Science or
Engi and the Humanities. The recent
establishment of minor programs in most of the
aforerentioned fields and in y. Urban
Studies and Planning, and Women's Stles

offers yet another opportunity for undergraduate
exploration in Humanities, Arts, and Social
Sciences. A flourishing program of
extracurricular activities attracts many students,
notably in drama and in music. Student
participation in musical activities is, indeed,
perhaps more extensive at MIT than at any other
major university, with a vigorous symphony
orchestra, everal strong choral groups, a fine
jazz band, a concert band, and a wide variety of
similar groups.

The graduate programs, while admitting relative-
ly small numbers of students, are among the
stronesat MIT The spt de corp s strong

adtmis a markued emphasis on developing
new and exciting fields of inquiry. Many stu-
dents take advantage of the opportunity to de-
velop close associationsnwith such interdisciplin-
ary centers as the Center for International
Studies, the ArtificiallLaboratory, the
Energy Laboratory, the Resoh Laboratory of
Electronics, the Program in Psychology, the

Center for Cognitl, Science, and the Statistics
Center, A doctral p gram In the History and
Social Study of Science and Technology is of-
fered by the History Faculty and the Programs
in Anthropology/Archaeolgy and Science,
Technology, and Society. e of the graduate
programs stress the use of mathematical and
computer-orlented skill, but many doctoral
theses are concemed with non-quantitative so-
cial science or humanistic topics. Moreover,
graduate students are not entirely confined to
the established doctoral programs. There is al-
ways room for a highly motivated student to de-
velop his or her own program.

The research achievements of the School are
perhaps best known to the world at large
through the widely publicized achievements of
certain distinguished members of the faculty.
The chief emphasis of research in the School,
however, as in the rest of the Institute, has been
less on the activities of brilliant Individuals than
on teamwork. The Department of Economics
and the Sloan School of Management cooper-
ate closely in a number of branches of applied
economics. Studies of the labor market are
conducted by economists, sociologists, and
political scientists. A long-established concern
wth science andpubiic policy involves people
all over the Inste, and Isparticularly strong in
the Department of Political Science and the
Program in Science, Technology, and Society, A
growing interest among musicians in acoustics
and computers leads them to work jointly with
electrical engineers. As the engineering
departments have become increasingly
concerned with questions of applied social
science, such as energy management, urban
transportation problems, and the exploitation of
the sea bed; new opportunities have emerged
for collaboration.

Undergraduates benefit in a variety of ways from
ths advanced research and training pro-
grams. Students, for example, take par in
graduate seminars and may find part-time
professional employment on faculty research
projects.

Once undergraduates have fulfilled the institute
Science Aequirements, they may devote all of
their time to the humanities and social solences
and acquire a solid foundation for advanced
work In any of the disciplines represented in the
School. The student of the humanities or social
sciences who wishes to deepen his or her
fluency in science or engineering, perhaps with
an e to a career In those fields, will also find a
Fedeal of freedom (i.e., free elective time) to

A chief concern of the School in undergraduate
education has long been the provision of sub-
jects to fulfill the purposes of the Institute Re-
qrement in the Humanities, Arts, and Social
Siences. Tho School of Architecture and

Planraing ofers some subjects that satisfy the
requirement, but the great majority are provided
by the School of Humanities and Social Sl-
enco. The object of the requirement, broadly
stated, is to ensure that every undergraduate at
MIT is exposed to a wide range of cultural and
intellectual Influences. MIT seeks to offer m.ch
the same range of subjects as a first-rate liberal
arts college, in addition to the special offerings
made possible by well-developed graduate and
research programs. The range of ots is
constantiy changing, as new actiisevolve at
MIT and as student Interests change,

The School is particularly anxious to encourage
stdentsually concerned with the sciences
and technology and with the humanities and
social sciences to come to MIT. We are per-
suaded that modem society has been unduly
constricted intellectually by the tradition that has
tended to segregate scientific and humanistic
education. Undergraduate education at MIT is
moving increasingly in the direction already
being taken by research, and Is placing a
growing emphasis on collaborative endeavors
which connect the sciences, engineering, and
humanities.

To stress this new development is not to imply
that MIT emphasizes science and technology in
all Its offerings in the humanities and social
sciences. Ample room remains for more or less
conventional majors in Anthropology/Archaeolo-
gy, Economics, Foreign Languages and Utera-
tures, History, Literature, Music, Philosophy,
Political Science and Writing. Students continue
to demand the best In the humanities and social
sciences as they demand the best in science
and engineering. However, the emphasis contin-
ues to be on making MIT undergraduate educa-
tion something quite distinctive.

Laboratories and Centers administered within
the School include the following:

Center for International Studies

Center for Materials Research in Archaeology
and Ethnology

Statistics Center

Detalied descriptions of these centers can be
found In Chapter VI of this catalog.

The School ofiers a number of undergraduate
academic programs embracing several disol-
plines. In general, these programs are staffed
collaborately by faculty members from various
departments and fields in the School of Huma-
nities and Social Science and, In some cases,
from the Institute's other Schools as well.

Concentrations within the Humanities, Arts, and
Social Sciences Requirement are available in all
of these areas, with degree programs available
in some of them.

Full information on subjects offered, names of
participating faculty, and specific concentration
and or requirements in these programs may
be obned from the individual program Coor-
dinator or from the Humanities, Arts, and Social
Sciences Information Office, Room 14N-408,
(617) 253-4441. The lists of subjects also appear
in the Guide to the Humanities, Arts, and Social
Sciences.

Brief descriptions of the programs follow.

American Studies

American Studies at MIT offers students the
opportunity to organize subjects from various
fields (e.g., History, Anthropology/Archaeology,
Lterature, Political Science, Musicc, Art and
Archtecture, and Urban Studies) into personally
constructed Interdisciplinary programs as a way
of gaining an integrated understanding of
American so.eyand culture.

American Studies is a field of concentration; it is
also available as the humanities component of a
joint degree program (Course XXI-E or XXI-S),
or as a full majortbyspeial arrangement.
American Studies majore work out a cohvore
pram of study with an advisor, uuslly ia.;
Ing two subjects each in Literatue and History.
augh variations are possible. Major pro-
grams can or nter on a particular interest (e.,
law in America. contemporary American politics,
the 19th-century American novel) or aim more
broadly at a comprehensive knowledge of
various aspects of America. See Additional
Degree Programs under the Department of
Humanities.

Coordinator of American Studies is Professor
Arthur D. Kaledin, Room E51-122, (617)
253-4144.

Ancient and Medieval Studies

Through a wide variety of subjects drawn from a
number of disciplines, this program provides a
curricular framework for explorIng topics In
ancient and medieval studies ranging from the
hiO of ideas and inetitutions to that of materi-
alartifacts, iterature, and certain branches of
the original WV.= . The chronological span
of the program Inc 500theSA years be-
tWeen5000BC and 1500 AD. Subjects are
drawn from Uterature, Foreign Languages and
Uteratures, Hist, and A

o len end Medieval Studies asavailable
as a field of concentration.

I
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The goal of this program is to develop knowl-
edge and understanding of the more distant
past for itself, In its uniqueness, and to serve as TIER 1: One subject:
an object for modem questions and methods of
Inquiry. Emphasis is placed on the structure of 21.011 The Film Expedence
Institutions and social systems, and on relation-
ships among the social order and Weamed TIER 11: Three or four subjects from the
tradtions, values, Ideologies, and Ideas. Ancient following:
and medieval studies derive a specil Interest
from the fact that the record Is so full and vari- 21.030 Popuar Narrative. Horror and the
ous and that much of it is of exceptionally high 21u032J Ame Television: A Cultural
quality in substance and form. Histo

Coordinator of Ancient and Medieval Studies is 21.033 Major Film Directors
Professor Richard M. Douglas, Room E51-210A, 21.035J Film and Lterature
(817)253-4445. 21.228 French Film Classics

21.306 The German Cinema
Fil an Meia tudes21.&34 Film Music

Film and Media Studies 4.866 WorkshopIn Elastic Movie Time
4.985 Spec icsn Cinematic

TIER IlIl: At least one subject from the
foflowing:

21.176 Studies In Film and Media
4.869 Independent Projects in

VIdeo Production

Integrated Studies Program

ISP IfIes the MIT mens et manus motto,
ng to work the minds and hands of our

students. The core of the program is an unusu-
al course that focuses on technology and its
role In society. Speifc technologies ranging
from cookin, weaving, and blacksmithing to
the design olooks, nteral combustion en-
gines, and computers are examined in the
contexts of North and South American Euro-
pean, African, and Oriental societies. tdents
read about thes technologies from a variety of
sources and discuss relevant issues in seminar
sessions whore they also make connections
between what they encounter in the humanities
and science courses. Reflecting ISP's belief in
leaming by doing, students attend weekly
workshops where they become practitioners of
the technologies studied in the class. The result
is a deeper understanding of science and
technologythrh as-on experience and
rea-wold xamplehs, as :well asoan Increased
appreciation fortrichness and variety of
human society.

Enrollment is limited to 36 freshmen. ISP offers
HASS-D subjects in the areas of Cultures and
Societies, and Historical Studies. Students
attend standard lectures in calculus, physics,
and chemistry with the rest of the freshman
class, but enroll Ir spiolal ISP recitation se-
tions. ISP's servLrm and facilities include tutors,
sb'dy and lounge I ace, and access to person-
al ocmputers. Asense of community is fostered
by 'lal prame, activities, including weekly

Further information about ISP can be found in
Chapter 111, or contact Professor Arthur Stein-
berg or Debra Aozel, Room 20C-108, (617)
263;4074.

The program In film and media offers MIT
undergraduates an opportunity for interdisciplin-
arystd of film, television, and other media of
mass communloations. The goal of the program
is to develop an understanding of the historial,
ocutural, and artistic signifloance of film and
other modemn media.

The curriculum is broadly organized in two
basic categories. The first is devoted exclusively
to film and emphasizes the historical and artistic
perspoctives of the liberal arts. The second
category - comparative studies In film and
media- aims to combine soclal-solentifio and
humanistic perspectives and to compare con-
temporary forms of communication with their
ancestors in older cultures and with other
contemporary technologies.

Many of the subjects that comprise the oorn
currculum make use of such resources as the
MIT Cable Television System, which telecasts
films and speclally prepared tapes in conjunc-
tion with particular subjects;,the Harvard Film
Archive, which contains primr film and video
materials as well as books and periodicals
devoted to film and media; and the Research
Program on Communloations Policy, which
conducts seminars and research on the mass
media. MAny core subjects also exploit video
technologies In the classroom and encourage
students to use video playback systems in
preparing for tests and essays.

Faculty drawn from the following fields regularly
teach subjects in the core curriculum: Art and
Architecture, Foreign Laguages and Litera-
tures, iterature. theMedia Laboratory. Philoso-
phy, and Political Solence.

The Director of Film and Media Studies is Pro
fessor David Thorbum, Room 14N-335, (617)
263-6980.

The Minor Program offers interdisolplinary and
cross-cultural perspectives on film television
and other media of ms communication. Its

galeohelp studients to undersWtanoh
istra ultural and artisi significance of film

and other modem media

The MinerProgram In Film and Media Stu-
dies consists of sixsubjetsarranged Into three
level of study and chosen as follows'

II,
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Russian Studies

Russian Studies is an undergraduate p ram
of analytical, historical, and evaluative subects
about people with a tradition and form of le
different from the American in ways that are
sometimes complementary, sometimes compet-
itive. With a focus on both the society and the
culture of a significant area of the world, this
interdisciplinary and Interdepartmental program
Is designed to make possible concrete explora-
tion of important concems of modem humanity.
These include tradition and radicalism; rural
versus urban Ilfe; the place of the imagination in
historical change; industrialization, technology,
and the expressMsti modem sensibility ,and
humar.!am and terror. The subjects In Russian
Studies are drawn primarily from History, Litera-
ture, Poltcal Science, and Russian. Readings
and classes in all subjects are in English.

Russian Studies may be taken as a concentra-
tion or as the humanitee component of a joint
degreeprogram (Course XXI-E or Course
XXf-S). The major Includes at least two subjects
each In Russian society and Russian culture.

Students may arrange Russian language credits
within the major roram and use e anguage
in certain subje. SeAdditional Deree
Programs under the Department of Himanities.

Coordinator of Russian Studies Is Professor
Donald Blackmer, E53-449. (617) 253-3145.

Latin American Studies

The program In Latin American Studies offers
MIT students the chance to explore intercon-
nections culture, society, and politics in
a major Thd orld area. The proram pre-
pares MIT students to understand the complex

rces that shape Latin American development,
The subjects offered at MIT in Latin American
Studies are drawn from various disciplines,
prImarily Foreign Languages and Literatures,
History, Anthropology/Archaeology, and Political
Science.

Latin American Studies is available as a concen-
tration and also as the humanities component of
a joint degree program (Course XXI-E or

XX-S). For the major, students must take at
least one advanced subject conducted in
Spanish (or Spanish Ill and IV). No more than
for ubjects can be from a single discipline: no
more than two can focus on the Iberian penin-
sula. See Add Itional Degree Programs under t
Department of Humanities.

Coordinator of Latin American Studies is
Professor Jonathan A. Fox, Room E53-365.
(617) 253-5327.

Program in Psychology

ohogy, the stu of human mental life and
aviors represe at MITas a program in

the School of Humanities and Social Sciences,
and as a concentration within the undergraduate
HASS requirement. Faculty and courses In
psycholog are found in many MIT depart-
ments, Including Brain and Cognitive Sciences
(IX), Management (XV), History (XXI), Architec-
ture (IV), and STS. Students who wish to oon-
centrate in psychology will take a sot of subjects
from these departments, chosen in consultation
with the Psychology Program's concentration
officer (details are available at the HASS office).

Students who wish a more substantial education
in the field may minor in Psychology. A minor
involves six subjects starting with 9.00 Introduc-
tion to Psychology. Detailed information about
the minor Is found in the description of under-
graduate study for Course IX, Department of
Brain and Cognitive Sciences.

In addition to taking psychology subjects,
undergraduates may tae dvantage of a wide
range of research opportunities (generally via
t ROP program). Students should ask the
UROP coordinators for specific departments
about projects currently available.

Psychology exists asamajor at MIT only as a
major departure" within Course XXI. Interested
students might consider majoring in Cognitive
Science (Course IX). See the description under
the Whitaker College of Health Sciences, Tech-
nology, and Management, or contact Professor
Dan Osherson, E0-, (617)253-0482. for
further infomation about the Course IX major.

For other Information about the Program in
Psycholog, contact Professor Jeremy Wolfe,
E1-137, (17) 253-4875.

Women's Studies Program

Women's Studies involves a reognition of the
Importance ofgender as en analyIcategory In
traditional aoademio disciplines. ubjects of-
fered in this program provide students with an
aitemative way to think about fields of study,
reading back into those fields the social, histori-
cal, and cultural experiences and contributions
of women. A Women's Studies perspective
adds an important and long-negleoted dimen-
sion to traditional humanistic, scientific, and
social scientific disciplines by reconstructing
standards for theory and methodology in fields
as diverse as biology, psychology, literature,
history, and urban s es.

The curriculum Includes two core subjects,
Introduction to Women's Studies and Contem-
porary Issues In Women's Studies, and a selec-
tion of subjects from many departments at the
Institute, listed In the Special Programs section
of Chapter Vill. A major departure can be
organized by special arrangement. Women's
Studies also offers a minor program and a
concentration.

Women's Studies subjects examine sex roles
and gender identity for men and for women at
the Individual level, at different times, and in
different societies. They ask whether or not
there are cultural universals in the definition of
gender.

The program is described in greater detail in
Chapter III. Further information may be obtained
from Professor Susan Carey or Barbara Schul-
man Room 14E-316, (617) 253-8844.

Tv a Minor Program in Women's Studies en-
.ales students to progress from a broad Inter-
disciplinary introduction to the field to discipline-
specific subjects and specialized seminars. The
Women's Studies Minor encourages students to
consider gender as a category of analysis in
traditional scholarly inquiry.

The Minor Program in Women's Studies con-
sists of six subjects arranged into three levels of
study as shown in the next column.

Li

TIER I: One subject

SP 401 Introduction to Women's Studies

TIER 11: Four subjects from the Women's
Studies ourriculum in no less than three of the
following four areas:

1 iterature
2 History
3 Anthropology/Soolology/Economlos4BlologyPsychology
5 TheArts

TIER III: One subject:

SP 402J Contemporary Issues In Women's
Studies

or
SP 452 The Politics of the Feminist Movement

Office of the Dean

Philip S. Khoury, Ph.D.
Professor of History
Acting Dean, School of Humanitiv and Social
Science

Douglas W. Pleiffer, M.B.A.
Assistant Dean for Finance and Administration

David L. Lundberg, Ph.D.
Assistant Dean for Development

Susan Mannett
Assistant to the Dean for Personnel
Ruth V. Spear, B.A.
Coordinator, Humanities, Arts, and Social
Sciences Office

School Faculty and Staff Without
Departmental Affiliation

Martin Dyck, Ph.D
Professor of German and Literature, Emeritus

William Nash Looke, Ph.D.
Professor of Modem Languages, Emeritus
Director of Libraries. Emeritus

...........
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Department of Econo

Peter Temin, Ph.D.
Professor of Economics
Head of the Department

Rudiger Dombusch, Ph.D.
Ford international Professor of
Economics
AssociateHead of the Department

Professors

Olivier Jean Blanchard, Ph.D.
Professor of Economics
(On leave, spring)

Peter Arthur Diamond, Ph.D.
John and Jennie S. MacDonald
Professor of Economics

Richard Samuel Eckaus, Ph.D.
Ford international Professor of
Economics

Henry Stuart Farber, Ph.D.
Professor of Economics

Stanle Fischer, Ph.D.
Professor of Economics

Franklin Marvin Fisher, Ph.D.
Professor of Economics

Ann Fetter Friedlaender, Ph.D.
Class of 1941 Professor of CMI
Engineering and Economics
(On leave)

Drew Douglas Fu. trtnberg, Ph.D.
Professor of Economiose

Oliver D Aroy Hart, Ph.D.
Professor of Economics

Jerry Allen Hausman, D.Phil.
Professor of Economics
(On leave)

Paul Lewis Joskow, Ph.D.
Mitsui Professor of Economics and
Mangement

Paul Robin Kngman, Ph.D.
Professor of Economics

Daniel Uttle McFadden, Ph.D.
Elizabeth and James R. Kil lan
ClassOf 1926 Profesor
Professor of Economics

Whitney K. Newsy, Ph.D.
Proessor of Economics

MichaJep Pl.re, Ph.D.
ProfessorfEconomics and
Manevent
(On save, sprin)

I Salinas

mics

James Michael Poterba, D.Phil.
Professor of Economics
(On leave, fall)

Jerome Rothenberg, Ph.D.
Professor of Economics

Richard Lee Schmalensee, Ph.D.
Professor of Management and
Economics
(On leave)

Abraham J. Siegel, Ph.D.
Howard W. Johnson Professor of
Management

Robert Merton Solow, Ph.D., LL.D.,
D.L.H.
insftitteProfessor
Professor of Economics

Lance Jerome Taylor, Ph.D
Professor of Economiks
(On leave, fall)

Lester Carl Thurow, Ph.D.
Gordon Y Billard Professor of
Economics and Management
Dean, Sloan School of
Management

Jean Tirole, Ph.D.
Professor of Economics

Associate Professors

Robert Gibbons, Ph.D.
Pentti J.K. Kouri Career
Development Associate Professor
of Economics
(On leave)

Jeffrey Earl Harris, M.D., Ph.D.
Associate Professor of Economics

William Cody Wheaton, Ph.D.
Associate Professor of Economics
and Ub~an Studle
(On Weave, fall)

Assistant Professors

Roland Benabott, Ph.D.
Assistant Professor of Economics

John C. Heaton, Ph.D.
Assistant Professor of Management
and Economic.

Thomas Lemleux, Ph.D.
Assistant Professor of Economics

Danny Ouah, Ph.D.
AssIstant Professor of Economics

Andrea L. Shepard, Ph.D.
Assistant Professor of Economics
(On leave)

Jeffrey M. Wooldridge, Ph.D.
Assistant Professor of Economics

Postdoctoral Associate

Robin E. Wells, Ph.D

Visiting Professors

Larence J. Kotlikoff, Ph.D.
Professor of Economics

Paul A. Ruud, Ph.D.
Associate Professor of Economics

Christopher J. Harris, M.Phil.
Assistant Professor of Economics

Drazen Prelec, Ph.D.
Assistant Professor of Economics

Winifred Barr Rothenberg, Ph.D.
Assistant Professor of Economics

Administrative Officer

Pamela Phillips, M.B.A.

Graduate Student Administrator

Beverly Stohl

Professors Emeriti

Morris Albert Adelman, Ph.D.
Professor of Economics, Emeritus

Sidney Stuart Alexander, Ph.D
Professor of Economics and
Management. Emeritus

Robert Lyle Bishop, Ph.D.
Professor of Economics, Emeritus

Edgar Cary Brown. Ph.D.
Professor of Economics, Emeritus

Evsey David Domar, Ph.D.
Ford International Professor of
Economics, Emeritus

Harold Adolph Freeman, S.S .
Professor of Statistics, Emeritus

Everett Einar Hagen. Ph.D.
Professor of Economics and
Political Science, Emertus

Charles Poor KIndleberger, Ph.D.,
D.H.C.
Ford International Professor of
Economics, Emeritus

Franco Modigliani, D.Jur.,
D.Soc.Sci., LL.D.
Institute Professor
Professor of Economics and
Finance

Charles Andrew Myers, Ph.D.
Professor of Industrial Relations
Sloan Fellows Professor of
Management, Emeritus
Senior Lecturer

Paul Pigore, Ph.D.
Professor of Industrial Relations,
Emeritus

Paul Anthony Samuelson, Ph.D.,
LL.D., D.L-t., Sc.D.
Institute Professor
Professor of Economics, Emeritus
Gordon Y Billard Fellow

Economics is the study of all those aspects of
Individual and soc ai activities related to the
choice, production, distribution, and consump-
ton of goods and servicos. In relation to these
decisions, economics is oncemed with the
behavior and interaction of Individuals, private
firms, and other Institutions and government
agencies. Thus, economics contributes to the
understanding of many Important social prob-
jams: changes in efficiency and productivity,
fluctuations in the overall levels of economic
activity and employment, inflation, the effects of
government deficits, the growth and decline of
industries, changes in foreign exchange rates,
increases in international indebtedness, and the
behavior of the centrally planned and less
developed countries.

Subjects are offered In the major areas ofeconomics: the Oreia and applied analysis at
the ieveis of the individual consumer, the firm,
and the Indust, as well as aggreate economic
activity, industrial organization and health eco-
nomics, econometrics, publio finance, urban
economics, labor economics and industrial
relations, comparative economic systems,
international trade and finance, economic
history, and economic development.

The objective of the Minor Program is to ex-
tend the understanding of economic issues
beyond the level of the concentration. This is
done through specialized analytical subjects
and elective subjects that provide an extensive
teatment of economic Issues in particular area3.

The Minor Program in Economics consists of six
subjects arranged into three levels of study as
foihws:

TIER I: Three subjects:

14.01 Principles of Microeconomics
14.02 Principles of Macroeconomics

and either
14.30 Introduction to Statistical Method in

Economics
or

18.05 Introduction to Probability and
Statistics

TIER II: One subject from the following three:

14.03 Applied Microeconomics
14.04 Intermediate Mioroeconomic Theory
14.06 Intermediate Macroeconomic Theory

TIER il: Two Subjects:

Two elective undergraduate subjects chosen
from the fields of applied economics.

In addition to its broad undergraduate program,
the Deparent offers a graduate program
leading to the Ph.D. In economics. The Intro-
duction to the School of Humanities and Social
Solence found earlier in this chapter describes
toeDepartment in the context of the School andIOf MIT

Bachelor of Science in Economics
Course XIV

Goeneral Inetute Requirement. 17 Subjec

Science Requirement

Humanities, Arts, and Social Sciences Requirement
m3 subjects can be satlsied by subjects in the

Detmental Program]'
Science Distribution Requirement [ I subject can b*
satisfied by 14.30 In the Departmentall Program]

Laboratory Requirement (can be satisfied by 1431 in the
Depanmental Prograrn

TOTAL Subjects I

PLUS

cte

1
17

Bachelor of Science in Economics
Course XIV
The Course leading to the Bachelor of Science
in Economics combines training in technical
economics with opportunities for a broad and
balanced undergraduate education. Students
may choose from a diversified group of under-
graduate subjects and are encouraged to
engage in in ependent research.

The alms of the undergraduate degree program
are threefold: 1) to give students a firm ground-
ing in modem economic theory and a basic
understanding of economic processes; 2) to
provide a descriptive knowledge of the US and
world economies; and 3) to develop in students
the capabilities for quantitative analysis and
Independent thought. These alms correspond
roughly to the requirements In the Course XIV
program of theory, electives, statistics and
econometrics, and research.

The requirements allow substantial freedom for
students in deelning individual programs within
economics andbalanoing the programs with
subjects in other disciplines. The large amount
of unrestricted elective time encourages stu-
dents to shape programs close to their own
needs and interests. Students may select pro-
grams that concentrate on economics and other
social sciences or may combine economics
with other fields. They may emphasize the
relation of economics and technology by
choosing their free electives in engineering and
science. Or they may combine their studies in
economics with subjects in history and the
other humanities.

The successful completion of the degree pro-
gram prepares students for further study In
economics or for careers nbusiness adminis-
tration and finance, industrial relations, law and
related fields, and government.

Although there are several satisfactory altema-
tive course sequences, students who by the
end of their second year have taken 14.01
Principles of Microeconomics, and 14.02 Princi-
ples of Macroeconomics, can follow a program

at permits considerable depth in electives in
their third and fourth years. 14.04 Intermediate
Mioroecono Theory, 14.06 Intermediate
Macroeconomic Theory, 14.30 Introduction to
Statistical Methods in Economics, and 14.31
Econometrics, can be completed in the third
year. This program satisfies the prerequisites for
all subjects and prepares students for research
on their thesis and in other elective subjects in
their fourth year.

The Department speWlfsM one science distribu-
tion subject and one laboratory subject, and
strongly recommends that all students take an
add 6 sub in computer techniques and,
if professIonally Interested in economics, further
work In mathematics.

Restricted sectivee:

ElectIe sublects in economics

Unit e iapatimental Program "tatthe Gener W4nst1Mute Aequieremffl

Unrestrited eetives

Total Unite Required for the 8.9. Del,
the Geneal IntlttitsReqtiraents (a
NOTE: NO SUBJECT can be counted I
17-subjectE iRY ID as part of the 18O
the GiRs. EVERY oject In the studentprogram will count toward one or the oil

No more thenthree subecsIn Economk
subjecis. may be used for the Humv
Sc~wencReuirement.

2
or an approved alematve In tistis.

314 UR Undwgroduale Reesatc (Arr. unit

lo eso

93

aIRe) Ito
BOTH as pan of the
lunits required beyond'a deparmental
herA, OUT NOT BOTH.

I, excluding the requie
titles, Arts, andoct

il) approved as to content

Dsnaftment of Economics 181

Department of Economics

(Course 14)

Undergraduate Study

Departmental Progran Units

Subject names below are folowed by Credit unit, and by
prerequisnes iany (corequItes In ialcs)
Required Sublects: 67

14 01 Principles of Microeconomlcs. 12, HASS
14 02 Principles of Macroeconomics. 12, HASS

14 04 Intermediate Microeconomic Theory. 12: 1401

14 00 intermediate Macroeconomic Theory 12. HASS:
1402

14 30 introduction to Statistical Method
in Economice. 12. SD: 18.02

1431 Econometrics. 12. LAS; 14.30

14.39 Undergraduate Thesis Seminars
3, 8; 14 04,

1400.14.31
Thesis (0 units)
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Graduate Study

I

Entrance Requirements for Graduate Study The Department has no general foreign lan-
guage requirements. When a foreign language

essentialfor full access to the literature In a
field of major interest (for example, European
economic history, Russian economics) or to
thesis research, a language requirement is
Imposed by the Department upon the recom-
mendation of the thesis supervisor or the Grad-
uate Registration Officer. Such a requirement is
administered by the Department of Humanities
and can be met by satisfactory course work at
other schools or at MIT, or by examination.

Students interested in developing professional
competence in economics and urban studies
may elecan interdeparntal rogram in the
Departmentis of EconomicswadUrban Studies
and Planning, which Is described in more detail
in Chapter VI.

Teaching and Research Assistantships

A limited number of students are supported by
scholarship and fellowship grants as well as by
teaching and research assistantships. Typical
the aistantshipe are available only to student
who have passed their general examinations,
but in special circumstances, research assistant-
ships may be held by seoond-year students.

inquiries

Additional Information concerning academic
programe in the Department, admissions, and
fnancial aid may be obtainedby writingt
Professor Pter amin, E52-373A, MIT, Me-
morial Drive, Cambridge, Massachusetts 02139'
(617) 253-3381.

L
I

End oeat Malen
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The Department pcifies the following prereq-
ulstes for graduate study in economics: one full
year of college mathematic, Including at least
one term of calculus; one full year of oollege
work In science; at least six term subjects In
English, history, and other humanities or social
science subjects (not in the candidate's own
rofionalfield) equivalent to those included
n the undergraduate curriculum at MIT and an
appreciable number of professional subjects in
economics for those qualified students who
have majored in fields other than economics.
Applicants for admission who have deficiencies
in entrance requirements should consult with
the Department about programs to remove
such deficits.

Master of Science In Economics

Under special circumstances, admission may
be grantedto candidates seeking the Master of
Science degree. The general requirements for
the S.M. are given in Chapter IV.

Doctor of Philosophy

A candidate for the doctorate must 1) demon-
strate a mastery of five fields of study, one of
which is economic theory, including both micro-
economics and macroeconomlos; 2) achieve a
sp ifed levl of competence In economic
hsory and econometrios; 3) submit and defend
a dissertation that represents a contribution to
knowledge; and 4) be In residence for a mini-
mum of two years. Three of the five fields,
including economic theory, are covered by the
written General Examination. Two minor fields
may each be satisfied by one year of course
work. The four major and minor elective fields
may be chosen from advanced economic
theory, comparative economic systems, econo-
metcs, economic development, economic
history, finance, fiscal economics, human re-
sources and the distribution of income and
wealth, Industrial organization, Intemational
economics, labor economics, monetary eco-
nomios, and urban economics.

There le no required minimum number of
graduate subjects in the Department. However.
candidates ordinarily need two full academic

dof y to adequ for the
General and to rneet her

pre-theels requiremnents. The doctoral thesis
must be witten In residence. It typically requires
two years of research.

en smll flann Dsnartment of Humanits 183

Department of Humanities
(Course 21)

Anthropology/Archaeology

The introduction to the School of Humanities Jean Elizabeth Jackson, Ph.D. The Anthropology/Archaeology Program at MIT
and Social Science found earlier in this chapter Professor of Anthropology offers students a broad exposure to the disi-
describes the Department in the larger context Program Head pine as well as an anthropological perspective
of the School and of MIT on problems and Issues relevant to other fields

Martin Diskin, Ph.D. In the humanities, social sciences, and engi-
The Department of Humanities consists of a Professor of Anthropology neering. It also provides more Intensive Intro-
number of autonomous sections and programs, (On leave duotions to areas of faculty specialization, which
each with its own headquarters. There are include social and politcalorganization, eoo-
currently six such units: 1) Anthro y/Ar- James Howe, Ph.D. nomlos and human ecology, religion and sym-
chaeology, 2) FornLaguaes and tera- Pro rof Anthboliem, paleobotany, technology and materials
tures, 3) History, 4) Urature,5) Music and Professor ropology science, and the anthropology of art and scion-
Theater Arts, and 6) Writing. tifIc research. Geographical specializations

Heather Nan Leohtman, M.A. Include ancient and modem cultures of the
All the programs in the Humanities provide Professor of Archaeology and Ancient Americas, ancient civilizations of the Mediterra-
subjects that help to satisfy the Institute Re- Technology nean and Near East. and modem China and the

irement in Humanities, Arts, and Social Director, Center for Materials Research in United States.
iences. undergraduate degree programs Archaeology and Ethnoiogy

are avallable in Course XXI, either in combin-a The scientific study of technologies and materi-
tion with Engineering or Science curricula Arthur Steinberg, Ph.D. als from ancient and contemporary non-western
(XXI-E, XXI-S) or as full majors (XXI), described Associate Professor of Archaeology societies forms a special field of research and
later in this section. Students interested in any of teaching for the Anthropology/Archaeogy
these degree prorams should consult an Dorothy Hosler, Ph.D. Program. MIT archaeologist, toether wi
advisor In the field, and individual section and Assistant Professor of Archaeology colleagues in the Department ofterials
program offices. (On leave fall) Science and Engineering and with anthropolo-

glots and archaeologists from six museums and
U t Ph.D.universities in the Boston area, founded theUsa Beth Rofel,fPh.D. Center for Materials Research In Archaeology

Assistant Professor of Anthropology and and Ethnolo CMRAE). The center, which is
Science, Technoiogy, and Society directed by MIT Anthropology/Archaeology

faculty, provides a focus for research, teaching,
Harry Merrick, Ph.D- and graduate training in this field, and Is do-
Lecturer in Archaeology scribed in further detall In Chapter VI. Students

may partioipte in research projects by arrange-
Alison Salisbury, B.A. ment with appropriate faculty members.
Program Coordinator

The Anthropology/Archaeology curriculum is
Jonathan Wylie, Ph.D. divided into five groups that show the breadth of
Visiting Scholar the field, with particular emphases. Introductory

subjects (21.50-21.509) encompass broad
Cyril Stanley Smith, Sc.D. topics such as human evolution and archaeo-
Institute Professor, Emeritus logical methods. Social Anthropology subjects
Professor of the History of Science and (21.511-21.531J deal with a wide range of
Technoloy Emeritus concerns about rlon and sol tofloal
Tfenoofgy, Emeritus organization in m communities mostl inProfessor of Metallurgy, Emeritus Lain America adoure omm soley. e sLabnAmeicaand our own society). ins sub-

jects In the section on Technology and Cultural
Anthropology/Archasology Context (21.532J-21.543J) focus on various

early and modern technologies and how they
Anthropology studies humankind from a com- relate to their cultural settings. The Archaeology
parative perspective that emphasizes the diver- subjects (21.550-21.561) cover the ancient
sity of human behavior and the Importance of cuiturai sequences in certain regions, as well as
culture in explaining that diversity. l e the tocIcs such as empires and cities viewed in a
discipline encompasses the biological nature of ores-oultural perspective. The subjects given
our spe and the material aspects of human by CMRAE have prerequisites and are open
adaptation, it takes as fundamental the idea that only to graduate students and qualified upper-
we respond to nature and natural forces in large class students; most of the other offerings do
part through culture. Anthropology, then, Is the not carry prerequisite requirements.
study of human belngs as oultura animals.
Archaeology, one of ints clubranches, uses Students taking a concentration in anthropology
material remains to sy cultures, often over are advised to choose a mix of subjects In
long time periods. Cultural anthropology draw$ archaeology and cultural anthro with heip
its data from the direct study of contemporar from theograms concentratilon advso

peopes Ing n a idevarity f cioum Antrlgy subjects qualify for several
sacsfrom peasant villagers and tropical Interdsl In~r concentrations, including

forest hunters and gatherers, to urban popula- Ncr sI ea. Latin Amerca Studies, and
tionsin mdem ocieies.Technology. Culture, ard Development.

~1
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Denartment of HumanItIes 135

Foreign Languages and
Literatures

The Minor Program In Anthroy Regardless of whether A/A student majors Un1111 Dse1 - MM-10fe muet alee eallset e
Archaeology consists of six subd concentrate on Cultural anthropo or archas- Oen" tirl t Es (27-
Into threetie as shown below.S|w ology, they come to understand tha the hall-
create Individual programs focusng in Anthro- m of the discipline is the comparative study Unrs-iced m 5r-4pologyor Archaeology with the help of the of human sooleties. Emphasis Is on understand-
Minor Advisor to ensure they gain a Coherent Ing diversity and the Im pr se of the concept
Introduction to the methods, approches, and of culture In explaining t diversity as well as Total Uns, A erme sc. syend me
some of the results of the discipline, on loaing about the universals of behavior that osnera te qutf irennte o( 10

underlie diversity. NOTE' NO SUBJECT can be oonted BOTH as paof the
iTB -odame w ANo taon of the 160 unierquiredbeyondthe Gife. EVERY seublect inthe euet's d emnt

TIER : Two subjects: Bachelor of Science In prgrmn on oad n rteohr UT NOT40Thm

One subject In cultural anthropology:
21.50 introducton to Anthropology

and
One archaeological subject chosen from:
21.603 The Human Past: Introduction to

Archaeology
21.504 Approaches to Archaeology

TIER II: Three subjects from the following areas:

Social Anthropoogy (exot 21.514)
2 Technology and Iutural Context
3~~~ Arhelg: Reglonal and Topical

TSpecaa 3T

TIER III: One subject

21.510 Seminar in Anthropological Method
and Theory

Bachelor of Science In
Anthropoogy/Archaeology

The degree of Bachelor of Science In
Anthropology/Archaeology (Course XXI) pro-
vides training In oultural anthropology and
archaeology.
Majors focusing on cultural anthropology learn
about the concep outure, the nature of
anthropolgialielwr, the connections
be andthe other social
sciences. They study thevarious theories which
attempt to explain human behavior (e.g., pay-
ohological, ecologloal. stncturalsta well as
the of methods anthroolituse to
analyze data. Students can focus on geographi-
cal areas, such as Latin Ameroa or modem
Westem soooity, and on issueIlik* neo-cob-
n lasm, genersies, religion ad symbolism,
or comparaivepolitical organhzaton.
Majors who fcus on archaeology loam the
theoretical and metlhodologlical aproahesto
understanding societies of the hisoian
prhstocest Such subjectsarcomplem-
ented by= sthat oncentate on s
ancient culture goups, such as the Maya of
MeOcemerca or the Iron a oples of sub-
Saharan Afria Some subcare organized
wound toial conces:ancient rf owth

learn about anciet systems of technology, a
special emphasie at MIT as a result of the Inter-
actionbW n the A/A Pr m and tho Center
for Mateils Researh In Archaeology and
Ethnology (CMRAE).

eneral inettute Reqiiulente 17 subets

Science Requirement 5
Humaitles. Afts and Social Scieice Requirement
[3 subects can be satietted by sub"etsIn the
Departmental Program)
ScienceaDistibution Requirement 3
LaboraonyRePquiremnt1

TOTALSubleCts 17
PLUS

Deputd PwoRAW Uwie

Subpwtnesrenlowaretlowed by ce& udft, Snby

Requted euleete: s64

2160 introduction to Anthropology. 12. HASS-o/HUM-D

21.03 The Human Past introduction to Archaeology. 12,
HUM-D

21.610 Seminar In Anhropological Method, 12,ZgHASS
21.ThT HumentiesePmo-Thesis Tutodli. 0

21.ThU undergraduate Thesis in Humanities, 12; 21ThT

Restieted sUesme: 78-"e
Group1 BeAsic Theory and Method

WWWDche O AWo must Aade 21.504)
17111 Modem ioemTheoy, 12 HASS
21.502 culture. Nature, and Human Nature, 12, HASS
21 504 Approaches to Archaeology 12, HASS
21 10 a enceand Argument in Anthropology. 12.

HA85-ODMUM-0

21V8A UnderstandIng culure. 12. HASS-OHuM-o
Group : Top"cal usm
00 eogeor o fegr bjbcfme

:011 ei ofluW 6p9o~Q , W tto $WPM ot tee

Joint Degree Programs

Joint degree programs In Anthropology/
Arhaoogy Inlude major In combination wit

a field of engineering or soence (Course XXI-E,
Couree XXI-S). See Additional Degree Pro-
grams.

Sub 21.50 Is strongly recommended as a
prel minary subject for all Anthropolog
Archeiology degree programs (n additon to
the required program ofstuies

The A/A Program is one of the units offering the
Ph.D. Program in the History and Social Study
of Science and Technology (see the listing for
the P ram in Scence, Technology, and
Sooletty?

Subjeots In Anthropology/Archaoloh Vr
numbered 21.50 through 2, .599 "in CaperViI.
Further Information on subjects and prrams
may be obtained from the AnthroOlg
Arc Program Office, Room 131.
(617) 253-306.

Isabelle de Courtivron Ph.D.
Associate Professor of French
Section Head

Catherine Vakar Chvany, Ph.D
Professor of Russian
(On leave. Fall)

James Wesley Harris, Ph.D.
Professor of Spanish and Linguistics

Robert Emmet Jones, Ph.D.
Professor of French and Humanities

Edward Baron Turk,Ph.D.
Professor of French

Suzanne Flynn, Ph.D.
Associate Professor of Second Language
Acquisition

Elizabeth Garrels, Ph.D.
Associate Profes of Spanish

Margery Resnick, Ph.D.
Associate Professor of Spanish

Robert Holub, Ph.D
Visiting Professor of German

Cynthia Simmons, Ph.D
Visiting Professor of Russian

Monika Totten, Ph.D.
Visiting Assistant Professor of German

Avigail Vicente, Ph.D.
Visiting Assistant Professor of French

Bemd Widdig, Ph.D.
Visiting Assistant Professor of German

Gilberte Furstenberg, Agr6gation
Senior Lecturer in French

Douglas Morgenstern, M.A.
Senior Lecturer in Spanish

Ellen Crocker, MA.
Lecturer In German

Tomoko Graham, M.S.
Lecturer In Japanese

Evelyn Liulenfld, M.A.
Lecturer In Spanish

Elna Semeka-Pankiratova, Ph.D.
Lecturer in Russian

Ruth Trometer
Director of to Language Learning and
Resource Center

Margaret Zaroodny Freeman, S.M.
Associate Professor of Russian, Emerita

Foreign Languages and Literatures

The Foreign Languages and Literatures Section
offers a viety of programs. There are subject
sequences In French, German, RussIan, Span-
ish language and literature taught In the original;
a subject sequence on literature taught In
English translation; a comprehensive program in
English as a second language; and a three-year
language sequence In Japanese.

The study of a foreign language broadens one's
cultural perspective, sharpens awareness of use
and meaning of words In our own language,
and increases one's range of expresson. At
MIT students have the opportunity to bring their
knowedge of a foreign language to the level at
which they can not only speak fluently, but also
rad with pleasure and critical awareness. If

peserved through use, these skills constitute an
intellectual and personal resource throughout a
ifetime, and can be an Important asset uor those
pursuing careers with International dimensions.

The Foreign Languages and Literatures curricu-
lum is arr I three tiere: 1) Fundamental
langua esube tsfamiliarize students with the
prlnIp feof language in both Its spoken
and written forms, and Introduce them to the
culture of the country where the language is
spoken. Levels Ill and IV language subjects
provide for review and refinement of grammar,
study of more difficult reading matter with
cuitural and literary content, and Include com-
positions and discussions In the foreign lan-
g uage. 2) Intermediate subjects In language,

ratur, and civilization ae conducted In the
foreign language. They introduce students to
the form and content of foreign literatures and
of foreign cultures and sooletes. These courses
also offer the opportunity to develop more
refined communication skills In the language. 3)
Advanced subjects in literature and Mizon
conducted In the foreign language, encourage
students to explore In depth specific literary
genres, authors, and periods In the literary and
cultural history of the countries where the lan-
guage Is spoken.

Under the rubric "Literature In Translation,"
offerings make available In English various
modes of Intercuitural discourse. These Include
great works of foreign literature, foreign film,
and works by women writers from many coun-
ties. Under the heading OStudlee In Language,"
courses aim to sensitize students to the nature
and structure of language and communication.
Eg lsh as a Second ane sub offer

a soId basis of oral andwrte skills In English
to students whose native language Is other than
English.

Conoentrations are available in: 1) a given
language, 2) language and literature, 3) litera-
ture and cultre only, 4) the nature of language,
and 5) world literature In translation. Concentra-
tions should be arranged on an Individual basis
In consultation with a designated advisgrIn
each language group.

The Minor Prorams In French, German,
Russian, and SpanIsh lead students who have
already reached an Intermediate level of profi-
olency Into a more advanced study of the
language, literature, and culture. Note: Basio
language subjects do not count toward the
minor.

The Minor Program In French consists of six
subjects arranged into three levels of study as
follows:

TIER 1; Two subjects or les depending on
demonstrated level of entering competence:

21.203 French III
21.204 French IV

TIER II: Two or three subjects from the French
Intermediate Subjects In Language, Lterature,
and CMIlzatlon listing: 21.207-21.211

TIER Ill: Two or three subjects from the French
Advanced Subjects In Lterature and Civilization
litng: 21.213-21.228

The Minor Program In German consists of six
subjects arranged into three levels of study as
follows:

TIER 1: Two subjects or loe depending on
demonstrated level of entering competence:

21.233 German Ill
21.234 German IV

TIER II: Two subjects:

21.238 Advanced German Conversation
and Composition

21.239 Introduction to German Literature

TIER III: Two to four subjects from the following:
21.240-21.244, 21.306

The Minor Program In Russian consists of six
subjects arranged Into three levels of study as
follows:

TIER I: iWo subjects or less depending on
demonstrated leve of entering competence:

21.253 Russian Ill
21.264 Russian IV

TIER 11: Two or three subjects from the follow-
Ing: 21.080, 21.285, 21.267, 21.269, 21.270

TIER Ill: Two or three subjects from the follow-
Ing: 21.28. 21.271, 21.272, 21.312-21.318

I . I
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The Minor Program in Spanish oonsiets of six The curriculum In Spanish is arranged in three unne In as sa eO
subjet arranged Into three levels of study as t oie. Each student's pram wil be designed (37-M

follows: In consulion with anadiso n order to Iful
and utilize individual interests, abilities, and
goals.However, alma will reflect a balance s..

TIER1: Two subjetsorle depending on &Thnstorcal.geograpria, cultural, and lInguls- Mol-1 2U-4
demonstrated level of entering competlence: ltic 101ats.

21.277 Spanish III SdLe oW of Solence in Foreign Languages eeral I)1s )
21.278 Spanish IV and Ltertures NOTE: NO SUBJECT can be counted BOTH as pant of the

Course XXI-F 17-subNcG0R* AND as p of the 1SO uni required beyond
TIER I: Two or three subjects from the Spanish the GIRS.VERY subJect In the sudent's dotmental
Intermediate SubjetsIn Language, Uterature, program Wit ordtoar one or the cther. BUT NOT BOTH,
and Culture listing: 21.281-2t.285 and 21.289

oeneral Insttute smten 17 $ e
TIER II: Two or three subjects from the Spanish Degree Programs in Humanities
Advanced Subjets In terature and Culture
lIsting: 21.288-21.293, but excluding 21.289 science Requirement A De eP. i t In, dArueePrCo r se offee~ddin~ egree d

Bachelor of Solence in Foreign Languages
and Literatures

Program 1: French Option

The Foreign Languages and iteratures Section
offers a program In French leading to the de-
gree of Bachelor of Science in Foreign Lan-
guages and Literatures. The French program is

ned to provide: 1) nompetnoe in readin,
writing, and speaking h; 2) general kn -
edge of Francophone culture literature; 3)
advanced subjetsin literature and the option of
a thesis. A relatively large amount of unrestricted
elective time Is avaliable so that students can
devise programs suited to individual needs and
Interests.

Program 2: Spanish Option

The Foreign Langua and Literatures Section
offers a program iSah lei to the
degree of Bachelor o Science In Foein Lan-
u andUterature. The com of a

major ramISpanish will be important not
o oepursuing careers with Intemation-

WIamensions, but also for students who plan to
work In many parts of the United State.where

h has become a significant presence.
will be able to communioats effectively

In Spanish and will attain a level of cultural
awareness, historical perspective, and literary
sophista ton necessary to entroduate

con wthat of liberal arts in ns-

Apart from practical considerations, the study of
Spanish bings students Into contact with great
works of Westn literature and at the same time
with the vitality of Third World witing as it has
emerged In Latin America. Furthermore, Span-
ishrpsents anqupont of juncture be-

tweenOldnd NwWolcviliztions. Even If
nwptto use, undersandin these phenom-

ena *9 emoer AstnsWith criticaare
noes that wl their lives.

Humanits.Afls.9a0dSocial Sciences0Requiremen
3 subjet can be safed by subec In the

Depafmenw Program)
Science OleItitbton Requirement 3

Laboratory Requirement i-
TOTAL.Sub1ects 17

PLUS

DepWneWa Program unNe

Subctnames below we Wowed by crea uwntend by
mefeqUISs " aNO
Program 1: French Option

PrerequIsIte subjects: French 1. it, I1 3
esq*edseset: 12

21 204 French R 12, HASS-DL anguage Option,
21.203

Resulosteselvee: 64-106
A cohlerentV o f n*Ie subjects bayOnd FRench IV from Ift
French cwm * m ay lh in Icle a FPi-Thesis ltgcrwe/nd
a Ireat.

Progran 2: Span Option
Prerequisite sublects span" h I. 111,'

41quaed Sulbloo:
21-276 Spanish IV,12. HASs-O Languge Optn.

21.277
21200 Introduction to contemporary Hispanic

Liteaure.12. HAss-DMUM-O: Spanish IVor
equivamen

g oywryw oee nura ano
fRusan sCourse XXI). See Additional DegreePrograms$.

Joint Degree Programs

Joint Degree programs are offered in French,
German, Russian, and Spanish, and include
majors In combination with a field of engineer-
ing or science (Course XXI-E, Course XXI-S).
See Additional Degree Programs.

Proficiency in a foreign language is a prerequi-
site for election to Phi Betpa KppA.

Subjects in Foreign Languages and Uteratures,
both in the original and in translation, are num-
bered 21.201 through 21.349. Further informa-
tion on subjects and programs may be obtained
from the Foreign Languagand eratures
Section Office, Room 14930, (617) 253-4771.
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Studets cofme to MIT with some* or all of theumse vlsf
prepaaOn To this ardent, studets willhave adItIiona
Unrticted Eleoctive.

I.

r

Peter Cushing Perdue, Ph.D
Ford intemational Career Development
Associate Professor of Hlitory
Section Head

Richard Meteer Douglas, Ph.D.
Professor of History

Robert Michael Fogeson, Ph.D.
Professor of History and Urban Studies

Loren Graham. Ph.D.
Professor of the History of Science

Philip S. Khoury, Ph.D.
Professor of History
Acting Dean, School of Humanities, Arts, and
Social Sciences

Pauline Maler, Ph.D.
Professor of History
William R. Kenan, Jr. Professorship

Bruce Mazlish, Ph.D.
Professor of History
Thomas Meloy Professor of Rhetoric
(On leave, fall)

Harald Anton Thrap Olsen Reiche, Ph.D.
Professor of Classics and Philosophy
(On leave, spring)

Merritt Roe Smith, Ph.D.
Professor of the History of Technology

Arthur Daniel Kaledin, Ph.D.
Associate Professor of History and American
Studies

David Bird Ralston, Ph.D.
Associate Professor of History

William Braasch Watson, Ph.D.
Associate Professor of History

Douglas J. Forsyth, Ph.D.
Assistant Professor of History

Elizabeth A. Wood, Ph.D.
Assistant Professor of History

Ronald Edsforth, Ph.D.
Assistant Professor of History
(visiting)

June Namlas, Ph.D.
Assistant Professor of History
(Visting)

Sherifa Zuhur, Ph.D.
Assistant Professor of History
Malsting)

lIona Crook, B.A.
Instructor
(Visting)

Dianne L. Brooks, B.A.
Administrative Officer

Howard Russell Bartlett, B.S., A.M.
Professor of History, Emeritus

Lynwood Silvester Bryant, A.M.
Professor of History and American Studies,
Emeritus

Robert Ellsworth Macaster, Ph.D.
Professor of History and Uterature, Emeritus

Thomas Henry Donald Mahoney, Ph.D.. D.RA.
Professor of History, Emeritus

Cyril Stanley Smith, Sc.D.
Institute Professor, Emeritus
Professor of the History of Scoence and
Technology, Emeritus
Professor of Metallurgy, Emeritus

History

History is the study of the recorded past. Since
interest In the past Is closely linked with a desire
to understand the present, the history curricu-
lum at MIT Is tailored In pat to put the modem
world in historical perspective. Subjects explore
the social, economic, and political transforma-
tions that shape the present; and efforts are
made to suggest where traditional assumptions
remain In present-day politics, society, and
culture.

The curriculum seeks to encourage both an
understanding of the human past and the
development of skills necessary to express that
knowledge effectively. Subject listings are
dioded into 'Basic Felds, which provide
surveys of scholarship organized by place and
by toporperiod, and plal Subjects and
Seminars, Which are more limited in scope and
specialized in focus.

The goal of the Minor Program is to lead the
student from basic survey subjects Into more
focused studies of IndMdual countries or peri-
ods of time, and to encourage thinking about
broader analytical and comparative Issues in
historical study.

P.....em*.et urn~na.15187IC

History

The Minor Program in History consists of six
subjects arranged Into three levels of study.

TIER I: At least one and no more than two
survey or broad Introductory subjects (HASS-D
and HUM-D subjects)

TIER Ii: Three or four Intermediate undergradu-
ate elective subjects from the History Faculty
curriculum

TIER Ill: One subject:

21.494 Seminar in Historical Methods

IN ADDITION: Students must satisf a o-
graphical requirement by takin at least one
subject from each of the following: 1) America,
2) Europe, and 3) other areas ofaMe world.

For a listing of available subjects In these areas,
consult the History Office (E51 -210).

Bachelor of Solence in History

The program leading to the degree of Bachelor
of Science in History is designed to encourage
students to discover and reconstruct the past, to
confront and understand the complexity of past
human behavior for itself, and to Inform their
sense of the historical present. The curriculum
includes the selection of one to three subjects
at the introductory level (from a list of 26),
followed by electives from a wide range of
options (ourrent43) along with the require-
ment of one subjec in each of three geographl-
call areas: America, Europe, Afria-Asia-the
Middle East in order to develop perspectives on
the comparative analysis and knowledge of
different though Interactingtradiions, open to
one another. Studetsare also advised to elect
one subject covering a period prior to 1700.

During the junior year.the Hi major is
ask the Seminar in Historical Methods
which is intended to develop skills for indepen-
dent research and writing, followed in the senior
year by a Thesis Tutorial, and either a second

or essay or a senior thesis. Supplementing
these uirements within the History currioulum
is the stipulation of three additional subjects in a
second field of Humanities, Arts, and So
Sciences: AnthropolojA rchaeology. Econom-
ics. Pciitool Science, ature, Foreln Lan-

uages and Uterntures - fields which provide
the perspectives of another discipline on the
history of human thought and behavlor This

gram Is Intionally flexible; the relatively
e numbof electives and unrestricted time

allows for the design of a course of study which
mets Inddual needs and interests.
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Bachelor of Science in History
Course XXI-H

General institute Reqiremetts 17 subjects

Science Requirement s

Humanities. Arts, and Social Sciences Requirement
{3 subjects can be satisfied by subjects in the
Departmental Program] I

Science Distribution Requirement 2

Laboratory Requirement -1

TOTAL Subjects 17

PLUS

Departmental Pbogram Unite

Subject names below are JNowed by credit Units, and by
perequitea iany
Requi*edSublecte:: as
one entry tevei subject (12 units)

21 494 Seminar in Historical Methods, *. HASS

21.ThT Humanities Pre-Thesis Tutorial, 6

21.ThU Unuergraduate Thesis In Humanities, 12; 21.ThT

Retited Electives so-120
A cohternt program of seve subjects ftm dfe HWsou cwblcu-
Iem a&Weew relatedsubject# Romea second HASS disciptine.

UniteI DpalinrtttdPregan thWa is. edle the
Generel Institute Reqs*tmente (27-33)

Unrestritted Elsecte. 54-76

Total Unte Requiedfor the 5.. Dw loyd the
enera 9ute Requenente (at.) IS

NOTE: NO SUBJECT can be counted BOTH as pa of tho
17-subect GIRS AND as pal of the Io units required beyond
the GiRs. EVERY subject in the students depatmental
program wlt count toward one or the other, BUT NOT BOTH

'Prerequisites are listed in the subject description

Joint Degree Programs

Joint degree programs are offered In History
and Include majors In combination with a fiel
of engineern or solence (Course XXI-E,
Course XXI-. See Additional Degree
Programs.

Subjects in History are numbered 21.350
through 21.4984 In Chapter VIII. Further ifor-
mation on subjects and programs may be
obtained from th History Faculty Office, Room
E61-210, (61 7) 2634966.

Peter Samuel Donaldson, Ph.D.
Professor of Literature
Section Head

Albert Ramsdell Gumey, Jr., M.FA
Professor of Literature
(On leave, fall)

David Martin Halperin, Ph.D.
Professor of Literature

Louis Kampf, B.A.
Professor of Literature
(On leave, spring)

Alvin Charles Kibel, Ph.D.
Professorof Literature
(On leave, fall)

Travis Rhodes Merritt, Ph.D.
Professoro f~iterature
Associate Dean for Student Affairs

Ruth Perry, Ph.D.
Professor of Literature and Women's Studies
(On leave)

Stephen James Tapscott, Ph.D.
Professor of Literature

Irene Taylor. Ph.D.
Professor of Literature

David Thorbum, Ph.D.
Professor of Literature

Cynthia Griffin Wolff, Ph.D.
Class of 1922 Professor of Literature

Rita Setlina Goldberg, Ph.D.
Associate Professor of Literature
(On leave, spring)

John Hildebidle, Ph.D.
Associate Professor of Literature

Theoharis Constantine Theoharls, Ph.D.
Associate Professor of Literature

Mary C. Fuller, Ph.D.
Assistant Professor of Literature

Louis V. Galdleri, Ph.D.
Assistant Professor of Literature

Henry Jenkins Ill, Ph.D.
Assistant Professor of Literature

Monica L. Keamey, B.A.
Administrative Offkcer

William Chace Greene, M.A.
Professor of Literature, Emeritus

Theodore Wood, Jr., A.M.
Professor of Literature and American Studies,
Emeritus

Uterature

The curriculum In literary studies at MIT aims to
meet the interests of students who may be
drawn to literary study only once or twice at the
Institute, and to provide a rich program of study
for students concentratin or majoring In litera-
ture. To an extent unusuaT in an undergraduate

rogram, the curriculum lays emphasis on
n terdisciplinary approaches to literary texts and
on theoretical, generic, and thematic subjects
that range across geographical and historical
boundaries.

Every literature subject offers significant oppor-
tunitis for Indvdual participation in class
discussion and every subject is centrally com-
mitted to improving students' writing skills.

A Supplement to this catalogue, available from
the Humanities Department offices, offers
detailed descriptions of all literature subjects
and includes specific information about required
texts, writing assignments, and exams.

The Uterature curriculum is arranged in three
graduated categories or tiers: 1) "Introductory
subjects" (21.001-21.012) focus on major
literary texts grouped in broad historical and
generic sequences, all carrying HASS Disbu-

bon credit.2Intermediate su jects-
(21.021-21.120) explore literary forms in greater
depth and center on historical periods, literary
themes, or genres. Most intermediate subjects
carry a prerequisite of one prior literary course,
but students are encouraged to consuit Individ-
ual Instructors about prerequisites. 3) "Semi-
nars* (21.171-21.177), restricted to students
who have taken at least two previous subjects In
literature, encourage a greater degree of Inde-
pendent work, such as oral reports and other
special projects. Enrollment In seminars is
strictly limited to a maximum of 12 students.

Concentrations In Uterature are available in
particular genres (e.g., poetry, drama, fiction)
and in historical periods (e. ., ancient studies,
1 9th-century literature, moem and contempo-
rary literature), as well as in popular culture,
media ard film studies, minority and ethnic
studies, literary theory, and a range of national
literatures.

The Minor Program alms to lay a foundation r
advanced study and to enhance a student's
appreciation of major narrative, poetic, and
dramatic texts In relation to the cultures that
oroduced and perpetuated them. The program
lays emphasis upon interdisciplinary ap-
proaches and deals with texts rangingwidely
across linguistic and historical boundaries, as
well as in diverse media.

The Minor Program In Literature consists of six
subjects arranged into three levels of study as
follows:

TIER I: At least one and no more than two
subjects from 21.001-21.006, and 21.021

TIER 11: Two or three subjects from
21.008-21.012, and 21022-21.120, but exclud-
ing 21.033

TIER I1: At least two subjects from the Literature
Seminar subjects 21.171-21.177, and 21.033

IN ADDITION: At least two subjects constituting
a Minor program must center on materials
dating from before 1900.

Bachelor of Science in Literature

The program In Literature leading to the degree
of Bachelor of Science In Lterature is equivalent
to the curricula In English (or literary studies) of
the major liberal arts universities. The Uterature
curriculum Is notable also for its inclusion, along
with traditional literary themes and topics, of
materials drawn from film and media, from
popular culture, and from minority and ethnic
cultures.

Majors are required to take a minimum of ton
subjects,' three of which must be seminars and
no more than three of which may be introducto-
ry subjects. All majors must take 21.171 Lterary
Interpretation (normal taken In the senior year),
one subject dealing ancient i terature, and
one subject centenng on one of the following
areas: popular culture, film and media, minory
culture. non-Weetem culture, or gender studies.

Bachelor of Science In Literature
Course XXI-L

Oners intitute Requirements 17 subjects

Science Requirement 5

Humanities, Arts and Social Sciences Requirement
[3 subjects can be saisfied by subjects in the
Departmentl Program]6 S

Science Distribution Requirement S

Laboratory Requirement -1

TOTAL Subjects 17

PLUS

Departmental Program Unite

subject names below are ollwed by credit unis, and by
prerequisites itany
Required Subjects: 3

21.171 Literary interpretation, 12*. HASS

Two 12-unit subjects'

RestlIcted ElectIve.: 63-4
A coherent proramf seven subjects from the Literature
curculum, Including three smars

UnIte in DeptmflntdProgam tatdeMe satisfy the
aen In~ts tute Rqubeente (27-01)

Unreetteted Elerese 87-117

ToesiUnits equired ftot the G-. . Om B eyond ttte S
Qatwi lia~oRequIrements (01 8 6

NOTE: NO SUBJECT Can be counted BOTH as parto the
17-subject GIRS AND as pant of the 180 units required beyond
the GiRs. EVERY subject in the student's departmental
p'ogram will count toward one or the other.BUT NOT BOTH.

Joint Degree Programs

Joint degree programs are offered in Literature
and include majors in combination with a field
of engineering or science (Course XXI-E,
Course XXI-S). See Additional Degree
Programs.

Subjects in Lterature are numbered 21.001
through 21.199 in Chapter VI II. Further informa-
tion on subjects and programs may be obtained
from the aterature Faculty Offioe, Room
14N-409, (617) 253-358.

*Prerequistes are listed in the subject description.

one subject drawn from ancient literature and one subject
centered on popular culture or fltm and medla or minority
cuture or non-westem cMilzatlon or gender.

Alan Brody, Ph.D.
Professor of Theater Arts
Director of Theater Arts
Section Head

Jeanne Shapiro Bamberger, M.A
Professor of Music

David Mayer Epstein, Ph.D.
Professor of Music
Conductor of the MIT Symphony Orchestra

Stephen Erdely, Ph.D.
Professor of Music

John Harbison, M.F.A.
Class of 1949 Professor of Music
(On leave)

Ellen T Harris, Ph.D.
Professor of Music
Associate Provost for the Arts

Marcus Aurelius Thompson, D.M.A.
Professor of Music

Barry Uoyd Vercoe, D.M.A.
Professor of Media Arts and Sciences

Peter Child, Ph.D.
Associate Professor of Music

Lowell Edwin Lindgren, Ph.D.
Associate Professor of Music
(On leave)

Martin Marks, Ph.D.
Assistant Professor of Music

Evan Ziporyn, Ph.D.
Assistant Professor of Music

Edward Cohen, M.A.
Senior Lecturer in Music

John Oliver, M.M.
Senior Lecturer in Music

Beth Soll, B.S.
Senior Lecturer In Dance

Pamela Wood Ambush, MM.
Lecturer in Music

Betsy Burllgh, M.M.
Lecturer In Music

Kermit Dunkelberg, B.F.A.
Lecturer In Theater Arts

Mark Harvey, Ph.D.
Lecturer in Music

Michael Ouellette, M.FA.
Lecturer in Theater Arts

Claudia Von Canon, M.A.
Lecturer in Music

L ________
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Edward S. Dama, B.S.
Technical Instructor, Theater Arts

WAillam A. Fregosi, M.F.A.
Technical Instructor Theater Arts

Leslie Cocuzzo Held, B.A.
Technical Instructor, Theater Arts

Nancy Trudeau Cavanagh, B.A.
Administrative Officer

Klaus Uepmann
Professor of Music, Emeritus
Director of Music, Emeritus

Music

The Music Program offers a broad range of
opportunities to experience and explore the field
of music. A great variety of subj Is given,
ranging from basic muslolanshp to computer
music composition. They re arran Into six
cateories: Intri .uctcry, InterdlscIp lfnary, HIsto-
ry/ ature, Theory/Composition, Performance,
and Seminars/Tutorials. Most students begin
with Introductory subjects, but anyone with
musical training Is encouragedtobegn with
history/literature or tweo/com ItIon subjects,
which constitute the nuc eus theprogram.
Graduate credit Is available for neariy all of the
seminars and tutorials.

A mphony orchestra, choral groups, concert
an bands, and chamber music groups are
an Integral part of MIT's cultural life and of any
student's musical development, no matter what
technical proficiency they possess. Academic
credit is available for some performance actM-
ties and instrumental study. Auditions are held at
the beginning of each term.

The music faculty comprises professional
composers, performers, historians, and theo-
rists, whose IndMdual interest in the confluence
of history, theory, and performance Is essential
to our Integrated music program.

The Minor Program In Music consists of six
subjects and Is designed to give students
exposure to three main branches of musical
tii pr ce, music literature, and

mui ting. Four subjects are at t e Introduc-
tory or Ineredate level; the remaining two

podedepth in one of the three branches.

TIER 1: One subject from the following:

21.60 introduction to Music
21.601 Fundamentals of Music
,21.602 Basic Musicianship

NOTE: Students with prior musical knowledge
or eoe may wish to substitute a subject
frTIERS IIt o llnfor the subject in TIER I.
Please consult the minors advisor.

TIER 11: Three subjects, one from each of the
following areas:

1) History/Uterature: 21.621-21.636
2 Theory/Composition: 21.641
3) Performance (two terms): 21.650-21.659

TIER III: Two subjects from one of the following
areas of specialization:

1) History/Uterature: 21.621-21.636
2) Theory/Compositlon: 21.605, 21.615,

21.642-21.648, 21.71J 21.686J
3) Performance (four terms): 21.650-21.659

Bachelor of Science In Music

The undergraduate program leading to the
degree of Bachelor of Science In Music is
designed to provide 1) a thorouh grounding in
the harmony and counterpoint of western
music; 2) a survey of the history and literature
of Western music; and 3) performing experience
In small and/or large ensembles. Six required
subjects plus six restricted electives form the
core of the program, which can be supplem-
ented by about six unrestricted electives. This
program Is very similar to that for a music major
at leading liberal arts colleges and universities,
so that it will prepare a student well for graduate
work In music. Students who declare music as
their major must have demonstrated proficiency
in instrumental or vocal performance and In
harmony and counterpoint, ordinarily by partici-
pating In a performance subjc andby ob-

tinga grade of B or better In 21 .641,
respectively.

Senlors in the Full Major may seek permission
to participate In a tutorial program in preparation
for a thesis on an analytical or historical topic or
an original composition.

Bachelor of Science In Music
Course XXI-M

GneraInstite Requiremente 17 s1ubleets

Science Requirement 5
Humanities, Aft, and Social Sciences Requirement
[3 subjects can be sad by subjects In the
Depatmental Program) I
Science Dlstribution Requirement 3
Laboratory Requirement _1

TOTAL Subjects 17
PLUS

Dep''tmentalPWogram Units

Subject names below are Wowed by creditUns, and by
prerequnaltr tany
Required Subtet: 1

21.821 History of westem Music to 1750, 12*. MASS
21.0622 History of ~tm Music after 1760,12.

HASS-D/HUM-D
21"641 Harmony and counterpoint 1. 12,

21.642 Harmony and Counterpoint 11. 12. HASS; 21.841
21.643 writing in Tonal Forms. 9, HASS; 21.642

Two terms of 6-unit Peformance subjects
21.So Senior Seminar in Music. 12. HASS; 21.621.

21.622, 21.642

Restcted leetee: 36-41
One u bctnin themylcomponlon, ore subject In historyliters.

iw Me .dlitonei subject ~ Itherthoryconpoafflon
or hla.. neraareI.

UniteIn Departental Program that also satisfy the
General ltiUteRequiremente (30-34)

Unestrited Eective 84-N

TotalunRequirdtorthe B.S. u Beyond the
eralIn equrement (otti 180

NOTE: NO SUBJECT can be counted BOTH as part of the
17-subject GIRs AND as part of the 180 units required beyond
the GiRs. EVERY subject In the students depaaments]
program witi count toward one or the other. BUT NOT BOTH,

*Prerequisite are listed in the subject description

I

Joint Degree Programs

For students interested In combining the study
of engineering or science with humanities oint
majorstIn Courses XXI-E and eXI-S provide the
opportunity to pureue special Interests. The
oint major Includes two subjects in theory, two
in history and literature, two In performance, two
electives, and Senior Seminar. Qualified per-
formers may substitute three full years of 21.658
plus a senior recital for the two performance
subjects and two electives.

Students wishing to enroll in any of these
degree programs should consult the major
advisor in Music no later than the beginning of
their junior year.

Subjects in Music are numbered 21.60 through
21.699 in Chapter VIII. Further information on
subjects and programs may be obtained from
the Music Section Office, Room 14N-207, (617)
253-3210.

Theater Arts and Dance

The Programs In Theater Arts and Dance offer
an opprtunity for the serious study of acting,
directng. playwriting, stagecraft, design, and
dance. Through related subjects In Literature
and Modem Languages, students may combine
their training in any of these areas of theater
practice with the study of dramatic literature.
Work In the Programs occurs In the traditional
classroom, in studio settings, and through
practica. Practica Include fully mounted produo-
tions by the Dramashop, the Shakespeare
Ensemble, the Dance Workshop, the Play-
wrights Program, and an ongoing series of
student generated projects throughout the year
- all under the guidance of a professional

faculty and staff, including a variety of guest
artists. The Dance Workshop blends perform-
ance training with a study of dance aesthetics,
which prepares students for work In composi-
tion and analysis.

The Minor Program provides students with the
opportunity to explore the basic principles and
craft of Theater Art, and to pursue an area -
acting, directing, playwriting, technical theater,
or dsign - in greater depth.

The Minor Progam In Theater Arts consists of
six subjects arranged Into three levels of study
as follows:

TIER 1: Two subjects:

21.704 Elementary Stagecraft and
Production

and
one from the Introductory subjects listing
21.700-21.705 and 21.728 (two terms)

TIER I1: Two subjects:

21.710 Script Analysis
and

one from the Intermediate subjects listing
21.711-21.717 and 21.726 (two terms)

TIER IIl: Two subjects:

21.721 Theater Practicum
and

one from the Advanced subjects listing and
21.727

Subjects in Theater Arts and Dance are num-
bered 21.700 through 21.727 in Chapter VIII.
Further information on subjects and prams
may be obtained from the Theater Arts Office,
Room W16-015, (617) 253-2877.

Kenneth R. Manning, Ph.D.
Professor of the History of Science
Program Head

Elzbleta Ettinger Chodakowska, Ph.D.
Professor of Writing

Alan R Ughtman, Ph.D.
Professor of Science and Writing

James Paradis, Ph.D.
Professor of Technical Communication

Harriet Ritvo, Ph.D.
Associate Professor of Writing

Rosalind Williams, Ph.D.
Associate Professor of Writing

Thomas Simmons, Ph.D.
Assistant Professor of Writing

Joe Haldeman, M.F.A.
Adjunct Professor of Fiction

Pamela Alexander, M.F.A.
Visiting Writer

Renate Holub, Ph.D.
Visiting Writer

Arturo Vivante, M.D.U.
Visiting Writer

Muriel Zimmerman, Ph.D.
Visiting Writer

Ilona Karmel, A.B.
Senior Lecturer in Writing

Edward Barrett, Ph.D.
Lecturer in Writing

Steven Strang, Ph.D.
Director of Writing and Communications Center

Rebecca Chamberlain, M.S.M.
Administrative Officer

Philip Alexander,M.S.
Research Associate

John Kirsch, A.B.
Research Affiliate

Marie Rountree, M.A.
Research Affiliate

Robert Reynolds Rathbone, A.M.
Professor of Technical Communication,
Emeritus
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The Writing Program

The MIT Writing Program provides students the
opportunity xperiment with writing as a craft
and as a means of self-expression. The Program
helps prepare students to communicate the
results of their work forcefully and clearly to
members of their professions and to larger
audiences. All subjects in the Program empha-
size the development of writing skills and strate-
glee. Some subjects, including those at ad-
vanced levels and those offered for distribution,
require substantial reading.

Subjects in the Progam's three areas - 1)
Exposition and Rhetrio. 2) Creative Writng
and 3) Science and Technical Communication
- are taught at basic, intermediate, and ad-
vanced levels. All subjects require repeated
writing and revision. In addition, manuecripts are

pically discussed in worksh and receive
o written commentary of the nstructor. Stu-

dents are encouraged to schedule private
conferences with their instructors.

Concentrations in Writing establish a course of
Intensive study for prose , and fiction
writers, or for engineers and sintists who
expect writing to play a key role in their career
development.

The Minor Program provides students with a
structured opportunity to develop their expertise
in one of the Program's three areas - exposi-
tion and rhetoric, creative writing, or science
and technical communication - while also
exploring offerings in the other areas.

The Minor Program In Writing consists of six
subjects arranged into three levels of study as
follows:

TIER I: One subject from the following:

21.730 Expository Writing
21.731 Writing and Experience
21.732 Introduction to Technical

Communication

TIER W: Two or three subjects from among the
Writing Intermediate subjects listing and 21.734

TIER Ill:Two or three subjects from among the
Writing Advanced subjects listing and 21.7W6
(six units required)

IN ADDITION: Students must choose a
sequence of courses reflecting one of three
themes: (1) exposition and rhetoric, (2) creative
writin orentific and technical

Bachelor of Science In Writing

The Writing Program offers two undergraduate
ograms leading to the degree of Bachelor of
ence In Writing. The curriculum in Creative

Writing/Exposiion and Rhetoric is designed to
develop expertise in writing and reading a genre
of the student's choice (for example, fiction,
poetry, essay), familiarity with related genres,
and concentrated exposure to an allied disci-
pline in the Humanities, Arts, or Social Sciences.
This curriculum offers students a great deal of
flexibility in designing their programs.

The curriculum In Science Joumaliem/Technical
Communication Is designed to develop mastery
of these more specialized genres, to offer
experience of the professional environments in
which they are used, and to introduce related
areas such as the history of technoy and the
structure of business organizations. Uke the
Creative Writing/Exp on and Rhetoric curric-
ulum, it also requires a three-subject concentra-
tion in an allied field. In order to guarantee
Integration of these interdisciplinary elements,
this curriculum places greater constraints on the
design of individual programs.

Baoheior of Selence In Writing
Course X00-W

General ntItute RequIrements 17 subjects

Science Requirement 5
HMantie. Aiti and Social Sciences Requirement
(3 subjects can be saltedw by subject s h
Deparmental Program] 
Science Dlstribution Requrement S

Labhoratoy Requirement -1

TOTAL Subjects 17

PLUS

Departmenta Program Unite

& tnee abeow aelow" d by ce" i , amd by

Program 1: creatIve or Expoellory Writing
N IAde set: t

21.ThT Humanities Pe-Theeis Tutorial, 8

21.ThU Undergraduate Thesis In Humanities, 12 21.ThT

Program 2: Science Journalism or Technical Communication
Reqhired Sulete: S

21 762 Science Joumr"'- 9. HASS

21783 Science and Technical Writing Workshop. 12,
MASS: 21.782

21.792 Science and Technical Writing Internship, 12,
MASS: 21.780 or 21 782

21 ThT Humanities Pre-Theals Tutorital. 8

21 ThU Undergraduate Thesis In Humanities. 12; 21.ThT
One of the ollwng:

21 730 Expositorywriting. 12. HASS

21 731 Writing and Experience, 12. HASS

21 732 Introduction to Technical Communication, 12.
MASS

Reettetsd Eleetves:-
Fiv Subjcts Iarfift end reafed dibcplne, end Mree
re0a4e subjeca in a second HASS discipiine.

72-"

Unite in Depatmeta Pbogru that also satef the
General inetitute Requiremente (27-36)

Unrestricted Ietiee
Progrm 1 4-SI
Pvogar2 57-72

Total Unite Aeg*ed for the 9.8. Dogree eyond the t
General ltute e*quIremente (Glls) 185
NOTE: NO SUBJECT can be counted BOTH as part of the
S7-subject GIRs AND as pai of the 180 unts required beyond
the GIRS. EVERY subject In the studentsdeaments)
program wilt count toward one or the other. BUT NOT BOTH.

NOTE. The full major In Scienc aJouralism OrTchncal
Communiaon May be Pursued only asgresecond degree
program in conjunction with another degree program in a tleld
of engineering or science.

Is
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Additional Degree Programs

Joint Degree Programs

Joint degree programs are offered in Writing
and include majors in combination with a field
of engineering or science, an area of writing,
and a relatedfield of humanities, arts, or social
sciences (Course XXI-E, Course XXI-S). See
Additional Degree Programs.

The Writing Requirement. Students may
satisfy Phase One of the writing requirement by
sarning a passing grade in any of several intro-
ductory writing subjects. Additional details may
be obtained from the Office of the Writing
Requirement (253-7909).

Writing Center. The MIT Writing Center offers
free Individual writing consultation on an ap-
ointment or drop-in basis to all members of the
IT community. In addition, the center gives

mini-sessions each semester on a variety of
writing topics, and also offers workshops for

eopie for whom English is a second language.
F further Information, contact The Writing

Center (253-3090).

Cooperative Writing Programs. The Science
and Technical Communication staff of the
Writing Program supports an Interdepartmental
pram of writing Instruction jointly with the
undergraduate and graduate departments in the
Schools of Engineeng and Science.

Subjects In Writing are numbered 21.730
through 21.799 In Chapter VilI. Further informa-
ion on subjects and programs may be obtained
from the Writing Progiam Office, Room
14E-303, (617) 253-7894.

Full, Joint, and Double-Degree Majoring

For students who wish to pursue their humanis-
tio studies extensively and at an advanced level,
two basic types of degree programs are avail-
able. The first, Course XXI, constitutes a full ma-
jor in Foreign Languages and Literatures (in
German or Russian). (Students who entered
MIT before academic year 1989-90 and who are
interested in the full degree [S.B. In Humanities]
In any one of the following fields should refer to
the 1989-90 Bulletin for specific degree require-
ments: Anthropology/Archaeology, Foreign
Langu es and Literatures in French or Span-
ish], i terature, Music, and Writing
The second, Course XXI-E or XX s a nt
major combining work In any one of ten fside of
the humanities with work in engineering, sci-
ence, or psycholgy. Further, a student pursu-
Ing eor afull or jint major may obtain inter-
disciplinary competence on a larger scale by
adding a so arate major in any other Course of
study avalable at MIT, as part of a doublede-

ent. Descriptions and speolfica-
to arrandjoint major programs follow.

Bachelor of Science In Humanities
Course XXI

This program provides a full major in Foreign
Languages and Literatures (in German or
Russian.

Faculty advisors in each discipline help students
to arrange programs suited to both their Inter-
ests and professional objectives.

Bachelor of Science In Humanities
Course XXI

one halttut equmente' 17subjects

science Requirement
Humanities. Ails, and Social Sciences Requirement
(all but two Humanities. Ails, and Social Sciences
Distribution subjects can be satisfied by subjects In the
Departmental Program)

Science Distribution Requirement

Laboratory Requirement

TOTAL Subjects

S
5

-.
17

PLUS

Oepartmental Prograe Unite

eetrto d Electives:
One of the folowing (further detaIls may be obtained from the
relevant field 0m")
American Studo, .athn American Studles, Ruassan studies'
FoeIgn.aLguages and uterature
(in German or Russian) 8 elective
aubjecta In the field, a 4-subiect cluster, a
pre-thels tutorial, and a theal 124-162

Unite in Departmenta Program that lo esatfy the Genral
inuute nqau ninte(6472)

Unretricted Elective. 57 to 106

Total Unite Requlroed for fthS.. Degree Beyond the oeneral
Ineftie Reqtireenito (GIRe)IS

NOTE: NO SUBJECT can be counted BOTH as pail of the
I 7-subject 01115 AND aspeat of the 180 units (equired beyond
the GlRs. EVERY subject In the student's departmental
program will count toward one or the othe ,BUT NOT BOTH.

Only I Subject being used to meethe Distibution element of
the Humanities. Ans. and Social Sciences Requirement may be
counted toward the Humanities component of these degree
programs. For the class entering In September 1088 (class of19OW).all butenWO MASS-OitrtbU lon subjects Can be satisfied
by subjects In the Departmental Program.

2
American Studies, Latin American Studies, and Russian Studies
are available as full major by Special arrangement With the
DeanOf tIneSchool ofumaniie and Social Science.

3
The cluster Is usually formed within a singe secondadiscipline
of the humanities. ens, or social sciences. In special case it
may draw together subjects from different disciplines to form a
coherent grouping.

L

Restted sltee: 1M-144
Nee aubeck cente onncrop s rorexowor wWt, andOmve MOWaed ubjetron, ma aseconHASS discipinw.
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Bachelor of Science in Humanities and
Engineering
Course XXI.E

Bachelor of Science In Humanities and
Science
Course XXI-S

These loint major programs combine humani-
ties with scientificneering studies, creating
an educational experence of unusual scope
and balance. Groups of subjects from the
humanistic and technical areas are conjoined to
yield a substantial "dual literacy," a basic com-
mand of each mode of inquiry. One part is a
selection from the undergruate degree curric-
ulum of a solence or engineering department.
or the Department of Brain and Cognitive
Sciences, aproved by a faculty member in the
field. The oter part consists of subjects in
some field of the humanities, chosen by the
student in consultation with an advisor from the
appropriate humanistic faculty. In most cases a
senior theis or sequence of Advanced seminars
is also required.

This arrangement yields a humanities program
of considerable depth while allowing for contin-
ued serious commitment to a scientific or
engineering Interest. Available humanities fields
include:

Anthropology/Archaeoloay
Foreign9 Languages andElteratures (in French,

German, Russian, or Spanish)
History
Literature
Music and Theater Arts (Music)
Writing (Creative, Expository, Science

Joumalism, or Technical Communication)
American Studies
Latin American Studies
Russian Studies
Science. Technology, and Society (STS)

Any one of these fields may be joined with any
Science or Engineering field to form a major.
Some ic'ombinations naturally lend themselves
not only to an understanding of each field but
also to an integrative and comparative view of
the relationship between the two.

Bachelor of Science in Humanitles and
Engineering
Course XXI.E

Bachelor of Science in Humanities and
Science
Course XXI-S

eraI Inatitte RequIremente 17 5ublectus

Science Requirement

Humanities. Arts, and Social Sciences Requirement
[al but two Humanities, Arts, and Social Sciences
Distribution subjects can be satisied by subjects in the
Departmental Program)

Science Distribution Requirement

Laboratory Requirement

TOTAL Subjects 17
PLUS

Depamental Program Unite

Reetioted Electives:
For the Humanities component, One of the following (further
detais may be obtained from the catalogue descriptions of
programs in specific fields and the relevant field office)
Antopology/Archaeology
7 subjects (including 21 503 or 21.504). a pro-thesis
tutorial. and a thesis 94-,1
Foreign Langgou s and uteratures
(in French, German, Russian, or Spanish) 7 elective
subjects. a pre-thesis tutorial. and a thesIs 81-102

7 elective subjects, a pre-thesis tutorial. and a thesis 11-102
uterafte
8 elective subjects (Including two seminars and subjects in
three historical periods) 7-N

9 subjects - including 21 621,.21 622,21641. 21 642.
2 (6-unit subjects) in performance, 2 electives
(excluding 21.00 and performance). and 21.00, Senior
Seminar In Music

Creative or Expository
7 subjects centered in creative or expository writing

(one of these subjects will normally be at the Introductory
level and another at the advanced level. one may be
chosen from a related flid), a pre-thesis tutorial, anda thesis a1-t02
Science Joumailsm or Technical Communication
4 subjects in writing (including 21.782. 21,783. 21.792,
and a subject in basic exposition). 3 subjects from related
curricula (including, for Science Joumalism. subjects In the
history and social context of scienceAechnology. or, for
Technical Communication, .00, 4.885. and a subject in
the structure of business organizations), a prm-thesis
tutorial, and a thesis

e
a

Resniutd Elective (continued)M
American StuEeo
7 elective subjects (including two in history and two in litera.
ture). a pro-thesis tutorial. and a thesis 61-102
Latin American $tuel
7 elective subjects (including study in at least two disciplines
and some work in Spanish). a pro-thesis tutordal, and
a thesis 61-102
Ruselan Studies'
7 elective subjects (including two on society and two on
culture). an approved creative project or a pro-thesis tutorial.
and a thesis 41-102
Science, Technology, and Society (IS)
8 subjects (including STS 091 and STS 092 and study in two
STS areas). a pre-thesis tutoriai, and a thesis 0-108

And for me EngmneenglScence component, one of the
following:
For XXI-E: 64-72
6 elective subjects restricted to one of the Engineering curricula
and approved by a faculty member in the field"3

For XXi.5: 64-72
6 elective subjects restricted to one of the Science curricula and
approved by a faculty member in the field'
or

6 subjects in Brain and Cognitive Sciences (detailed specifics.ions available from the Department of Brain and Cognitive
Sciences or Humanities Section/Program Offices)

Unitis In Deparmta101111Progu aMtlec8111 satlafy the General
Inetitute Requireiente

(54-72)

Unrestricted Electives 54 to 103

Total Unite Required for the -. Degree Beyond the GeneralInstitute Requirements (OIR)
10

NOTE: NO SUBJECT can be counted BOTH as pari of the
17-subjectE GRs AND as part of the 180 units required beyondthe GiRs. EVERY subject In the student's departmental
program will count toward one or the other. BUT NOT BOTH

As a matter of general Course Xxa poicy, subjects used to mot
the General instituteS science Requirement, the Science
Distribution Requirement, and the Laboratory Requirement may
not be Included In the 6-subjec Engineering or Science
component of XXI-E or XXI-S. Only1 subject being used to
meet the Distribution element of the Humanities, Arts. and
Social Sciences Requirement may be counted toward the
Humanities component of these degree programs For the class
entering In September 1988 (Class of 1992), all but two
HASS-Oletribullon subjects can be satisfied by subjects in the
Departments] Program.

2
American Studies. Latin American Studies, and Russian Studies
are also available as fult majors by special arrangement with
the Dean of the School of Humanities and Social Science.

3
When possible. the su satisfying the institute Laboratory
Requirement and one othe subjects satisfying the Science
Distribution Requirement should be selected from this same
curriculum. In addition to the regular requirement.

Wayne O'Neil, Ph.D.
Professor of Unguistics
Head of the Department

pfofessor&
Ned Block, Ph.D.
Professor of Philosophy

George Stephen Boolos. Ph.D.
Professor of Philosophy

Sylvain Bromberger, Ph.D.
Professor of Philosophy
Codirector, Cernter for Cognitive
Science

Richard Lee Cartwright. Ph.D.
Professor of Philosophy

Noam Avram Chomaky, Ph.D.
Institute Professor
Professor of Unguistics

Joshua Cohen, PhD.
Professor of Philosophy
and Political Science

Kenneth Locke Hale, Ph.D.
Ferrarl R Ward Professor of Modem
Languages and Ungulgtli

Morris Halle, Ph.D.
Institute Professor
Professor of Unguistics

James Wesley Harris, Ph.D.
Professor of Spanish and
Linguistics

James Higginbotham, Ph.D.
Professor of Philosophy

Paul Horwich, Ph.D.
Professor of Philosophy

Michael Kenstowioz, Ph.D.
Professor of Linguistics

Samuel Jay Keyser, Ph.D.
Peter do Florez Professor of

nguistjs
Codirector, Center for Cognitive
Science
Associate Provost for Educational
Programs and Policy

Thomas Samuel Kuhn, Ph.D.
Laurence S. Rockefeller Professor
of Philosophy and History of
Science

Daniel Nathan Osherson, Ph.D.
Professor of Psychology

Irving Singer, Ph.D.
Professor of Philosophy

Robert Stalnaker, Ph.D.
Professor of Philosophy

Judith Jarvis Thomson, Ph.D.
Professor of Philosophy

Kenneth N. Wexler, Ph.D.
Professor of Psychology
and Unguistios

Associate Professors

Irene R. Helm, Ph.D.
Associate Professor of Unguistics

Alec Marantz, Ph.D.
Associate Professor of Unguistios

David Pesetsky, Ph.D.
Associate Professor of Unguistios

Assistant Professors

David Owen Brink, Ph.D.
Assistant Professor of Philosophy
(On leave)

Michael Oliver Hardimon, Ph.D.
Assistant Professor of Philosophy
(On leave)

Paul Hoffman, Ph.D.
Assistant Professor of Philosophy

Administrative Officer

Marilyn Matthes Sliva, A.B.
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F1J6 School of Humanities and Socal Science

Department of Linguistics and Philosophy

(Course 24)

Undergraduate Study Graduate Study

As its name suggests, the Department of Un-
guistics and Philosophy houses a linguistics
section and a philosophy section. Though they
share a number of intellectual interests, these
two sections are administratively autonomous in
that they have separate chairpersons, faculties,
admissions procedures, curricular and degree
requirements, and financial aid programs.

The linguistics section offers a program leading
to the Doctor of Philosophy in Lin guistics. The
Master of Science degree is awarded only In
exceptional circumstances. There is no under-

raduate dereep in linguistics, though
te section doe r undergraduate subjects
that may be taken as electives by any student or
as part of the Course IX Cognitive Sciences and
the Course XXIV Language and Mind programs.

Philosophy alms at analysis and criticism of the
concepts and principles fundamental to the
sciences, to our commonsense view of the
world, and to our modes of valuation. The study
of philosophy is thus appropriate for those who
enjoy thinking carefully and logically about
basic issues, for those who seek perspective on
a scientific education, and for those who wish
breadth of educational experience prior to
entering professional programs such as law or
medicine.

The goal of the Minor Proram is to introduce
students to the methods ofanalytic philosophy
and then to have them study a broad range of
philosophers and philosophical issues at a more
sophisticated level, culminating in an advanced
seminar.

The Minor Program In Philosophy consists of
six subjects arranged into three levels of study
as follows:

TIER 1: Two subjects, including

An Introductory philosophy subject (subject
W out prerequist)

and
24.241 Logic I

TIER II: Three intermediate subjects in Philoso-
phy chosen as follows'

One from amon
24.200 Ancient Philosophy
24.202 Modem Philosophy: Descartes to

Kant
24.204 Existentialism

and one from among
24.211 Theory of Knowledge
24.221 Metaphysics
24.231 Ethics

and one from among
24.151 Introduction to Philosophy of

Language
24.210 Problems in the Philosophy of

Love
24.211 Theory of Knowldge
24.221 Metaphysics
24.231 Ethics
24.233J Political Philosophy
24.235J Philosophy of Law

TIER Ill: One subject:
24.260 Topics In Philosophy

The introduction to the School of Humanities
and Social Science found earlier in this chapter
describes the Department in the larger context
of the School and of the Institute.

Bachelor of Science In Philosophy
Course XXIV

The philosophy section offers two undergradu-
ate programs leading to the degree of Bachelor
of Science in Philosophy, as well as a program
leading to the doctorate in philosophy.

Program 1, the traditional undergraduate
phlosohy major, Is designed to provide 1)
amili y the history and curren status of
the main problems in epistemol y, meta-

los, and ethics; 2) mastery orsome of the
hnicalskills requisite for advanced work in

philosophy: 3) facility at independent
philosophical study; and 4) work at an
advanced level in an allied field. A relatively
large amount of unrestricted elective time is
available so that students can devise programs
suited to individual needs and interests.

Program 2, called the Program in Language and
Mind, addresses itself to a cluster of topics and
problems currently being investigated by re-
searchers in philosophy, sychology, linguistics,
and artificial intelligence gadno no fall neatly
Into any one of those fields. Central among
these topics are the nature of language, of
mental representation of knowl ege, and of the
innate basis for the acquisition of such knowl-
edge. A core set of seven subjects is required
fo the purpose of teaching students the central
facts and issues in the study of language and
the representation of knowledge. A further

uirement of specialization within the program
of our additional subjects in one of the fields is
designed to ensure preparation for graduate
study in either philosophy or psychology or
linguistics. Usts of subjects in piosophy,
linguistics, psychology, and ial Intelligence,
which may be used to satisfy the restricted
electve requirement, may be obtained from the
Department.

Bachelor of Science in Philosophy
Course XXIV
Program 1

oeneral inWtitute Requemnwite 17 SubiuetS

Science Requirement

Humanities. Arts, end Social Sciences Requirement
(3 subjects can be satistied by subjects In the
Departmental Program (for the Field of Concentration)]

Science Distribution Requirement

Laboratory Requirement

TOTAL Subjects

PLUS

Departental Program UnNe*

Subject names below are ollowed by credit units; all ecept
24.241 and 24.260 hae as a prerequisNe one prevous phloso-
piy subject
Req*ed Subjects: 72

24 200 Ancient Philosophy. 12, MASS
24 202 Modern Phlosophy Descartes to Kant. 12. MASS

24200 Topics In Philosophy
2, 12, HASS

one t"h follo*ng o subects
24211 TheoryfoKnowledge. 12, HASS

24221 Metaphysics, 12. HASS

Plus
24 231 Ethics, 12. HASS

24241 Loglc1. 12. HASS

Restricted Eectivese:
A coherent program ot 6 subjects, of which 2 must be in
Philosophy3

Unnle In 4partmentalbroam that als atie ~
Ire GeNeral institute qiremnste(30-3)

Un9rtcted Electine 8443

Total Unite Requbed for the 5.5. gee Beyond
thre Generalinlte Reqiemeut (ORe) ISO
NOTE: NO SUs.ECT an be counted BOTH as part of the
I I-subject Gl~s AltO as part of the 180 units req% 'red beyond
the GIRs. EVERY subject In the Students departmental
program will count toward one or the other. BUT NOT BOTH

Students entering MIT In September 1987 (Class ot 1001) may
take an additional restricted elecive In place of 24 260. this re-
strced elective must beIn an advanced subject Inadisciplineoth-
er than philosophy

2
Prereq.: Two subects In Philosophy

Bachelor of Science in Philosophy
Course XXIV
Program 2: Language and Mind

General inatitute Req*ement 17 SubjectS

s Science Requirement

Humaniies, Arts. and Socia Sciences Requirement
[3 subje can be satistfied by subjects In the

S Departmental Program (for the Fleid of Concentration)]

3 Science Distribution Requirement

.1
17

Laboratory Requirement -1

TOTAL Subjects 17

PLUS

Departmental Pogran Unit

Subject names below are followed by credt uni, and by
prerequines deny (corequsiteain itaics)
Reqired Subjets: 7-S1

24 110 Minds and Machines. 12. HASS

24 161 introduction to Philosophy of Language, 12. HASS

24241 Logic 1. 12. HASS
24 90oo The Study of Language. 12. HUM-D

24 901J Language and its Structure. 12. HASS 24 Goo
Two of thre toiowng hree subjects:

9 59 Psychology or Language and
communication. 9. HASS. 9 saa

986 Cognitive Processes. 9. HASS

24 11Wu Introduction to cognitive Science, 12, HASS

46-60 Restrcted Electives: 36-40
A coherent program lot 4 additional subects which normally
should be chosen trom one or tw o 'he tour areas Philosophy
Unguistics. Psychology, ArtfictlaIntelligence (see text)

UnIte in artmental Proam thait also satisfy
the Gener Istitute eqiente(30-3)

Unreetrcted El ee 4-93

Total Unite Required for the 9.9. Do"e Beyond
th Geeal Intute Req 100ems GiRa ISO
NOTE: NO SUBJECT can be counted BOTH as peat of the
I 7-subject GiRs AND as pant of the ISO unit required beyond
the GtRe EVERY subect In the students depamenteo
program witt count toward one or the other, BUT NOT BOTn.

'Aternate prerequisites are listed In the Subiect description.

The Department offers two rograms leading to
the degree of Doctor of Phirosophy, one in
linguistics and one in philosophy.

Doctor of Philosophy in Unguistles

The linguistics section offers a demanding
program leading to the dereof Doctor of

hilosophy in nguistics. he normal course of
study is four years, Including the writing of the
dissertation. The orientation of the program Is
highly theoretical, Its central aim being the
development of a general theory that reveals the
rules and laws that govern the structure of a
given language and the general laws and princi-
ples that govern all natural languages. The
topics that form the core of this program are the
traditional ones of phonology, morphology,
syntax, semantics, and historical linguistics; but
the program's interests also extend nto ques-
tions of the interrelations between linguistics
and other disciplines such as philosophy and
logic, literary studies, mathematics and the
study of formal languages, acoustics, artificial
intelligence, and computer science.

Approximately eight to 10 students enter the
program each year In a highly selective admis-
sions process. Deparent does not re-
quire that applicants have taken any particular
set of subjects or that they be trained in any
particular discipline. instead, applicants must
present evidence that they are able to engage in
serious study of complex subject matter. Exam-
ples of such evidence might be mastery in
depth of a language or group of languages,
e.g., classical Greek, Semitic, Japanese; or
work, academic or nonacademic, of high quality
in a relevant area, especially if It required con-
siderable application. imagination, or ingenuity.

All students in the linguistics program must
complete a set of required subjects unless they
have acquired adequate preparation elsewhere.
A program of studies in a minor field is also
required In order to broaden the student's
educational experience. Before degree candi-
dates bin their doctoral research they are
required to pass a comprehensive General
Examination, in conformity with institute require-
ments. Students must also demonstrate compe-
tence in two foreign languages.

3
Students entering MIT In Septmber 1987 and 1988 (cla5es Of
1901 an 192 must take threeadvanced subjns In adiscipline
Other than ph tophy

Department of Unaulatics and Phllosonhv 197
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Department of Political Science

The following subjects are normally required of
all doctoral candidates In linguistics, unless they
have obtained adequate aration elsewhee:

24.942 Topics In the Grammar of a LAes
Familiar Lanu

24.951 Introduction gulstls 1: Syntax
24.961 Introduction to Ungulstlcs II:

24.952 I u to Ungulatica Ill:
Theory of Grammar

24.957 Introduction to Unulstlo Theory at
an Advanced L

24.958 Ungulstio Structure
24.969 Worshop in Syntax and Semantics
24.962 Advanced Phonology
24.969 Workshop in Phonogy and

Morphology
24.970 introduction to Semantics
24.972 Formal Foundations of Unguistic

Theory
24.973 Topics In Loglo and Semantics
24.992 Survey of General Unguistics I

One of the following:

24.956 Introduction to Unguistics IV:
Universal Grammar

24.964 Theory of Phonology
24.979 SemanticTheory

Before students may begin their doctoral re-
search, they are required to pass a comprehen-
sive General Examination that is composed of
two parts. The first petis a written examination
consisting of two substantial papers on topics
chosen In consultation with members of the
facu . Usually one par is on phonology or

mrho lgand the oter on syntax or seman.
tics, but it Possible for one or both papers to
treat the interaction of two topics, for example

Snter and seman cs.
In conformit with Institute regulations, the
second of the examinatin is oral. It deals
with tredin the candidate's written
examination, but Is not limited to thOse and
probes into the candidate's competence in
linguistics in general.

Every oandidate for the doctorate must com-
a program of studies In a minor fleld, the

purpose of-whioh is to broaden the Interests
and of the student In areas other than

those fhis or her major intellectual objective.

Doctor of Philosophy in Philosophy

mhe program of studies leadi to the doctorate
In philosophy provides subjtand seminars in
such traditional areas as logic, ethics, meta-

semolog of science
of I of mind,

,esthetr hilosophy, and
hsrofphilosophy philosophical

aIsfromoth er discipnes, such as
ngumahematsand

physics, is also encouraged.

To enter the doctoral program, students must
have done well in their previous academic work
and must be formally accepted as candidates
for the degree by the Department of Unguistics
and Philoophy. Although there are no formal
course u urements for admission, applicants
must the committee on admissions that
their preparation In phioh and allied disci-
plines Is sufficient for unora lng study of
philosophy at the graduate level.

Before beginning dissertation research, students
ae required to take two years of course work
Includia a inar in contemporary
philo hta alstudents must complete in
their firs yroof graduate study. Students are
also requred to pass general examinations and
demonstrate competence in the following areas:
value theory, logic, and the history of
philosophy.

Interdisciplinary study Is encouraged, and
candidates for the doctorate may take a minor
In a field other than philosophy. Options for
minors Include psycology, linguistics, and
logjic. Students whoeec one of these options
wi be expected to complt three approved
graduate subjects In their minor field. There Is
no general lnuage requirement for the doctor-
ate, except In thoases In which competence
In one or more foreign lnuages Is needed to
car on research for te dertatiori.

Inquiries

Information arding undergraduate or
raduate camic programs, reseych activi-
es, admissions, financial aid, and assistantships

may be obtained from the Department of Un-
o andPhilosophy,Room 200-213, MIT
bridge, M acusetts 02139, (617)

253-4141.

Suzanne Berger, Ph.D.
Ford International Professor of
Political Science
Head of the Department

Richard Joel Samuels, Ph.D.
Professor of Political Science
Associate Head of the Department

Professors

Hayward Rose Aiker, Jr., Ph.D.
Professor of Political Science

Donald Laurence Morton Blackmer,
Ph.D.
Professor of Political Science

Uncoln Palmer Bloomfield, Ph.D.
Professor of Political Science

Joshua Cohen, Ph.D.
Professor of Philosophy and
Political Science

Nazl Choucri Field, Ph.D.
Professor of Political Science
(On leays, spring)

Willard Raymond Johnson, Ph.D.
Professor of Political Science

Michael Upsky, Ph.D.
Professor of Political Science

Stephen Michael Meyor, Ph.D.
Professor of Political Science

Lucian Wilmot Pye, Ph.D., L.L.D.
Ford International Professor of
PoliticalScience

George Wiliam Rathiens, Ph.D.
Professor of Political Science
tOn leave, spring)

Charles Frederic Sabel, Ph.D.
Ford International Professor of
Political Science

Harvey Morton Sapoisky, Ph.D.
Professor of Public Policy and
Organization
(On leave, spring)

Eugene Bertram Skolnikoff, Ph.D.
Professor of Political Solence

Myron Weiner, Ph.D.
Ford Professor of Political Science
Director, Center for International
Studies

Associate Professors

Kenneth A. Oys, Ph D.
Associate Professor of Political
Science

Barry R. Posen, Ph.D.
Associate Professor of Political
Science

Charles Stewart III, Ph.D.
Cecil and Ida Green Career
Development Associate Professor
of Political Sclence

Richard M. Valely, Ph.D.
Associate Professor of Political
Science

Assistant Professors

Jonathan A. Fox, Ph.D.
Assistant Professor of Political
Science
(On leave)

Ellen Immorgut, Ph.D.
Assistant Professor of Political
Science
(On leave, spring)

Richard M. Locke, Ph.D.
Assistant Professor of Management
and Political Science
(On leave, spring)

Uday Mehta, Ph.D.
Assistant Professor of PIltical
Science
(On leave, spring)

Assistant Professor

Stephen W Van Evera, Ph.D.
Assistant Professor of Political
Science

Adjunct Professor

Ronald P Dora, B.A.
Adjunct Professor of Politoal
Science

Visiting Professor

Hannes Adomelt, Ph.D.
Associate Professor of Intemational
Politics

Lecturer

Margaret A. Bumham, LL.B.

Peter H. Lemieux, Ph.D.

Administrative Officer

Leah Anderson, B.S.

Administrative Staff

Maryann S. Lord
Frances F Powell

Professors Emeriti

William Edgar Griffith, Ph.D.
Professor of Political Science,
Emeritus

Everett Hagen, Ph.D.
Professor of Economics and
Political Science, Emeritus

William Weed Kaufmann, Ph.D.
Professor of Political Science,
Emeritus

L,.
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Department of Political
Science

(Course 17)

Undergraduate Study

1-
Densrtment of Polidoal-Salence 201

Graduate Study

Political science is conoemed with the
systematic study of government and the political

rocess. Within thedisolpline, scholars analyze
e development, distribution, and uses of

political power; the deternilnarfts and
consequences of various forms of political
behavior and sources of political conflict: the
ways In which conflicts are both Intensified and
resolved; and the relationship between the
individual 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 research.

The Department has a research-oriented faculty
that welcomes the association of both under-
graduate and graduate students in ongoing
research. Among the major features of the
Department are 1) an emphasis on empirical
methods and research traning; 2) a concern
with issues of public policy. particularly In the
areas of arms control and defense, science
policy, urban affairs, health, communications,
pplation and migration. and foreign policy;
3)Pomparative studies involving the United
States and other advanced Industrial societies,
the developing countries of the third world, and
communist countries; and 4) a strong interdisci-
plinary perspective that Incorporates political
soology, political psychology, political demog-
raphy. and economic and political development.

The Minor Program is designed to ensure that
students acquire both depth and breadth of
understanding in the disciplne. A minor in
Political Science consists of six subjects. The
requirements for the Minor parallel the require-
ments for the Major and are structured as
follows:

TIER 1: Two or three introductory Political Sci-
ence subjects from different subflelds of the
curriculum:

1 Political Philosophy
2)American Politics

3 Non-American or international Politics
4 Public Policy

TIER 11: Two or three upper-level undergraduate
subjects in one of the following areas of special-
ization:

1 Political Philosophy
American Poltics

3 Non-Amerloan or International Politics
4 Public Policy

TIER IIl: At least one subject from the foliowing:

17.203
17.803
17.907
17.915

Political Science Laboratory
Arguments and Debates
Reading Seminar in Social Science
Junior Colloquium in Political Science
and Public Affars

IN ADDITION: A Minor in Political Science must
include at leas two substantial research papers
of the sort normally required in Tier 11 subjects.
A senior research paper can fulfill this require-
ment.eq

For a listing of available subjects in these arces,
consult the Political Science Undergraduate
Office (E63-460) or the HASS information Office
(14N-408).

The Department offers degree programs at the
bachelor's, master's, and octoral levels. The
Introduction to the School of Humanities and
Social Science found earlier in this chapter
describes the Department in the larger context
of the School and of MIT.

Bachelor of Science In Political Science
Course XVII

The political science curriculum for undergradu-
ates combines professional social science
training it oponres for a broad liberal srts
educo . Students are able to choose subjects
from a wide range of both undergraduate and
graduate offerings, and they are also encour-
aged to enggein Independent research proj-
ects. In additio, the Department sponsors an
internship program in which students work In
governmental agencies, legislative offices,
community associations, international orgariza-
tions, and advocacy groups at all levels.

The undergraduate progam preastudents
for study In political son 0lawpublic policy.
and related fieds, and for careers In gover-
ment, business, law, research, teaching, or
joumalism. This ram is also deslned to
give students, whatever their career objectives
an understanding of political institutions and
processes. Some students want to focus on
political systems themselves; others choose to
concentrate on te political aspects of public

poliy, ocuingon such Issues as transporta-
tion, ,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-
tic and public licy, urban politics and policy,
science and public policy, defense and arms
control policypolitical psychology, political
developmen, political communications and
behavior, comparative politics, and international
relations and foreign polioy. Students' Indidual-
Ized programs are workeout with the assis-
tance of a faculty advisor.

The Department eves that every political
science major should have the experioneof
conducting and writing at least one substantial
research project, a ruiement that Is fulfilled
by the senior thesis. Each undergraduate
chooses a thesis advisor in his or her area of
interest. The student then registers for Pro-the-
s1 Reading Seminar in the fail term and for

Thesis in the sprirg term of the senior year.

In addition to the thesis, there are numerous
other opportunities for students to pursue
research interests. For example, a student may
wish to take an independent reading sub In
an area for which no formal subject isbeing
offered. Also, students are eligible to receive
academic credit or limited funding for expanses
or wages throuh the Insu t hide Undergrad-
uate Research Opportunities Program. Students
should consult the Department's UROP coordi-
nator to discuss specific projects.

Bachelor of Science In Political Science
Course XVII

ceneral Inetitute Nequrement 17 e ctset

Science Requirement 5

Humanities, Arts, and Social Sciences Requirement
3 subjects can be satisfied by subjects in the
Dspartmental Program]
Scince Distribution Requirement' 3
Laeoratory Requirement .1

TOTAL Subjects 17

PLUS

Dparmntal Program Unets

Requred Suleota: 24
1713 Pre-thsl Reading Seminar, 0
I1 ThU Undergraduate Poitical Science Thesis (at east

15 units: additional units by special arrangement)

Restreted Electives: $1-10
Normally 0 subjects dvided as follows
& At east one subject that provides exposure in depth to each
tate foliowing tour spedt of poil science

Poiiticai Philosophy
American Polity
A Non-American or International PmsclN
Public Policy

F Fin additional political science subjects, one of which must
be the foiiowng

17 203 Poltica Science Laboratory, 12, LAS
17.803 Arguments and Debatee. 12, MASS
170.16 Junior Colloquium In Political Science and

Public Affairs. 12. MASS
Specific subjects saufying these criteria should be chosen
Iconsultation with a faculty advisor

vo"Geel inill" a " (7-36

Unrseelted Electives 4-102

TtalUnite Ne foed tor the S. eDees ond
M General intute Requiremente( 0Ins) 140
NOTE: NO SUBJECT can be counted BOTH as pan of the
IT-subject iRs AND as part of the 180 units required beyond
the GKa. EVERY subject In the student's departmental
progra will count toward one or the other. BUT NOT BOTH.

The Department of Political Science offers work
leading to the Master of Science in Political
Science and the Doctor of Philosophy.

Entrance Requirements for Graduate Study

Thera are no absolute prerequisites for admis-
sion to the graduate program, but students are
expected to have taken at least six term sub-
jects in English, history, and other fields of the
humanities and social sciences. It Is recom-
mended that candidates for the doctoral pro-

grlam take at least one upper-level subject on
o history r4 political thought and one term of

statistics. Candidates for master's and doctoral
programs are advised to take undergraduate
subjects In areas relevant to their special fields
of interest, for example, introductory economics
for work in public policy; languages for area
studies; science or engineeng subjects for
study in science, technology, and public policy;
and mathematics for work In defense and arms
control.

Master of Science In Political Science

The Master of Science is intended for students
who are concerned with developing skills in
applied research and who are seeking careers
in public service. The masters program empha-
sizes Intensive preparation in a single field of
study. Applications should describe the field in
which students wish to specialize.

Subjects need not be restricted to those offered
within the Deprten, but the entire program
must mewiththe approval at the student's
advisor. A thesis Is required. See Chapter IV for
the general requirements for the S.M.

Accelerated Master of Science In Political
Science

The Department offers a five- ear program
leading to the Bachelor of Soonce and Master
of Science, awarded simultaneously. This pro-
gram is open to MIT undergraduates only. It
allows the student to plan for a single combined
S.B.-S.M. tesis written during the last three
terms at the Institute. Undergraduate Institute
requirements may be completed during the fifth
year of the program.

Master of Rolence in Technology and Policy

Students interested in the relationship between
science and technology and public policy may
apply for the Interdepartmental Master of Sci-
ence program In Technology and Policy. This
program combines subts in political science,
law, and other social sciences, with advanced
work In technology of the student's choosing.
The goal Is to train students for professional
work at the Intersection of policy and technolo-
gy. General requirements and aplication proce-
dures are described in Chapter V. For mors
infc-nation, contact Professor Michael Upsky,
Associate Chair 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 plitioal anal-
ysis and one o r) are normally satisfied by
completing stipula sub ects or demonstrating
achieved competence. The remaining two fields
are the focus of the student's General ExamIna-
tion, written and oral. The student Is also re-
quired to present and defend an advanced re-
searc paper (Seond Yea Paper) prior to the
Gonera Examination. Established fields include
political analysis, political communication and
behavior, American government, comparative
politics, communist studies, defense policy. adl-
once technology and public policy, International

litics and foreign policy, political and econom-
l evelopent, concepts and methods, urban

politics, West European politics, Latin American
politics, political demography, and others.

Approved oombinations of some of these fields
- together with econois. Industrial manage-
ment, sociology, social psychology, or science
and engineering fields - are acceptable. Stu-
dents are encouraged to take subjects in other
MIT departments. Cross-reglstration arrange-
ments also permit enrollment in subjects taught
in the Graduate School of Arts and Sciences at
Harvard University and in some of Harvard's
other graduate schools.

1.D introduction to Computers and Engineerng Problem SoMng
Wild 1430 Introduction to StattJcalMthod In EonMomics are
vowesed,

I
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Programs of study logically combining ad-
vanced work in some scientific, engineering,
management, or other social science field with
political science are welcomed. For example,
some political science students have developed
programs around the interdisciplinary field of
communications policy. Graduate work In this
field at MIT Is described rInmore detail in Chap-
ter VI. A candidate's qualifications for interdisci-
plinary programs must indicate promise of
ability to develop fruitful new lines of inquiry on
problems touching the relationship of govem-
ment, human behavior, science, technology,
and the political process.

Guided field research and close working ties
with faculty members engaged in major re-
search activities are stressed.

Teaching and Research Assistantships

Financial assistance is available to qualified
applicants in the form of research assistant-
ahpa, graduate traineeships, and a limited
number of fellowships, subject to the availability
of funds. Research assistants work under faculty
supervision on projects administered by the
Department and through MIT affiliated research
facilities such as the Center for International
Studies and the Center for Technology, Policy,
and Industrial Development (both described In
Chapter VI). In addition, advanced graduate
students may qualify to become teaching
assistants.

Inquiries

Additional Information regarding academic
programs In the Department and admissions
may be obtained from the Administrator of
Graduate Student Affairs. Ms. Maryann Lord,
(617) 253-5262. Information on research pro-
grams, assistantships, financial aid, etc., may be
obtained from the Administrative Officer, Ms.
Leah Anderson, (617) 253-8635. Written inqui-
ries should be addressed to: MIT, Room
E53-470, Cambridge, MA 0213.

I
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Program in Science, Technology,
and Society

Kenneth Kenston, Ph.D.
Andrew W. Mellon Profeqsor of
Human Development
Director

Professors

Loren R. Graham, Ph.D.
Professor of the History of Science

Thomas Samuel Kuhn, Ph.D.
Laurance S. Rockefeller Professor
of Philosophy and History of
Science

Kenneth Rogers Manning, Ph.D.
Professor of the History of Science
Head, Writing Program

Theodore A. Postol, Ph.D.
Professor of Science, Technology,
and National Security Policy

Charles Frederic Sabel, Ph.D.
Ford International Professor of
Political Science

Eugene B. Skolnikoff, Ph.D.
Professor of Political Science

Merritt Roe Smith, Ph.D.
Metcalfe Professor of Engineering
and the Liberal Arts
(On leave, spring)

Leon Trilling, Ph.D.
Professor of Aeronautics and
Astronautics

Charles Weiner, Ph.D.
Professor of the History of Science
and Technology

Associate Professors

Louis Lawrence Buociareill, Ph.D.
Associate Professor of Engineering
and Technology Studies

Richard A. Lester, Ph.D.
Associate Professor of Nuclear
Engineering

Sherry Roxanne Turkle, Ph.D.
Associate Professor of Sociology
(On leave, spring)

Assistant Professors

Deborah Fitzgerald, Ph.D.
Assistant Professor of the History of
Technology
(On leave)

Uly E. Kay, Ph.D.
Assistant Professor of the History of
Science

Usa B. Rofel, Ph.D.
Assistant Professor of
Anthropology and Science,
Technology, and Society

Visiting Professors

Jill Conway, Ph.D.
Professor of the History of Women

Gerald Holton, Ph.D.
Professor of the History of Science

Thomas P Hughes, Ph.D.
Professor of the History of
Technology
(Spring)

John M. Staudenmaler, Ph.D.
Professor of the History of
Technology
(Fall)

Senior Lecturers

Carl Kaysen, Ph.D.
David W. Skinner Professor of
Political Economy, Emeritus

Leo Marx, Ph.D.
William R. Kenan Professor of
American Cultural History, Emeritus

Senior Research Associate

Victor McElheny, B.A.
Director, Knight Science
Foundation Fellowships

Principal Research Scientist

Kosta Tlpis, Ph.D.

Professors Emeriti

Elting Elmore Morison, A.M.
Elizbt and James R. Killian
Class of 1926 Professor, Emeritus

Walter Alter Rosenblith, Ing. Rad.
Institute Professor, Emeritus
Provost, Emeritus

Jerome Bert Wiesner, Ph.D.
Institute Professor, Emeritus
President, Emeritus
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Program in Science, Technology,
and Society

(STS)

Undergraduate Study

The Proram in Science, Technology, and Engineeking and science students are increas- Double Degree Program
Society (STS) focuses on the ways in which ingly socking to understand the social and
scientific, technological, and social factors historical contexts in which they will work and For those students who wish to integrate theirInteract to shape modem life. The Program the social consequences of what they will do in professional study of engineering or sciencebrings together humanists, social scientists, their professional careers. STS subjects help with a rigorous treatmen of its relation to socialengineers, and natural scientists, all committed them think realistically and creatively about the and historical forces, STS offers a double de-to transcending the boundaries of their disci- intellectual, moral, and social issues raised byp am through Course XXI Inplines in a joint search for new insights and new the rapid growth of science and technology in hwirge Depaent of Humanitiecopra-n
ways of reaching science and engineering the 20thcentury. several departments in the Schools of Engineer.students. The goal of the Prram is to set up a in and Science. The ect of this deree
forum to explore the relationship between what STS contributes to undergraduate education at ing ram isieive such tbdents the l techscientists and engineers do and the constraints, MIT in several ways. It offers general subjects to cal and scientific education provided by aneeds, and responses of society. The introduc- introduce science and engineering students to science or engineering major, and to enrich ittion to the School of Humanities and Social broad social and intellectual perspectives on with complementary studies of the historical and
Science found earlier in this chapter describes their fields. It also offers more specialized sub- sociaontextsinwich science and hnlandthe Program in the larger context of the School jects in two areas: the history of science and functi onand of MIT, technology and the social study of science and on.

technology. Within each of these categories, Students in this double degree program mustLocated in a major university where most peo- students can choose both introductory and complete all the requirements of their technicalple do science and engineering, STS is dedi- more advanced subjects. majors as well as the Course XXI requirementscated to understanding the context of science described as follows. Altoether unens
and engineering. Most STS undergraduate subjects may count complete at least 270 unt of study eyond thetoward the institute Requirement in the Humani- General Institute Requirements to rece etheties, Arts, and Social Sciences. The Program two S Birdreeshoffers a number of HASS Distribution subjects -SB

as well as a Field of Concentration. The Course XXI degree requirements in STS are
specified in the following chart. The two Read-The goal of the Minor Program is to give stu- ing Seminars (STS 091 and STS 092) are de-dents majoring in engineering or one of the signed to rovide a basic grounding in thesciences a broader perspective on their fields, signdt ov ide ecahbasicygrondsininthe

how they have evolved, and how the fit Into the dy of science, technology, and society.
wider context of society, culture, polics, and A coherent sequence of five elective subjectsvalues. must be arranged to provide an understandingin depth of one of the fields that comprise ST S
The Minor Program In Science, Technology, and some familiarity with the other:
and Society consists of six subjects as follows: a) History of Science and Technoly

b) Social Study of Science and Technology

TIER I: One HASS-D, Context, or HUM-D sub- In STS 080, to be taken in the third or fourth
ject from one of the two areas in the Science, ear, students reexamine from an STS perspec-
Technology, and Society curriculum: Lea laboratory project or summer job experi-

ence In the sciences or engineering. This sub-
1) History of Science and Technology provides training for work in STS in much
2) Social Study of Science and Technology thetsame way as laboratory subjects do for
TIER II: Three Advanced Undergraduate Sub- engineering or science.
jects in one of these areas: In the Thesis or Design Project (21.ThU), stu-

dents expand their senior technical thesis or1) History of Science and Technology design project to include the social effects and2) Social Study of Science and Technology historical contexts of their work. In cases whereand an Integrated study is not feasible, two separate
One advanced undergraduate subject from the but related projects may be considered.
area not chosen, or from the History Faculty
curriculum, or from the Anthropology/Archaeol- Students must submit to the Registrar a petition
ogy Faculty curriculum that indicates the desire to work for this doubleTIERill On ST reaingsemnardegree. The petition must be approved by
TIER III: One STS reading seminar faculty advisors In the two apropriate depart-

ments before students complete the entireIN ADDi liON: Students will pauticipate in a program. Students who take a normal load of
monthly dinnor meeting where they will have the subects may require five years to complete thisopportunity to speak about their research and program, but the majrt of double degree
studies with other STS students and faculty. candidates finish their work In four years.
A student may elect to do 9-12 units of UROP
for credit, or do a joint thesis with his/her home
department.
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Graduate Study

Bachelor of Science In Science, Technology,
and Society
Course XXI-T

Oeneral Institute Requremsente 17 lbubecte

Science Requirement S
Humanities. Arts, and Social Sciences Requirement
3 subjects can be satisfied by subjects in the
Dearmentl Program]

Science Olstribution Requirement 3

Laboratory Requirement I

TOTAL Subjects 17

PLUS

Departmental Progan units

subject names below are followed by credit unit, eand by
prereuLasites Nany
Required Subects: 46

STS O8 The Work of Scientists and Engineers, 9. HASS

STS091 Reading Seminar in Humanities. Science. and
Technology 1. 9. HASS

STS 002 Reading Seminar in Humanities. Science, and
Technology 11. 9. HASS

21.ThT Humanities Pre-Thesis Tutorial, e

21 Thu Undergraduate Thesis in Humanities, 12: 21.ThT

Retited Eletl .,ives: 81-10
A coherent roup offiv elective subjects. Three subjects must
be in one ofihe ollowng areas, and tho from me omer
a) History of Science and Techno
b) Social Srudy o Science and Tchnology

Four related subjects in anorher HASS discipline

Unts Inthi dmenital Propram that al.eAsotte uthe
Unr Institute Reqemts-(27)

Unrvestricted fletly.. 64-41

Joint Degree Program

Students who wish to integrate studies In STS,
Humanities, and Science/Engineering on the
smaller scale of a single degree program should
consider this option. The proram Includes a

roujp of speciall designat subjects offered
by STS and the Department of Humanities that
provide a focus for Interdisciplinary work. Cen-
alto this core is a ear-lon reading seminar

(STS 091 and STS 092), whi h examines inter-
action of science, technology, and culture
through critical discussion of major works.

The six elective subjects in STS/Humanities
required for the degree may be taken from the
curricula of Humanities, ST , and other
departments when appropriate. They must form
a coherent grouping Tat includes at least one
basic subject In the history of science or
technology and one subject treating the cultural
dimensions of science and technology, and that
has clear relevance to the scientific/technicai
field forming the other component of the
program.

Further details on the requirements for this joint
degree program may be found under the
Departmen of Humanities.

Tta Units Requiredso the 9.6.Doet" Beyond the m1
General Insthiaute Reqrsementa (01 a) S
NOTE: NO SUEJECT can be counted BOTH as part of the

No-subletGios AND as pan of the t8W units required beyond
ith GIRs EVERY subject in the student's departmental
program will count toward one or the other, BUT NOT BOTH.

NOTE: The full maor in Science, Technology, and Society
fSTSI may be pursued only as.a second degree program In
Conjunction with another degree program in a Reid of engineer-
Iog or science.

Additional degree requirements for the Double
Degree Program, Bachelor of Science In
Humanities Course XXI (STS/Humanities) with a
Science or Engineering Course may be ob-
tained from the STS Headquarters Office, Room
E51-110, (617) 253-4062.

Graduate Study

in collaboration, STS, the History Faculty, and
the Anthrpology/Archaeology Program offer a
Program in the istory and ial tudy of
Science and Technology leading to the Ph.D.

The objective of the program is to develop
advanced competence In the study of science
and technology from a historical and/or social
scientific perspective. Students are expected to
develop a professional mastery of a field of
history or one of the social sciences. They must
also master the underlying concepts in science
and engineering that relate to their special field
of Interest,

The graduate program has two tracks: 1) The
History of Science and Technolo focuses on
the reciprocal influence of socialfrces and
scientific and technological developments in the
last two centuries. 2) The Social Study of Sci-
ence and Technology apples the theories and
methods of the social solences to understand-
Ing the role of science and technology in mod-
em societies, Students with a particular interest
in science and technology polioymay also
pursue this interest through oint work in Sci-
ence, Technoloy, and Public Policy in the
Department of Political Science.

During the first two years, all students take core
proseminars and additional subjects in their
chosen track. Each student has a faculty advisor
who helps design an Individual program of
graduate seminars, tutorials, and research.

pon satisfactory completion of general exami-
nations in the third year, students proceed to the
writing of a thesis, usually with the aid of a
multi sciplinary advisory committee.

Applying. Students from any academic
di= pi are invited to apply. A background in
science or engineering is useful but not
required.

Graduate Study inquiries. For additional
information about the graduate program write:
Director of Graduate Studies, History and Social
Study of Science and Technology, STS, Room
E51 -10, MIT, Cambridge, MA 02139, (617)
253-4062.

General Inquiries

Additional information on the Program In Sci-
once, Technology, and Society may be obtained
from Professor enneth Keniston, Rom
E51 -110, MIT, Cambridge, MA 02139, (617)
253-4062.

For detailed descriptions of subjects in Science,
Technology and Society, see STS 001-910 in
Chapter VIII.

1<
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Sloan School of Management

Management (Course 15)

Sloan School of Mansaement 207

The Sloan School of Management, founded in
1952 as the School of Industrial Management, is
the outgrowth of a pioneering curriculum orga-
nized at MIT in 1914, which combined manage-
ment and engineering education. Since those
early , Course XV, Management, has

ethis unique pattern of education to
Ire undergraduates. During this period many

of the Institute's most distinguished graduates
made their reputations as managers and busi-
ness leaders. However, the gift of Alfred P
Sloan, Jr., in 1962 was the landmark in estab-
lishing a new level and a broader scope in
management education at MIT, and much of the
story of management education at the Institute
has been written since then.

The Sloan School now offers an undergraduate
program leading to the Bachelor of Science in

anagement ce; graduate prorams
leadin to the Master of Sclence in anagement
and the Doctor of Philosophy; a one-year Alfred
P Sloan Program in executive development

leading to the Master of Science in Manage-
ment; and a nine-week Program for Senior
Executives in executive development. In addi-
tion, the Sloan School participates with the
School of Engineering in two interdepartmental
progams. The first, Leaders for Manufacturing.
is a24-month program leading to master's
degrees in both management and engineering.
It is sponsored jointly with the Departmentsof
Aeronautics and Astronautics, Chemical Engi-
neering. Electrical Engineering and Computer
Science. Materials Science and Engineering,
and Mechanical Engineering. The second
interdepartmental offering is the Management of
Technology Program, which leads to a Master's
of Science in the Management of Technology.
Over the past several years the School has
developed a large number of summer subjects
designed primarIly to meet the needs of actic-
Ig pessionals i the various areas of the

's program.

The Sloan School has set as its mission the
development and dissemination of knowledge
for Im ng mangement in the context of a
gl economy with Increasing technological
competition and the need for more rapid
organizational change. In Its efforts, the School
Is committed to educating enterprise managers
- men and women who have the will to
manage and to risk, who can deal with complex
systems, who have Insight into themselves as
well as others, who understand the total
environment in which they live, and who
continue to leam. In fulfilling this commitment,
the School provides students with a solid
grounding in the academic disciplines relevant
to management - economics, mathematics,
and the behavioral sciences - and develops
their awareness of the multiple facets which
characterize Important management problems,
from technical data to human factors. The
School also endeavors to teach students to
make decisions and to move decisively and
responsibly in an increasingly complex world.

The opportunities for such graduates in a soci-
ety full of challenge, both social and technical,
are substantial and growing In fields which
include industrial management and the man-
agement of technology, health services, educa-
tion, and public and urban affairs.

in addition to educating men and women for
management, the Sloan School is equally
committed to research directed at new under-
standing of and better solutions to management
problems. Together, research and education are
mutually reinfrcing goals, and the School is
confident of the continued impact of work done
at MIT in the fields of management and man-
agement education.

Office of the Dean

Lester C. Thurow, Ph.D.
Professor of Management and Economics
Dean

Amodo Cubillos Hax, Ph.D.
Alfred P Sloan Professor of Management
Deputy Dean

Glen Lee Urban. Ph.D.
Dal-ohi Kangyo Bank Professor of Management
Deputy Dean

L
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Sloan School of Management

Professors

Thomas John Allen, Jr., Ph.D.
Gordon Y Billard Fund Professor of
Management

Lotte Lazarefeld Ballyn, Ph.D.
Professor of Organizational
Psychology and Management
(On leave, spring)

Arnold Irwin Bamett, Ph.D.
Professor of Operations Research
and Management

Ernst R. Bemdt, Ph.D.
Professor of Applied Economics

Gabriel Richard Bitran, Ph.D.
The Nippon Telegraph and
Telephone Professor of
Management

John Stephen Carroll, Ph.D.
Professor of Behavioral and Policy
Sciences

John Carrington Cox, Ph.D.
Nomura Professor of Finance

Randall Davis, Ph.D.
Professor of Management Science
and Computer Science and
Engineering
Associate Director, Artificial
Intelligence Laboratory

Stephen C. Graves, Ph.D.
Leaders for Manufacturing
Professor

John Richard Hauser, Sc.D.
Kirin Professor of Marketing

Amoldo Cubillos Hex, Ph.D.
Alfred P Sloan Professor of
Management
Deputy Dean

Chi-fu Huang, Ph.D.
Professor of Finance
(On leave)

Henry Donnan Jacoby, Ph.D.
William F. Pounds Professor of
Management
Chair of the Faculty

Paul Lowls Joskow, Ph.D.
Mitsui Professor of Economics and
Management

Gordon Mayer Kaufman, D.B.A.
Professor of Operations Research
and Management

Thomas Anton Kochan, Ph.D.
George Maverick Bunker Professor
of Management

Donald Roy Lessard, Ph.D.
Professor of Intemational
Management

John Dutton Conant Little, Ph.D.
Institute Professor

Stuart Elliot Madnick, Ph.D.
John Norris Maguire Professor of
Information Technology

Thomas Lee Magnanti, Ph.D.
George Eastman Professor of
Management Science
Codirector, Operations Research
Center
Codirector, Leaders for
Manufacturing Program

Thomas Wendall Malone, Ph.D.
Patrick J. McGovem Professor of
Information Systems

Robert Bruce MoKerele, D.B.A.
Sloan Fellows Professor of
Management
Leaders for Manufacturing
Professor
(On leave)

Stewart Clay Myers, Ph.D.
Gordon Y Billard Professor of
Finance
Director, Intemational Financial
Services Research Center

J. D. Nyhart, J.D.
Professor of Ocean Engineering
and Management

James Berger Orlin, Ph.D.
Professor of Management Science
and Operations Research

Robert Stephen Pindyck, Ph.D.
Mitsubishi Bank Professor of
Finance

Michael Joseph Piore, Ph.D.
Professor of Economics and
Management

William Frank Pounds, Ph.D.
Professor of Management

Edward Baer Roberts, Ph.D.
David Samoff Professor of
Management of Technology

Julio Jacobo Rotemberg, Ph.D.
Professor of Applied Economics

Edgar Henry Schein, Ph.D.
Professor of Management

Richard Lee Schmalensee, Ph.D.
Gordon Y Billard Professor of
Management and Economics
(On leave)

Michael Stewart Scott Morton,
D.B.A.
Jay W. Forrester Professor of
Management
(On leave)

Jeremy Frank Shapiro, Ph.D.
Professor of Operations Research
and Management

Abraham J. Siegel, Ph.D.
Howard W. Johnson Professor of
Management

Thomas Martin Stoker, Ph.D.
Professor of Applied Economics

Lester C. Thurow, Ph.D.
Professor of Management and
Economics
Dean, Sloan School of
Management

Glen Lee Urban, Ph.D.
Da-lohi Kangyo Bank Professor of
Management
Deputy De

John Eastin Van Maanen, Ph.D.
Erwin H. Schell Professor of
Organizational Studies

Eric Arthur von Hippel, Ph.D.
Professor of Management

Roy Elmer Welsch, Ph.D.
Leaders for Manufacturing
Professor
Director, Center for Computational
Research and Economics in
Management Science

Associate Professors

Deborah Giadstein Ancona, Ph.D.
Associate Professor of
Organizational Studies

Anantaram Balakrishnan, Ph.D.
Associate Professor of
Management

Charles Harry Fine, Ph.D.
Associate Professor of
Management Science

Robert Michael Freund, Ph.D.
Elsha Gray 11 Career Development
Associate Professor of
Management Science

Kenneth A. Froot. Ph.D.
Associate Professor of Economics

Paul Healy, Ph.D.
Associate Professor of
Management

Judith Ann Lachman, Ph.D.
Associate Professor of Law and
Management

Andrew W. Lo, Ph.D.
Associate Professor of Finance

Usa M. Lynch, Ph.D.
I.R.I. Career Development
Associate Professor of
Management

Paul Osterman, Ph.D.
Associate Professor of
Management

William J. Quals, D.B.A.
Associate Professor of Marketing

Nancy Un Rose. Ph.D.
Associate Professor of Applied
Economics

David S. Scharfsteln, Ph.D.
Associate Professor of Finance

Jeremy C. Stein, Ph.D.
Associate Professor of
Management

John David Sterman, Ph.D.
Associate Professor of
Management

Robert J. Thomas, Ph.D.
Leaders for Manufacturing
Associate Professor

N. Venkatraman, Ph.D.
Richard S. Leghorn (1939)
Management of Technological
Innovation Career Development
Associate Professor of
Management

Birger Wemerfeft, D.B.A.
Associate Professor of Marketing

Dorothy Eleanor Westney, Ph.D.
Associate Professor in International
Management
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Assistant Professors

Andrew W. Alford, Ph.D.
Assistant Professor of Management

Dimitns Bertslmas, Ph.D.
Assistant Professor of Management
Science

Ravi Bhushan, Ph.D.
Assistant Professor of Accounting

Lael S. Brainard, Ph.D.
Assistant Professor of Management

Erik Brynjolfsson, Ph.D.
Assistant Professor of Management
Science

Wujin Chu, Ph.D.
Assistant Professor of Management
Science

Michael A. Cusumano, Ph.D.
Mitsubishi Career Development
Assistant Professor of Management

Steven D. Eppinger, Sc.D.
Assistant Professor of Management
Science

John C. Heaton, Ph.D.
Assistant Professor of Management
and Economics

Rebecca Marta Henderson, Ph.D.
Assistant Professor of Management

Chris F. Kemerer, Ph.D.
Douglas Drane Career
Development Assistant Professor of
Management Science

Alfredo Marcos Kofman, Ph.D.
Assistant Professor of Management

France LeClerc, M.S.
Assistant Professor of Marketing

Richard M. Locke, Ph.D.
SRI. Career Development Assistant
Professor of Management and
Political Science

Wanda Janina Orlikowski, Ph.D.
Assistant Professor of Management

Michael A. Rappa, Ph.D.
Assistant Professor of Management

James B. Rebitzer, Ph.D.
Assistant Professor of Management

Uri Ronnen, Ph.D.
Assistant Professor of Management

Stephen Schrader, Ph.D.
Assistant Professor of Management

Marcie Jadine Tyre, Ph.D.
Assistant Professor of Management

Karl Ulrich, Sc.D.
Ford international Career
Development Assistant Professor

Jean-Luc Vila, Ph.D.
Assistant Professor of Finance

Jiang Wang, Ph.D.
Assistant Professor of Management

Y. Richard Wang, Ph.D.
Assistant Professor of Management
Science

Lawrence M. Wein, Ph.D.
Assistant Professor of Management
Science

Alwyn Young, Ph.D.
Assistant Professor of Management

J. Nicholas Ziegler, Ph.D.
Assistant Professor of Management

Visiting Professors

Frank J. Fabozzi, Ph.D.
Professor of Accounting and
Finance

Shoji Shiba, Ph.D.
Professor of Management

Thomas Vargish, Ph.D.
Professor of Management

Paul Asquith, Ph.D.
Associate Professor of Finance

Arthur Lewbel, Ph.D.
Associate Professor of Applied
Economics

Deborah J. Lucas, Ph.D.
Assistant Professor of Management

Antonio S. Mello, Ph.D.
Assistant Professor of Finance
(fall)

Kiran Verma. Ph.D.
Assistant Professor of Management

Adjunct Professors

John Joseph Donovan, Ph.D.
Adjunct Professor of Management

James Suren Hekimian, Ph.D.
Adjunct Professor of Management
Julian Keillen, Ph.D.
Adjunct Professor of Management

Mary R Rowe, Ph.D.
Adjunct Professor of Management

Senior Lecturers

Donald F. Ephlin

Jay W. Forrester, DEng.

Daniel Mark Holland, Ph.D.

Richard Alexander MacKinnon,
M.B.A.

Jeffrey Alan Meldman, Ph.D., J.D.
Associate Dean for Student Affairs
Director, Undergraduate Programs

Franco Modigliani, D.Jur,
D.Soc.Scl.. LL.D.

John Fralick Rockart, Ph.D.
Director, Center for Information
Systems Research

Donald Barry Rosenfield, Ph.D.
Project Manager, Leaders for
Manufacturing Program

Maurice Segall, M.A.

Steven H. Star, D.B.A.
Editor-in-Chief, Sloan
Management Review

David 0. Wood, B.S.

JoAnne Yates, Ph.D.

Lecturers

David R. Breaketone, M.A.
Iris Marie Mack, Ph.D.
Alan F. White, S.M.

Administration

Jeffrey Allen Barks, Ph.D.
Associate Dean for Bachelor's and
Masters Programs

Harriet Louise Bamett, M.Ed.
Masters Program Advisor

Emily Barrett, M.S.
Assistant Director, Career
Development Office

Donna Maria Behmer, M.Ed.
Associate Dean for Finance and
Administration

Olimpia E. Caceres, B.A.
Systems Programmer ||

Brent M. Carlton, M.B.A.
Financial Analyst

Sharon Ann Cayley, B.A.
Coordinator, Ph.D. Program

Eleanor Chin, B.A.
Administrative Assistant, Executive
Education Programs

Sarah W. Cliffe, B.A.
Managing Editor, Sloan
Management Review

Paula Budlong Cronin, S.M.
Publisher, Sloan School

Frances O'Neil Cummings, A.S.
Assistant to the Publisher, Sloan
School

Hillary De Baun, B.A.
Undergraduate Program
Administrator

Josephine Marie DiCicco
Faculty and Staff Records Manager

Anne L. Drazen, M.S.
Director of Information Systems

Ray Edwin Faith, Ph.D.
Manager, Sloan Computer Facility

Rod Garcia, B.S.
Coordinator of Master's
Admissions

Norma M. Gicka
Accounting Analyst

Virginia Gifford
Computer Project Coordinator

L
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Peter P Gil, Ph.D.
Director of Special Executive
Programs

Charles R. Grader, Ph.D.
Associate Director of Executive
Education and Director of the
Program for Senior Executives

Allison Carol Creen, M.S.
Associate Editor, Sloan
Management Review

Lucinda Margaret Hill, B.S.
Assistant Director of the Master's
Program and Director of Master's
Alumni/as Relations

Diane B. Katz, S.M.
Director of Master's Admissions

Kim LePage, M.B.A.
Area Administrator

Grace Charlotte Locke
Administrative Assistant

Maria C. Lucas, M.S.
Administrative Coordinator

Emily Frances Magazzu
Database Coordinator

John F Maglio, SM.
Microcomputer Network
Administrator

Jennifer Mapes
Coordinator, Management of
Technology Program

Mary E. Marshall, B.A.
Area Administrator

Judith Mason, S.A.
Coordinator, Senior Executive
Programs

Ellen Nangle, A.S.
Administrative Assistant
Executive Education Programs

Edwin C. Nevis, Ph.D.
Dretor of Exeoutive Program
Development

Ellen F Quaadgras, B.A.
Systems Analyst

Roger A. Samuel, C.E.
Director of Management of
Technology Program

Unda Stantial, M.Ed.
Director, Career Development
Offle

David A. Weber, M.S.
Associate Director of the Master's
Program

Alan Frederick White, S.M.
Associate Dean for Executive
Education Programs
Lecturer

Patricia A.White, B.S.B.A.
Area Administrator

KImberly Zeleny, B.S.
Circulation Manager

Xiaozhong Zhou, Ph.D.
Associate Director, East Asia
Management Studies Center

Professors Emeriti

Sidney Stuart Alexander, Ph.D.
Professor of Economics and
Management, Emeritus

William Filbert Bottiglia, Ph.D.
Professor of Management and
Humanities, Emeritus

Edward Lindley Bowles, D.Sc.
Professor of Industrial
Management, Emeritus

Edward Harry Bowman, Ph.D.
Professor of Management,
Emeritus

Edward Pennell Brooks, D.C.S.
Professor of Industrial
Management, Emeritus
Dean, Emeritus

David Durand, Ph.D.
Professor of Management,
Emeritus

JayW Forrester, D.Eng.
Germeshausen Professor of
Management, Emeritus

Daniel Mark Holland, Ph.D.
Professor of Finance, Emeritus
Senior Lecturer and Assistant to
the Provost

Howard Wesley Johnson, LL.D.
Speclal Faculty Professor of
Management, Emeritus

Franco Modigliani, D.Jur.,
D.Soo.Scl.. LL.D.
Institute Profess. Emeritus
Professor of Economics and
Finance, Emeritus
Senior Lecturer

Leo Benjamin Moore, M.S.
Professor of Management.
Emeritus

Charles Andrew Myers, Ph.D.
Professor of Industrial Relations
Sloan Fellows Professor of
Management, Emeritus

Richard Dunlop Robinson, Ph.D.
Professor of Management,
Emeritus

Eli Shapiro, Ph.D.
Alfred P Sloan Professor of
Management, Emeritus

Phyllis Ann Wallace, Ph.D.
Professor of Management, Emerita

I
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Sloan School of Management

(Course 15)

Undergraduate Study

Bachelor of Science in Management Science
Course XV

The Sloan School of Management offers an
unerraduate degree program based In thefield of management science. It Is particulariy
well suited to students who wish to understand

blems of mana ment within the context of
fndamental dis Inesand, where appropriate,

with quantitative rgor and precision.r hegpro-
gra prvids astrong preparation for graduate

study In management, while at the same time
securing an a antageous market position for
students seeking employment directly upon
graduation.

In recent years, the field of management sci-
ence has grown rapidly In conjunction with
advances in computer technology, in methods
for collecting and structuring lae quantities Af
data, in mathematical programm ngand in the
building of sophisticated mathematical models.
These advances have become increasingly
applicable to the solving of difficult problems in
business, govemment, and other public and
private organizations. The Sloan School's un-
dergraduate proram develops necessary
competence in theunderlying disciplines of

aheatical programming and modeling,
statistics, and computer technology. It also
provides a strong background in the associated
disciplines of managerial psychology and
economics. It then demonstrates applcations
from a variety of functional areas of manage-
ment. Beyond this, each student selects an
option (of four subjects) in one specialized area
such as information technologies, operations
research, marketing research, or behavioral
science.

A number of unrestricted electives are included
in the curriculum and these can be devoted to a
variety of career or personal objectives. Stu-
dents who take subjects in additional functional
aas of management can usually complete
requirements of the Master of Science in Man-
agement in one year after completing the Bach-
eo of Science degree in Management Science.
Substantial exposure to an area of physical
science or engineering, In addition to an educa-
lon in management, can be achieved b a
technically oriented elective program. e en-
courage students who wish a broader general
educatlon to take additional subjects in the
humanities, arts, and social sciences, and to
consider adding a HASS minor. Appropriate
selection of electives should permit a student to
meet admission requirements of medical, law, or
other graduate schools.

Inquiries

For additional information on the undergraduate
curriculum and referral to appropriate faculty
counselors, students may consult the Under-
graduate Program Office, Room E40-148, MIT
ftan School of Management, 1 Amherst Street,
Cambridge, MA 0213, (617) 263-8814.

Bachelor of Science in Management Science

Bachelor of Sclence In Management Science
Course XV

GeneralInstitute Requirement. 17 Subjects

Science Requirement 5
Humanities. Arts, and Social sciences Requirement
(2 subects can be satsfiled by 14.01 and 1402 in the
Departmental Program)i11
Science Distribution Requirement (2 subjects can be satisfied
from among 6.041, 15053. and 18 0 In the Departmental
Program) 3

15.301 in the Departmental Program)

TOTAL Subects

W n D rtmetal Progrme that also eatet
the Genera Institute Requirements (60)

Unrestricted Electives 43-64

Total UnitsRequired for the S.5. Degre Beyond
the General institute Requirement. (01Rs) ISO
NOTE: NO SUBJECT can be counted BOTH as panl of the

o s-subject ER AND as pan of the 8 units required beyond
the OgIwS EVERY subec din the student's departmental
program will count toward one or the other, B UT NOT BOTH.

1
17

PLUS

Depaonental Progam Unite

Subjectname. urfled below are folowed by credif units, and
by prerequiifes eany (corequisites in itaics)
Required Sublects:

6041 Probabilistic Systems Analysis, 12. SID 18.02

1401 Principles of Microeconomics, 12, HASS

1402 Principles of Macroeconomics. 12, HASS

15.053 Introduction to Management Science, 12; SD:
18,02,1805

93

16 075 Applied StatIstIcs, 12. 8 041 *
15 301 Managerial Psychology Laboratory. 12, LAB

15501 Introductory Financial Accounting, 9

18.00 Unear Algebra. 12. SD; 18.02*

Resticted Electue 63 to 64
One of ftle owIg tese aubjects:

1. 00 Introduction to Computers and Engineering
Problem SoMng, 12. SO

8.001 Structure and Interpretation of Computer
Programs, 15

16.564 Information Technology 1,12: 2 10*

Awor m e foting five eub s fa:cI
15.351 Introduction to Technological innovation

Management. 9
15.412 Financial Management 11. 12:156.501*
15664 Management of Human Resources, 9
15761 Operations Management. 9; 15.053*, 8041*
15.812 Marketing Management. 9:60.041'

Opion Subjecfs 2

Four specified subjects in one of the following options.
Information Technologies, Operations Research,
Marketing Research. Behavioral Science

*Altemate prerequisites are listed in the subject description

15 361 and 16.664 cannot both be used to satisfy the Restricted
Elective.

2
Students who have highly motivated Interests mY see00
tions in other areas. Further Information about options andhe
subl they Include Is viable in the Undergraduate Pro.
gram Office (E40-148).

....... . .- Nppw
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Graduate Study

The Sloan School of Management offers oppor-
tunity for graduate work leading to the degrees
of Master of Science In Management and oc-
tor of Philosophy.

Entrance Requirements for Graduate Study

Applications are welcome from college gradu-
ates in all areas of concentration -the humani-
ties, the social sciences, the hsalsclences,
and engineering - but matul must have
ccmpleted formal subjects in differential and
Integral calculus and In macro- and microeco-
nomics. The minimum leve of preparation Is
normally a one-year subject In economic theory
and a one-year subject In calculus. If these
subjects have not been taken In a previous
academic program, they ma be covered by
formal courses prior to enrollment in anticipation
of diagnostic examinations given at the begin-
ning of the first term at the Sloan School.

All applicants, including those from foreign
countries, must take the Graduate Management
Admission Test (GMAT). Information Is available
from the Graduate Management Admission
Council, Educational Testing Service, Princeton,
New Jersey 08541. The Januarest Isthe latest
one appropriate for admissionth following
September. GRE scores are not required and
may not be substituted. Applicants whose native
language is not En lishand who have not
reeived a degree = an English-language
university, must take the Testof English as a
Foreign Language (TOEFL).

Master of Sclence In Management

Degree candidates are admitted in September
to ram of study extending over two
aademicyears.

The two-year Sloan Master's 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 partioular area of Intrsthat
may lead to positions of either general executive
responsibility or technical leadership.

The program follows three distinguishable
though closely related lines: theoretical studies,
applied studies, and practical exposure.

Theoretioal studies aim to improve the stu-
dents understanding of certain fundamental
phenomena and relationships that characterize
the changing world in which managers must
Operate. The principal fields covered by these
studies are economics, behavioral science, and
quantitiativemethods of analysis. The Sloan
School was a pioneer in fitting these rigorous
disciplinary subjects Into the curriculum of a
graduate business school. Although by now
many comparable schools have followed this
lead, the School Continues to be distinguished
from most of Its counterparts by the Importance
it attaches to do Isc* - he studen's basio
powers of analysisandl y the emphast it
places on understanding the economic and
sccialenvironment in whcorganizations
operate. This Inclusion of rigorous work In the

basic disciplines of management has served the
graduates of the School well in dealing with
newly emerIng and increasingly complex
professional challenges.

Applied studies, which occupy the bulk of the
student's time in the second year of the mas-
ter's pram, link the theoretical studies to the
praotial~b ems faced by mangr h
Sloan Sc I offers an unusually wderg of
applied fields, the principal ones being Account-
in Aprled Economics; Corte Strategy
and Poliy; Finance; Human Resource Manage-
ment; Industrial Relations; lnformai.; Technolo-

ge;Itemational Management; Marketing;
Operations ManagementOperations Research
and Statistics; Organization Studies; System
Dynamics; and Technology Innovation. Many
subjects are taught in each of these fields, and
the curriculum allows students considerable
choice. This flexibility enables students to
construct either a general 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. Stu-
dents are thus able to design broad prorams if
they are Interested In Immediate entry Into
general management careers, or more special-
lzed ones If they seek expertiseas a means to
higher-level management responsibility. In either
case, students acquire basic knowledge and
skills essential to general management.

Practical exposure to management takes place
In the Sloan School through a variety of so -
ties. Students in the master'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 the
consulting activities that they carry on for gov-
emment, firms, and other public and priva

zations. In addition, many students
ch e topics for their masterstheses that
involve research In the practice of management
In partioular organizations, industries, or sectors.

The thesis, an MIT requirement for the Master of
Science degree, Is a major component of the
Sloan Master's Program. It offers students,
under the sup ionof their faculty advisors,
the opportuni to practice newly acquired
management skills In the exploration of a single
topic of particular Interest Each thesis normally
represents the orinal contribution of a single
student, althoughin the case of collaborative
research, joint theses are also encouraged. A
third dimension to the thesis concept is the
"project" thesis, in which facuity members
engaged In research activities that lend them-
selves to teamwork may offer groups of stu-
dents the opportunity to explore portions of the
overall study, with each student reporting on a
specific phase. In the Sloan Master's Program
students have the option of completing a
24-unit thesis or a 12-unit thesis plus 12 addi-
tional units of elective work.

Leaders for Manufacturing Program:
Simultaneous Master's Degrees in
Management and Engineer ng

Students hoping to combine graduate educa-
tion in management and engineering, in order
to pursue a career within the manufacturing
industry, may aplyfor the 24-month Leaders
for Manufacturing rogram. This rigorous pro-
gram combines subjects in advanced technolo
gy with management subjects, and involves
on-site research work and close cooperation
with manufacturing companies, The Program is
offered jointiy through the Sloan School of
Management and the Departments of Aeronau-
ics and Astronautics, Chemical Engineering,
Eiectrical Engineering and Computer Science,
Materials Science and Engineering, and Me-
chanloal Engineering in the School of Engineer.
ing. Genera requirements and application
procedures are described in Chapter VI.

Doctor of Philosophy

The purpose of the Sloan School's doctoral
: rmIs to prepare students for careers In

?e0a%lng and research or for nonacademic
positions requiring advanced research and
analytical capabilies. The doctoral program
provides the opportunity to combine In-depth
work in theory with work in broadly defined
"applied" or funotional" fields.

A candidate entering with a bachelor's degree
should be able to complete the program In four
years. The first year is devoted to work in the
p disciplines' of management and to

preliminary work in the student's major and
minor fields. The second year Isprimaril
devoted to the major and minor fields. Finally,
one to two years are required for the doctoral
dissertation.

Breadth Requirement The basic disciplines
referred to before are behavioral science, eco-
nomios, and quantitative methods. Students
may demonstrate competence in each of these
"breadth" areas by passing a qualifying exami-
nation or by successfully completingsubjects
specified by the Ph.D. Committee.

I-
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Programs for Executive
Education in Management

Major and Minor Fields. Candidates must
master the literature, theory, pland ppication of a
major field of concentration as well as a minor
fe. Successful completion of this requirement
i determined by General Examinations. The
major fields currentiy available in the Sloan
School are the following (although individually
constructed majors are possible):

Accounting
Finance
industrial Relations
Information Technologies
international Management
Management of Technological Innovation
Managerial Economics
Marketing
Operations Management
Operations Research and Statistics
Organization Studies
Stataa and Policy

A substantial part of the student's work In the
latter half of the first year and In the second year
is devoted to an independent research project.
The topic, design, and execution of the project
are left to the student, while advice and criticism
are provided bya research advisor and other
interested facui. Upon completion of the
project, the student prepares a document that is
refered to as the "second-year paper."
The doctoral dissertation consists of significant
scholarly research in some area of manage-
ment. Close working relationships with senior
facuity are established early so that the thesis
can be defined as a manageable project as
early as possible. Candidates typically require
one to two years of full-time work to complete
their theses.

Language Requirement

Alfred R Sloan Fellows Program

Each year, the Alfred R Sloan Fellows Program
admits approximately 50 mid-career executives
who have demonstated potential for filling
positions of more general and senior manage-
ment responsibility in the future. These men and
women are sponsored by Industry, government,
and other organizations (or they maap
independently). Approximately one -thrd of the
participantososelcted are from abroad. The
12-month Program, vid ular classroom
work pius close cont with usnoess and
govemment leaders here and abroad, is taken
In conjunction with the regular graduate pro-
gram and leads to the degree of Master of

cence In Management.

MIT Program for Senior Executives

"m Dynamics ThereIs no language requi nt in the Sa The Program for Senior Executives is an inten-
TosdotorlsudetsntShsdoal agrem t nsoa sivenine-week course of study designed for the

Most doctoral students enter the proam with School's proram, althou in some senior-level executive alr in or preparing for
fa clearIdea in mindofamajor fieldofcon- cases the student and his or her advisor decide apoIstionofmaormanageralreponsbility.weiration, and it Is typicall an *applied field." that further study of a foreign languag s e- EnrOlletiOhsnnereporm fee
A appropriate minor fielithen selected - a esrIf the studentIs to workefctvly in hie ntefInclpiudoeah ea omiedtoe
icretial discipline that provides a foundation oermjor field. This is usuall true, for exam- In t efa0.The falrogr Includes I onle-wek

for research in the major ld. The following are p the field of International Management. tptoWashing , D.., to wpolc
examples of natural and usual combinations: makers in the federal govemment, as well as to

Teaching and Research Assistantships Brussels, Belgium, to meet with senior Euro-
Major Fleid Minor Field pean Commission and industry leaders.

Finance Economics
Industrial Behavioral
Relations Science
Marketing Statistics
Operations Operations
Management Research
Organization Behavioral
Stules Science
System Economics
Nynamics
The subject requirements for the major and
ninor fields we not rigid. There are normal
gups of subjects for the standard fields, but
sbtttons of other subjects and Independent
stdy are possible. Regardless of themajor and
mfor fields chosen, a lan of study designed to
peaethe student for General Examinations Is

ed out bythe student and his or her faculty
advisor(s) and submitted to the Ph.D. Commit-
be for approval atrtbeginning of the spring

lnIntestudent's first yew.
General Examinations normally are taken in
Sepember of the thIrd ear of study, after
Completion of the requirement. major
and minor field course work, and a research
= (see below). The exact form of General

s varies from area to area and may Involve
mitten examinations, critiques of research
papers, or review papers on prescribed topics.

all cases, the last stage is an oral examination
Covering both major and minor fields.

Research. The Sloan Sohool is deeply com-
mmld to research, and the phitoophy and
sttr of the Ph.D. prograreflec this
Protuesoh h ommsnt There ae two ses

itls research requirements: the researoh paper
nd the tis.

All graduate students who have completed a
yea (or somet im es a term) of graduate study in Master of Science in Management of

School are eligible to apply for the Technology
approximately 100 part-time research and
teaching ass stantehips available each yew Offered Jointly by the MIT Schools of Engineer-

ing and Management, this is a twelve-month
Inquiries executive education program leading to the

degree of Master of Science In the Mement
For master's brochures and applications, call of Technology. The program Is designed for

253-0449 for master's Information, call men and women with engineering or science
253-3730; for doctoral information, call backgrounds - and five to ten years of work

61 253-7188. Additional Information conoem- experience - who are facing increasing man&-
Ing graduate programs, admissions, and finan- gilresponsibllties on the tehnical side of
oi aid may be o ntaied from the Master's their organization. The curriculum alms at
Program Office, Room E52-112, or the Doctoral peparing managers to bring advances in
Program Office. Room E52-119. MIT Sloan hnology to the marketplace in the form of
School of Management, 50 Memorial Drive, new products and services, and new manufac-
Cambridge, MA 02139. turing processes.

Inquiries

Detailed information about theseprograms may
be obtained from the Executive Education
Programs Office. Room E52-126, MIT Sloan
School of Management, Cambridge, MA 02139,
(617) 263-7166.
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School of Science
Biology (Course 7) Mathematics (Course 18)
Chemistry (Course 5) Physics (Course 8)
Earth, Atmospheric, and Program in Applied Biological
Planetary Sciences (Course 12) Sciences (Course 20)

At MIT, the biological sciences are represented The science departments and the related Inter-
de ran of diiines including cell departmental laboratories offer many opportuni.

iology, microbioay,ochmstry, ties for undergraduate research through the
neurobiology,9deveopmental biology, Undergraduate Research Opportunities Pro.
immunology, molecular bioloy, cancer biology, gram. Through this program, students obtain
metabolism and human nuon, toxicology, firsthand research experience in fields that
and biochemical engineering. The biolo interest them, and leam in a different environ-1
sciences have under one tremendous changes ment from the classroom or instructional labora-
since the discovery cofthe structure of tory. The Undergraduate Seminar Prram
deoxyribonucleic acid (DNA). The Center for provides study and associations with faculty
Cancer Research is closely related to the members in smaller and les formal groups.
Department of Biology. The Whitehead Institute
for Biomedical Research is affiliated with MIT The School of Science also is involved In
and Its faculty members hold appointments in providing arts of the general education of
the Department of Biology. The Whitaker undergraduate students through the Science
College of Health Sciences, Technoloy, and Requirement subjects, Science Distribution
Management has joint programs with e subjects, and Laboratory subjects.
School of Science.

Interdisciplinary laboratories and centers asso-
The physical sciences deal with the widest ciated with the School Include the following:
range of physical phenomena - from the
shortest disaces between particles inside the Francis Bitter National Magnet Laboratory
nucleus to the greatest distances over which we
leam of the structure and substance of the Center for Cancer Research
universe from astronomy and astrophysics. Center for Materials Science and Engineering
In physics at MIT, the four main areas are:
astrohylos; experimental nuclear and particle Cantor for Space Research
physic: solid state, laser, plasma, and stomic Ciia eerhCne
physics; and nuclear and particle theory. A great Clinical Research Center
deal of physics reseach Is carried out In the EnryLbaty
various Interdepartmental laboratories isted Energy Laboratory
here. George Russell Harrison Spectroscopy
In the Department of Chemistry, research and Laboratory
education are carried out in organic, inorganic, Haystack Observatoryphysical, analytical, biological and biophysicalr
chemistry, and In chemical physics. Thoese Laboratory for Computer Sciencesciences are heavily Involved In industry, and
many graduates find their careers in applica- Laboratory for Nuclear ScienceOur continually Increasing understanding of the tions as well as in research.

physical and bioloIcal worlds opens up new Lincoln Laboratory
possibilities of applcations for the benefit of The earth sciences include gelogy, geochem-
humanity, and helps us to appreciate better the istry, geophysics and planetary science, and Plasma Fusion Center
world in which we live. Today we are Increasing- meteorology and physical oceanography. The
ly dependent on science for the knowledge that increased understanding of plate tectonics has Research Laboratory of Electronics
allows us to solve practicalrproblems and to find revolutionized our views of the past and current
better ways of providing for the world's needs. changes In the structure of the earth. The Whitaker College of Health Sciences

increased use of computers In atmospheric and and Technology
Training in science provides a firm basis for oceanographic models has revolutionized our
many types of careers. Scientific training is not understanding of circulation. The Wallace Astro- Detailed descriptions of these laboratories and
only n ed for teaching and research in sci- sical Observatory and the Wallace Geophys- centers may be found in Chapter VI.
ence but also provides an opportun to enter Observatory provide opportunities for
many other professions. Students wtbache- education and research, as do various interde- Office of the Dean
lor's degrees in science often go on to medical partmental laboratories. The Joint doctoralG
school, aw school, business school, and other ram with the Woods Hole Oceanographic Gene M. Brown, Ph.D.
professional schools, inoluding engineering. ns n provides opportunities to be Involved Professor of Biochemistry
Science has, of course, contributed In the most in oceanographic research. Dean
fundamental way to the advancement of tech-
nology, and technology has contributed im r- Mathematics provides a base and language for Evelyn L. P6rez, B.A.
tantly to the advancement of scIence. At M1 all types of research and is an area of actve Assistant Dean for Personnel Administration
the relationshilp between science and technolo- research itself in both the discovery of new
gy are especially close and mutually reinforcing, mathematics and in applyin mathematics in Richard M. Hill, S.M.new ways to Important applied problems. Pure Assistant Dean for Financial Administration
The sciences and mathematics form an Intellec- mathematics Is of Interest in its own right, and it
tual continuum, but for administrative purposes always has led in unexpected ways to a better School Professors Without Departmentalthey are divided into five departments at MIT. understanding of the world. The core of the Affiliation
There are many Interrelations between the program In applied mathematics is concerned
programs of these departments, and the inter- with the mathematical formulations of propaga- Nevin Stewart Scrimshaw, Ph.D., M.D., M.PH.deprtmental laboratories help to form a bridge tion, stability, optimization, cybemetics, statis- Institute Professoreen fields and to provide contact with tics, and random processes.
applications. Vemon R. Young, Ph.D., D.Sc.

Professor of Nutritional Biochemistry
Clinical Research Center

Department of Biology

Richard Olding Hynes. Ph.D.
Professor of Biology
Howard Hughes Medical Institute
Investigator
Head of the Department

Robert Twi'mas Sauer, Ph.D.
Professor of Biochemistry
Associate Department Head

Professors

Gene M. Brown, Ph.D.
Professor of Biochemistry
Dean, School of Science

Arnold Lester Demain. Ph.D.
Professor of Industrial Microbiology

Gerald R Fink, Ph.D.
Professor of Genetics
American Cancer Society Research
Professor of Genetics at the
Whitehead Institute for Biomedical
Research
Director. Whitehead Institute for
Biomedical Research

Maurice Sanford Fox, Ph.D.
Lester Wolfe Professor of Molecular
Biology

Malcolm Lawrence Gefter, Ph.D.
Professor of Biochemistry

Nancy Haven Hopkinn, Ph.D.
Professor of B3logy

H. Robert Horvitz, Ph.D.
Professor of Biology
Howard Hughes Medical Institute
Investigator

David Evan Housman, Ph.D.
Professor of Biology

Vernon Martin Ingram, Ph.D., D.Sc.
John and Dorothy Wilson
Professor of Biochemistry
Director, Experimental Study Group

Rudolf Jaenisch, M.D.
Professor of Biology

Har Gobind Khorana, Ph.D.
Alfred P Sloan Professor of Biology
and Chemistry

Jonathan Alan King, Ph.D.
Professor of Biology

Havey Franklin Lodish, Ph.D.
Professor of Biology

Carl 0. Pabo, Ph.D.
Professor of Biology
(On leave)

Mary Lou Pardue, Ph.D.
Professor of Biology

Sheldon Penman, Ph.D.
Professor of Cell Biology

Uttarn Lal RaBhandary, 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 Biochemistry and
Biophysics

Phillip Allen Sharp, Ph.D.
John D. MacArthur Professor of
Biology
Director, Center for Cancer
Research

Ethan Royal Signer. Ph.D.
Professor of Biology

Anthony John Sinskey, Sc.D.
Professor of Applied Microbiology

Frank Solomon, Ph D.
Professor of Biology

Usa Amelia Steiner, M.D.
Professor of Immunology

JoAnne Stubbe, Ph.D.
Ellen Swallow Richards Professor
of Chemistry and
Professor of Biology

Susumu Tonegawa, Ph.D.
Professor of Biology
Howard Hughes Medical Institute
Investigator

Alexander Jacob Varshavsky, Ph.D.
Professor of Biology

Graham Charles Walker, Ph.D.
Professor of Biology

Robert Allen Weinberg, Ph.D.
Professor of Biology

AssocIate Professors

Steven J. Burden, Ph.D.
Associate Professor of Biology

Marie B. Chow, Ph.D.
Associate Professor of Biology

Brent Hartman Cochran, Ph.D.
Associate Professor of Biology

Leonard Pershing Guarente, Ph.D.
Thomas D. and Virginia W. Cabot
Career Development Associate
Professor of Biology

Monty Krieger, Ph.D.
Latham Family Career
Development Associato Professor
of Molecular Genetics

Eric S. Lander, D.Phil.
Associate Professor of Biology

Paul Thomas Matsudaira, Ph.D.
Associate Professor of Biology

Ronald Davies Graham McKay,
Ph.D.
Associate Professor of
Neurobiology

Richard Charles Mulligan, Ph.D.
Associate Professor of Molecular
Biology

William G. Quinn, Ph.D.
Associate Professor of
Neurobiology

David Henri Raulet, Ph.D.
Robert A. Swanson Associate
Professor in the Life Sciences

H. Earl Ruley, Ph.D.
Associate Professor of Biology

Richard Allen Young, Ph.D.
Associate Professor of Biology

Assistant Professors

Alan Davis Grossman, Ph.D.
Assistant Professor of Biology

Peter S. Kim, Ph.D.
Assistant Professor of Biology

Arthur Douglas Lander, Ph.D.
Edward J. Poltras Assistant
Professor in Human Biology and
Experimental Medicine

Ruth Lehmann, Ph.D.
Assistant Professor of Biology

Kim A. Lewis, Ph.D.
Assistant Professor of Biology

Terry L. Orr-Weaver. Ph.D.
Assistant Professor of Biology

David Conrad Page, M.D.
Assistant Professor of Biology
Assistant Howard Hughes Medical
Institute Investigator

Donald C. Rio, Ph.D.
Assistant Professor of Biology

Hoe-Sup Shin, M.D., Ph.D.
Assistant Professor of Biology

Hermann Steller, Ph.D.
Assistant Professor of
Neurobiology
Assistant Howard Hughes Medical
Institute Investigator

Administrative Officer

Maija K. Ahlquist. B.A.

Senior Lecturer

Leonard S. Lerman, Ph.D.

Instructors

Janice Chang, Ph.D.
Deborah Fonda, M.S.
U-Wen Wang, Ph.D.

Technical Instructor

Patricia Reilly, A.A.S., B.A.

Principal Research Scientist

Nicholas C. Dracopoli, Ph.D.

Research Scientists

David Beeler, M.S.
Christin Frederick, Ph.D.
Oliver Peoples, Ph.D.
Peter Prevelige, Ph.D.
N. Narayana Rao, Ph.D.
Jian-Ping Shi, Ph.D.
Katherine Wan, Ph.D.
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Postdoctoral Associates Professors Emerlt

Ezra S. Abrams, Ph.D. Eugene Bell, Ph.D.
Agnes Ayme-Southgate, Ph.D. Professor of Biology, Emeritus
John Battista, Ph.D.
OlMa Bermngham-McDonogh, John Machlin Buchanan, Ph.D.,
Ph.D. D.Sc.
Shu-ZI Chen, M.S. Professor of Biochemistry,
Bao-lu Chen, Ph.D. Emeritus
Catherine Chow, Ph.D.
Felix Clavere-Martin, Ph.D. Herman Nathaniel Eisen, M.D.
Harold J. Drabkln, Ph.D. Professor of Immunology, Emeritus
Michael Dyson, Ph.D. Jerome Yerael Lettvin, M.D.
MarinmElinM -e PProfessor of Electrical andMaximillan Follettle, Ph.D. Blo ninserin andBradford Friedman, Ph.D. Boenginetng anNrash arian.D.Communications Physiology,Nashwa Gabra, M.D. Eeits
0f Gao, Ph.D.
David Gonda, Ph.D. Irving M. London, M.D.
Maryann Heldi, Ph.D- Grover M. Hermann Professor ofDacheng He, Ph.D. Health Sciences and TechnologyAlan Gordon Herbert, Ph.D. Professor of Biology and Medicine
Lawrence Hobble. Ph.D.
Mark Hochstrasser, Ph.D. Salvador Edward Lurla, M.D., D.Sc.
Nora Catherine Hogan, Ph.D. Institute Professor, Emeritus
Ya-Ming Hou, Ph.D.
James Hu, Ph.D. Boris Magasanik
Sangmee Jo, Ph.D. Jacques Monod Professor of
Thomas Kamradt, M.D. Microbiology, Emeritus
Tetsuhito Kojima, M.D.
Chan Ping Lee, Ph.D. Francis Otto Schmitt, Ph.D.. Sc.D.
Ju Uu, Ph.D. Institute Professor, Emeritus
Olga Lomovskays, Ph.D. Professor of Biology, Emeritus
Ky Lowenhaupt, Ph.D.
Nripendranath Mandal, Ph.D. Irwin Whiting Sizer, Ph.D.
Joseph Miller, Ph.D. Professor of Biochemistry,
Anna Mltrak, Ph.D. Emeritus
Hiroshi Morioka Ph.D. Annaara To iani, Ph.D.
Nicola Mosoufo, Ph.D.Annamarorriani, Ph.D.
Michael Mossing, Ph.D. Professor of Biology, Emerita
Maroo Muds. Ph.D.
Jeffrey Nickerson, Ph.D.
Toshihiro Ohta, Ph.D.
Anita Pal, Ph.D.
Dawn Parsell, Ph.D.
Jorge Plutzky, M.D.
Katya Ravid. D.Sc.
Animesh Ray. Ph.D.
Marek Romanlec, Ph.D.
Jasmit Sarrowa. Ph.D.
Eric Sohmitt, Ph.D.
Sue Stewart, Ph.D.
Nassim Usman. Ph.D.
Katrin Valgeirsdottir, Ph.D.
Umesh Varshney, Ph.D.
David Waugh, Ph.D.
Vem.ia M. Wess, Ph.D.
Helen Wendier, Ph.D.
Edward Winter, Ph.D.
Yanyan XIng, Ph.D.
Kenji Yamamoto, Ph.D.
Ker Yu, Ph.D.
Xlaohua Zhang, Ph.D.

Department of Biology

(Course 7)

Undergraduate Study

The Department of Biology offers undergradu- Bachelor of Science In Biology Bachelor of Science in Biology
at., graduate, and postdoctoral training [n basic Course Vil Course ViI
biolog , and in a variety of biological fields of

clzation. The quantitative aspects of 1Wo rams are offered leading to the Bache- Degree requirements applicable to the Class
=iooy.Inoluding molecular biology, blochemis- ior oSNs in Bioloy. The currioulum is entering MIT in September 1990 (Class of 1994)
tiy, genetsa cell biology, represent the designed to prepare students for a professional and subsequent Ulassee*.
core of the program. Students in the Depart- career in the area of the biological sciences.
ment are encouraged to acquire a solid Graduates of this program are well prepared for owwnainmute Reaemente 17 sublect
background in the physical sciences not only to positions In Industrial or research Institutes._._.......
mer the applicatione of mathematics, However, experience has shown that most
physics, and chemistry to biology, but also to graduates probably will choose to continue their Science Requiren6nt
develop an Integrated scientific perspective. The education at graduate schools in order to obtain HumanitIes. Als, and Socla Sciences Requirement Ivarious programs, em p hasizing rcia a Ph.D. In an area such as biochemistry, micro- Science Distribution Requirement (2 subjects canvexpr on c e a ini mum of foral biology, genetics, biophysics, call biology, or se e on among 5.12,o5.0, and 7.01,703. or 7.05 Inatory exercises with ample opportunities for physology, followed by research or te ing in the Departmental Program) 3
research work both In project-oriented one of these areas. The undergraduate curnou-
laboratory subjects and in the Departrent's lum Is also excellent preparation for students Laboratory Requirement (can be satisfied by 7.011In the
research laboratories. Students at all levels are who wish to continue their education toward an Prpannan o
encouraged to acquire familiarity with advanced M.D., particularly if their career plans include TOTAL Subects 17
research techniques and to participate in laboratory investigations bearing on human PLUS
seminar activities. disease.

Departmental Program Unite
Bachelor of Science as Recommended
by the Department of Biology sueel ow arfonowed by credtunt, and by
Course ViI-A prerequ ns Iany (corequateaIn 6 nc0)

Requied subjeote: 1

Course VII-A Is designed for students who wish 5.11 Principles of Chemical Science,2 12
to obtain a background in biology as prepara- 6.2 Og ner1So
tion for oareers without laboratory research such
as medicine, graduate study of osychology, or 6.o Chemical Thermodynamics, 12, s0: 18.02
management studies. Course V- has e 701 introduction to slology.3 12. So

sm reuirements as Course VII except that it
does n require a 24-unit laboratory subject, 7011 Introduction to Experimental
and thus allows 24 additional units In unre- Biology, 15, LAB; 7.01 or 7.05

stricted electives over the Course VII Program 7.03 Genetics.12, So
so that students can plan their programs'to suit 7.05 General Bochemistry. 12, So; 5.12
their particular os. Further details may be
obtained from gosDepartment. 7.06 Clil Biology, 12; 7.05

7.08 Molecular Biology, 12; 7.03 and any one of
Additional Information regarding undergraduate 701. 7011. 7.05
academic programs, research opportunities
admissions, financial aid, etc., may be obtained
from Biology Headquarters, Undergraduate Restieted Eeellvee: 50
ScretarvRoom 56-511, Cambridge, MA Three 12-unit subjects offered by the
02139. (817) 253-4718. Department of Biology for which 7.03

and/or 7.05 are prerequisites
Students should use their elective subjects for One of the 24-unit project laboratory sublects
more advanced subjects in their field and for in the Department curriculum. Those currently
additional study In basic and advanced subjects offered are
offered In various departments. 713 Experimentai Microbial Genetics.

24; 7 011. 7.03, 7 .0

7.14 Experimental Drosophila Molecular Genetics.
24; 7.011.7.03. 7.05

7.15 Experimental Molecular Biology:
Slotechnology1, 24:;7.011, 703.7.05

7.18 Experimental Molecular Biology:
Biotechnology i, 24; 7.011,
7.03,.7.05

Units hIDepartments! Proramthat also satesfy
the seoelInstituto Reqsire(39)

BOW 7.011 or 5.311 satisftes the institute Laboratory Require
mi. However. both orthelrequivalentare required inordertosat-
ly medical school entrance requirements. re ts applicable to sesenterMIT Total unite qued r the .. eyond

pI o t Sptmber196, please see the 19"004 0 i he 10= 101ul ~lrrss(11111 S
2 requirements are similar to those given above: in the esaler the Genera Institute Requirements (Olne) 150

a whotakse5.11 tofullil the General Institute Requirement progrm vr. 18.05 isa required sublect and 7.06 ls& NOTE: NO SUBJECT can be counted 9BTH aspatof the
Wr Chemnistry must take 12 additional units of Unrestricted Ee- r strce lective. Students In thos ear~ler classes who would 17-sub c ii Ne pr fte10 unsreuedbyd
Its prefer to complete their degree requirements under the nethehe GiRs EVRY su art Inthe students de bmenta d

program will be allowed to do so If they Inform Department progra ilcudtwr n rteoher., N OmH
Hejdquarter of their intention In wt during the 1900 fail rem w count toward one or the othe.NOT

Additional restricted elective may be substituted for 7.01 term
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Department of Chemistry

Graduate Study

The Department of Biology offers graduate work
leading to the Doctor of Philosophy. Study may
be pursued in the following fields of
specialization.

Biochemistry - the study of enzyme oatalysis,
and the chemical properties of proteins, carbo-
hydrates, complex lpids, nuclec acids, and
protein-nucleIc acid complexes. Methods of
analysis Include gene cloning, the use of genet-
lo variants, synthetic substrates, and transition
state analogs. 8 ific areas of study include
the chemisty of oncogenes, the mechanism of
RNA splicing, analysis of cytoskeletal proteins,
the chemistry of blood coagulation, the mecha-
nism of Ion pumps and photoreceptors, and the
role of complex carbohydrates In cell surface
function and protein compartmentalization.

Genetics/Microbiology - genetic analyses of
fundamental problems in bacteria, bacterio-
phage, viruses, and yeast. Areas of specific
nterest Include protein secretion, DNA transpo-
sition, protein tumover, DNA synthesis and
repair, mechanisms of genetic recombination,
and electron transport in mitochondria. More
complex problems under study are cellular
responses to stress, plant-bacterial Interactions.
high-resolution structure-function studies of
proteins and tRNAs, and the control circuits
regulating gene expression. A new area of study
Is e application of high-resolution molecular
techniques to problems in human genetics.

Cell Biology - molecular biological, genetic,
and cell biological analysis of sukaryoflo cells.
The specific areas of research include the
organization, expression, and regulation of
eukaryotic genomes; the structure and function
of membranes and cytoskeletons; the molecular
basis of cellular structure, organization, prolifera-
tion, 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
underlie the folding, stability, molecular design,
and assembly of proteins and nuclelo acids.
Analysis of molecular structure by X-ray crystal-
lography and NMR. Specific areas of concentra-
tion include the study of genetic strategies for
enhancing the stabiliand affinity, and
catalytico effioliency of prons and enzymes;
pathwasof protein folding: protein-nucleic acid
renogr k and antigen-antibody Interactions.
Studeof more complex systems include the
control of viral and cytoskeletal assembly.

Developmental Biology - the cellular, genetic,
and molecular mechanisms responsible for 1)
"ating the diversity of cell types that arise
uring development and 2) controlling the ways

in which cells interact to produce organ systems
and whole organisms. These problems are
studied usin vertebrates (birds, amphibians,
mammals), invertebrates (nematodes, sea
urchins, fruit fles) and pl (Arabldopsla).
Specific topics ofiInterst Include the rulation
ogene expression, cell interactions, line-
ages, cell migrations, and the mechanism of sex

deemnaLn

immunology - the study of the genetic, cellu-
lar, and molecular mechanisms underlying the
exquisite sensitivity 5,;.d specificity of the Im-
mune system. The immunology group studies
the chemistry of antign-antioy and anigen-T
cell receptor Interactons, using the tools of
molecular biology as well as classical immuno-

oa T roaches fFr ua nterest is the
ro e of itypic and cel ular interactions In the
regulation of the immune system as studied by
organ culture, hybridoma technology, and the
behavior of transgenic mice.

Neurobiology. Neurobiology is an area of
recent emphasis in the Department. We
currently offer a subject in general neuro-
biology, supplemented by a seminar series and
an in er-laboratory journal club. The emphasis
here Is molecular, primarily using cell-biological,
developmental, and genetic apprcaches.
Present areas of research interest include the
molecular determinants of neurons] diversity
and shape; of oell-adhesive, cell-inductive, and
synaptic interactions; and the genetic and
molecular determinants cf cell-lineages,
memory storage, and sensory transduction.

Entrance Requirements for Graduate Study

In the Department of Biology, the Master of
Science is not a prerequisie 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. In the Departmental pro-
gram, each graduate student is expected to
acquire a solid background in four fundamental
areas of biology: biochemistry, genetics, cell
biology, and molecular biology. Most students
take subjects in these areas during the first year.
All students are required to take three subjects:
Genetics, Biochemistry for Graduate Students,
and Method and Logic in Molecular Biology.
This last subject is a seminar designed specifi-
cally to introduce graduate students to in-depth
discussion and analysis of topics in molecular
biology.

Students also have a choice of several elective
subjects, which have been designed for the
entering graduate student. In addition to provid-
Ing a strong formal background in biology, the
first-year program serves to familiarize the
students with faculty and students in all parts of
the department

Joint MIT-Woods Hole Oceanographic
institution Program
Course Vii-W

Biological Oceanography. MIT and WHOI
administer a ointtproram in biological ocean

ograpy ba to aointly awarded Doctoraof
Philosophy. For details of this program, see the
Joint Program in Oceanograph and Oceano-
graphic Institution, at the end ofthis chapter.

Financial Support

Students who are accepted into the graduate
program are generally provided with support
from departmental training grants, departmental
funds for teaching assistants, and research
grants in addition, some students bring NSF
and other competitive fellowships. Through
these sources, full tuition plus a stipend for
living expenses are provided-

Students are encouraged to apply for outside
fellowships for which tey are eligible, suchas
the National Science Foundation Fellowships.
Information regarding graduate student fellow-
ships is available at most colleges from the
career planning office.

Inquiries

Additional information regarding graduate
academic programs, research activities, admis-
sions, financial aid, and assistantships may be
obtained from Biology Headquarters, Graduate
Administrator, Room 56-524, MIT, Cambridge,
MA 02139, (617) 253-4738.

Mark Stephen Wrighton, Ph.D.
CIBA-CEIGY Professor of
Chemisten
Head of the Department

Professors

Robert Amold Alberty, Ph.D., Sc.D.
Professor of Chemistry

Glenn Allen Berchtold, Ph.D.
Professor of Chemistry

Klaus Blemann, Ph.D.
Professor of Chemistry

George Hermann BOOhi, D.Sc.
Camille Dreyfus Professor of
Chemistry

Sylvia Teresse Ceyer, Ph.D.
Professor of Chemistry

Rick Lane Danhelser. Ph.D.
Professor of Chemistry

Alan Davison, Ph.D.
Professor of Chemistry

John Mark Deutch, Ph.D., Sc.D.
Karl Taylor Compton Professor of
Chemistry
Provost

John Martin Essigmann, Ph.D.
Professor of Chemistry and
Professor of Toxicology, Whitaker
College

Robert Warren Field, Ph.D.
Professor of Chemistry

Carl Wesley Garland, Ph.D.
Professor f Chemistry

Frederick Davis Greene 1i, Ph.D.,
So.D.
Professor of Chemistry

Robert G. Griffin, Ph.D.
Professor of Chemistry
Associale Olreotor Francis Bitter
National Magnet Laboratory

Daniel Schaeffer Kemp, Ph.D.
Professor of Chemistry

Har Gobind Khorana, Ph.D.
Alfred P Sloan Professor of Biology
and Chemistry

Alexander M. Kilbanov, Ph.D.
Professor of Chemistry

Stephen James Uppard, Ph.D.
Arthur Amos Noyes Professor of
Chemistry

Satoru Masamune, Ph.D.
Professor of Chemistry

Mario J. Molina, Ph.D.
Professor of Earth, Atmospheric
and Planetary Sciences
Professor of Chemistry

Irwin Oppenheim, Ph.D.
Professor of Chemistry

William Henry Orme-Johnson,
Ph.D.
Professor of Chemistry

Julius Rebek, Jr., Ph.D.
Professor of Chemistry

Richard Royce Schrock, Ph.D.
Frederick G. Keyes Professor of
Chemistry

Dietmar Seyferth, Ph.D.
Robert T. Haslam and Bradley
Dewey Professor of Chemistry

K. Barry Sharpless, Ph.D.
Arthur C. Cope Professor of
Chemistry

Robert James Silbey, Ph.D.
Class of 1942 Professor of
Chemistry

Jeffrey Irwin Steinfeld, Ph.D.
Professor of Chemistry

JoAnne Stubbe, Ph.D.
Ellen Swallow Richards Professor
of Chemistry
Professor of Biology

Steven Robert Tannenbaum, So.D.
Professor of Chemistry
Professor of Toxicology, Whitaker
College

John Stewart Waugh, Ph.D.
Institute Professor of Chemistry

Gerald Nornan Wogan, Ph.D.
Underwood-Prescott Professor of
Txcology
Professor of Chemistry
Director. Division of Toxicology,
Whitaker College

Associate Professors

Stephen Leffler Buchwald, Ph.D.
Associate Professor of Chemistry

Keith Adam Nelson, Ph.D.
Associate Professor of Chemistry

Philip Wirth Phillips, Ph.D.
Associate Professor of Chemistry

Douglas C. Youvan, Ph.D.
Associate Professor of Chemistry

Assistant Professors

Moungi G. Bawendl, Ph.D.
Assistant Professor of Chemistry

Peter Thomas Lansbury, Jr., Ph.D.
Assistant Professor of Chemistry

Hans-Conrad zur Loye, Ph.D.
Assistant Professor of Chemistry

Senior Research Scientist

Catherine Elizabeth Costello, Ph.D.

Principal Research Scientist

William M. Davis, Ph.D.

Undergraduate Laboratory
Director

Leslie A. Whitaker, Ph.D.

Technical instructor

James Alexander Simms

Administrative Officer

Marc Bennett Jones

Graduate Office

Marion A. Curley

Financial Administrator

Joan Marie Hutchins

Personnel Administrator

M.-T. Kouo

Undergraduate Office

Melinda L. Glidden

Professors Emeriti

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.,
Sc.D.
Professor of Chemistry, Emeritus

John Clark Sheehan, Ph.D., So.D.
Professor of Organic Chemistry,
Emeritus

Clark Conkling Stephenson, Ph.D.
Professor of Chemistry, Emeritus
Senior Lecturer

L
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Department of Chemistry

(Course 5)

Undergraduate Study Graduate Study

Bachelor of Solence in Chemistry Bachelor of Science In Chemistry The Department of Chemistry offers the Mastercourse V Course V of Science in Chemistry, the Doctor of Philoso-
phy, and the Doctor of Science. The subjects

The Department offers an undergraduatepro- offered for these derees aim to developa
ram sufficiently flexible in it electives to pro- sound knowledge of fundamentals and a famil-de excellent paration for careers in many in Ieme7 aute a with current progress in the most activedifferent areas of chemistry. The Course is an important areas of chemistry. in addition to

designed to provide an u on based on science Requement studying formal subjects, each student under-science bohfor thoee who intend to goeon to takes a research problem that forms the core ofraduate study and for tho e who intend to Humanities. Arts, and social Sciences Requirement a graduate work. Through the experience ofmediately pursue professional careers In ScienceD istribution Requaeet (sublec can conducting an investigation leading to theeither chemistry or an allied field in which a be satisfied by 5.12. 5.00. or 5.61 in the master's or doctoral thesis, a student leamssound knowledge of chemistry is important. Departmenta Program a general methods of approach and acquiresStudents receive thorough InstructionIn the Laboratory Requirement [can be sastifted training in some of the specialized techniques of
principles of chemistry, supplemented b a firm by .311In the Departmental Program] research.
foundation in mathemtics, yalsc, the uma- TOTAL Subjets 17 The area of research in the Department are
nities, and other subjecTh epartmentalThrasoreach in the Deoontaren
Program is occredited by the American Chemi- PLUS organic, Inr an
cal ociety. biophysical cemi biochemistr;and chemi-
Unrestricted elective time allows students to Departimenal Prtgram Units than one of these fields. Some of the researchextend their knowledge in areas of special activities of the Department are carried out inInterest. Those intending to do graduate work Subjer names beloware &kowdbcredir unt, and by association with the work of various Interdisci-may elect sub eits In the Department or in other prerequistres if any (corequistes in Ces)pinary laboratories and centers such as thedepartments at give them more detailed Requied Subecits: 12 the Research Laboratory of Electronc, and theknowledge In the areas In which they wish tonrnuo Pdnciples of Inorganic Chemistry 1.12:5.12StrschyLaboraryfespecialize. Students who pian to enter Industry 50 PrniesrEnrancceityI1251 SptocpyLbaoydsiednChtr
may elect subtthat offer the fundamentals 6 11 Principles of chemcaScience'. 12 . These interdepartmental research laborato-In a selected field of science, engineering, or 5 12 Organic chemistry 1. 12. SO.:511 rie provide stimulating interaction among thethe humanities and social sciences. Five-year research prorams of several MIT departmentsprograms may also be elected that lead to 5.13 Organic chemistry 11. 12:511.56.12 and give students the opportunity to becomesimultaneous Bachelor of Science degrees in 5311 introductory chemical Experimentation. 12. As: famlirar with research work in disciplines othertwo fields of specialization. 512 than chemistry. Detailed information on the

532 ntemedateChe" Epermenatln, 6 research atvles of the faculty can be found In
The student's faculty advisor can offer sugges- *.31".13," 0 cstericrory ofGreduate Researcpushedtions for elective subjects that are of value InbyteA riaChmclSit.prepa on for speuilzation In the various 5.33 Advanced Chemicalnstrumentation, 21; by the American Chemical Society
bro areas of chemistry. The proper choice of 6,32. &01 During the first term of residence, all graduateelectives is particulary important for students 60 Chemical Thermodynamics' 12. So; 18.02 students are encouraged to select researchplanning to continue thelr education in a gradu- 51 Physical Chemistry. 12. S: O:02. 1802 supervisors who serve as advisors for the bal-ate school. ance of their graduate careers. In particular, theoverall program of raduate subjects to beCourse V also aims to develop a strong ground- Restdcted Electives: 24 taken is esalish by each student and theIng In research principles and experience, and At lastor M oeonorn subeca: research supervisor. In planning this programthe curriculumn may Include a research project and in establishing the -n eels problem, careful
gvng students op nities to demonstrate 504 Principles 'r inorganic chemistry i, 12.5s03 consideration Is given to the candidate's aca-aptitude for creatieefforts. .43 organic Chemistry. 12;.513 demic record and professional experience, as

S 82 Physical chemisty. 12 .00 well as to long-range objectives.
Inquiries 

Entrance Requirements for Graduate Study
Additional information may be obtained from the "it~ " "ts"'eaInet PRe tat lse
Chemi Deprtment, Undergraduate Office, equirem(nt_24) Students Intending to pursue graduate work inRoom 2-5, IT Cambridge. MA 02139, (617) the Department should have excellent under-263-7271. unmottd meet ve* sg graduate preparation in chemistry. The Depart-

ment, however, is flexible with respect to thespecific mathematics and physis propaatin;
ToeunieRequled for the 8s. ereo the essential requirement isidemonstration ofithe General institste Neqemente 011111) 5 ability to progress with advanced study and
NOTE: NO SUBJECT can be counted BOTH as part of the research In som area of special interest.
17suWet tIs AND as part of the 100 units required beyond

the etR. EVERY subject in the students deparmental
program wil count a one or the other BUT NOT BOTH Mathematics and physics are imp tprereq-___________________________ uisites for graduate work In physcall chemistry

or chemical physics, whereas lose preparationin these areas is required for work in organic
chemistry.

Applicants for financial assistance from theDepartment of Chemistry are requested to
*ltemate prerequisites are lusted in the subject description submit scores from the Verbal and Quantitative
1 sections of the Graduate Record Examination.
Students who eke .11£ fulfti the Geeral institute Require- Scores on the Advanced examinations arement In chemistry must take 12 additional units ofrlunrestricted optional.
Electves.

L

r

Although doctoral studies are the principal focus
of the graduate program in the Department of
Chemistry, applications are also accepted from
students who do not wish to go beyond the
Master's degree, Applicants whose ultimate goal
is the Ph.D. or Sc. D. should apply to the Depart-
ment as doctoral students, since the Masters
degree is not a prerequisite for the Ph.D. or
So.D. In Chemistry at MIT

Inquiries

Correspondence about the graduate program
or appointments should be addressed to the
Chairman of the Departmental Committee on
Graduate Students, Professor G. A. Berchtold,
Chemistry Graduate Office, Room 18-392, MIT,
Cambridge, MA 02139, (617) 253-1845.

Master of Science in Chemistry

The general requirements for the Master of
Science are listed In Chapter IV.

Doctor of Philosophy and
Doctor of Science

The Department does not have any formal
subject requirements for the doctoral degree.
Each student, with advice of a research suporvi-
r pursues an individual program of study that

is pertinent to lon-range research interests.

Written major examinations are cumulative.
Separate examinations in biological, Inorganic,
organic, and physical chemistry are offered
each month during October through May. The
examinations demonstrate an understanding of
the important principles of each field, and most
of the examinatione are based on recent semi-
nars and current literature. Six cumulative
examinations must be passed to complete the
writtenmajor examination. No fixed time limit Is
set for completion of this requirement; however,
progress Is reviewed periodically. No other
gneral written examinations are required. In
particular, no qualifying (or "entrance") examina-
tions are given.

A comprehensive oral examination in the
candidates major field of advanced study is
held nearthe end of the third term of residence.
Progress In the student's research Is also
examined at that time. A final oral presentation
on the subject of the doctoral research is
scheduled after the thesis has been submitted
and tentatively evaluated by a committee of
examiners.

Teaching and Research Assistantships

The Department appoints a number of degree
candidates as teaching assistants who are
usually assigned to laboratory subjects or to
discussion sections of lecture subjects. Many
students receive appointments to research
aselstantships after their first year, and Depart-
mental fellowships also are available. Financial
support after the first academic year Is provided
for students who maintaln a satisfactory record,
subject to the availability of funds.
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Department of Earth, Atmospheric,
and Planetary Sciences

Thomas Hillman Jordan, Ph.D.
Robert R. Shrock Professor of
Earth and Planetary Sciences
Head of the Department

Professors

Edward Allen Boyle, Ph.D.
Professor of Chemical
Oceanography

Burrell Clark Burchfiel, Ph.D.
Schlumberger Professor of
Geology

Roger George Bums, Ph.D.
Professor of Geochemistry

Charles Claude Counselman Ill,
Ph.D.
Professor of Planetary Sciences

John Marmion Edmond, Ph.D.
Professor of Ooesnography

James Ludlow Elliot, Ph.D.
Professor of Astronomy and
Physics
Director, George R. Wallace, Jr.,
Astrophysical Observatory

Kerry Andrew Emanuel, Ph.D.
Professor of Meteorology
Director, for Meteorology and
Physical Oceanography

Glenn Richard Filer, Ph.D.
Professor of Oceanography

Frederick August Frey, Ph.D.
Professor of Geochemistry

Bradford H. Hager, Ph.D.
Cecil and Ida Green Professor of
Earth Sciences

Richard Siegmund Undzen. Ph.D.
Alfred P Sloan Professor of
Meteorology

Marcia K. McNutt, Ph.D.
Professor of Marine Geophysics

Theodore Richard Madden, Ph.D.
Professor of Geophysics

Mario J. Molina, Ph.D.
Professor of Atmospheric
Chemistry and Chemistry

Reginald Edward Newell. Sc.D.
Professor of Meteorology

Gordon Hemenway Pettengill,
Ph.D.
Professor of Planetary Physics
Director, Center for Space
Research

Raymond Alan Plumb. Ph.D.
Professor of Meteorology

Ronald George Prinn, Sc.D.
Professor of Atmospheric
Chemistry
Director, Center for Global Change
Science

Sean Carl Solomon, Ph.D.
Professor of Geophysics

John Breisford Southard, Ph.D.
Professor of Geology

Peter Hunter Stone, Ph.D.
Professor of Meteorology

M. Nafi Toks6z, Ph.D.
Professor of Geophysics
Director, Earth Resources
Laboratory
Director, George R. Wallace, Jr.,
Geophysical Observatory

Carl Isaac Wunsch, Ph.D.
Cecil and Ida Green Professor of
Physical Oceanography

Associate Professors

Randall M. Dole, Ph.D.
Associate Professor of Meteorology

J. Brian Evans, Ph.D.
Associate Professor of Geophysics

Timothy L. Grove, Ph.D.
Associate Professor of Geology

Thomas A. Herring, Ph.D.
Kerr-McGee Junior Development
Associate Professor of Geophysics

Kip V. Hodges, Ph.D.
Associate Professor of Geology

Daniel H. Rothman, Ph.D.
Associate Professor of Geophysics

Paola Malanotte Rizzoli, Ph.D.
Associate Professor of
Oceanography

Leigh H. Royden, Ph.D.
Associate Professor of Geology
and Geophysics

Earle R. Williams, Ph.D.
Associate Professor of Meteorology

Jack Wisdom, Ph.D.
Associate Professor of Planetary
Sciences

Assistant Professors

Richard P Binzel, Ph.D.
Assistant Professor of Planetary
Sciences

Timothy E. Dowling, Ph.D.
Assistant Professor of Planetary
Sciences

John P Grotzinger, Ph.D.
Assistant Professor of Geology

Visiting Professor

Claude J. Frankignoul, Ph.D.
Professor of Oceanography

Senior Lecturers

John Carl Foster, Ph D
Richard D. Rosen, Ph D
Joseph E. Salah, Ph.D.

Lecturer

John M. Holt, Ph.D.

Honorary Lecturer

Cecil H. Green, S.M. D.S.C., LL.D.

Administrative Officer

Pamela Phillips, M.B.A.

Administrative Staff

Anita Killian, B.S. M.S.
Katherine Ware, B.A.

Senior Research Scientist

Peter Molnar, Ph.D.

Principal Research Scientists

Teresa Bowers, Ph.D.
Chuen Hon Cheng, Sc.D.
Edward Dunham, Ph.D.
Robert W. King, Jr., Ph.D.
Lulsa Molina, Ph.D.
Robert Rellinger, Ph.D.

Research Associates

Eric Bergmar., Ph.D.
Andrew Campbell, Ph.D.
Ralph Markson, Ph.D.
Stephen Meacham, Ph.D
Steven Recca, M.S.
Alexander Rechester, Ph.D.
Roger Turpening, Ph.D.
Roberta Young, PhD.

Research Engineer

Spiros Geotis

Research Specialists

Timothy Barash, B.A.
Carol Blackway Caravana, M.S.
Irene Ellis, B.S.
Barbara Grant, M.S.
Pillalamarri la, Ph.D.
Charmalne King, B.S.
David Krowltz, B.S.
Jane Maloof, B.S.
Unda Meinke, B.S.
Richard Meserole
Diana Spiegel, M.S.

Research Staff, Administrative

Sara H. Brydges, B.S.
Jane S. McNabb, B.A.
Albert L. Taylor

Postdoctoral Associates

Jerome Benvenste. Ph.D.
Gregory Beroza, Ph.D.
Kelly Kenison Falkner, Ph.D.
Ichiro Fukumori, Ph.D.
Und Gee, Ph.D.
Christopher German, Ph.D.
John Goff, Ph.D.
Keith Hanes, Ph.D.
Eugene Lovely, Ph.D.
Ronald Miller, Ph.D.
Robert Sherrell, Ph.D.
Paul Wooldridge, Ph.D.
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Visiting Scientists

Bruce Anderson, Ph.D.
Anton Dainty, Ph.D.
Amram Golombek, Ph.D.
Katherine Kadinsky-Cade, Ph.D.

Research Affiliates

Norman Gaut, Ph.D.
Robert Heinmiller, Ph.D.
Robert Krachnan, Ph.D.

Professors Emeriti

James Murdoch Austin, Sc.D.
Professor of Meteorology, Emeritus

William Francis Brace, Ph.D.
Professor of Geology, Emeritus

Harold Williams Fairbaim. Ph.D.
Professor of Geology, Emeritus

Patrick Mason Hurley, Ph.D.
Professor of Geology, Emeritus

Edward Norton Lorenz, Sc.D.
Professor of Meteorology, Emeritus

William F. Pinson, Jr., Ph.D.
Associate Professor of Geology,
Emeritus

Frederick A. Sanders, Ph.D.
Professor of Meteorology, Emeritus

Robert Rakes Shrock, Ph.D.
Professor of Geology, Emeritus

M. Gene Simmons, Ph.D.
Professor of Geophysics, Emeritus

Hurd Curtis Willett, Ph.D.
Professor of Meteorology, Emeritus
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Department of Earth, Atmospheric,
and Planetary Sciences

(Course 12)

Undergraduate Study

The Department of Earth, Atmospheric, and Students are encouraged to take advantage of Undergraduate Research. Each student IsPlanetary Sciences offers the bachelors degree the offerings in the Undergraduate Seminar required to undertake a minimum of 12 units ofin earth, atmospheric, and planetary sciences, Program and the Undergraduate Research research supervised in the Depat or, inand the master's and doctoral degrees In earth Opportunities Program to become involved in certain cases, elsewhere at MIT or cuteide MITand planetary sciences, in meteorology, and in the fields of earth and planetary sciences, by special arrangement. Many students takeoceanography. meteorology, and oceanography. siinfoantly more, and some petition the Com-
mattc non Curricula to have this research satisfyObservations of the sky, sea, surface, and the Bachelor of Science in Earth, Atmospheric, the Institute Laboratory Requirement as well. Byplanet'sinterior inspire ingenious syntheses of and Planetary Sciences petition to the departmental Undergraduatephysics, chemistry, and mathematics. Depart- Course Xii Committee, students may satisfy the depart-ment programs employ the basic sciences to mental research requirement with projects onunderstand the origins, evolution, composition, which they have worked for pay rather than forand structure of the Earth and other planets. The Department offers undergraduate prepara- credit, either within the Department or else-

aid to explain phenomena as diverse as the tion for professional careers in a wide range of where, provided that the en can demon-
m tions of continents, asteroids, and weather fields In earth and planetaysciences. merol- strate that the activity constitutes a substantiale',stems. ogy. and oceanography. Some students con- research experience.centrate in one or more of these specific fields;
Department faculty members teach and con- others choose to combine basic studies in
duct research in a broad range of subjects, mathematics, physics, chemistry, or engineering Bachelor of Science In Earth, Atmospheric,
including mineralogy-crystallography, sedimen- with applications to earth, atmospheric, and and Planetary Sciences
tology petrology, rock mechanics, geochemis- planetary sciences. Students interested in Course Xil
try, c emical oceanography, geochronology, environmental science can take advantage of
tectonics, geodesy, seismolog, geomagnetism the new Center for Global Change Science, now
and geoelectricity, heat flow, gh-pressure being created, which will give special emphasis oeneralineuite.Requie e de 17 5Wbecsgeophysics, geophysical fluid dynamics, obser- to environmental science and will build upon equiren__ nte___sublt__
vational and dynamical meteurology, atmo- existing programs in hydrology, meteorology,
spheric chemistry, atmospheric electricity, and oceanography science Requirement5physical oceanography, marine geology and
geophysics, optical and radar astronomy. d- The curriculum for the Bachelor of Science in Humanities Art. and Social Sciences Requirement II
namical astronomy, comets and meteors, plane- Earth, Atmospheric, and Planetary Sciences science Distribution Requirement (2 sublects cantary rings, and planetary atmospheres. allows great flexibility in arranging an Indivdual- be satisfied from aniong603. 1803 or 18s032.ized program of study, while ensuring funds- and 660 In tihe Departmental Program) 3
Modem problems in these fields are ap- mental background through a core of subjects Laboratory Requirement
proached by field measurements, laboratory designed for all undergraduates majoring in the caTAtoyubquresn17
studies, and theory. Experimental facilities for Department. With the assistance of the advisor TOTAL sublects I?
training and research are available not only in and the departmental Undergraduate Office, the PLUS
departmental laboratories such as the Earth student can arrange participation in a wide
Resources Laboratory, but also in MIT's interde- variety of research projects to provide insightsp ental laboratories such as the Center for into the pursuit of science beyond the Departnanta Progm UnIts
pace Research, the Lincoln Laboratory, the classroom experience A large number of fieldHaysfac Radio Observatory and Millstone courses are offered for this purpose as well. Subject names below armowed by credrunnt, anbyRada aility, and the Wallace Astrophysical and prerequsites i any (corequisites in Ialics)Geophysical observatories (described in Chap- Students are encouraged to enter the Depart- RequirdSubpets:a r n

ter VI), and in ooprating institutions such as ment of Earth, Atmospheric, and Plane' u :
the Woods Hole Oceanographic Institution. Sciences at the beginning of their second year 18 03 Differential Equations. 12. SD; 18.02*

to take full advantage of our departmental orGraduate programs In meteorology and physi- programs and offerngs, but students can easily 18032 Dfrerential Equations. 12. So, 1802*cal oceanography are provided through the enter the Department as late as the beginning of
Center for Meteorology and Physical Oceanog- their third yea. Interested students are Invited o offolwingft subjects:raphy. Th programs in these areas draw upon to visit Department Headquarters (Room ~ 085tlowutresbet
physics,!mathematics, and chemistry but em- 54-910) at any time to arrange a tour or a 660 chemIcal Thermodynamics. 12, SDo 18.02
phasize fluid dynamics. The solutions to many conversation with faculty who are involved in the 803 Physics it, 12. SD 802. 1802environmental problems will depend upon undergraduate program. 12006 Applcatons of Continuum Mechanics toincreased knowledge of the earth's atmosphereicnnuumrMechanes
and oceans. The Center's graduate prrams Academic Program. Starting with the 1990-91 Earth. Atmospheic,. and Planetary Sciences
are designed to provide students with abroad academic yearthe Department is restructuring 12802.1502. 1s.03
background in these areas. The research pro- its undergraduate curriculum with the creation T
grams of the Center are described later in this of a core program consisting of four core sub- h ar h owng fow subjecs
section. The program In physical oceanography jects covering the major departmental disci- 12001 Introduction to Geology 12 So
Is offered jointly with the Woods Hole Oceano- plines in the earth, atmospheric, and planetary 12.002 Introduction to Geophysics. 12, SD: 8 02 18 02graphiclInstituton. sciences. Each student is required to take at

least three of these four core subjects to provide 12003 Introduction to Meteorology and Physical
a broad and solid basis for specialization within Oceanography, 12, SD: 801. 1802
the Department. Each student has a further 12004 Introduction to Planetary Science. 12. SD.
program of restricted electives individually 802. 1803
arranged in consultation with the advisor.
Usually these programs fall within or among the One o tfollowing to subjects:
man major disciplines covered by the Depart- 12001 Special Probiems (at Weast 12 units)ment, but altemative programs can also be
worked out with the advisor to meet the particu- 12 ThU Undergraduate Thesis (at least 12 units)
lar needs and interests of the individual student. (connued ne* page)

Ateae prerequisites are listed In the subject description

r

Graduate Study

cOnUdfrom Pnn
plannd Eleties:
A coherent program of electivesseeced In consultation
with the faculty advisor. Including at least one 12-unit
laoratory subject from among 12.017, 12.052.212.000,
12.10.12 17J, 12.844, or suitable atermative approved by
department undergraduate committee

e GenerinstIutR(24)

Unestdcted Electives s0

Total Units Required fr1w e .5. WieseBeyond
the General Institute Requiremente(0i1s) 10
NOTE:NO SUBJECT can be counted BOTH as pat of the
17-subect GIRs AND as pan of the 180 units required beyond
the GIRs EVERY subject In the student's depaitmental
pogram will count toward one or the other.BUT NOT BOTH.

Double-Degree Programs/Five-Year Programs

Studies In physics, chemistry, biology, applied
mathematics, and electrical or civil engineering
are directly relevant preaation for work in
earth, atmospheric, dplanetary sciences.
Students from these departments can arrange
flexible programs of study In Course XII leainig
to a second Bachelor of Science In one of these
areas.

Students with strong academic records from the
Departments of Chemistry; Electrical Engineer-
ing and Computer Science; Physics; Earth,
Atmospheric, and Planetary Sciences; or Mathe-
matics should be able to complete a Master of
Science in Earth and Planetary Sciences in
meteorology and physical oceanography in one
yoarof additional study, particulariy if programs
are arranged for this purpose from the begin-
ning of the fourth year. Applications for graduate
enrollment in the Department are considered
arny time after the beginning of the fourth year.
Students may receive the Bhelor of Science
as soon as the requirements are completed, or
may elect to defer the award for simuianeous
presentation with the Master of Science.

Inquiries

Additional information may be obtained from the
Department of Earth, Atmospheric, and Plane-
tary Sciences, Department Headquarters. Room
54-913, MITCambrid e Massachusetts 02139,
(617) 253-3381. Specific information and advice
with respect to studies in meteorology may be
obtained from the Center for Meteorology and
Physical Oceanography, Room 54-1712, (617)

2-2281.

U

The Department of Earth, Atmospheric, and
Planetary Sciences offers opportunities for

raduate study and research in a wide range of
fids, as Indicated by the detailed subject
descriptions in Chapter Vill. This coursework Is
the usual prelude to a thesis demonstrating that
the student Is capable of independent and
crestive research. A successful thesis leads to a
graduate degree, either a Master of Science, a
Doctor of Philosophy or a Doctor of Science in
the field of specialization.

A graduate thesis may have either a theoretical,
exparimental. or observational focus. Modem
laboratory facilities, computers. Instrumentation,
and extensive collections of specimens and
data are available to students. Field study Is an
essential part of the graduate curriculum In
geology geophysics, and geochemistry, and
special arrangements maybe made for summer
employment and field research on Departmental
projects and with Industrial organizations and
government encies. In oceanography, sea-
g observaonal research is an Important

of the educational experience. In meteorol-
ogy and oceanography, graduate study in-
cludes a mixture ofteoretical and experimental
studies shauing a common appreciation of the
dynamics of the underlying process.

Entrance Requirements for Graduate Study

In addition to the General Institute Requirements
for admission, as found in Chapter IV, the De-
partment requires preparation equivalent to the
curriculum for the Bachelor of Sclence in Earth,
Atmospheric, and Plane Sciences at MIT for
graduate studies in that field. For meteorology
and oceanography, the most essential elemebnt
is a sound preparation in mathematics and
physics, supplemented If possible by some
chemistry. tudents taking their undergraduate
work at other institutions are advised to Include
in their programs the equivalent of the mathe-
matics and physics contined in the MIT under-
graduate curricula. If students are notfully
prepared in certain of the fields or requie
subjects, they usually are asked to extend their
studiesIn these areas while pursuing advanced

work. The doctoral program can be entered
without a Master of Science as a prerequisite.

Joint MIT-Woods Hole Oceanographic
institution Program in Oceanography and
Oceanographic Engineering

MIT and WHO[ have established a program in
oceanography which leads to a jointly awarded
degree of the Master of Science, the Doctor of
Philosophy, or the Doctor of Science. For details
of this program, see Joint Program in Oceanog-
raphy and Oceanographic Engineering with the
Woods Hole Oceanographic Institution, at the
end of this chapter.

Master of Science in Earth and Planetary
Sciences, In Meteorology, or in
Oceanography

The General Institute Requirements for the
degree of Master of Science in Earth and Plane-
tary Science, in Meteorology, or in Oceanogra-
phy are described in Chapter IV. An individual
program of study and research Is arranged to
suit the special background, needs, and goals
of each student. The program is worked out in
detail by the student with his or her personal
faculty advisor and a Departmental committee.
There are no foreign langua e requirements for
the ee Master's studen Inoceanoraphy
and meteorology have access to the faclities of
the Joint MIT-WHOI Program.

Doctor of Philosophy and
Doctor of Science

General Institute Requirements for the degree of
Doctor of Philosophy or Doctor of Science are
given in Chapter IV. The Department does not
require candidates for the doctorate to present
evidence of competence in a foreign language,
but It strongly urges that candidates for the
doctorate acquire Intermediate competence in
one or more languages. A specialized program
of study and researc is talored to each
student's background, needs, and goals by the
student in consultation with a faculty advisor
and a Departmental committee. A doctoral
candidate's program is oxted to be broad
and to include formal study in other depart-
ments in addition to the specialized subjects
that prepare the candidate for thesis research.
Thesis research normally is begun immediately
after successful completion 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.

Thesis research is closely supervised by one or
more faculty members who are interested and
knowliedgeable in the research topic, who are
chosen by the student, arnd who may be mem-
bers of other departments. The thesis Is ex-
pected to meet high professional standards.
and to be a significant original contribution to
the scientific fold.

Teaching and Research Assistantships

The Department (including the Center for Me-
teorology and Physical Oceanography and the
Earth Resources L ratory) offers a consider-
able number of research and teaching assistant-
ships each year. Research assistants work on
one of the many research projects in the De-

ent, which often is related to the student's
esis research. Teaching 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 few students to supplement the
normal support from research assistantships or
other fellowships. Selection of Individuals Is

I
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Center for Meteorology Earth Resources
and Physical Laboratory
Oceanography

based on theexcelence of the applicant's Meteorology The Earth Resources Laboratory (ERL) bringsrecord, as evidenced by academi-e -together faout, staff, and students dedicated toaoe, letters of reoommendaon, prrmalsubjects of instruction are offered In research that il further our understanding ofacoomplIshents and othe aard such as most princ areas of meteorol pplem. the earth and its resources. Intensive and multi.
NationalSciene ud Felowships. ented byredin subjects In a student's ecial disciplinary roaches are combined to Inves-

area of n . e subjects are described in tigate the problems of exploration and develop.
Inquiries Chapter Vill. ment of petroleum and other resources.

Seismology and physical properties of earth
Additional Information regarding academic and The Center's research and educational activities materials, among other geophysical studies,
current research pe'-irams In the Department, Include all the principal areas of meteorology: provide a common thread for research projects.
admission requrnns as athip p atmospheric dynamics, synoptic meteorology, he Laboratory personnel, which total about 50,mrnts, a asiay tah int- weather forecasting, radar meteorology, Include departmental faculty, visiting faculty,
writing to the Department of Earth, Atmospheric meso-scale meteorology, cloud physics, research scientists, graduate students, undr-

,. Department HAdquar- atmosphdi electricity, atmospheric chemistry, graduate students, and support staff.

(617) 23-331 plnet atmospheres, air-sealntern , The major research areas at ERL are seismic(61) 23-381.observational meteorology, hydro-meteorology, wave propagation and Inversion In heteroge-
and air pollution. The Center maintains a neous media, borehole geophysics, reflection

or weather radar system and a synoptic seismology/tomography, selsmlotyltectonics,
Il that receives and archives current imae processing, and expert system (Al)
weather from the National Meteorological appctons to geophysical problems. There are
Center. The Center also has a computer facility extensive computingfacilitles, as well as
with a medium-sized computer and periphel ultrasonics, tomography, and rook physics
equipment, many smaller compters, and laboratories supporting the research areas. Field
remote terminals enabling students and staff to data collection activities include the Wallacecommunicate with ie o ath Geophysical Observatory and New England
National Center for c Research, Seis Network, a 2km-deep dedicated
NASA's Goddard Space Flght Center, and research borehole, and cooperative studies with
MIT's information Services. The facility can be other MIT departments, Industrial research
used for data analysis, plotting, satellite Image aroup, Woods Hole Oceanographic instion,
processing, numerical modeling, and other Ocean Drilling (ODP3), and Conhtinentall Drilling
applications. Some of the Center's staff have (DOSECC) programs.
ent appontments at MIT's Haystack
benvatory In Westford, Massachusetts. The The research actMties at ERL are supported In

Observatory's Millstone Hill radar systems are equal measure by industry, US govemment
used in studis of the physics and dynamics of agencies, and Founding Membership grants.boththeuppr ad loer tmophees.Further information about ERL can be obtainedboth the upper and lower a at the Department Headua 5(64-913), at

Cambridge and its surroundings contain a ERL Headquarters (E34.,2). orby calling the
number of institutions active In meteorological Director, Professor M. N. Toks6z at (617)
research, which, In addition to private commer- 253-7852.
olal firms, include Harvard University, Woods
Hole Oceanographlo Institution, the Air Force
Geophysics Laboratory, and the Boston Office
of the National Weather Service. Contact with
the personnel of these Insttutions is maintained
through seminars and symposia, and students
can take subjects at Woods Hole Oceano-
graphic Institution and Harvard University.

Oceanography

The Center for Meteorology and Physical
raphy Is active In physical oceanogra-phy research, faculty and students are currentiy

engaged In theoretical studies of the oceanic
circulation, observational studies at sea, labora-
tory models, and Investigations of the Interao-
tons between the atmosphere and the ocean.
The programs of graduate students In oceano-
N ry also Include subjects In oceanography

aled areas offered by several other MIT
departments and the Woods Hole Oceano-
graphic Institution.
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Department of Mathematics

David John Benney, Ph.D.
Professor of Applied Mathematics
Head of the Department

Robert D. MacPherson, Ph.D.
Professor of Mathematics
Chairman, Committee on Pure Mathematics

Daniel J. Kiltman, Ph.D.
Professor of Applied Mathematics
Chairman, Committee on Applied Mathematics

Professors

Nesmith Comett Ankeny, Ph.D.
Professor of Mathematics

Michael Artin, Ph.D.
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Professor of Mathematics
(On leave, spring)

Hung Cheng. Ph.D.
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Professor of Mathematics
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Willem V. R. Malkus, Ph.D.
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Institute Professor
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(On leave, fall)
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Professor of Mathematics

Alr Toomre PhD.
Professor of Applied Mathematics

David Alexander Vogan, Ph.D.
Professor of Mathematics

Associate Professors

David Jay Aniok, Ph.D.
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(On leave)

Baruch Awerbuch, Ph.D.
Associate Professor of Applied Mathematics

Michael Hopkins, Ph.D.
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Rodolfo Reuben Rosales, Ph.D.
Associate Professor of Applied Mathematics

Uoyd Nicholas Trefethen, Ph.D.
Associate Professor of Applied Mathematics
(On leave)

Assistant Professors

Sheldon Chang, Ph.D.
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Ezra Getzler, Ph.D.
Assistant Professor of Mathematics

Mark D. Halman, Ph.D.
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All Nadim, Ph.D.
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George Daskalopoulos, Ph.D.
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Professor of Education and Mathematics,
Emeritus

Richard Donald Schafer, Ph.D.
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Department of Mathematics

(Course 18)

Undergraduate Study

An undergraduate deree In mathematics
provides an excellentbas for graduate work In
mathematics or computer science, or for em-
piyment in such mathematlos-related fields as

ms analysis, operations research, or aotu-
science.

Because the career objectives of undergraduate
mathematics majors are so diverse, eachunder-
graduate's ram Is Individually arranged

rough c ation between the student and
his or her faculty advisor. In general, students
are encouraged to explore the various branches
of mathematics, both pure and applied.

Undergraduates seriously lnterested in mathe-
matics are encouraged elect an upper-level
mathematics seminar. This is normally done
during the junior year or the first semester of the
senior year. The experience gained from active
participation In a seminar conducted by a
research mathematiolan Is particularly valuable
for a student planning to pursue graduate work.

There are three undergraduate p rams that
lead to the degree Bachelor of Science In
Mathematics: a General Mathematics Option, an
Applied Mathematics Option for those who wish
to specialize in that aspect of mathematics, and
a Theoretical Mathematics Option for those who
sxpect to pursue graduate work In pure mathe-
matios. A fourth undergraduate program leads
to the degree Bachelor of Science In Mathemat-
los with Computer Science; it is intended for
students seriously Interested In both mathemat-
Wo and computer science.

The Interaction that takes place in the classroom
Is an Important component of the learning
experience In mathematics. Therefore, in none
of the rams is advanced standing credit

Cctwardfulfillment of anypa, of the
Departmental Requirements other than 18.03. It
is accepted, however, as Unrestricted Elective.

Bachelor of Solence In Mathematics
Course XVIII
General Mathematics Option

This option Is the one followed by most stu-
dents who major In mathemai. Besides the
General Institute Requirements, the require-
ments consist of 18.03 Differential Equations, or
18.032 Differential E uations, and eight 12-unit
subjects in Course 18 of essentially different
content, Including at least six advanced subjects
("lrst decimal digit one or high. This leaves
available 84 unite of unrestricted electives. The
requirements are flexible In order to accommo-
date several categories of students:

1) those who wish to pursue prorams that
combine mathematics with a related field (such
aspysics, economics, orn ement),
2)ths who wish to divide their tme between
theoretical and applied mathematics, and
3) those who wish to use mathematics as a
general Institute major.

Bachelor of Science In Mathematics
Course XVill
Applied Mathematics Option

Oenral tievue Requimente 17 SUjectS

Science Requirement I
Humanities., Art, and Social Sciences Requirement I
Science Dlstribution Requirement 1 sublect can be
satisfied by 1s03 or 18.032 in the Deparmentai Program] 3
Laboatory Requirement -1

TOTAL Subjects 17

PLUS

Depatmeti plopU- unlia'

Subject names below am fmlowed byadt wile, and by
pr*suiLOea Many (coequiltes in is
IeqIaIdJ subjeets: so

18.03 Differential Equations, 12. SD 18.02*
or

1.032 Differential Equations, 12, SO: 18.02*
18310 Principles of Applied Mathematics, 12; 16 02*
10.311 Puinciples of Applied Mahemadcs,12; 1803*

one of fe Mtows vtwo subece:
18.04 Complex Variables with Applications, 12; 15.03'

18.284 introduction to Functions of a
Complex Viable, I 1.03

One ofrte lolbow* Vtwo subisct:
160 o Unear Algebra. 12, S; 18.02*

18.421J Algorithmic Algebra and Number
Theory, 2I; 1606. 16.3M0l

Reeaited s1vee 4
Four ardff nal Cownts 18lsub/ecs f rm m Ollov# wo
group tw *0at leastone subject from each roup'I
Orep I - Probabilty and Stastics. Combinatorla. Computer
science
Oup 11 - Numerical Analysis, Physical Mathematics, Fluid
Mechanics

Unite In Oeamlntd Prsuuii tMatale. satlsfy
teensinstMMtute NeqIlme"Ate (12)

Urvattelistiee8

TunN*ot ea qiredfo r twe .5. Do"
the Ge4eral ilule noRequhste(W S 10
NOTE: NO SUBJECT can be counted BOTH a par of the
I17-subject Oi~a AND as panl of the 180 units required beyond
the Gisp EVERY subject In the student's do pMentil
program will count toward one or the otheBU NOT BOTH.

A list of acceptableubects is avaIlable in Room 2-106.

*Altemate prerequleites are isted in the subject description.

Applied mathematios Is the mathematical study
general scientific concepts, principles, and

phenomena that, because of their widespread
occurrence and application, relate or unify
various disciplines. The core of the program at
MIT concerns the following principles and their
mathematical formulations propagation, equilib-
rium, stability optimIzation, cybemetics, statis-
tio, and random processes. Tie undergraduate
program provides a general Introduction to
most areas of applied mathematics and to
several speof areas for study In greater depth.

Sophomores Interested In applied mathematics
Ltypically survey the field of applied mathematics

by enrolling in 18.310 and 18.311 Principles of
Applied Mathematics. Subject 18.310, Iven
ony in the first term, is devoted to the disorete
aspects of the subject and may be taken con-
currenty with 18.03. Subject 18.311, given only
In the second term, is devoted to continuous
aspects and makes considerable use of differ-
ential equations.

The subjects in Group I of the program corre-
spond ughlyto those areas of applied mathe-
maticsmaking heavy use of discrete mathemat-
los, while Group i emphasizes those subjects
dealing mainly with continuous
Naturally, there is a goodrdealiofoverlap;for
example, such subjects as probability or numer-
loal analysis have both discrete and continuous
aspects. In general, students in the applied
mathematics option are encouraged to acquire
as good abackground as posible in both types
of applied mathematics.
For those who wish to emphasize particular
areas within the applied mathematics curriou-
lum, sample rams are avallable In the
Undergradua teathematics Office for the
following specialties: oombinatoros, computer
science, fluid dynamics, numerical analysis,
statistiOs, and theoretical physics.

~.1.~~.-.
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Bachelor of Science In MathematicA
Course XVIII
Theoretical Mathematics Option

eeral Inetitute Aequbement 17 Subjects

Science Requirement 5
Humanities, Afs. and Social Sciences Requirement 4

Science istflbuton Requirement (I subject can be
satisfed by 18.03 or 18.032 in the Depatmental Program] 3

Laboratory Requirement -1

TOTAL Subjects 17

PUs

Deparmunt Poreea Muns

subject nene sbelow we oWowed by credit Wifs, and by
prerequenes many (oreates i )

-*WSubjects
16-03 Oilferential Equations. 12.S0. 18 02*

18.032 DOferential Equations. 12.SD: 18.02'

18.100 Analyss1.12;16.03.

One ofMe folowtng eo subect:
186101 Analysis It. 12; 18.100,18.701*

18.103 Fouriernalysis - Theory and
Appicanons. 12; 18.1008

pW
18.701 Algebra 1. 12:18.02*
18.702 Algebra . 12; 1.701

18.001 introduction to Topology. 12;,1 1003

Resited EleeMMe:
An upper-levei Mathematics sminar (12 units)

1Wo additional Course 15 sutjects of essentially difr
content, wN the fist decimal digIt one or hlgher (24 unIs)

Theoretlcal mathematls (or "pu'e" mathemat-
los) is the study of the basic concepts and
structures that underlie the mathematical tools
used in science and engineering. Its purpose is
to search for a deeper understanding and an
expanded knowledge of mathematics itself.

Traditionally, pure mathematics has been classi-
fled into three general fields: analysis, which
deals with continuous aspects of mathematics;
algebra, which deals with discrete aspects; and
geomer. The under raduate program Is
designed so that" t become familiar with
each of these areas. Students may also wish to
explore such other topics as logic, number
theory, complex analysis, geometry, and sub-
jects within applied Mathematics.

Th bt 18100B i i eAnalvels ln trf tri"

-equae smubet (enunue:
one subject m ea or"e lolng pes:

1.106 introduction to Algorthms, 12;.&001. 18.310*

18,414J The ofAlgothms. 12; 16.06*, 18.310'

1600 unearAlgebra. 12,80;16.02
or

16710 Abstract unearAlgebra, 12,SD;,16.02'

One offt Wowing Me sequences:
.002 Circults and Electronics. 16. SD; 6.02*. 18.03.

e 004 Computaton structures. 15; .001.6.002

or
.17 0 Laboratory in SowareEngineenng, 15; 8.001

6.036 Computer Language Engineeing, 12; S.170
e n sucijec l.iuomiiw nv iprogram. Since this subject is strongly proof-ori-

ented, man students find an intermediate 4
subject suo as 18.06 Unear Algebra or 18.710 R
Abstract Unear Algebra useful as preparation. * *coa *6 subjects a hi"ohlNgsubjt f troMW ofolowing Wss adeb coAt"Is Logic'

----a ,, ~ ~~ A'obafbfllt w"elM **61* aaCmhitr
72 The subject 18.701= 1 Albra I is more advanced

and should not be elected until the student has
had some experience with proofs (as In 18.1008
or 18.710).

Bachelor of Science in Mathematics with
Computer Solence
Course XVIII-C

36

sle toener aiani=stf (12)

uinreetsted Sleeves s54

T76al Ute n e dfW S.D.Do" oyd 1
WIS OWnsMWWA O nquinanftlte nI"
NO~T NO SUBJECT can be counted 50TH as part of the
17-#ubject i AND as pa ut oft1S0 sunftsrequired beyond
th Gis EVERY subject in the students deparimental
pogram will count towad one or the other BUT NOT BOTH.

Genral itiile Neqa t

science Requirement S
Humanities, Als. and Social Science. Requirement S

Science Ostribution Requirement (2 subjects can
be satisfied by 18.03 or 16.032 end 6.034 In the
Departmental PrograenI 3
Laboratory Requirement1

TOTAL Subjects 17
PLUS

oPtus " P Rtf

Depalmeta Program unies

Subject names belowNe o owed byCr MaM ie, and by
pWerqWWWIsieMny(WorqU1#fleS 10I lic)

et*red su1sets: 114 r117
16.03 Olferential Equations, 12.80; 18.02*

or
16.032 Differential Equations. 12. SO;16.02*

18.310 Prlnciplee of Applied Mathemacs. 12; 16.02*

18.4041 Theoywofomputon,. 121.310
.001 Icture and intipretion of Computer

Programs. 16
6.034 AnialMIntelligence. 12.80.6.001

#w awd kok" 04LdWMU(24)

Unreeleted Ieeivee

Total Untee iste for the S.. De eSe
O GenerallM Requreenute N) IN

NOTE: NO SUBJECT can be counted sOTM as pt of the
17-subect GIRs AND as part of the 186 units required beyond
the OIRs. EVERY subec In the students de atmentel
progran will count tord one or the otherBUT NOT BOTH

2
A list Of acceptable subjets Is$aaibleIn Room 2-108.
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Graduate Study

Mathematics and computer science are close- The Department offers programs covering a
ly related fields. Problems in computer science broad range of topics leading to the Doctor of
are often formalized and solved with mathemati- Philosophy and the Doctor of Science. Numer-
cal methods, and it is likely that the most Impor- ous informal seminars, as well as a joint weekly
tant problems currently facin computer scien- mathematics Colloquium sponsored alternately
tists will be solved by researchers skilled In by MIT, Brandeis University, and Harvard Univer-
algebra, analysis, Combinatorics, logio and/or aty, supplement the subject offerings.
probability theory, as well as computer science.

Candidates whose prima interest is in the field
The purpose of this program is to educate of pure mathematics ordinarily take most of
students in precisely these areas. First, the their subjects in the Department. In addition to
pr ram rovides a broad background in their advanced specialization, students are
mathematos, equivalent to that of the other encouraged to acquire breadth by taking basic
mathematics options, but emphasizing areas of subjectaIn analysis, algebra, geometry, us
geteb application to computer science. theory, logic, and topol . Candidates whose

S nd, it provides a solid core of education in primary interest is in appied mathematics are
computer science, beginning with 8.001 Struo- expected to acquire breadth by takin subjects
ture and interpretation of Computer Programs, In astrophysics, Combinatorics, fluid ynamlos,
and 6,034 Artiflolal Intellgence. These are theoretical physics, numerical analysis, statistics,
followed by either 6.002 Circuits and Electronics and the theory of computation. Students are
and 6.004 Computation Structures, which encouraged to study important asets of one
concentrate on the hardware aspects of com- or more engineering or scientific fields closely
puter science, or by 6.170 Laboratory in Soft- related to research In applied mathematics.
ware Engineering and 8.035 Computer Lan- Assistance or collaboration in problems in pure
guge Engineering, which concentrate on the or applied mathematics, which are being invest-
software aspcS. The program is completed gated by members of the staff, may constitute
with two advanced subjects, 18.404J Theory of part of a graduate student's program.Computation and 18.4f4Q Theory of Algorithms,
which provide an Introduction to the most Entrance Requirements for Graduate Studymathematically Intensive branches of computer

Students are expected to have one yearof
Some flexibility Is allowed in this program. For college-level natural science in addition to an
instance, students may, with permiss on, substi- undergraduate mathematics program approxi-
tute 6,170 Laboratory In Software Engineering mating that of mathematics major at MiT
for the recommended subject 6.034 Artifclal Students may enter the appli mathematics
Intelligence, provided that they complete the program from any undergraduate field of con-
8.002-6.004 sequence and that the otherwise oentration; however, special consideration is
saty the Institute Science Dstibuton Require- given to students with a strong scientific back-
ment. Slmllarly, they may. with permission, ground.
substitute I.0 Introduction to Algebraic
Systems for 18.310 Principles of ApplIed Maths- Doctor of Philosophy andmatics, and 18.701 Algebra I for 18.0 Unear Doctor of ScienceAlgebra.

The basic requirements for these degrees areInquiries given In Chapter IV, and the details of the pro-
gram are explained in a set of notes available

Inquiries rearding academic programs may be from the Department. The first stage Is to take
addressed Joanne E. Jonsson, Under- subjects (normally 11 subjects totaling 132
graduate Mathematics Office, Room 2-108, MIT, hours of graduate credits) and to prepare for the
Cambridge, Massachusetts 02139. (617) general qualifying examination. Doctoral candl-
253-241 . dates are required to have a reading knowledge

of mathematical French, German, Italian, or
The following information sheets are available in Russian.
Room 2-108

What Math Subject Shall I Take?
Careers In Mathematics
Thinking of Majoring in Mathematics?
Applied Mathematilos: Sample Programs

related to the major field, this plan must include
the core curriculum, which assures familiarity
with the basic concepts of applied mathematics.
In order to achieve maximum flexibility, pro-
grams are considered Individually.

The Guideline of Study for Doctoral Candidates
In Applied Mathematics, which Is distributed to
entering students, provides more complete
Informaton on degree requirements, academic
standards, and financial support.
In either the pure mathematics or applied math-
ematics program, after successfully passing the
specific requirements set in the general examI-
nation, the student may officially begin thesis
research under the supervision of a thesis
advisor. The thesis must represent original
research of hlh qual, done while a student at
MIT, and should be finished by the end of the
fourth year of graduate study. Upon submitting
the thesis the student must pass an cal thesis
examination.

Teaching and Research Assistantships

A limited number of fellowships and teaching
and research assistantships are available. Nor-
mally, entering students who are offered finan-
olal aid are offered teaching assistantships and
the assistahips are renewed so that udents
are supported for a total of four years. Entering

suden who have not been offered aid should
not expect aid in later years.

Inquiries

Additional information regarding academic or
research prrams in mathematics, admissions,
or financial aid, may be obtained from Phyllis
Ruby, Graduate Mathematics Office, Room
2-233, MIT Cambridge, Massachusetts 02139,
(617) 253-2689.

For students in the pure mathematics program,
the oral part of the gneral examination covers
three areas chosen y the student In consulta-
tion with the Chairman of the Committee on
Graduate Students. One of the three areas is
examined in greater depth and normally be-
comes the field of specialization. The examiner
in this area normally becomes the thesis advisor.
The examination must be passed by the last day
of classes of the student's fourth semester.
For students electing the applied mathematics
program, the basic objective Is a bal-
anoe of specialization and divers y.y the end
of the first year of study, the degree candidate In
consultation with an advisor must submit a "plan
of study* for aproval by the Applied Mathemat-
ics Committee. In addition to a list of subjects

L
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Thsesminers are 1104, 16.604. 1.70418.04, and Wtemate prerequites are lsted In the sublet descspon.



Department of Physics

Robert Joseph Brgeneau, Ph.D.
Cecil and Ida Green Professor of
Physics
Head of the Department

Professors

Michel Baranger, Ph.D.
Professor of Physics

Ulrich Justus Becker, Ph.D.
Professor of Physics
(On leave)

George Bekefi, Ph.D.
Professor of Physics

John Winston Belcher, Ph.D.
Professor of Physics
(On leave)

George Bernard Benedek, Ph.D.
Alfred H. Caspary Professor of
Physics and Biological Physics

Ahmet Nihat Berker, Ph.D.
Professor of Physics

Aron Myron Bemstein, Ph.D.
Professor of Physics

William Bertozl, Ph.D.
Professor of Physics

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 Bueza, Ph.D.
Professor of Physics

Claude Roger Canizares, Ph.D.
Professor of Physics
Director, Center for Space
Research

Min Chen, Ph.D.
Professor of Physics

George Whipple Clark, Ph.D.
Professor of Physics
Breene M. Kerr Professor

Bruno Coppi, Ph.D.
Professor of Physics
(On leave, spring)

Eric Richard Cosman, Ph.D.
Professor of Physics

Ronald Crosby Davidson, Ph.D.
Professor of Physics
Assoolate Dreotor, Plasma Fusion
Center

Mildred Splewak Dresselhaus,
Ph.D.
Institute Professor
Professor of Electrical Engineering
and Physics

James Ludlow Elliot, Ph.D.
Professor of Astronomy and
Physics
Director, George R. Wallace. Jr..
Astrophysical Observatory

Michael Stephen Feld, Ph.D.
Professor of Physics
Director, Spectroscopy Laboratory

Anthony Philip French, Ph.D.
Professor of Physics

Jerome Isaac Friedman, Ph.D.
William A. Coolidge Professor of
Physics

Jeffrey Goldstone, Ph.D.
Cecil and Ida Green Professor of
Physics

Thomas John Greytak, Ph.D.
Professor of Physics

Lee Grodzins, Ph.D.
Professor of Physics

Alan Harvey Guth, Ph.D.
Jerrold Zacharias Professor of
Physics

Kerson Huang, Ph.D.
Professor of Physics

Karl Uno Ingard, Ph.D.
Professor of Aeronautics and
Atronautics and Physics

Roman Wladimir Jackiw, Ph.D.
Professor of Physics

Robert Loren Jaffe, Ph.D.
Professor of Physics

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 Jose, Ph.D.
Professor of Physics

Marc Aaron Kastner, Ph.D.
Donner Professor of Solence

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

Vera Kistiakowsky, Ph.D.
Professor of Physics

Daniel Keppner, Ph.D.
Lester Wolfe Professor of Physics
Associate Director, Research
Laboratory of Electronics

George Fred Koster, Ph.D.
Professor of Physics

Stanley Benedict Kowalski Ph.D.
Professor of Physics

Patrick A. Lee, Ph.D.
William and Emma Rogers
Professor of Physics

Walter Hendrik Gustav Lewin,
Dr.Toh.Sol.
Professor of Physics

James David Utster, Ph.D.
Professor of Physics
Director, Francis Bitter National
Magnet Laboratory

Earle Leonard Lomon, Ph.D.
Professor of Physics

Francis Eugene Low, Ph.D.
institute Professor
Professor of Physics

Margaret L. A. MacVicar, Sc.D.
Professor of Physical Science and
Coll and Ida Green Professor of
Education
Dean for Undergraduate Education

June Lorraine Matthews, Ph.D.
Professor of Physics

Ernest Moniz, Ph.D.
Professor of Physics
Director, Bates Unear Accelerator

John William Negele, Ph.D.
Professor of Physics
Director, Center for Theoretical
Physics

I
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Louis Shrove Osborne, Ph.D.
Professor of Physics
(On leave, spring)

Irwin Abraham Pless, Ph.D.
Professor of Physics

Miklos Porkolab, Ph.D.
Professor of Physics

David Edward Pritchard, Ph.D.
Professor of Physics

Saul Alan Rappaport, Ph.D.
Professor of Physics

Robert Page Redwine, Ph.D.
Professor of Phy&*s

Lawrence Rosenson, Ph.D.
Professor of Physics

Paul Schechter, Ph.D.
Professor of Physics

Toyoichi Tanaka, D.So.
Professor of Physics

Samuel C. C. Ting, Ph.D.
Professor of Physics
Thomas Dudley Cabot Professor

Felix Marc Hermann Villars, D.Sc.
Professor of Physics

Rainer Weiss, Ph.D.
Professor of Physics

Peter Adalbert Wolff, Ph.D.
Professor of Physics
(On leave)

Richard Kumeo Yamamoto, Ph.D.
Professor of Physics

James Edward Young, Ph.D-
Professor of Physics

Associate Professors

Boris Altshuler, Ph.D,
Assoolate Professor of Physics

Edward Henry Farhi, Ph.D.
Assoolate Professor of Physics

Mehran Kardar, Ph.D.
Associate Professor of Physics

Robert Joseph Ledoux, Ph.D.
Associate Professor of Physics

Aneesh Vasant Manohar, Ph.D.
Associate Professor of Physics
(On leave)

Janos Polonyl, Ph.D.
Associate Professor of Physics

Jean-Pierre Revol, Ph.D.
Associate Professor of Physics

Steven W. Stahler, Ph.D.
Associate Professor of Physics

John L. Tonry, Ph.D.
Associate Professor of Physics

Assistant Professors

Edmund W. Bertschinger, Ph.D.
Assistant Professor of Physics

Katherine Freese, Ph.D.
Assistant Professor of Physics

John M. Graybeal, Ph.D.
Assistant Professor of Physics

Leonard Gregor Herten, Ph.D.
Assistant Professor of Physics

Jacqueline N. Hewitt, Ph.D.
Assistant Professor of Physics

Stephan Schutzmelster Meyer,
Ph.D.
Class of 1942 Career Development
Assistant Professor of Physics

Richard G. Milner, Ph.D.
Assistant Professor of Physics

Simon Mochrie, Ph.D.
Assistant Professor of Physics

Jonathan S. Wurtele, Ph.D.
Assistant Professor of Physics

Barton Zwlebach, Ph.D.
Assistant Professor of Physics

Visiting Professor

Rochus Vogt, Ph.D.

Senior Research Scientists

Roshan Lal Aggarwal, Ph.D.

Joseph Dennis Burger, Ph.D.

Thomas William Donnelly, Ph.D.

Thomas H. Dupree, Ph.D.

Simon Foner, D.Sc.
Assoolate Director, Francis Bitter
National Magnet Laboratory

Alan Jay Lazarus, Ph.D.

Paul David Luckey, Jr., Ph.D.

Earl S. Marmar, Ph.D.

Stephen Geoffrey Steadman, Ph.D.

Edwin Floriman Taylor, Ph.D.

Frank E. Taylor, Ph.D.

Richard Temkin, Ph.D.

William Emest Turohinet, Ph.D.
Associate Director, Bates Unear
Accelerator

Claude Finley Williamson, Ph.D.

Senior Lecturers

Jordan Kirsch, Ph.D.
Alan P Ughtman, Ph.D.

Technical Instructrs

Robert Mark Beesette
Eugene Michael diSalvatore, A.B.
Charles A. Forte
David Robertson, B.S.
Grum Teklemarlam, B.S.
Thomas Joseph White, Jr.

Administrative Offloer

Catherine Ormond, B.A.

Administrative Staff

Margaret Louise Berkovltz, B.A.
Theodore Coleman
Gall Marlene Morchower, M.A.
Janet Sahetrom
Kim Blakely Wainwrdght, B.A.
M. Jennifer Walsh, BA.

Postdoctcral Assoclates

Kenneth 1. Blum, Ph.D.
Michael Brode, Ph.D.
Doo Soo Chung, Ph.D.
Yong U, Ph.D.
Toyoaki Matsuura, Ph.D.
Robert Meade, Ph.D.
Jayanti Pande, Ph.D.
Apparao Rao, Ph.D.
Siok-Tien Tineke ThIo, Ph.D.
Ned Wingreen, Ph.D.

VisIting Scientists
Rosanne DI Stefano, Ph.D.
Alfred Gold, Ph.D.
Godfrey Gumbo, Ph.D.
Amos Harpez, Ph.D.
Jan Kallne, Ph.D.
Ylgal Meir, Ph.D.
Andrew Millis, Ph.D.
Horaclo Pastawski, Ph.D.
Joyce Peetermans, Ph.D.
Jakob Rhyner, Ph.D.
Victor Taratuta, Ph.D.
George Thurston, Ph.D.
Masayuki Tokita, Ph.D.
Cralg Watkins, Ph.D.

Professors EmerIti

William Phelps Allis, Sc.D.
Professor of Physics, Emeritus

Walter Carlisle Barber, Ph.D.
Professor of Physics, Emeritus

Alan Hildreth Barrett, Ph.D.
Professor of Physics, Emeritus

Herbert Sage Bridge, Ph.D.
Professor of Physics, Emeritus

Peter Theodore Demos, Ph.D.
Professor of Physics, Emeritus

Martin Deutsch, Ph.D., Sc.D.
Professor of Physics, Emeritus

Thomas H. Dupree, Ph.D.
Professor of Physics, Emeritus
Professor of Nuclear Engineering,
Emeritus

Harald Anton Enge, Dr.Phil.
Professor of Physics, Emeritus

Robley Dunglison Evans, Ph.D.
Professor of Physics, Emeritus

Bernard Taub Feld, Ph.D.
Professor of Physics, Emeritus

Herman Feshbach, Ph.D.
Institute Professor, Emeritus
Professor of Physics, Emeritus

L

, .1 11 -p '- I xc - 11 - 1-11- - 1 .11 i ---. " - , -,, -- , I I - . I r - , , -1-1111, 1-111- 1 . 11,11, f I - 11 1 111- 11 1 1 1 -- l - I I ; 1-1 1 -1 , , , " 7 - , , , " - I

womrUHNIRM rnvotuv &Apia

David Henry Frisoh, Ph.D.
Professor of Physics, Emeritus

Albert Gordon Hill, Ph.D.
Professor of Physics, Emeritus

Robert Inslee Hulsizer, Jr., Ph.D.
Professor of Physics, Emeritus

Benjamin Lax, Ph.D.
Professor of Physics, Emeritus

Philip Morrison, Ph.D.
Institute Professor, Emeritus
Professor of Physics, Emeritus

Stanislaw Olbert, Ph.D.
Professor of Physics, Emeritus

Bruno Benedetto Rossi, Ph.D.
Institute Professor, Emeritus
Professor of Physics, Emeritus

Clifford Glenwood Shull, Ph.D.
Professor of Physics, Emeritus

Malcom Woodrow Pershing
Strandberg. Ph.D.
Professor of Physics, Emeritus

Laszlo Tisza, Ph.D.
Professor of Physics, Emeritus

George Edward Valley, Ph.D.
Professor of Physics, Emeritus

Bertram Eugene Warren, Sc.D.
Professor of Physics, Emeritus

Victor Frederick Weisskopf, Ph.D.,
SC r.
Inetkute Professor, Emeritus
Professor of Physics, Emeritus
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Department of Physics

(Course 8)

Undergraduate Study

The Department of Physics offers under- Bachelor of Science In Physics Bachelor of Science In Physics
graduate, graduate, and postgraduate training, Course Vill Course Vill
t a wide range of options or specialization.

The emphasis of both the undergraduate currio- An undeb adnot do ree rn physics proides a
ulum and the graduate programs is on under- 17yscs and related flds, but also for profes- ealInstitute equIrmente subiets
standing the beaoth ples that appear sional work in such fields as astronomy, bio-govemn the behavior of Me ysical word, physics, enineern applied physics, and science Requirementfrom phenomena In the small-scae domain of physic Many ents have aso found it toA
subatomic particles to the gscale Structure ane l preparation for subseque Humanities. As and soci Sciences Requirement 8
ftth firoms10-, nig to cuatemwork in professional schools of medi- science Distribution Requirement

stretchi from 11- cmt on,2am.ct each c one, law, and management. The undergraduate (2 subjects can be satIsfied by 803 or 80 4 and 18s03
level of oturaloanization, active and excit- curriculum in physics offers students the oppor- or 18.032 in the Departmental Program'3
Ing area of investigation abound. Topics range tuity to acquire basic competence In the L.aboratory Requirement2  ifrom the basic constents of matter atotilic fundamentals of both experimental and theoreti-
and nuclear structure, through thermonuclear cal physics. The central core of requirements for TOTAL Subjects 17
plasmas, physics at extremely low temperatures the Bachelor of Science is deslned not only to PLUS
or extremely high pressures, b the evolution of accomplisht e te otoro nid
sad, the lresaesttr of gravityrs, opportunity for students to select from a consid- esbitlPorn Unitsand the myry of gravity. rable varietyof subjects and toproceedatthe DepbtmetMprogn nt

The Department has extensive facilities for peand degree of specialization best suited to
expeimental research as described in the rindividualaCapabilities. andeamefoowed by credit uits, &go by
section on graduate study. Many of these are in the second yea, a student will get a first =1 =09 wy(ccrequIn 11al600)
accessible interested undergraduates, In the exposure to 8.04 Quantum Physics I, and 8.044 nequired auoee: 101
context of the Undergraduate Research Oppor- Statistical Physics 1. It is suggested that students 8.03 Physics 111. 12. so08 02*. 1802
tunities Prram (UROP). Students are encour- take 8.071 Introduction to Electronics or 6.002 18.03 Differential Equations, 12. SD: 18 02*aged to en h their curriculum by taking advan- Circuilts and Electronics, in order to acquire atage of this opportunity. familiarity wh some topics In electricalo

engineering. This Is also the year for a prospec- 18032 Differential Equations, 12. SD. 18 02*
e physics major to take8 pro8 laboratory. 8.04 Quantum Physics 1, 12. So;:8s03*, 1803

The physics Project Labs, 8.11 /8.12, or 804 Sait hsc .1;80,80
Observational Techniques of Optical Astronomy, 8044 statistical Physics 1.12803.18os
8.287J, are recommended as an Introduction to 8.06 Quantum Physics It. 12; 8.04*
experimentation in physics. 8.13 Expoenntal Physics 1. 18,804

In the third ya students will normally take 8.13 8.14 Expermental Physics 11, 18;.804.8.05
and 8.14 Experimental Ph e and 8.06 Quan- Thess3 (12 units)
turn Physics II. Students s Id also begin to ________________

sign up for the restricted elective subjects, two
In mathematics and at least to it; ohysics. The Reetdcted El3et4ee:
subjects 18.04 Complex Variables w'h Apliea- Two subjects gien by the Department of Mathematics
tos (or 18.075 Advanced Calculus for Eng- beyond 18.03 (24 units)
neers) and 18.0 UnearAebr are of particular Atlst'one subject gn by the Depatment of Physics inInterest to pyslcs majors. Stdents planning to addition to those listed above' (12 units)
do grada work will also want to begin the
theoretical physics sequence, starting with 8.06
Mechanics in the second term of their junior unite i pnaments eal Pm tato satisfy
year. A variety of topical elective subjes in the enera intitute R4 (24)
astrophysics, condensed matter, plasma and
atomic physics, as well as nuclear andpartIcles
physics, allows the student to obtain a closer ftiteEetl5
acquaintance with these fields.

Tota unite Retvor the em. On asend
the Genea nRequemenits (GRe) IS
NOTE: NO SUBJECT can be counted BOTH as pert of the

I 17-subjectGIRs AND as part of the 180 units required beyond
Stdnsmyfind It advantageous t let801Itroductio to the Ol~s. EVERY subject In the students departmenal

ficrnos 8002 clot n icrnc n the second tr program will count toward one or the other; BUT NOT BOTH
of the asoond year to complete the science olstribution

2 In the fourth ear, the theoretical sequence can
S.11, S.12. or 8.287J I suae . The Institute Laboratory be continued with 8.07 Electromagnetism 11 and
Requirement will notbe sal'sled by 6.13 orS14 8.08 Statistical Physics 11. Students Intending to

continue with graduate studies in Physics are
Athesiso 12 uns is required Not more than so unit or thesis encouraged to take both parts of this theoretical
credo maybeIncluded In the minimum or 10 units required for physics sequence.
the .5. degrebeyond the Geeral Institute Requirements

4
Ctaogue cdscrXtons Indicate sujets which cannot be usedhatiepupwe8uensaning ccgraduate wok in

I=rl.normally ate theaer"sequneg.0Ianlemwuid .u ae q 06
Alemate prerequisites are led In the sublect description.
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Graduate Study

An important component of the physics pro-
gram Is the undergraduate thesis, which is a
physics or physics-related project carried out
under the guidance of a facuity member. Many
thesis projects In the recent past have grown
out of the Undergraduate Research Opportuni-
age Program. It Is advisable that students have
scmeIdea of a thesis topic by the middle of
their junior yea; they are required to submit a
thesis proposal prior to registering for 8.ThU. In
order to introduce students to the research
activities in the department, undergraduate
physics coliOquia are held weekly.

A relativelylarge amount of elective time usually
becomes available during the fourth year and
can be used effectively In a variety of ways, In
physics or in other subjects.

The VIII-A Proram:
Physics with Electrical Engineering

This program, offered In coo ration with the
Department of Electrical Engneedng and Com-
puter Science, is designed or students who
Wish to supplement the regular Physics curricu-
lum with intensive study In the field of Electrical
Engineering. Students completin this prram
receive the degree of Bachelor Science n
Physics and a letter from both participating
departments certifying successful completion of
this program.

The program should be of partcular interest to
physics majors who wish to broaden their
career options after receiving the bachelor's
degree and to those who plan graduate work in
experimental physics. Students acquire a thor-
ough foundtin in both the theory and applica-
tlon of analog and digital electronic systems.

To receive certification, a student must complete
the followin subjects in addition to the Re-
qulred Subjeot in the regular Physics pro-
gram:

6.001 Structure and Interpretation of
Computer Programs, 15

6.002 Circuits and Electronics, 15
6.003 Signals and Systems, 15
6.012 Electronic Devices and CIrcuits, 12
8.07 Electromagnetism 11, 12

Dependi upon career objectives. a student
may wish ufill the Institute Laboratory Re-

rement by taking 6.111 Introductory Digital
Vystems Laboratory, 12.

Inquiries

Additional Information concerning degree
ograms and research activities may be ob-
ned bywriting to Professor Robert Redwine,

c/o the ysice ndergraduate Office, Room
4-352,M Cambridge, MA 02139, (617),263-4841.

The Department offers programs leading to the
degree of Master of Science In Physics, Dcctor
of Philosophy, and the Doctor of science.

Master of Science in Physics

The requirements for the Master of Science in
Physics are the General Institute Requirements
listed In Chapter IV. The master's thesis must
represent a piece of independent research
work, in any of the fields described below, and
carried out under the supervision of a Depart-
ment facuity member. No fixed time is set for
the completion of a master's program; two
yars of work Is a rough guideline. There Is no
anguage requirement for this degree.

Doctor of Philosophy and Doctor of Science

Candidates for the Doctor of Philosophy or
Doctor of Science are expected to enroll in
those basic graduate subjects tht will prepare
them for the General Examination, which must
be passed no later than in the sixth term after
Initial enrollment. No spcific subjects of study
are prescribed, except for the requirement of
two subjects outside the candidate's field of
specialization (breadth requirement). There is no
language requirement. The doctoral thesis must
represents substantial piece of original re-
search, carried out under the supervision of a
Department faculty member.

The Department facuity offer subjects of instruc-
tion, and are enged n research in a variety of
fields in experimentl and theoretical physics.
This broad spectrum of activities is organized In
the divisional strcture of the Department,
presented below. Graduate students are encour-
aged to contact faculty in the division of their
choice to Inquire about opportunities for re-
search, and to pass through an apprenticeship
(by signing up for "Specil Problems In Gradu-

te Physics as a first step toward an engage-
ment In independent research for a doctor
thesis.

Research Divisions

The Astrophysics Division of the Department
has a varied program of instrument develop-
ment, and ground-based and satellite observa-
tions across the entire electromagnetic
spectrum, with principal emphassonthe radio,
notical, and X-ray bands. Theoretical work
emphasizes high-energ phenomena. stellar
evolution, galactic stru ~re, and cosmology.
Other area of study Include Interplanetary and

astrohys~ilasmas, gravitational radiation,
and the cosmic microwave background.
Because of the strongly interdisciplinary and
interdepartmental character of work In astro-
physics, a fuller description of it is found in the
section entitled Astronomy and Astrophysics in
Chapter VI.

Research activities In the Division of Nucleiand Particles Include the broad fields of
nuclear reaction and heavy Ion physics,
intermediate-energy nuclear structure physics,
and high-energy fundamental particle physics.
The experimental research In these areas Is
based on MIT's 1 GeV Bates Unear Accelerator
and on the accelerators at Brookhaven National
Laboratory, the Fermi National Accelerator
Laboratory in Batavia, Illinois, the Stanford
Unear Accelerator, CERN (Geneva), the
electron-positron collider at DESY
(Hamburg, Germany), and the Gran Sasso
underground laboratory at Frascati (Italy).

The large and dynamic program In Condensed
Matter, Atomic and Plasma Physics provides
students with a wide spectrum of research
opportunities. Current topics in condensedmatter Include electron transport and critical
phenomena In one, two, and three dimensions
and high-temperature suprconductivity.
Atomic physics in the division involves
ultra-high resolution laser spectroscopy, the
trapping and cooling of atoms with lasers, and
manifestations of quantum chaos. There are
strong plasma programs in magnetically
confined fusion and free electron lasers. Several
faculty are applying the techniques of modem
physics to current problems in medicine and
bology. Extensive aclilties are available on

campus for the preparation and characterizationof advanced materials and for work with high
magnetic fields, low terperatures, and
sub-micron structures. Scattering studies are
being carried out at the high flux neutron
reactor and the synchrotron light source at
Brookhaven National Laboratory.

The chief emphasis of the Nuclear and Particle
Theory research at the Center for Theoretical
Physics is on understanding the fundamental
particles of nature, as revealed by their interac-
tions and by their decay, and on the characteris-tic quantum modes of motion of systems com-
posed of strongly interacting particles such as

atomic nuclei. Work is also conducted on
theoretical astrophysics, as well as on the
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 afairiy largegop of theorists including profes-
siona staff, postoctoral fellows, senior visitors,
and graduat tudents engaged in research In
theoryOpportunities for communication andcollaboration are maximized within the Center;
lively Interaction among the many specialists In
the various areas of interest Is chracteristic of
this MIT group and Is one of them'ajor sources
of the Canter s strength.

Note that this can be acoomplished within the General
MntsNtute quneafor theS.. degree. I
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Much of the research In the Department is
carried out as part of the work of various Inter-
departmental laboratories and centers, Including
the Laboratory for Nuclear Solence, the Re-
search Labratory of ElectronIos, the Spectros-
copy Laboratory, tCenter for Materials Sol-
ence and Engineering, the Center for Sgace
Research, the Bitter National M not o
the Microsystems T ly atories,
Plasma Fusion Center and the Program on
Sciences and Technology and International
Security. These facilities, most of which are
described in Chapter VI, provide close relation-
ships among the research actMties of a number
of MIT departments and give students opportu-
nities for contact with research carried out in
disciplines other than physics.

Entrance Requirements for Graduate Study

Students Intending to pursue graduate work In
physics should have as a backgund the
equivalent of the requirements fthe Bachelor
of Science in Physics from MIT. However, some
defiliencies may be removed in the ouirse of
graduate work.

Inquiries

Additional Informaticn on degree rams,
research activities, admissions. finano ald,
teaching and research assistantships maybe
obtained by writing to Professor George.
Koster, Physics Graduate Office, Room B-107,
MIT Cambridge, MA 02139. (617) 253-4851.

I

Program in Applied
Biological Sciences
(Course 20)

Applied Biological Sciences at MIT comprise
educatlon and research in three broad area:
toxicology, biotechnology, and biochemistry.
These activities can be found in a number of
academic units at MIT, rather than organized In
a single department. Only students enrolled In
Applied Biological Sciences prior to July 1988
may be degree candidates In Course XX. Many
of the subjects previously offered by A lied
Biological Sciences may now be foun n the
following academic units: Departments of
Bo , Chemistry, and Chemical Engineering;
Whyer College Division of Toxicology; and the
Whitaker College Division of Health Sciences
and Technology.

236-Saho la lne
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Whitaker College of Health Sciences
and Technology

The Whitaker College of Health Sciences
and Technology

In 1977, MIT established the Whitaker College of
Health Sciences and Technology to provide a
major academic and administratve focus for the
extensive development of health-related activi.
ties at the Institute. The College represents a
major commitment by MIT to marshal its re-
sources and strengths in science and engineer.
Ing, In order to foster progress In the biological
and health sciences and to imp rove the quality
of health care. Since health-related activities In
education and research transcend the concerns
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 disciplines
for their ultimate solution. These disciplines
include not only biology and chemistry, but also
physics, mathematics, various branches of
engineering, and computer science. Faculty
members Involved In the educational and
re h programs of Whitaker College hold
joint appointments in the College and in other

hools, departments, and Interdisciplinary
laboratories at MIT The Director of Whitaker
College is Professor Kenneth Smith, Edwin
Gilliland Professor of Chemical Engineering,
Associate Provost, and Vice President for
Research.

In definingthe programmatic objectives of
Whitaker lege, MIT has sought to identify the
fields in which the College can play an
especially effective role by developing new
activities, fortifying existing programs, and
amplfying opportnities for faculty members

students. The College has identified five
Intellectual fool, which now serve as the basis
for Its divisions. These are the recently formed
Department of Brain and Cognitive Sciences,
the progr am in Biological and Medical Imaging,

In o Tofxicloy, the Clinical Research
Center, and the Center for Environmental Health
Sciences. Several graduate pro ams are being
developed in the Colle. The epartment of
Brain and Cognitive Scienoes has Ph.D.
programs in neuroscience, computation, and
cognition. The program in Biological and
Medical Imaging Is linked with the Ph.D. In
Radiological Sciences, which is operated under
the joint auspices of the College, the Depart-
ment of Nuclear Engineering, and the Harvard-
MIT Division of Health Sciences and Technolo-
gy. The Division of Toxicology offers a graduate
program leading to the degrees of Ph.D., Sc.D.
and'S.M. In To y. The Clinical Research
Center is MiTe major locus for investigations on
human subjects. A more detailed description
appears in Chapter VI of this Bulletin.

L

I ' 1 11 . -1 1 -1 1- - n - 1 -- - l 1 1 -1 1 1 1 - -i -i 1 ' 1 -1 --1, 1 - -. 1 , ,. ' - - - - - -. - - - 1 1 - - 1 ;I I

1

Whitaker Colisae of Health Slenovs and Teohnoloav 23

The Doctoral Prram In BraIn and Cognitive
Siences The recentiy formed Department of
Brain and Cognitive Sciences, created by a
Fr of the Department of Psychology with

our 90syexisting programs in Whitaker Col-
offers raduate study leading to doctoral

rees in the brain sciences andthe cognitive
soe nces.

This department enhances MIT's ongoing
interdisciplinary efforts to understand the human
brain. The study of the complexities of the brain
requires an approach combining the exper-
Imental technologies of neurobiology and

choloy with the theoretical power coming
thefeldsof artificiaIntelli ence and On-

gulatics. Graduate students in e doctoral
program in brain and cognitive sciences follow
a curriculum that affords the opportunity for
broad study in a va *N of relevant fields.

A more detailed description of the graduate
program in brain and cognitive sciences
appears on the following pages.

The Doctoral Program in the Radiological
Sciences The graduate program in the
Radiological Sc enses Is a four- to five-year
commitment leading to the Ph.D. or So.D.
degree. sponsored jointiyby the College, the
Department of Nuclear ngineering, and the
Harvard-MIT Division of Health Sciences and
Technology. The program encompasses
ionizing radiation and more recent technologies,
such as ultrasound, lasers, and nuclear
magnetio resonance. Students in Radiological
Sciences pursue their academic and research
objectives in one of four specialty areas:
medical diagnostic and therapeutic technology,
radiation biophysics, radiopharmacoutical
chemistry, and biological and medical image
processing. While most core subjects will be
taken at MIT, udent research can be
conducted at Harvard-affiliated hospitals, the
Harvard School of Public Health, and at MIT in
the Magnetic Resonance imagingacility of the
National Magnet Laboratory and theImage
Processing Facility of Whitaker College.

in the area of medical diagnostic and thera-
peutic technology, students will probe questions
ad methodologies that can have an Impact on
the identification and treatment of human
desem.

Radiation biophysics research focuses upon
radiation effects at the cellular and sub-cellular
MWl In order to better understand the basic
bologloal response to irradlaton.

Image processing in biology and medicine
oombines Image data with powerful digital
computer processing and graphloal display.
Data sources Include two-dimensional Informa-
tion from computer tomography, magnetic
resonance imaging, transmission and scanning
electron, and optical microscopy. The ability to
manipulate three-dimensional objects via human
interactive computer graphics has revolutionized
engineering design, chemical synthesis, and
folding attributes of biological molecules. The
Biological and Medical Imaging Processing
Facility Is organized to develop and offer com-
parable power to investigators interested in
morphological, structural, developmental,
metabolic, and other questions that can be
interpreted through three-dimensional imple-
mentation and manipulation.

Undergraduate preparation for acceptance Into
the Radiologil Scences Program requires a
bachelor's d re In physical science or engi-
neering. Add onal preparation in computer
science and biochemistry Is highly mdom-
mended. The ORE aptitude test and one ad-
vanced test are also recommended. At the
baccalaureate level, students should apply for
admission to the MIT Department of Nuclear
Engineering a the Harvard-MIT Divisionof
HST in order to pursue a graduate program
leading to a master's degree. Students entering
the pram with their master's degree must
complete the Radioliloal Sciences core sub-
ject requirements durng the initial phase of their
program or demonstrate competence In the
required subject areas.

A qualifyin examination assessing general
radiologicasolences preparation plus material
relevant to the student's specialty area must be
passed prior to the initiation of doctoral re-
search. For those entering with an S.B., this
exam is taken at the end of the second year.
Doctoral research will require an additional two
or three years and concludes with a thesis.

Paculty and Staff In the Whitaker College

Kenneth Alan Smith, So.D.
Edwin R. Gilliland Professor of Chemical
Engineering
Associate Provost
Vice President for Research
Director, Whitaker College of Health Science
and Technology

Derek Rowell, Ph.D.
Associate Professor of Mechanical Engineering
Department of Mechanical Engineering
Director, Biomedical Image Processing
Laboratory

Professors

Gordon L. Brownell, Ph.D.
Professor of Nuclear Engineering
Department of Nuclear Engineering

Robert Samuel Langer, So.D.
Germeshausen Professor of Chemical and
Biochemical Enginsering
Department of hemical Engineering

Robert Daniel Rosenberg, M.D., Ph.D.
Professor of Medicine and Biology
Department of Biology

Associate Professor

Monty Kileger, Ph.D.
Associate Professor of Molecular Genetics
Department of Biology

Assistant Professor
Jacquelyn Cel Yanch, Ph.D.

Assistant Professor of Nuclear Engineering
Department of Nuclear Engineering

Lecturer

Stan N. Finkelstein, M.D.
Senior Lecturer, Health Policy Management

Administrative Staff

Vera J. Ballard, B.A., C.S.S.
Assistant Director for Finance and
Administration

Robert W Coate, B.S.
Facilities Officer

Katherine Elsenhaure
Program Manager, Health Policy Management

Anna Tomeoka, M.S.
Systems Manager

Leonardo C. Topa, Ph.D.
Director of Computing
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Division of Toxicology

The Doctoral Program In Toxicology

in its teaching and research endeavors, the
graduate program in toxicology is focused on
understanding how the interactions of organ-
Isms with chemical and physical agents In the
environment induce toxicity and pathogenesis.
with the goal of understandingthe origins of
genetic disease in humans. program repre-
sents an Interface among the Departments of
Chemistry and Biology In the School of Science
as well as the Departments of Chemical, Nu-
clear, and Civil Engineering. in this position, it
plays a Ivotal role In fostering the development
of interisciplinary research programs among a
variety of laboratories.

The core curriculum of the pro ram is designed
to provide rigorous tralning Inth basic
sciences, with particular emphasis on chemistry,
biochemistry, molecular biology genetics,
toxicology, and lpharmacology. Students will
receive preparation for careers invoMngtMe
application of modem methods of chemical,
molecular, biological, and genetic analysis to
risk assessment in the chemical, biotechnologi-
cal, pharmaceutical, food, and nuclear indus-
tries. Faculty members are drawn from a wide
range of disciplines. The members of the pro-
gra n also form the nucleus for the MIT Canter
for Environmental Health Sciences.

The Division of Toxicology offers a graduate
program leading to the degrees of Ph.D., Sc.D.,
and S.M. In Toxlogy. Curricula are arranged
to permit flexibility, and oortunities exist for
Interdisciplinary training. e first two regular
terms are spent mainly in course work. The
latter include laboratory courses in which stu-
dents rotate through the laboratories of the
faculty members In the program. Students are
then admitted to their laboratory of preference
to begin full-time work towards a thesis In an
area of specialization. Doctoral examinations,
both written and oral, must be taken no later
than the fourth semester of full-time graduate
study. Thesis research normally requires two to
three years of full-time research activity after the
examinations are successfully completed.

Areas of research specialization within the
program include studies in environmental
carcinogenesie, development of molecular
methods for direct measurement of muta-
genesis in humane, metabolism of foreign
compounds, genetic toxicology, the molecular
aspects and doslmetry of Interactions between
mutagens and carcinogens with nucleic noids
and proteins, molecular mechanism of DNA
damage and repair, design and mechanism of
action of chemotherapeutio agents, molecular
mechanisms of carcinogeners, virology,
molecular biology of oncogenes, and cell
physiology.

For additional information contact the Student
Office, MIT, Room 16-330, Cambridge, MA.
02139, (617) 253-1712.

Faculty and Staff In the Division of Toxicology

Gerald Norman Wogan, Ph.D.
Underwood-Prescott Professor of Toxicology
Professor of Chemistry
Director, Division of Toxicology, Whitaker
College
Department of Chemistry

Professors

John Martin Essigmann, Ph.D.
Professor of Chemistry
Professor of Toxicology
Division of Toxicology, Whitaker College
Department of Chemistry

James G. Fox, D.V.M.
Professor and Director. Division of Comparative
Medicine
Division of Toxicology, Whitaker College

Steven Robert Tannenbaum, So.D.
Professor of Chemistry
Professor of Toxicology
Registration and Admissions Officer
DMsion of Toxicology, Whitaker College
Department of Chemistry

William G. Thilly, Sc.D.
Professor of Applied Biology
Division of Toxicology, Whitaker College
Director, Center for Environmental Health
Sciences
Professor of CMI Engineering

Assistant Professor

Helmut Zarbl, Ph.D.
Assistant Professor of Toxicology
Division of Toxicology, Whitaker College

Adjunct Professor

Hamish N. Munro, D.Sc.

Principal Research Scientist

John Sherman Wishnok, Ph.D.

Research Scientist

Paul L. Skipper, Ph.D.

Research Associate

W. Sara Stiliwell, Ph.D.

Research Affiliates

Nancy J. Gorelick, Ph.D.
John D. Groopman, Ph.D.
Gerald McMahon, Ph.D.

Postdoctoral Associates

Ashis Basu, Ph.D.
Brahmadeo Dewprashad, Ph.D.
Richard S. Eisenstein, Ph.D
Colette S. Hodes, Ph.D.
Janet A. Mayemik, Ph.D.
Thanh Nguyen, Ph.D.
Yousef Sahall, Sc.D.
Fayad Z. Sheabar, Ph.D.
Neela R. Soman, Ph.D.
Koll Taghizadeh, Ph.D.
Michael L. Wood, Ph.D.

Postdoctoral Fellows

Michael Owen Boylan, Ph.D.
Nigel K. Brown, Ph.D.
Billy W. Day, Ph.D.
Shawn Mark O'Hara, Ph.D.

Visiting Scientists

Adrian B. Bomford, M.D., M.R.C.P
Asuncion Esteve, Ph.D.
Zora Kikinis, MS.
Geng-Sun Olan, Ph.D.
Xiao-hang Shen, M.S.
Jia-Sheng Wang, M.D., M.PH.

Lecturer

Laura C. Green, Ph.D.

Administrator for Academic Programs

Debra A. Luchanin, Ed.M.

Administrative Officer

Carla Welch Kirmani, A.L.B.

Additional faculty and staff in the Whitaker
College are listed with the Department of Brain
and Cognitive Sciences on the following page.

Department of Brain and Cognitive Sciences

Emilio Bizzi, M.D.
Eugene McDermott Professor in
the Brain Sciences and Human
Behavior
Head of the Department

Professors

Richard Alan Andersen, Ph.D.
Professor of Neuroscience

Susan E. Carey, Ph.D.
Professor of Experimental
Psychology

Stephan Lewis Chorover, Ph.D.
Professor of Psychology

Suzanne Corkin, Ph.D.
Professor of Psychology

Ann Martin Graybiel, Ph.D.
Professor of Neuroanatomy

Alan Hein, Ph.D.
Professor of Experimental
Psychology

Richard Held, Ph.D.
Professor of Experimental
Psychology

Nelson Yuan-Sheng Kilang. Ph.D.
Eaton-Peabody Professor of
Communication Sciences

Daniel Nathan Osherson, Ph.D.
Professor of Psychology

Steven Pinker, Ph.D.
Professor of Psychology
Codirector, Center for Cognitive

Tomaso Armando Poggio, Ph.D.
Uncas and Helen Whitaker
Professor of Vision Sciences and
Biophysics
Codirector, Center for Biological
Information Processing

Mary Crawford Potter, Ph.D.
Professor of Psychology

Marc H. Ralbert, Ph.D.
Professor of Computer Science
and Engineering
Department of Braln and Cognitive
Sciences

Whitman Albin Richards, Ph.D.
Professor of Psychophysios
Peter Harkal Schiller, Ph.D.

Dorothy W. Poltras Professor in
Medical Engineering and Medical
Physics

Gerald Edward Schneider, Ph.D.
Professor of Neuroscience

Shimon Ullman, Ph.D.
Professor of Psychology

Kenneth N. Wexler, Ph.D.
Professor of Psychology and
Unguistics

Richard Jay Wurtman, M.D.
Professor of Neuropharmacology
Director, Clinical Research Center

Associate Professors

Edward H. Adelson, Ph.D.
Associate Professor of Visual
Sciences
Department of Brain and Cognitive
Sciences and the Media Arts and
Sciences Section

Christopher Granger Atkeson,
Ph.D.
Associate Professor of Motor
Control
Kock Chair in Biomedical
Engineering

Robert Cregar Berwick, Ph.D.
Associate Professor of
Computational Unguistics
Department of Brain and Cognitive
Sciences and Department of
Electrical Engineering and
Computer Science

Ellen C. Hildreth, Ph.D.
Associate Professor of Vision
Science
Codirector, Center for Biological
Information Processing

Ronald Davies Graham McKay,
Ph.D.
Associate Professor of
Neurobiology

William G. Quinn, Ph.D.
Associate Professor of
Neurobiology

Mrganka Sur, Ph.D.
Associate Professor of
Neuroscience

Jeremy Michael Wolfe, Ph.D.
Class of 1922 Career Development
Associate Professor of Psychology

Assistant Professors

Michael 1. Jordan, Ph.D.
Assistant Professor of Psychology

Arthur Douglas Lander, Ph.D., M.D.
Edward J. Poitras Assistant
Professor in Human Biology and
Experimental Medicine

Maryellen C. MacDonald, Ph.D.
Assistant Professor of Psychology

Hermann Steller. Ph.D.
Assistant Professor of
Neurobiology
Assistant Howard Hughes Medical
Institute Investigator

Lecturers

Jerrold Bemstein, M.D.

Jan Blusztajn, Ph.D.

David Caplan, M.D., Ph.D.

Lydia Conlay, M.D., Ph.D.

John Growdon, M.D.

Timothy J. Maher, Ph.D.

Donald L. Schomer, M.D.
(Visiting)

Instructor

Naomi Fukagawa, M.D., Ph.D.

Visiting Scholars/Scientists

Antonio Cruz, M.D.
Wililam Dietz, M.D., Ph.D.
Manfred Fahle, M.D.
Harris Lieberman, Ph.D.
Thorkidd Norregaard, M.D.
Suzanne Smith, Ph.D.
Jeffrey Sutton, M.D.
Peter Thier. M.D.

Technical Instructors

Henry Hall, S.B.
Diane Major

Principal Research Scientists

Joseph Aoyeus Bauer, Jr., M.S.
Sonal Jhaverl, Ph.D.

Research
Assoclates/EngIners/Solentsts

Shabtal Barash, Ph.D.
Benjamin Morgan Dawson, Ph.D.
Andrew Dollins, Ph.D.
Reha S. Erzurumlu, Ph.D.
Nancy Etooff, Ph.D.
Norberto Grzywaoz. Ph.D.
Jane Gwlazda, Ph.D.
Sonal Jhaveri, Ph.D.
Nikos Logothetis, Ph.D.
Harry Lynch, Ph.D.
Ferdinando Mussa-Ivaldi, Ph.D.
T. John Rosen, Ph.D.
Barbara Ellen Slack, Ph.D.
Judith Hirschhom Wurtman, Ph.D.

Postdoctoral Assoclates/Fellows
John Abrams, Ph.D.
Ronen Basil, Ph.D.
Sabina Berretta, M.D.
Elliot Berry, M.D.
Leopoldo Bon, Ph.D.
Peter Brotchle, Ph.D.
Ana Campos, Ph.D.
Elena Cattaneo, Ph.D.
Andreas Erfurth, M.D.
Elisabeth Folkers, Ph.D.
Alain Gardier, Ph.D.
Federilo Girosl, Ph.D.
Simen Giszter, Ph.D.
Timothy Hayes, Ph.D.
Jiping He, Ph.D.
Noboru Hlrol, Ph.D
Robert Jacobs, Ph.D.
Seppo Kaakkola, M.D.
Joseph Kapfhammer, Ph.D.
Karl Udo Klschka, M.D.
Samuel Kunes, Ph.D.Daniel Kurylo, Ph.D.
Ronald Bruce Langdon, Ph.D.
Giovanna Marazzi, M.D.
Una Massone, Ph.D.
Jenny Lee McFarland, Ph.D.
Diego Minciacohi, M.D.
Rosario Moratalla, Ph.D.
Sarah Pallas, Ph.D.
Usa Plantefaber, Ph.D.
Ning Olan, Ph.D.
Patricla Renfranz, Ph.D.
U. Ingrid Richardson, Ph.D.
Joachim Sandmann, Ph.D.
Cecilia Sarkieslan, M.D.
Rosalind Segal, M.D., Ph.D.
Cathy Shea, Ph.D.
Robert Snowden, Ph.D.
Beate Sodlan, Ph.D.
Edward Tehovnik, Ph.D.
Ruth Walker, M.D.
Daphna Weinshall, Ph.D.
Kristin White, Ph.D.Jerry Chi-Ping Yin, Ph.D.
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Administrative Staff

Janice Ellertsen
Academic Administrator

Andrea Hatch
Administrative Officer

Maria T. Heyward
Assistant to the Chairman

Judith Rauchwarger, Ph.D.
Personnel Administrator

Professor Emeritus

Walle Jetze Harinx Nauta, M.D.,
Ph.D.
Institute Professor, Emeritus
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Department of Brain and Cognitive Sciences

(Course 9)

Undergraduate Study

The st of mind, brain, and behav.. has
grown In recent years with unforeseen rapidity.
Now avenues of approach, opened by develop-
met u In the bocandcomputer sciences,
iss the hope that human beings, who have

achieved considerable masitry over the world
wround them, may also come closer to an
understanding of themselves. The oal of the
Department Brain and Cognitive Sciences is
to answer fundamental questions conoeming
the nature of brain function and intelligence. To
this end, the Departmentfocusesonfour
themes: neuroblology, neurosolenos, computa-
ton, and oogiton.

In cognitive science, human experimentation is
combined with f1ormal and computational analy-
see to understand complex Inteiigent processrs
such as language, reasoning, and visual infor-
mation processing. Such research is beginning
to answer ago-old questions about the nature of
mind and has application in the fields of eduoa-
tion, artificial intelligence, human-machine
Interaction, and in the treatment of cognitive and
language disorders. Cognitive science research
is focused on psycholinguistlcs, including
sentence and word processing, language
acquisition, and aphasia; visual cognition,
including reading, Imager, attention, and
nocetaofordm,4Iwnav rame sha fa esrn

Undergraduate Offerings

Subjects at the undergraduate level normally
begin with 9.00 Introduction to Psychology or
9.62J Introduction to Cognitive Science. More
advanced subjects are available in the areas
covered by the Department. For all undergradu-
ates, many subjects may be taken to fulfillthe
Institute Requirement In the Humanities, Arts,
and Social Sences. Students interested in
developing strong backgrounds In cognitive
science should consider the Bachelor of Sol-
ence in Cognitive Science.

Research in neurobiology deals with the biology " oje"; and reasoning, Including leaming, Psychology
of neurons, emphasizing the special properties o list reasoning, and the nature and
of neurons as encoders.tamits and developmen of concepts. In the field of parcel).The field of psychology Is represented at MIT by
processors of Information. A detailed under- lion, there ie an effort to undertn the enood- an interdisciplinary Program In Psychology In
andingof neuronal structure and functions ing of color, lightness, form, and depth Informs- the School of Humanities and Social Science.

requires application of the techniques of con- tn bythe visual system and the development The Program InPschologyencompasa
temporary molecular, cellular. and developmen- of tee9roemi Ifnt.InbhvirlrujettromheD ent of Brain and
tal biology. Applicaton of thentechnologies is neurooience, research is conducted on neuro- Cognitive Sciences, the Sloan School of Man-
isading to excitng studies about the nervous logcall impaired patients in an attempt to agement, the History Section in the Department
sytem, providing new understanding of funds- u brain mechanisme underlying of Humanities, the Program in Science, Technol-
mentl mehaniesme of brain function. In add- normal human sensation, perception, cognition, oy and Society, and others. It administers a
lion, thes studies have profound clinical 1mphi- action, and affect. HSS Concentration and Minor In Psychology.
ot*one, in part by genera a framework for For information about the Conetration, con-
the treatment of neurologi and psychiatric Departmental laboratories are well equipped for tact Professor Alan Hein (E10-208, 253-5759).
disorders. Primary areas of interest include the studies ranging from molecular neurobiology to For information about other aspects of the
development of neuronal morphlg and setophysiologyneuropsychology, psycho- Program, contact Professor Jeremy Wolfe
onnectivity, the cellular and molecul bases of physics, huma formation processing, a r(El 0-137, 253-4875).
behavior In simple neuronal circuits, neuroche- inguistice. In addition, the department maintains
mistry, and celluiar physiology, a machine shop, 2n electronics shop, and the The Minor Program in Psychology consists of

Teuber Reading Room. Whitaker Coilege main- six subjects arranged Into three levels of study
In the area of systems neurosolence, depart- taIns a state-of-the-art computer facllity. The that provide students breadth in the field as a
mental investigators use a number of new multi-user laboratory of the Center for gnitive whole and some depth In one area of special-

proachee ranging from computation to alec- Science provides omputation facites for ization. The three levels are as follows:
andiophyics. Of major Interest real-time experimental control, data anal s, _______________

mt te systems, where the modeling, and linguistic analysis. There s an
X~r~o ombWeto understand ftrnsduction electron mlroocM laborth cerateontly- ofsbjc

end of sensory stimuliInto oWhland o ated jolntiy TIER 1: One subject
mesages. temorganizaston and development of logy, and researchers whose Investigations 9.00 Introduction to PsychologyGensoy-motor systems, the processing of Involve human subjects have access to MIT's
snory-moior nformation, and thssory-mo- Clinloal Research Cente. Students and faculty TIER Il: Three subjects, one from each of the
Ipormance of organisms. Also of major may also uss the faollities of other MIT depart- following areas:Iterest Is neural and endlorine regulation, mets and centers.
where the scientific goal is to undestand the 1 Experimental chol
effects of cIrculating compounds on brain 2 Personality and Scialsychology
compoeltion and behavior 3)Applied Psychology
Inoomautatin lnourooloeantcularly
stong Interaction OI e ~ists DeW~r-
*rant and the Artiical Intellignce Laboratory.
provdingnew intellectual thrust in a number of
asse Intoneural and coognive solenoes- visionand mRotorcntrol. Compute-
onai theoear devel andtested within

the framework of neurophysological, psycho-
andotrexperimntal approaches. In

Intheoretawork
etdesing problems that any visual system
mus sol* ,twereis omplementry epeolmen-
W wor on thelsectro O f Visual Oal
d various relay stations oi-rdon~thedevelopen
of patlemed viinand stereopels. Work on
motor control is also strongly interdisciplinary.
Blo research acivides include studying the
Wealonshipebetw multiple sensory Inputs
W4r ocmplx motor Wot6t.

TIER I11: Two subjects from one of the following
areas:

1 Experimental colo y
2 Personality and lal yohology
3j AppliedPsychology

For a listing of avallable subjects In thee areas,
consui the HASS Informatlon O e (14N-408),
the Undergraduate Psychology Office
(EI1-008),sor Pesyhology Program Coordinator
Professo Jeremy Wolfe (E10-'137).

4
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Bachelor of Science in Cognitive Science Bachelor of Science in Cogni
Course IX Course IX

Cognitive science is an evolving field of study
concemed with human Intelligence. Centran
Issues in the discipline include the structure, ootwd hietieR***inte
acquisiion,use, and Internal representation of
human language, the Interpretation of sensory nc Pqumm
experience, the development of formal and
informal reasoning skills, the manipulation and HumanitiesAnsand ScalS encestionand 3 sujecs ca be OMWby sublet l
storage of Information within the nervous sys- raforfthe Field of Concentration))
tem, and the planning and execution of motor scin"eowisution Rquiremntwo sactivt.can be satined by 16.06 and ether 1.0
The Bachelor of Science in Cognitive Sence or 16.313 in the oeparmental Program)
prepares students for graduate training Inat Requirmnt(can beatO

peychoi9 ,sRndustl philosophy, or aspects 93I lce nteDprmna rg

71 I ip---1,q P"

of artifloiniel nge p uiart nthose as-
pects concerndwith vIon) as well as for
further work in the area of effient human-ma-
chine Interaction.

Methods of Inquiry in cognitive solence are
drawn from cognitive and peroepal ycholo-
gy, computer science and artfiintelligence,
linguistics, philoshy of language and mind,
neurosolence, an mathemaTlos. The under-
graduate program is designed to provide in-
struction in the relevant aspects of these various
discipines. The program Is adminiteredl by a
committee made up of faculty members from
these disoplines who also serve as advisors to
majors, helping them lect a coherent set of
subjects within the requirements, includi an
independent research project Members cithe
committee aeavailable to guide the research.

TOTALI
PLUS

itive Solence

17 SubIets

suirement
in the O*Wepantal

)l

subiefts
06. 16.440.

m by 9.50 or

Sub)ects

Dopednene r POp Unts

Subjecnerne below are Wooed bycfedN W and by
Pmu ef rI ey (coreuletea In 1#a 8)
Required subets: 12-132
Miroducrary Aa#rent:

9.M Introduction to Cognitive Science. 12, MASS

One of the nollowng:

18.0 Introduction to ProbabilIty and
StaItcs. 12.,8: 18.01*

18.440 ProbabIy and Random variables. 12, so: 18.02*
18.313 Probabilty. 12s0;18.02*

PAWt
16.08 Unear Algebra. 12. SO. 18.02-

Core Suboe:
901 Neurosolence and Behavior. 12; 962

6.001 Structure and Interpretation of Computer
Programs. 15

966 CognNive Procsses, 9. MASS
2401JI Language and ts structure, 12 HASS; 24900

93 s Perceptual Inornaton Processing, 9: 9.82J.

Foundbtons - One offthe #ownig W uare:
Area 1

18.03 Dlferential Equations. 12, so: 18602*

or
18.032 Dollerential Equations, 12. SD; 18.02*

an emter
.003 Signalsand Systems. 15:6001..002

or
2.02 Introduction to systems rynam.cs 12. So:

.01, 1.02

a

Required subleeta (sntimed)
Ares k.

18.310 Pnciples of Appiled Mathematics, 12;
18.02*
aneIter

1,611 Introduction to Mathematical Logic and
Recursion Theory, 12
or

6.045) Automata, Computablity. and Complexity.
12,18083

Area3:
24951

17 24901

Introduction to Unguistics I: Syntax, 12:
24901c

Introduction to Unguistics fl: Phonology, 9

Area 4.
9 63 Laboratory in Cognitive Scence. 12, LAB:

19.441 StatistIcal Inference. 12:18 440*

Research - One of the followng:
9 60 R earcl in Brain and Cognive Sciences.

12. LAS; .624
9832 Laboratory In Cogntie Scence, 12. LAS9.*20

Neatricted setivee:
Two subjects to be arrangedwith the student's advisor
(see D*epaMentfor list)

1-4

Unite In Denmenwa ta amae aleuney
dohe 8 heea ie ule mes(61-sM)

ureattieted 1eee "76.-

Tol Unit Ree sIr the .S. D e the ead i eequiremnte (GI) i

NOTE: NO SUBJECT can be counted eTH as part of the
17-subjIct Gs AND as spatoftI16units required beyond
the O u. EVERY subtw In the students doernntTl
program will count toward One Of the Other. BUT NOT BOTH.

Thee is no prrequte fr CoW 9Mo who have taken
aem
2
i 9.8 s is elected under Area 4. It cannot be used to satisfy the
resarc component.

*Alternae prerequisites arelisted In the subject dweription.

Graduate Study

The Department offers programs of study Candidates for a degree In Cognitive Science
aing to the doctoral degree in Molscular take an Intensive core subect In contemporary

Neuroology Systems Neurosolence Compu- cognitive cholog that Introduces major
lainlNeurceclence, and Cognitive toences. theoretcaland empirial Issues In perception,

Tiere is also a doctoral degree In Cognitive language, conceptual development, mental
Neurosolence, so named to indicate a multidis- representation, memory, and reasoning. Addi-
dpinary approach to the study of braln funo- tional course work covers such topics as lan-
ton. The graduateprams aredesigned to guage processing, language acquisition, cogni-
prepare participante to tah and to do original tv development, natural computation,
nearoh. connectionist models, and visual Information

processing. Students also participate in ad-
vanced seminars and subjects outside the

e Requirements for Graduate Department that are relevant to the individual
Deg ram of research. The latter may Include

sub actsin linguIsti, philosoph y, loi, mah
Students should have one year of college-level matic, or computer science. Competenoe In
wcrkIn three of the followIng five areas: physics, statistics Is also required.
chemistry, biolog mathematics, and computer
slenoe. Studen who do not fulfill these re- Students in Cognitive Neurosolence will take
qurements may be considered by the Depart- both the neurosolence and the cognitive sol-
rent on a case-by-case basis. once core subjects as well as appropriate

subjects chosen from the departmental areas
Doctor of Philosophy described above. A key feature of the cognitive

neurosolence program is that each student will
be co-advised by a mjor thesis advisor and a

General Institute requirements for the Ph.D. re minor thesis advisor, rather than the usual one
given In Chapter IV. Formal course work, de- advisor, from two different disolines repre-
scribed below, is Intended to prepare th stu- sented In the department, and ta the theses
dent to pase the geneal examinations and do ect must contain elements of Investigation

will be given in May oneothe snad m the two different fields represented by the
yea. There Isno language requirement for the
doctorate.

Seif course requirements vary with the area
of specialization. Students in neurobiology,
neurosoience, and computation start with an
fitensive neurosolence core subject. The core
subject covers the molecular and cellular fea-
tures of neurons, neurophysiology and neuroa-
natomy, the study of sensory and motor sye-
tens, and the prinolples of neural computation.
Further course work will be diversified to give
each Individual the appropriate background for
search in his or her own area. Course work in

Molecular Neurobiology (organized In collabo-
ration with the Department oflology) empha-
sizes the current geneti, molecular, and cellular
aproahes to biological systems that are
:ec yto generate advances In neurosoi-
ence. 1rIng In Systems Neurosclence
covers neurontomy, neurophysiology, and
neurotransmitter chemistry, concentraingon
the major sensory and motor systems in the
vertebrate brain. Speolfic ties to molecular
neurobiology or computation may be empha-
sized, depending upon the research Interests of
he student. Course work for students in Com-

tional Neuroselence is Intended to give
anunderstanding of empIrIcal app hes

bthe study of the verbrate bainan atheo-
etlcal background for analyzing computational
spects of biological information processing.

Graduate students begin research apprentice-
ship immediately upon arrival, at which time
advisor assignmen are made based upon a
match of interests. These assignments may
change as a student's oals become more
focused. At the end of the first year, an advi-
sory committee of two to four faculty members
is formed. This committee monitors progress
during the early years and, with membership
changing as necessary, evolves into the thesis
committee. Thesis research normally requires
24-36 months of full-time activity after the
qualn examinations have been passed. It is
e ethat the research embodied In the
Ph.D. dissertation will be orInal and significant
work, publishable in scientifi joumals.

Assistantships and Fellowships

Financial assistance is available to qualified
applicants In the form of tralneeships, research
assistantships, teaching asalstantship, and a
limited number of fellowships, subject to avail-
ability of funds, Prospective students areon-
oouraged to apply for Individual fellowships
such as those sponsored by the National Sol-
ence Foundation, the Howard Hu hes Medical
Institute, and the Office of Naval Research, to
cover all or part of the cost of their education.

Inquiries

Additional Information regarding teaching and
research p rams in the department may be
obtained from Jan Ellertsn, Department of
Brain and Cognitive Sciences, Room E25-406,
MIT, Cambridge, MA 02139, (617) 253-5742.

I~
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Harvard-MIT Division of Health
Sciences and Technology

Harvard University and MIT are engaged in a
major collaborative effort, the Harv -MIT
DMsion of Health Sciences and Technology,
designed to focus science and technology on
human health needs. In this Division, the com-
plementary resources and strengths of both
Institutions are being directed to the education
of physicians, medical eanee, medical
physicists, and other healt scientists, and to
the effective application of modem science and
technology to major health problems.

The Division represents a fusion of the rowing
Interests of MIT and Harvard in develo new
patterns of education and research in
and medicine and in more effectively utilizing

The HST DMuion is committed to educating
physicians who will also have a deep under-
standing of the scientific basis of medicine, and
who are equipped for a career of interdisolplin-
ary research. As part of its educational strategy,
the DMeion encourages students to spend time
in research during their M.D. curriculum, and a
thesis is required for the M.D. d ree. Many
students, however, desire to obtain more sub-
stantial research training than is possible in the
standard four-year M.D. curriculum. One exist-
ing route for such students is to pursue a formal
Ph.D. program in addition to M.D. A second
option stretches the duration of the M.D. Pro-
gram to five or more years in order to permit the
inclusion of a major research training compo-

There are four major components to the curru-
lum: 1) an Intensive graduate program In an
enginens g department or In physics, which
Inc udes electives In biomedical enginsering
subjects'; 2) a series of subjects in human
biolo taken together with HST/MD cansil-
dates 3) speolallzed clinical training, wnioh is
designed to equip the student conductng
effective research In patient-oare environments,
and to thoroughly understand the process of
medical deciason-making and the role of tech-
nology in health-care delivery; and 4) doctoral
thesis research on a fundamentally and cilniolly
important problem in medical engineering or
medical physics.

science and engineering in meeti important nent, end leads t the Masters degre in Health Approximately 15 students are admitted each
health needs. The DMsion is active In educa- Sciences and Technology, to be awarded in year into the Ph.D. program. Students with
tion, research, and development. addition to the M.D. degree. undergraduate degrees In engineering or ph

los must apply for admission jeintly toa gradu-
The DMlon offers several educational pro The general requirements fora Master's pro- ate department at MIT or Harvard, and to the
grams: (1) the Program In BIomedical gram at MIT are given in Chapter IV. The HST DMelon. Students who already possess a
Sciences, leadingto the M.D. degree from course requirements must be in addition to the Master's degree in engineering or physlos may
Harvard Medical hool; (2) the Program in minimum number of units required for M.D. apply to the HST DM on alone. Applications
Medical Engineering and Medical Physics, degree. Subjects may be chosen In scientific, are due by January 15 of the yearof desired
leading to the Ph.D. degree from MIT,'and (3) technical, or clinical areas relevant to the stu- matriculation.
the Radiological Sciences Graduate Program, dent's research area. Thesis research may be
leading to the Ph.D. degree from MIT conducted at MIT, Harvard, or at Harvard-affil- Medical and biological applications of physics

latedi teaching hospitals. The completed thesis and engineering may also be pursued in the
Blomedical Sciences is oriented toward stu- document must be dby the thesis Radiologloal Sciences Graduate Program
dents with a strong interest and background in suervisor and must submitted to the HST/ under the auspices of the HST Division, Depart.
quantitative science, especially in the biological. MD Graduate Committee. The Master's thesis ment of Nuclear Engineering and Whitakerphysical, engineering, and chemical sciences, will simultaneously fulfill the thesis requirement College. Breakthroughs in radiological science

ubects in human biology developed for this for the HST/MD degree. Including magnetic resonance imaging (MRI),
ou rulum represent joint efforts of life solen- dynamic computer-aided tom r,tists, physicians, physical scientists, and eng - Although the Master's Degree Program In positron eission E), ne
neers selected from the faculties of both univer- Health Sciences and Technology Is available photon emission toand
sities. Subjects are presented at Harvard only for students who are also enrolled in the radiation therapy make the area one of the mostMedical School or at MIT HST/MD curriculum, the two degrees are not exciting developments in applied nuclear and

Aformally linked. Obtaining the M.D. degree is radiation science.
Approximately 30 students are admitted each
year as candidates for the M.D. degree at Har-
vard Medical School. Financial support is avail-
able to qualified HST/MD students through the
standard graduate school mechanisms of
Research and Teaching Asaistantahips.

The programs of study are formulated to meet
the interests and needs of the individual stu-
dent. The student is encouraged to pursue
advanced study In areas of Interest that may
complement he subjects offered in the D slon.
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.-Master's
degree or M.D.-Ph.D. program. HST students

n the students of the regular Harvard Medical
curriculum in the clinical clerkships. HST

students are expected to choose a field of
concentration in which the- 'pend aproximato-
ly one half of their elective time. Facu tutors
provide guidance in the choice of sub and
n the pursuit of Independent study.

note prerequisite for the asters degree.

Further details on the Biomedical Solences
Program and appliation forms may be ob-
tained from the O of Admission, Harvard
Medical School, 25 Shattuck Street, Boston,
Massachusetts 02115. Applications must be
submitted by October 15 of the year prior to
desired matriculation.

The doctoral curriculum in Medical Engineer-
Ing and Medical Physics prepares individuals
who will be thoroughly grounded In an engi-
nearing discipline or In Physics, and who will
also have extensive knowledge of human biolb-
gy and onnloal medicine. Graduatesare well
prepared for Independent interdisciplinary
research at the interfaoe of technology and
medicine.

Admission to the program and award of the
doctoral degree in Radiological Sciences will be
made jointly by the oDvision of Health Sciences
and Tech y and the Department of Nuclear
Engineering. rnOaddition to a strong background
in the physical and engineering sciences,
applicantsare urged to have completed under-
graduate courses in biology or biochemistry
upon entrance, and are required to complete
three additional iffe sciences courses prior to
receiving the doctoral degree. The core curric-
ulum includes topics in nuclear and radiation
physics, radiation biology, medical Imaging, and
biomedical applications of radiation.

Tht heMinIeudquired o atudent
aMed d dMIftthat n lmiy require the8SM.
degree as pan of the doctoral program

2
The subiects HST 011. KST 031. MST 091. MST 101, MST Ii.
end ST 131,

I
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Joint Program in Oceanography
and Oceanographic Engineering
With the Woods Hole Oceanographic
Institution

These courses form the basis of the departmen-
tal doctoral examination taken by most students
two years after entering the program. After
Juccessful completion of the exam, full-time
0e1s research is pursued in specialty areas of
radiation therapy, medical Imaging, radiation
biology and biophysics, or image processing
aind computer applations. To supplement the

ram s academic training, a one-month
Olncpracticum in one ofte affiliated Boston-
Wea hospitals is also required. A doctoral thesis
wil be submitted and defended before a com-
mittee of MIT faculty, including members from
HST and DNE, in accordance with the interdisci-
plinary nature of the program.

Over 160 faculty members from MIT and
Harvard Medical School are associated with the
DMslon. Further information with a complete
Isting of the faculty and description of all
prrams, may be obtained from the office of
t Directors of the Division, Room E25-519 at
MIT, (617) 253-7470. Information on interdepart-
mental opportunities in biomedical engineering
nay be found in Chapter VI.

MIT and the Woods Hole Oceanographic Institu-
tion (WHOI) on Cape Cod offer jont doctoral
degrees in oceanography and both doctoral
and professional degrees In oceanographic
engineering. Graduate study in oceanography
encompasses virtually all of the basic sciences
as they apply to the marine environment: phys-
ice, chemistry, geology, geophysics, and biolo-
gy. Oceanographic engineering allows for
concentration in the major engineering fields of
civil, mechanical, electrical, and ocean engl-
neering. The graduate programs are adminis-
tered byjoint 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 physical
resources available for advanced study at both
Woods Hole and MIT.

The Joint Program involves several departments
at MIT - Earth, Atmospheric, and Planetary
Sciences and Biology In the School of Science;
and CMI Engineering, Electrical Engineering
and Computer Science, Mechanical Engineer-
ing, and Ocean Engineering in the School of
En ineering. Financial aid, offered as research
assistantsh peto most entering graduate stu-
dents, Is sufficient to cover tu lon 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 Proram is not affiliated with any one
particular MIT department, it Is important that
students 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 better
understanding o the marine environment.
Some 200 scentists 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 ople operate three research
vessels ranging fr177 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 insttu-
tions. 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 faollites are shared
with the Marine Biological Laboratory and are
supplemented by collections of the Northeast
Fisheries Center of the National Marine Fisheries
Service and the US Geological Survey's Office
of Marine Resources Branch of Atlantio 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 at both MIT and
WHOL. Place of residence Is determined by the
student's selected program of study and re-
search Interests, and transportation Is provided
between institutions. Students also have the
opportunity to participate in oceanographlo
cruises during graduate study.

The faculty of MIT together with the WHOI staff,
offer a wide variety of formal and Informal sub-
jects In various aspects of oceanography ard
areas directly aplicable to ocean science and
engineering; b faculties are equally Involved
in all levels of Instruction. The subjects are
supplemented by numerous seminars, directed
stu Iles, and cross-r istration privieges with
Harvard, Brown, andthe Boston University
Marine Program. Most subjects are offered on
an aternate yaprogram: com lete listings can
be found in e course descriptions of each
individual department.

Physical Oceanography

Physical oceanograph is the study of the
physics of the ocean. ts central goal is to
describe and explain the complex motions of
the ocean. Principal research areas include
general circulation, air-sea Interaction, shelfdynamics, mesoscale rocesses, and small-scale processes. The Department of Earth,Atmospheric, and Planetary Sciences offersprograms 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 envronment and the
processes that have produced the present
composition of sea water and sediments. Princi-
pal research areas include water column geo-
chemistry, sedimentary geochemistry, seawater-
basalt interactions, and atmospheric chemistry.
The Departments of Earth, Atmospheric, and
Planetary Sciences and Civil Engineering offer
programs with WHOI in chemical oceanography
and marine geochemistry. These programs lead
to the degree of Doctor of Science or Doctor of
Philosophy.

Marine Geology and Geophysics

The goal of Marine Geology and GeophysicsIs
to understand the physical and chemical pro-
cesses that determine the structure and evolu-
ton of the ocean basins and their margins.
Research Is being conducted In a wide range of
specialties including micropaleontology. pale-
oceanography, petrology and volcanic pro-
cesses, seismology, gravity, magnetos, heat
flow, sediment dynamics, and isotope geology.
The Department of Earth, Atmospheric, and
Planetary Sciences at MIT offers programs with
WHOI in marine geology and geophysics which
lead to the Master of Soience, Doctor of Sci-
ence, or Doctor of Philosophy.

Additional Programs

- I
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Biological Oceanography

Biological oceanography seeks cribe the
biological processes whichare active In the
marine and borderng environments. The re-
search of bioloal oceanographers Is diverse,
ranging from eloy and !ystematlce to blo-
chemistry and physiooramsyIn

blogical oceanography arecoordinated by the
Department of Slogy and WHOI, and may
Involve research In er MIT departments such
as Civi Englnseung. The grams lead to the
Doctor of science or Doctr of Philosophy.

Oceanographic Engineering

Oceanographic engineering Involves the appil-
cation of physics and the engineering sciences
to the study of oceanic processes and the
design of Instruments, systems. and structures
required to observe, measure, and work In the
ocean. The Departments of CI Engineering,
Electrical Engineering and Computer Science,
Mechanical Engineering, and Ocean Engineer-
ng offer joint programs with WHOI In oceano-

eahl ngineerlrThe pograms lead to the
aster neer Science, or

Doctor of Philosophy degree.

Inquiries

Application for admission to the Joint Program
should be made on the MIT Graduate Apploa-
ton Form, which may be obtained from the
Director of Admissions at MIT or from the Edu-
cation Office at WHOI. Requests for further
information may be addressed to the Dean of
Graduate Studies, Woods Hole Oceanographic
Insttution, Woods Hole, Massachusetts 02643,
(58-1400, x2200; or to the MIT Joint

ram Offce,Room 54-911, Cambridge,
Massachusetts 02139, (617) 283-7544.

If you are applying to the Joint Pro ram,
plae a alure ,to rind no a oth

Jont Program Offce, MIT, Room 54-911,
Cambridge, MA 02139. Indicate on the appil-
cation whethe you are ap plying to Physical,
Chemical, or BiologicalOeanogrphy Ma-
rine Geology end Geophyeics, or cano-
graphico Engineering.
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Explanatory Notes

The descriptions in this ohapter are subject to
change. The final list of subjects to be offered in
1990-91 will be published with the class sched-
ules booklet prior to the beginning of each term.

The following Is a key to Information found In
the subject listings:

J at the end of a subjct number indloates that
this subject Is offered jointly b more than one
department. The subject numers of the other
departments are Indicated following fth phrase
"Same subject as.-
(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.

(New) below the subject number and titleI Indi-
cates a new subject offering.
(Revised Unit) or (Revised Content) below the
subject number and title indicates a change
from the previous catalogue.

The former number of a renumbered subject Is
Indicated in parentheses below the current
number.

The number(s) of prerequisite subjeots, If any.
Numbers In Italics indicate subjects that may
be taken simultaneously with the subject de-
scribed. Prerequisites may be waived by the
Instructor in charge for particularly well-qualified
students.

The subject classIfloation (and term in which
the subject Is normally scheduled. "LU Is an
undergraduate subject. and G Is a subject
primarily for graduate students. 1, 2, IAR and S
represent fall term, sng term, Independent
Activities Period, a summer term,
respectively.

The year offered comment may state "Acad
Year 1990-91: Not offered" or "Acad Year
1991-92: Not offered"; the comment for the
year the subject Is to be given Indloates the
subject classifloation and term. There is no
comment if the subject Is offered in both
academic years 190-91 and 1991-92.
The time distribution of the subjeot, showing
In sequence the units allotted to: recitation and
lecture; laboratory, design, or fieldwork; and
preparation Each unit represents mately

1hor fwork. The total unit creditfo
subject Is obtained by adding together all the
units shown. One unit of lecture or reoitation
credit Is equivalent to one semester hour. "Units
arranged" Indicates that time units are specially
arranged.
CHEM or SD or LAB or HASS-D/HUM-D Indi-
cates that the subject Is on the approved list for
Chemistry; Science Distribution; Laboratory; or
Humanities, Als, and Social Sciences Distribu-
tion credit.

HASS Indicates subjects outside the School of
Humanities and Social Solence that can be
used to satisfy the Humanities, Arts, and Social
Solenoes Requirement (other than HASS-D/
HUM-D subjects).

HASS-D Language Option Indicates language
subjects which may be substituted for one
HASS-D subject.

[P/Fj Indicates subjects that are offered on a
pass/fall basis only.

The name of the Instruotor(s) In charge, as
known at press time.

All su~bjects open only to special groups are
so noted at fteend of the description of the
subject

Department Course Number
(by School or College)

Arhitecture 4
Media Arts and Sciences Section

Urban Studies and Planning 11

Aeronautios and Astronautics 16
Chemical Engineering 10
Clvii Engineering 1
Electrical Engineering and

Computer Science 6
Materials Science and Engineering 3
Mechanical Engineering 2
Nuclear Engineering 22
Ocean Engineering 13

Economics 14
Humanities 21

Anthropology/Archaeo Section
Foreign uages and tratures Section

Literature Section
Music and Theater Arts Section
The Writing Program

IUnguistics and Philosophy 24
Political Science 17

Management 15

Biology 7
ChemIstry 5
Earth, Atmospherlo, and

Planetary Sciences 12
Mathematics 18
Physics 8
Program In Applied Biological Sciences 20

Brain and Cognitive Sciences 9

Program Letter Code

Health Sciences and Technology HST
Special Programs SP
Science, Technology, and Sooety STS
Engineering School-Wide Electives SWE
Division of Toxicology TOX
Technology and Policy TPP
Aerospace Studies AS
Military Solence MS
Naval Science NS

10
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Course 1 Civil Engineering

Fundamentals 1.03 Introduction to Probability and 1.07 Engineering Applications of Artificial
Statistics for Engineers intelligence
Prereq.: 18.03 Prereq.: Permission of instructor
U (1) U (2)
3-2-7 3-0-9

1.UR Research In Civil Engineering Elements of probability and statistics with em- Applications of artificial intelligence techniques
Prereq. - -phasis on engineering applications. Probability to engineering problem solving are addressed.
PUer1 2) topics include analysis of Bernoulli Events, Topics include basic search techniques,U(1,2) common distributions including exponential, knowledge-based systems, natural languageUnits arranged [P/F] Poisson, normal, lognormal, and extreme processing, and robotics.
Individual research or laboratory study under value. Statistics include point and interval es- D. Sriram
faculty supervision. Also, opportunities in ongo- timation and hypothesis test.
ing research program. Limited number of B. Boccara
funded traineeships available. For additional undergraduate introductory
Information: H. F. Hemond. 1.04 Behavior of Physical Systems I subjects, see 1.30, 1.40, 1.50, 1.60, 1.70,1.80.

Prereq.: 8.02, 18.021.00 Introduction to Computers and U (1)
Engineering Problem Solving 3-2-7 SCI DIST
Prereq.: - Static equilibrium. Forces in trusses. Stress, Undergraduate Laboratory
3-1,8 SC DIST strain, and Hooke's law; introduction to stress- Subjects
3-1-8_SCIDIST_ strain behavior of construction materials. Tor-
Fundamental computational algorithms for en- sion in members of circular cross-section.
gineering and scientific applications. The C Stresses and deflections in beams. Stresses
programming language and UNIX are on inclined planes and the use of Mohr's circle
presented. Weekly programming problems for plane stress. Design project using
cover numerical analysis, graphics, data struc. Growltiger software package. 1.101J Decision Analysis Laboratory
tures, searching, sorting, matrix methods, and T C. Triantafillou (Same subject as TPP 01J)simulation. Emphasis on developing tech- Prereq.: -
niques for software design. Programming back- 1.05 Behavior of Physical Systems i U (2)ground helpful. P346LAS
H. N. Koutsopoulos, S. R. Lerman, Prereq.: 8(01,2) 8.03
N. H. M. Wilson Explores the nature and existence of utility, the3-2-7 basic model of how people respond to and
1.01J Engineering Aspects of Economic Applies basic physical principles to the en- choose between alternatives. Students
Analysis gineering analysis of fluid systems. Includes proceed through introductory experiments to a

static equilibrium of fluids, conservation of major project involving interviews and address-
(Same subject as 14.014J) mass and momentum of moving fluids using ing a key issue of human perception of risk
Prereq.: - control volumes, first and second laws of thor- and value. Brief lectures present the neces-
U (2)H modynamics. Applications to fluid forces on sary theory and psychometric techniques. Spe-
3-2-7 HASS structures, flow in conduits and channels. cial programs are used to reduce and plotstruturs, low n cnduts ad cannls, data, and to test theoretical hypotheses. The
Same subject as 14.01, with additional recite- Design project. implications for decision analysis and engineer-
tion sections scheduled for Civil Engineering 0. S. Madsen ing design are stressed.
majors to relate the concepts covered in lec- R. d e sNrulele
tures to engineering problems and applica- 1.06 Probabilistic Models in Engineering
tions. Credit is not given for both 14.01 and
14.014J or 1.01J. Information: Y. Sheffi. Prereq.: 1.03 or 6.041 or 18.05

U (2)
3-0-9

School-Wide Elective Subject. Description
given at end of this chapter on SWE page.
A. R. Odoni, R. C. Larson

I

Clvil Engineering 3D

1.102 Transportation Laboratory

Prereq.: -
U (2)
0-3-3 LAB

Laboratory experience with the properties of
transportation systems. Students formulate an
experiment based upon readings and discus-
sions of current transportation problems. Em-
phasis on formulation of hypotheses about
properties and effects of different types of
transportation systems; planning of experi-
ments and data collection in the field to test
these hypotheses, analysis of results, and
development of recommendations for changes
in transport systems plans and policies.
Y Sheffi

1,105J Structural Engineering Laboratory

(Same subject as 4.4 15J)
Prereq.: -
U (1)
0-3-3 LAB

Introduces students to properties of structural
materials and behavior of simple structural ele-
ments and systems through a series of expe-
ments. Several laboratory projects involve the
student as both the designer and fabricator of
a structure.
J. J. Connor, Jr.

1.106 Laboratory Projects in Fluid
Mechanics

Prereq.: -
U (1)
0-3-3 LAB

The measurement and analysis of physical
parameters such as velocity, pressure, salinity,
temperature, dissolved solids, etc., in closed
conduits and natural water bodies. Application
of these techniques in the context of six
laboratory experiments. Certain experiments
complement lectures in 1.60, but concurrent
registration in 1.60 or previous fluid mechanics
experience is not required. (Six additional
units, satisfying the Institute Lab Requirement,
may be obtained by registering for 1.108
rather than 1. 106.)
E. E. Adams

1.107 Aquatic Chemistry Laboratory

Prereq.: 5.11
U (2)
2-6-4 LAB

1.108 Laboratory and Field Projects in
Environmental Fluid Mechanics

Prereq.: -
u (1)
0-6-6 LAB

Extends the subject material of 1.106 by includ-
Ing additional laboratory experiments and one
or more field experiments in topics of current
Interest in environmental fluid mechanics. Stu-
dents may not receive credit for both 1.106
and 1. 108.
E. E. Adams

General Methods
and Concepts

Listed below are a number of subjects con-
corned with general methods and concepts
rather than specific applications areas.
Topics include:

Information Systems and Computational
Methods

Analytical Mechanies
Engineering Systems, Economics, and

Management
Engineering Risk Assessment and
Probabilistic Analysis

Subjects under these headings are of inter-
est to students from a variety of back-
grounds, both from within and outside the
Department. Subjects more oriented to ap-
plications based on these methodologies
are noted at the end of each section.

Information Systems and
Computational Methods

1.12 Computer Models of Physical and
Engineering Systems

Proreq.: 18.02, 8.01
U (1)
3-0-9 SCI DIST

School-Wide Elective Subject. Description
given at end of this chapter on SWE page.
S. Shyam Sunder

1.121 Numerical Modeling of Physical
Systems (A)

Prereq.: 18.03
G (1)
3-0-9

Survey of numerical methods for ordinary and
partial differential equations. Emphasis on
finite difference and weighted residual
methods. includes review of linear algebra; in-
troduction to partial differential equations; finite
difference approximations; consistency,
stability, and convergence; Fourier analysis;
finite elemeni methods. Examines both steady
and transient equations describing physical
systems of interest. Development of computer
programs Is emphasized. Consult Academic
Programs Office.

1.122 Theory and Application of Boundary
Element Methods (A)
Prereq.: 1.51
Acad Year 1990-9 1:0G(2)
Acad Year 1991-92: Not offered
3-0-9

In-depth treatment of the theoretical aspects of
boundary element analysis methods. Applica-
tion to two- and three-dimensional domains,
with examples pertaining to thermal analysis,
stress analysis, fluid flow, and wave propaga-
tion. Use of the BEASY system for problem-
solving exercises. Alternate years.
J. J. Connor, Jr.

1.123 Building Knowledge-Based Systems
for Engineering Problem Solving (A)
(Revised Unit)

Prereq.: Permission of Instructor
G (1)
3-0-9

Approaches and existing software tools for
building knowledge-based expert systems are
discussed and illustrated with examples drawn
from engineering. Students are expected to
carry out a project involving the construction of
a knowledge-based system for a specific
problem.
D. Sriram

See also 1.204, 1.70.

Field sampling and laboratory analysis tech-
niques for determining chemical (e.g., salinity,
Od, nutrients, haloforms, petroleum hydrocar-
bons) and biological (e.g., chlorophyll)
parameters in aquatic samples. Both wet-
chemical and instrumental (e.g., atomic ab-
sorption spectrometry and gas
chromatography) methods. Two field trips are
taken to acquire *real world" samples for
analysis and interpretation of the data in terms
of water quality and the processes affecting it.
P. M. Gschwend
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Analytical Mechanics

1.13 Design for Construction
Automation (A)
Prereq.: 1.08
Acad Year 1990-91:G (2)
Acad Year 1991 -92: Not offered
3-0-9

Covers the fundamentals of computer-
controlled machinery design (electronic and
mechanical systems). The theme of the course
is design of integrated ONC machine systems
to automated construction processes. Grading
is based on participation in solving a "real
world" project. Students are required to design
a complete computer controlled machine.
A. Slocum

1.131 Analytical Methods in Physical
Systems

Prereq.: 18.03
G (1)
4-0-8

1.132 Analytical Methods in Physical
Systems
(New)
Prereq.: 18.03
U (1)
4-0-8

A utilitarian survey of elementary and inter-
mediate analytical techniques, and their ap-
plications in physical systems important to
engineering. Linear partial differential equa-
tions. Separation of variables. Green's func-
tions. Formulation and solution of problems in
seepage, traffic flows, statics and vibration of
elastic structures, soil consolidation, and dif-
fusion of energy or matter. Introduction to per-
turbation methods. Formulation of physical
problems mathematically is emphasized.
C. C. Mei

See also 1.351, 1.541, 1.542, 1.56J, 1.571,
1.572, 1.63, 1.64, 1.691.

Engineering Systems,
Economics, and Management

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 Neufville, J. P Clark

1.148J Economics of Project Evaluation (A)
(Same subject as 14.111J)
Prereq.: 14.03
G (2)
3-0-6

See description under subject 14.111J.
. Rothenberg

1.15 Computer Applications In Statistics
Prereq.: 1.00, 1.03 or equivalent
U (2)
2-2-8

Computer application of statistical methods for
empirical analysis. Sampling theory, ex-
perimental design, explanatory data analysis,
statistical inference, hypothesis testing, and
regression analysis. Application of sample
design, data collection, model estimation,
parameter estimation, and reporting to four
case studies. Data collection in both real world
and laboratory settings. Information: Y. Sheffi.

See also 1.202, 1.203J, 1.207, 1.281, 1.283J,
1.70, 1.731. For management of engineer-
lng systems, see also 1.40-1.482.

Engineering Risk Assessment
and Probabilistic Analysis

1.151 Probability and Statistics In
Engineering (A)

Prereq.: -
G (1)
3-1-8

Quantitative analysis of uncertainty in plan-
ning, design, construction, nd operation of en-
gineered facilities. Fundrmentals of probability,
random processes, statstics, and decision
analysis. Random variables and vectors and
their transformations, second-moment
analysis. Bayesian analysis and risk-based
decision. Point and interval estimation,
hypothesis testing, simple and multiple linear
regression. Poisson and Markov processes.
D. Veneziano

1.155 Engineering Risk-Benefit Analysis (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

See also 1.203J, 1.711, 1.712, 1.732.

Transportation

1.201 Transportation Systems Analysis (A)
(Revised Unit)

Prereq.: Permission of Instructor
G (1)
3-0-9

Introduces the analysis of passenger and
freight transportation systems. Role of
transportation system in society and measur-
ing system effectiveness. Deterministic and
stochastic models of system performance.
Determinants of demand for transportation:
travel behavior. Analyzes transportation net-
works, including prediction of flow patterns, ser-
vice quality, and operating practices. Evaluates
impacts and design of transportation services
and facilities. Introduction to simulation, queu-
ing, inventory theory, logistics analysis, and
other methods.
D. Bernstein

1.202 Demand Modeling (A)
Prereq.: Permission of Instructor
G (2)
3-0-9

Analysis and forecastin of demand for
facilities and services. Emphasis on collection
and analysis of survey data. Review elements
of probability, sampling, and statistical
methods, Includes alternative sample designs
and data collection methods, matrix-entry es-
timation methods, linear regression analysis,
discrete choice methods, estimation and test-
ing of disaggregate and aggregate models, ag-
gregate forecasting methods and simulation.
Illustrated with applications from the fields of
transportation, housing, telecommunications,
and marketing.
M. E. Ben-Akiva

1.203J Logistical and Transportation
Planning Methods (A)
(Same subject as 6.281J, 11.526J, 13.665J,
15073J, 16.76.J)
Prereq.: 6.431, 15.075
G (1)
3-0-9

Quantitative techniques of operations research
with emphasis on apolications in transportation
systems analysis (urban, air, ocean, highway,
pickup and delivery systems) and in the plan-
ning and design of logistically oriented urban
service systems (e.g., fire and police depart-
ments, emergency medical services, emergen-
cy repair services). Unified study of functions
of random variables, geometrical probability,
multi-server queuing theory, spatial location
theory, network analysis and graph theory, and
relevant methods of simulation. Computer ex-
ercises, discussion of implementation difficul-
ties.
A. 1. Barnett, R. C. Larson, A. R. Odoni

r. Civil Engineering OD

I

1.204 Computer Algorithms In
Transportation (A)

Prereq.: Permission of Instructor
G (1)
3-0-9

Teaches efficient implementation of algorithms
useful for the solution of common transporta-
tion problems, using the C language. Covers
implementation of network and graph alo-
rithms, algorithm design techniques, graphics.
Case studies using operations research tech-
niques for problems in transportatior, net-
works, vehicle routing and scheduling, facility
location, and simulation. Extensve micro-com-
puter assignments.
H. N. Koutsopoulos

1.205 Advanced Demand Modeling (A)
(Revised Unit)

Prereq.: 1.202 or 14.388
G (1)
3-0-9

Theories and applications of behavior models.
Includes: linear and nonlinear latent variable
models, multidimensional probabilistic choice
moriis, survey design, statistical estimation
tec ques with multiple data sources, model
tran.ferability, estimation and forecasting with
very large choice sets, joint discrete and con-
tinuous models, dynamical models. Issues in
model specification, including use of stated
preference data, and analysis of complex
choices. Term paper required.
M. E. Ben-Akiva

1.207 Transportation Networks Equilibrium
Analysis (A)

Prereq.: 1.02, 1.03
Acad Year 1990-91: Not offered
Acad Year 1991-92:G (1)
3-0-9

Analytical and algorithmic approaches to the
formulation and solution of transportation net-
work equilibrium assignment problems. Topics:
mathematical programming formulation of user
and stochastic user equilibrium problems; com-
bined modal split, distribution, and assignment
formulation; implementation of solution algo-
rithms; applications of discrete choice models.
Alternate years.
Y Sheffi

1.208J Transportation and Logistics
Analysis (A)

(Same subject as 15.770J)
Prereq.: Permission of instructor
Acad Year 1990-91:G (2)
Acad Year 1991-92: Not offered
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 car-
rier networks with emphasis on truck and rail
networks. Integration of carrier and shipper
perspective in system models. Alternate years.
Yi Sheffi, S. C. Graves

1.22 Transportation infrastructure
Systems (A)
Prereq.: Permission of Instructor

3-3-6

Integrated treatment of analytical methods and
new technologies for design, construction,
management, operation, and maintenance of
transportation facilities throughout their use.
Emphasis on a systems approach using com-
puter models. Case studies are used to
demonstrate the complex interactions in
managing transportation infrastructure.
Information: Y Sheffi

1.231J Planning and Design of Airport
Systems (A)

(Same subject as 16.78 1J)
Prereq.: Permission of instructor
Acad Year 1990-91:G (2)
Acad Year 1991-92: Not offered
3-0-e

Equal emphasis on current practice and ad-
vanced concepts. Airport location and planning
with full consideration of economic, environ-
mental, and other impacts. Demand pridiction,
determination of the capacity of the airfield, es-
timation of levels of congestion. Design of ter-
minals. Role of airports in the aviation and
transportation system. Airport access prob-
lems. Optimal configuration of air transport net-
works and implications for airport
development. Economics of the airport. Financ-
ing and institutional aspects. Special attention
to international practice and developments. Al-
ternate years.
R. de Neuville, 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)
Prereq.: 1.22 or Permission of Instructor
Acad Year 1990-91: Not offered
Acad Year 1991-92: G(2)
3-0-9

Integrated treatment of technical and econom-
ic aspects in highway design, construction,
maintenance, and operation. Basic charac-
teristics of roads, traffic flows, and the process
of highway project development. Geometric
design standards, speeds, capacities, acci-
dents, and construction costs. Introduction to
integrated computer-aided highway design.
Maintenance and rehabilitation, including re-
quirements, costs, impacts, and policy op-
timization. Data collection, analysis methods,
and management options in traffic operations.
M. E. Ben-Akiva, T F Humphrey

1.261 Teohnologloi Development,
Business, and Political Change In the
Middle East
(Context Subject)

(Same subject as 17.659J, STS 020J)
Prereq.:
U (2)
3-0-9

Employs historical and contemporary perspec-
tives to analyze the role of religion and politics
in shaping socioeconomic and technological
change in contemporary development (and
comparisons with other regions). Examines in-
stitutional changes within states and
throughout the region for the management of
socioeconomic and technological change.
Focuses on three broad dimensions of
statehood: population, resources, and technol-
ogy. Examines their interdependence and the
impact of their flows across national boun-
daries (i.e., population, migration, technology
transfer, and energy resources). May not count
toward HASS Requirement.
N. Choucri, L. Trilling, F Moavenzadeh

1.252J Urban Transportation Planning (A)
(Revised Unit)

(Same subject as 11.380J)
Prereq.: Permission of Instructor
G(2)
3-0-9

See description under subject 11.380J.
R. A. Gakenheimer

1.254J Infrastructure in Developing
Countries (A)

(Same subject as 11.469J)
Prereq.: --
G (1)
3-0-9

See description under subject 11.469J.
R. A. Gakenheimer

1.255J Politics, Technology, and Public
Policy In the Middle East (A)

(Same subject as 4.715J, 11.488J, 17.558J,
21.485J, STS 509J)
Prereq.: -

G(1)
3-0-9

See description under subject 17.558J.
N. Choucri, F Moavenzadeh, L. Trilling,
W Porter, K Keniston, P. S. Khoury

1.256J Technological Development,
Business, and Political Change in the
Middle East (A)

(Same subject as 4.716J, 11.489J, 17.560J)
Prereq.: -
G (2)
3-0-9

See description under subject 17.560J.
N. Choucri, F Moavenzadeh, W Porter,
L. Trilling, K. Keniston
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1.258J Public Transportation Service and
Operations Planning (A)
(Same subject as 11.381J)
Prereq.: 1.201 or Permission of Instructor
3 (2)
3-0-9

Evolution and role of urban public transporta-
ton modes, systems, and services, including
bus and rail. Description of technological char-
acteristics and their impacts on capacity, ser-
vica quality, and cost. Current practice and
new methods for performance monitoring,
route design, vehicle and crew scheduling.
Effect of pricing policy and service quality on
ridership. Methods for estimating costs as-
sociated with proposed service changes.
N. H. M. Wison

1.259J Transit Management (A)

(Same subject as 11.382J)
Prereq.: 1.258J or Permission of Instructor
G (1)
3-0-6

Management methods of relevance to public
transportation systems. Topics: strategic plan-
ning management; labor relations; main-
tenance planning and administration; financial
planning; marketing; and management informa-
tion and decision support systems. Shows how
these general management tasks are dealt
with in the transit industry and presents alterna-
tive strategies. Identifies alternative arrange-
ments for service provision, including different
ways of involving the private sector in public
transportation.
N. H. M. Wilson

1.27 Studies in Transportation
Engineering (A)

Prereq.: Permission of Instructor
G (1, 2,S)
Units arranged

Individual advanced study of a topic in
transportation systems, selected with the ap-
proval of the instructor. Information: Y Sheffi.

1.271 Research Seminar in Transportation

Prereq.: Permission of Instructor
G (1, 2)
Units arranged [P/F]

Discussion of current research at various
stages of development, including problem
definition, literature review, methodology, and
evaluation of results. Intended for advanced
doctoral students and for students preparing
for the general examination
J. Sussman

1.281 Transportation Economics (A)
Prereq.: 14.01 or1.01J
G (1)
3-0-6

Theory and behavior of transportation
markets: urban and intercity, passenger and
freight; estimation and application of produc-
tion, cost, and demand functions. Evaluation of
governmental transportation policies:
economic regulation, infrastructure invest-
ments, pricing, and financing.
0. McCullough

1.282 Topics in Transportation
Economics (A)
(Revised Content)

Prereq.: 1.281
G (2)
3-0-6

A continuation of 1.281 devoted to current re-
search in the economics of transportation.
Focuses on normative and positive economic
studies of all modes. Topics include Ramsey
pricing, proper specification of multiproduct
technology, bilateral freight markets, and the
political economy of transport regulation. Stu-
dents complete an economic research project
based on their current interests.
G. McCullough

1.283J Spatial Economics, Urban Markets,
and Public Policy (A)

(Same subject as 11.410J, 14.573J)
Prereq.: 14.03
G (1)
3-0-9

See description under subject 14.573J.
J. Rothenberg

1.286 Freight Transportation
Management (A)

Prereq.: 1.201J, 1.03
Acad Year 1990-91: Not offered
Acad Year 1991-92: G (2)
3-0-9

Methods for analysis of freight systems, with
emphasis on rail and motor carrier operations
and management of carrier assets. Study of
competitive transportation companies and the
environment in which they operate. Market is-
sues, organizational structure, information sys-
tems, and decisionmaking processes for fleet
management, facility operations, maintenance,
and operations/service planning. Case studies
illustrate effects of regulation, technology,
labor relations, and competition on carrier
strategies. Alternate years
C. D. Martland

1.298 Research in Transportation

Prereq.: -
G0(1, 2. 5)
Units arranged [P/F]

For research assistants in transportation, when
assigned research is not used for thesis, but is
approved for academic credit. Credits for this
subject may not be used for any degree
granted by Course 1. Information: Y. Sheffi.
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1.299 Teaching in Transportation

Prereq.: -
G (1, 2)
Units arranged [P/F]

For teaching assistants, in recognition of the
educational value derived from satisfactory per-
formance of assigned duties, and for other
qualified students interested in teaching in this
area as a career. Laboratory, tutorial, or class-
room teaching under supervision of a faculty
member. Credits for this subject may not be
used for any degree granted by Course 1. Infor-
mation: Y. Sheffi.

Constructed Facilities

Geotechnical Engineering

1.30 Soil Mechanics

Prereq.: 1.04
U (1)
3-1-8

Fundamental principles of soil behavior. Com-
position and structure of soils; phase relation-
ships and unit weights; classification systems.
Influence of pore pressure on strength and
compressibility; effective stress, effect of flow-
ing water on stability. Drained and undrained
strength. Theory of consolidation. Principles of
limit equilibrium analysis for soil masses.
Methods for estimating soil deformations. Infor-
mation: R. V. Whitman.

1.32 Introduction to Engineering Geology
Prereq.: -
U (2)
3-3-6 SCI DIST

Basic principles of physical geology, emphasiz-
ing topics pertinent to civil and environmental
engineering. Identification of minerals; igne-
ous, metamorphic, and sedimentary rocks. Al-
luvial, glacial, eolian, lacustrine, marine, and
colluvial sediments. Weathering, Rock defects.
Air photos and geologic maps. Field trips.
H. H. Einstein

1.322 Soil Behavior (A)
(Revised Unit)

Prereq.: 1.361
G (2)
3-1-8

Detailed study of soil properties with emphasis
on interpretation of field and laboratory test
data for use in practice. Includes: consolidation
and secondary compression; basic strength
principles; stress-strain strength behavior of
clays, emphasizing effects of sample distur-
bance, anisotropy and strain rate; strength and
compression of granular soils; engineering
properties of compacted soils. Some knowl-
edge of field and laboratory testing assumed;
1.37 desirable.
C. C. Ladd

1.331 Soil Dynamics (A)

Prereq.: 1.361
Aced Year 1990-91: G(2)
Acad Year 1991-92: Not offered
3-0-6

Stress-strain behavior during transient and
repeated loadings, relation to wave velocity.
Strength degradation and liquefaction.
Analysis of machine foundations; effect of soils
upon seismic motions; earth dams and retain-
ing walls during earthquakes; foundations for
offshore structures; other selected applica-
tions. Alternate years.
R. V Whitman

1.351 Theoretical Soil Mechanics (A)

Prereq.: 1.30
G0(1)
3-0-6

Presentation of elementary theories in soil
mechanics: field equations of linear elasticity,
solutions of boundary value problems. Intro-
duction to finite element method. Steady and
transient flow in porous media; applications in
confined and unconfined seepage, one dimen-
sional consolidation. Introduction to poro-elas-
ticity. Yielding and failure of soils, plasticity
theory and limit analyses; with examples for
bearing capacity and slope stability. Cam Clay
models and critical state theory of soil behavior.
A. J. Whittle

1.361 Advanced Soil Mechanics and
Engineering (A)

Prereq.: 1.30, 1.32, or Permission of Instructor
G (1)
3-1-5

Effect of geologic features and processes on
constructed facilities and interaction between
man-made structures and the geologic environ-
ment. Planning of subsurface exploration. En-
gineering geologic characterization of soil and
rock, including joint surveys. Laboratory on
basic geologic identification and mapping tech-
niques. Extensive reading of case histories.
Occasional field trips.
H. H. Einstein

1.381 Rock Mechanics (A)

Prereq.: 1.38, 1.361
Aced Year 1990-91: Not offered
Acad Year 1991-92:G (2)
3-0-6

Introduces theoretical and experimental
aspects of rock mechanics and on this basis
prepares the student for rock engineering, in-
cludes laboratory and field testing; empirical
and analytical methods for describing strength,
deformability, and permeability of intact rock
and rock masses; fracture mechanics and
mechanics of discontinua including flow
through discontinua; design and analysis of
rock slopes and foundations on rock; discus-
sion of blasting design. Alternate years.
H. H. Einstein

1.366 Geotechnical Engineering (A)

Prereq.: 1.30
G(1)
3-0-6

Identification, presentation, and illustration of
principles of soil mechanics. Considers the fol-
lowing topics: the nature of soil; the effective
stress principle; permeability and seepage;
stress-strain-strength behavior of soil; lateral
earth stresses. Applies principles to stability
and deformation problems. Restricted to
graduate students not specializing in Geotech-
nical Engineering. Same lectures as for 1.361.
C. C. Ladd

1.37 Geotechnical Measurements and
Exploration (A)

Prereq.: 1.30
G (1)
2-4-3

Application of testing principles to the measure-
ment of fundamental aspects of soil behavior
from classification to engineering properties.
Emphasis on rigorous techniques to measure
mechanical behavior under various boundary
conditions. Exposure to error estimation, re-
search devices, geotechnical field exploration,
and in situ testing. Experiments include data
analysis, evaluation, and presentation.
J. T Germaine

1.38 Engineering Geology (A)

1.383 Underground Construction (A)
Prereq.: 1.361, 1.381
Acad Year 1990-91:G (2)
Acad Year 1991-92: Not offered
3-0-6

Familiarization with the most important aspects
of planning, design, and construction of under-
ground openings in soft ground and rock.
Detailed engineering analysis and design.
Major aspects of construction techniques and
construction planning. General planning and
economic problems. Altemate years.
H. H. Einstein

1.39 Studies In Geotechnical
Engineering (A)

Prereq.: Permission of Instructor
0(1 2,S)
Units arranged

For graduate students desiring further in-
dividual study of special topics.
Information: R. V Whitman.

Construction Engineering and
Management

1.40 Project Management

Prereq.: -
U (2)
3-2-7

Overview of construction industry, its organizc
tions and interactions. Project and construction
management methodologies presented for
project and company planning, control, and
decision-making. Includes scheduling, account-
ing, estimating, resource planning, organiza-
tion structuring used throughout all project
phases. Information: C. H. Helliwell.

1.411J Building Construction

(Same subject as 4.402J)
Prereq.: -
U (2)
3-4-5

See description under subject 4.402J.
E. Dluhosch

1.413 Construction Technology and the
Building Development Process (A)

Prereq.: -
G (1)
3-0-6

Investigates the nature of the building design
and construction process with respect to the
contractual, managerial, and financial implica-
tions of alternative technologies and construc-
tion methods. Particular attention to interfaces
between various subsystems (e.g., structure,
cladding, mechanical) and between design
and construction activities. Uses cost estimat-
ing and scheduling as techniques to support
analysis of alternatives.
J. M. Becker

Prereq.: 1.30
G (1)
3-0-9

Consideration of the following fundamentals of
soil mechanics: the nature of soil; the effective
stress principle; permeability and seepage;
stress-strain-strength behavior of cohesionless
and cohesive soil; lateral earth stresses; bear-
ing capacity and slope stability; consolidation
theory; settlement analyses.
C. C. Ladd

1.364 Foundation Engineering (A)

Pmteq.: 1.361
G0(2)
3-0-6

Geotechnical aspects of the analysis, design,
and construction of foundation systems. Topics
include shallow (footings and rafts) and deep
foundations (piles and caissons), excavations
(braced, tied-back, and slurry walls), reinforced
earth, and other systems. Soil improvement
techniques and use of geosynthetic materials.
Site characterization; strategies for instrumen-
tation and monitoring of foundation perfor-
mance.
A. J. Whittle
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1.42J Fundamentals of Energy In Buildings

(Same subject as 2.45J, 4.42J)
Prereq.: 8.02, 18.02
U (1)
3-0-9 SCI DIST

See description under subject 4.42J.
L. Glicksman

1.421 Productivity and Competitiveness in
Construction (A)

Prereq.: -
Acad Year 1990-91: Not offered
Acad Year 1991-92:G (1)
3-0-6

Examines US competitiveness in domestic and
internationalrconstruction markets. Inves-
igates factors and strategies for improving
competitiveness at the firm level. The first part
of the course treats the nature of productivity
and its sources in technology, economics of
scale, leaming-by-doing, scientific manage-
ment, and quality control. Second part address-
es appropriate strategies and implementation
plans for improving productivity and competi-
tiveness. Information: C. Helliwell.

1.422 Management of Technological
Innovation in Construction (A)

Prereq.: -
Acad Year 1990-91: Not offered
Acad Year 1991-92: G (2)
3-0-6

Provides students with a better understanding
of the issues and challenges involved in com-
peting for construction on the basis of new
technology. The course addresses which firms
should innovate, when, where, and how much.
It investigates specific cases of construction in-
novation in order to understand why some in-
novations fail while others succeed. It
compares construction innovation in the US,
Japan, and other countries.
Information: C. Helliwoll.

1.431 Structuring Construction industry
Organizations (A)

Prereq.: -
G(2)
3-0-6

Examination, from a socio-technical perspec-
tive, of the organizations and organizational
processes underlying the operation of the con-
struction industry. Studies the structure and
functioning of firms, sub-units of firms, and con-
glomerations of firms with regard to the in-
fluence of a wide range of factors including
strategy, human and other resources, and role
in the project development process.
Frameworks for observation, description,
analysis, and design of both individual
enterprises and project organizations
presented and applied to real-world situations.
H. G. Irwig

1.432 Project Control (A)

Prereq.: -
G (1)
3-0-9

Concepts, techniques, and computer systems
for planning and control of design and con-
struction projects. Relationship of project
breakdown to performance measurement
using estimating, scheduling, and financial con-
trol. Use of network-based systems for plan-
ning and time control, including CPM, PERT,
and resource constrained scheduling. Integrat-
ing control of costs and time, with cash flow
and manpower projections. Comparison of cur-
rent practice with potential, stressing impacts
of variance and role of knowledge in planning
and control process.
R. D. Logcher

1.44 Law in the Construction industry (A)
Prereq.: -
G (2)
3-0-6

Examination of legal theories and relationships
among various parties to construction process.
Use of joint ventures, partnerships, limited
partnerships, corporations, and professional
corporations are considered in framework of
qualifications for design and construction of
public buildings, limitation of professional
liability, and tax consequences. Construction
contract types and key concepts and clauses
are explained. Emphasis given to the role of
design professional, construction manager or
engineer in producing, managing, and interact-
ing with legal profession.
J. B. Miller

1.45 Construction Finance (A)
Prereq. -
G (2)
3-0-6

Examines financing methods and structure,
project financial evaluation, and financial
management in the domestic and international
construction industry Analytical concepts and
methodologies from modern finance theory
and practice presented in lecture/discussions
and applied to case analyses including
problems in cash flow analysis, project
finance, and foreign exchange exposure. In-
novative financial securities, and methods
such as privatization and sale-leaseback are
examined. Prior courses in microeconomics,
accounting, and/or corporate finance desirable
but not required.
J. L. Paddock

1.481 Research Seminar in Construction
Engineering and Management (A)

Prereq.: -
G (1, 2)
1-0-2

Seminar intended mainly for master's and doc-
toral candidates in the Center for Construction
Research and Education. Oral and written
presentation by students on thesis activities
and by faculty on research topics. Credit given
in spring term only.
F Moavenzadeh, C. H. Helliwell

1.482 Studies in Construction Enginering
and Management (A)

Prereq.: -
G (1, 2, S)
Units arranged

Individual study of an advanced topic in con-
struction engineering and management,
selected with approval of faculty supervisor.
F Moavenzadeh

1.498 Research in Construction
(New)

Prereq.: -
G (1, 2,S)
Units arranged [P/F)

For research assistants in construction en-
gineering and management, when assigned re-
search is not used for thesis, but is approved
for academic credit. Credits for this subject
may not be used for any degree granted by
Course 1.
F Moavenzadeh

1.499 Teaching in Construction
(New)

Prereq.: -
G (1, 2,S)
Units arranged [P/F)

For teaching assistants in recognition of educa-
tional value derived from satisfactory perfor-
mance of assigned duties, and for other
qualified students interested in teaching in this
area as a career. Laboratory, tutorial, or class-
room teaching under supervision of a faculty
member. Credits for this subject may not be
used for any degree granted by Course 1.
F Moavenzadsh

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 criteria 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.
E. Kausel

1.51 Mechanics of Construction Materials
and Structures

Prereq.: 1.04
U (1)
4-0-8

Objective is to develop an intuitive feel of how
load-bearing structures behave, study the in-
duence of different construction materials on
structural behavior, and develop the ;asic prin-
ciples for quantifying the material and struc-
tural behavior, Includes problem formulation,
elasticity, elementary plasticity. Torsion, plane
stress, and plane strain. Stress concentrations.
Brittle fracture. Buckling. Thin shell structures.
Design applications emphasized.
J. J. Connor, Jr.

1.52 Structural Analysis and Design

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 prestressed concrete beam
and slab structures. Contemporary design
criteria and practice examined, with emphasis
on concrete. Approximate and rigorous
analysis techniques studied, with emphasis on
their role in design process. Matrix methods of
analysis. Use of computers in structural
design. Plastic design in steel.
J. J. Connor, Jr.

1.53 Constructed Facilities Project
Laboratory

Prereq.: 1.04
U (2)
1-5-3 LAB

Concepts, techniques, and devices used to
measure engineering properties of materials.
Emphasis placed on measurement of load-
deformation characteristics of common con-
struction materials, both natural and
fabricated. Half-semester project devoted to
experimental proof of hypothesis on some
aspect of testing or behavior. Emphasis placed
on approximation of testing errors.
J. T Germaine

1.541 Behavior of Concrete Structures (A)

Prereq.: 1.52
G (1)
3-0-9

Strength and deformation of concrete under
various states of stress; failure criteria. Fun-
damental behavior of reinforced concrete struc-
tures and their members. Basis for design, and
code constraints. Bond and cracking, deflec-
tions. Slabs, yield line theory. Cylindrical con-
crete shells. Behavior models and nonlinear
analysis. Complex systems: offshore gravity,
containment, and bridge structures.
0. Buyukozturk

1.542 Behavior of Steel Structures (A)

Prereq.: 1.51
G0(2)
3-0-9

Mechanical properties of steel. Yield criteria.
Ductility. Fatigue failure. Stability considera-
tions in member design. Structural connec-
tions. Stress concentrations. Residual
stresses, Inelastic analysis procedures. Limit
states. Computer methods for design. Informa-
tion: T. Triantafillou.

1.543 Planning and Design of Structures (A)

Prereq.: 1.52
G (1)
3-0-6

Planning and conceptual design of structural
systems for buildings, bridges, and industrial
facilities. Loading criteria. Selection of struc-
tural concepts. Methods for preliminary evalua-
tion. The influence of constructibility and
durability on design decisions.
J. J. Connor, Jr.

1.544 Advanced Design of Structures (A)

Prereq.: 1.541,1.542
Acad Year 1990-91: Not offered
Acad Year 1991-92:G (2)
2-0-4

Advanced design concepts using innovative
systems and advanced construction materials.
Design issues and techniques for concrete,
steel, and composite structures. Detailed case
studies of particular designs.
0. Buyukozturk

1.551 Computer Aided Engineering I (A)

Prereq.: 1.00
G (1)
3-3-6

Introduces current computer-based planning
and design methodologies to engineering stu-
dents. The primary focus will be the design
and development of engineering data models
and how these data models can be used in the
engineering process. Students will use avail-
able software to analyze and design com-
ponents of typical engineering projects. Topics
include: computer hardware and software,
graphics, geometrical modelers, analysis pack-
ages, and database management systems.
R. Logcher, D. Sriram

1.552 Computer Aided Engineering11(A)

Prereq.: 1.00,1.123, and 1.551
G(2)
3-3-6

Concept of object-oriented programming and
DBMS and their integration, applications to
knowledge-based design of components and
coordination, communication, and control of
multidisciplinary distributed design process.
Programming in C++, database design, and in-
terfacing C++ with an object-oriented DBMS.
Development of knowledge-based design
management tools, including transaction
management and version control. Term project.
D. Sriram, R. Logcher

1.56J Structural Mechanics in Nuclear
Power Technology (A)

(Same subject as 2.084J, 13,14J, 22.314J)
Prereq.: Permission of Instructor
G (1)
3-0-9

See description under subject 22.314J.
0. Buyukozturk, M. S. Kazimi

1.571 Advanced Structural Analysis I (A)

Prereq.: 1.51
G (1)
3-0-9

Analysis of structures composed of members,
such as trusses, frames, and cable-stayed sys-
tems. Technical theory of straight and curved
members. Approximate models for framed
structures and cable-stayed bridges. Introduc-
tion to geometrically nonlinear behavior of
members.
J. J. Connor, Jr.

1.572 Advanced Structural Analysis 11(A)

Prereq.: 1.571
G (2)
3-0-9

Analysis of structures composed of plates and
shells. Technical theory of elasticity and tor-
sion, plate stretching and bending, membrane
and bending behavior of shells. Applications to
long-span sheli structures such as folded-
plate, cylindrical, dome, dish, and hyperbolic
paraboloid shells, and to structures made of
fibrous, laminated, anc layered composite
materials.
S. Shyam Sunder

1.581 Dynamics of Structures and Soils (A)

Prereq.: 1.30, 1.50
G (2)
3-0-9

Basic principles of dynamics of linear systems,
as applied to analysis of structures, soils, and
soil-structure interaction. Single and multiple
degree of freedom systems, including modal
analysis; excitation by applied forces and by
ground motions. Wave propagation in one and
two dimensions. Dynamics of a mass on an
elastic half-space.
E. Kausel

I
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1.582 Advanced Structural Dynamics (A)

Prereq.: 1.581
Acad Year 1990-91: Not offered
Acad Year 199 1-92: G(2)
3-0-9

Analysis of structures subjected to dynamic
loads or earthquakes. Continuous and discrete
systems by weighted residual methods. Solu-
tion of dynamic equations by convolution, time-
step integration, modal superposition, complex
modes, frequency-domain methods, and
response spectrum techniques. Viscous,
hysteretic, and frictional damping. Correspon-
dence principle. Modal synthesis in frequency-
domain. Substructuring techniques. Spatially
periodic structures. Dynamic loads in layered
media. Alternate years.
E Kausel

1.588 Structural Engineering Research
Seminar (A)

Prereq.: Permission of Instructor
G(2)
1-0-2

For structural engineering students registered
for thesis or seeking research topics. Presenta-
tion of ongoing or proposed research by stu-
dents. Occasional seminars by faculty or
outside speakers. Participants required to sub-
mit wtriten critique on each lecture.
J. J. Connor, Jr.

1.589 Studies in Structural Design and
Analysis (A)

Prereq.: Permission of Instructor
G (1, 2, S)
Units arranged

Individual study of advanced subjects under
staff supervision. ConteIt arranged to suit the
particular requirements of the student and in-
terested membe of the staff. Information:
J. J. Connor, Jr.

Construction Materials

1.59J Materials of Construction

(Same subject as 3.143J)
Prereq.: 1.04
U (2)
3-0-9 SCI DIST

Principles underlying the structure-properties
interaction in materials important to civil en-
gineers. Includes: atomic arrangements in crys-
talline and noncrystalline phases;
thermodynamics of phase relationships and
structural change; elasticity, microplasticity, vis-
coelasticity, and fracture; cerrosion. Application
of principles to structural metals, cementitious
materials, structural-ceramics, wood, asphalt,
and polymers. Mechanical properties of com-
posite materials including Portland cement con-
crete, 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 13.1 5J
G (1)
3-0-6

See description under subject 3.90J.
F J. McGarry, K. Masubuchi

1.592 Mechanical Behavior of Construction
Materials (A)

Prereq.: -
Acad Year 1990-91: Not offered
Acad Year 199 1-92: G (2)
3-0-6

Develops an understanding of material be-
havior based on microstructural mechanisms
of deformation. Includes study of elastic, plas-
tic, creep, fracture, and durability behavior. Ap-
plications to traditional construction materials
(steel, concrete, and timber) as well as recent
developments in civil engineering materials
(composites, ice mechanics).
L. J. Gibson

1.593J Mechanical Behavior of Plastics (A)

(Sarre subje." as 3.91J)
PrereLl.: 3.064
G (1)
3-2-4

S9e description under subject 3.91J.
F J. McGarry

1.594J Composite Materials (A)

(Same subject as 3.92J)
Prereq.: 3.064
G (2)
3-2-4

See description under subject 3.92J.
F J. McGarry

1.597 Studies in Construction Materials (A)

Prereq.: Permission of Instructor
G (1, 2, S)
Units arranged

Advanced topics in construction materials
selected by students for individual study with
staff approval Information: L. J. Gibson.

1.598 Research in Constructed Facilities (A)
Prereq.: -
G (1, 2, S)
Units arranged [P/F]

For research assistants in constructed
facilities, when assigned research is not used
for thesis, but is approved for academic credit.
Credits for this subject may not be used for
any degree granted by Course 1.
Information: J. J. Connor, Jr

1.599 Teaching In Constructed Facilities

Prereq.: -
G (1, 2)
Units arranged (P/F]

For teaching assistants, in recognition of
educational value derived from satisfactory per-
formance of assigned duties, and for other
qualified students interested in teaching in this
area as a career. Laboratory, tutorial, or class-
room teaching under supervision of a faculty
member. Credits for this subject may not be
used for any degree granted by Course 1.
Information: J. J. Connor, Jr.

Water Resources and
Environmental Engineering

Hydrodynamics and Coastal
Engineering

1.60 Fluid Dynamics

Prereq.: 18.03, 1.05
U (1)
4-0-8

Introduction to the dynamics of incompressible
fluid fow based upon the differential equations
of continuity and motion. Dynamic similitude,
theory of models, and data presentation.
Potential flow. Laminar and turbulent boundary
layers. Flow in conduits, channels, and porous
media. Dynamic drag and lift forces on im-
mersed objects. Turbulent jets and diffusion
processes. Lectures supplemented by problem
sessions.
P S. Eagleson

1.62 Free Surface Hydraulics

Prereq.: 1.60
Acad Year 1990-91: Not offered
Acad Year 1991-92: G(2)
3-1-8

Derivation of the one-dimensional form of the
continuity, momentum, and energy equations.
Boundary resistance. Steady uniform and non-
uniform flow in open channels, including lateral
in-outflow. Significance of the Froude Number;
sub- and supercritical flow and channel transi-
tions. Applications of momentum and energy
principles. Flow controls: weirs, sluice gates,
spillways, stilling basins. Unsteady flows: ele-
ments of floodrouting, overland flow, and oscil-
latory waves. Class project.
0 S. Madsen

1.63 Principles of Hydrodynamics (A)
(Revised Unit)

Prereq.: 1.60
G (1)
3-0-9

An advanced account of dynamics of incom-
pressible fluids. Materials are equally divided
into four parts: 1) Basic formulation
(kinematics, stress-stain, Navier-Stokes equa-
tions). 2) Potential flows (vorticity and circula-
tion, analytic functions for two-dimensional
problems, conformal mapping, flow through
porous media). 3) Viscous flows and boundary
layers (exact and approximate solutions). 4)
Turbulent shear flows (instability, Reynolds
equations, wall shear flows, and dispersion;
free shear flows and plumes).
W K. MeMle

1.64 Dynamics of Stratified Fluids (A)

Prereq.: 1.63
Acad Year 1990-91: Not offered
Aced Year 199 1-92: G (2)
3-0-6

An advanced fluid mechanics subject treating
the more important dynamical effects of
stratification in natural fluid flows. An introduc-
tion to the conservation laws and basic ther-
modynamics is followed by treatment of linear
and nonlinear internal waves; natural, forced,
and double- diffusive convection; and selective
withdrawal. The instability of stratified shear
flows and the onset of turbulence are studied,
as are methods of modeling fully developed
turbulent boundary and mixing layers. The sub-
ject concludes with a study of the evolution of
surface mixed layers in natural water bodies.
Alternate years.
W K. MeMlle

1.65 Experimental Methods in
Hydrodynamics (A)

Prereq.: 1.60
Acad Year 1990-91: G (2)
Aced Year 1991-92: Not offered
2-4-6

Introduces methods of experimental design,
measurement, data acquisition, and analysis
in hydrodynamics and environmental engineer-
ing. Presents measuring techniques, including
laser-based optical, heat transfer,
electromechanical and flow visualization. Em-
phasis is on laboratory techniques, but some
examples are drawn from field methods in
oceanography and meteorology. Lectures com-
plemented by laboratory classes and more ex-
tensive term projects. Alternate years.
W K. Melville

1.66 Problems in Water Resources and
Environmental Engineering (A)

Prereq.: Permission of instructor
G (1, 2, S)
Units arranged

Advanced topics selected by students for in-
dividual study with staff approval. Choice of
subjects from theoretical, experimental, and
practical phases of hydromechanics, hydraulic
engineering, water resources, and environmen-
tal engineering. Information: R. L. Bras.

1.67 Sediment Transport and Coastal
Processes (A)

Prereq.: 1.60
Acad Year 1990-91: G (2)
Acad Year 1991-92: Not offered
3-0-6

Emphasizes the quantitative description of the
mechanics of sediment transport in steady and
unsteady flows based on hydrodynamic prin-
ciples. Equations of motion for particles in a tur-
bulent flow, entrainment, bedload, and
suspended load. Bedform mechanics, ripples,
dunes. Flow resistance and boundary-layer
mechanics. Wave-induced longshore currents,
longshore and on-offshore sediment transport.
Coastal protection. Basic theory of water
waves assumed known; contact instructor in
early January.
0. S. Madsen

1.68 Physics of Environmental Transport (A)

Prereq.: 1.60 or Permission of Instructor
Acad Year 1990-91: Not offered
Acad Year 1991-92:G (1)
3-0-9

Treats physical transport processes in surface
water, groundwater, and in the atmosphere
with emphasis on exchanges across phase
boundaries. Topics include sediment-water
fluxes; gas exchange at the air-water interface;
mass transfer from particles, droplets, and bub-
bles; deposition, coagulation, and filtration of
particles; biofilms in porous media; canopy
flow; small-scale dispersion and mixing of con-
taminants; interactions between mixing,
transport, and reactions; linkages between
physical, chemical, and biological processes.
K. D. Stolzenbach

1.69 Introduction to Coastal
Engineering (A)

Prereq.: 1.60
G (1)
3-0-6

Basic hydrodynamics of waves in deep and
shallow water. Linear theory, dispersion, super-
position, spectral representation. Energy, ener-
gy transport, dissipation by bottom friction.
Refraction, diffraction by breakwaters. Some
nonlinear aspects, wave breaking. Empha-
sizes physical interpretation of mathematical
results and their engineering application.
Storm surges, coastal circulation, forecasting
of wind-wave characteristics. Wind-wave statis-
tics, wave forces on piles; breakwater stability.
0. S. Madsen

1.691 Wave Dynamics In Coastal
Engineering (A)
Prereq.: 1.69, 1.131, or equivalent
Acad Year 1990-91: Not offered
Aced Year 1991-92:G (2)
3-0-9

Problems in water waves and currents of inter-
est to coastal engineers. Emphasizes mechani-
cal principles and theoretical methods of
analysis. Topics chosen from the following
areas: ray theory of refraction, wave interac-
tion with longshore bars, scattering of shallow-
water waves, linearized theory of harbor
oscillations. Diffraction by a breakwater. Effect
of entrance losses. Mass transport due to vis-
cosity. Radiation stresses and short-wave/long-
wave interactions. Wave effects on
poro-elastic sea beds. Altemate years.
C. C. Mei

1.692 Wave Dynamics In Oceanographic
Engineering (A)
Prereq.: 1.69 or equivalent
Acad Year 1990-91: G (2)
Acad Year 1991-92: Not offered
3-0-9

Problems in waves and currents. Transient
aspects of dispersion and tsunamis. General
theory of floating bodies, linearized radiation
and diffraction, analytical and numerical
aspects. Nonlinear long waves in rivers or near
a coast. Nonlinear short waves; slow modula-
tion and instability of Stokes waves. Effects of
currents or topography on wave evolution.
Nonlinear waves in shallow water:vsoliton, har-
monic generation, and resonances. Recent ad-
vances. Alternate years.
C. C. Mi

1.697J Oceanographic Systems
(Same subject as 13.990J)
Prereq.: -
G (S)
2-4-6

See description under subject 13.990J.
(Woods Hole Staff)

1.698J Oceanographic Systems 11

(Same subject as 13.991J)
Prereq.: -
G (S)
2-4-6

See description under subject 13.991J.
(Woods Hole Staff)

1.699J Special Projects In Oceanographic
Engineering (A)
(Same subject as 13.999J)
Prereq.: Permission of Instructor
G (1, 2, S)
Units arranged

See description under subject 13.999J.
(Woods Hole Staff)

L
I
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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 analysis 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. Lec-
tures discuss governing principles, common
models, and fypical applications. In case
studies, students may select/develop models,
run simulations, perform experiments, or
analyze data from field investigations. Results
of the 7-s studies are interpreted and dis-
cussed in written and oral reports. For ad-
vanced undergraduates or graduate students
wishing exposure to broad applications. Some
programming experience assumed.
E. E. Adams, D. McLaughlin

1.71 Introduction to Hydrology

Prereq.: 1.05
G (1)
4-0-8

Principles of meteorology and climate; earth
water and energy balance; radiation; precipita-
tion formation; evaporation; infiltration; runoff
process. Streamflow analysis. Flood routing
and rainfall-runoff models. Groundwater, well
hydrology. Introduction to hydrologic prob-
abilistic models. Data analysis, design of col-
lection systems. Useful for graduate students
with no hydrology background. Also recom-
mended for earth science students.
R. L. Bras

1.711 Engineering Hydrology (A)

Prereq.: 1.03, 1.60, 1.71
G (2)
3-0-6

Models of hydrologic processes for selected
engineering applications. Rainfall-runoff
models, flood routing, urban hydrology,
flood/drought frequency analysis, loss estima-
tion, groundwater models, and storage
analysis. Data sources for hydrologic models:
instrumentation, measurement systems,
remote sensing. Model limitations and the re-
search-practice gap.
F E. Perkins

1.712 Sampling, Synthesis, and
Forecasting of Hydrologic Processes (A)

Prereq.: 18.440 or equivalent
Acad Year 1990-91: Not offered
Acad Year 199 1-92: 0(2)
3-0-9

The sampling, synthesis, and forecasting of
signals in geophysics. Emphasizes hydrologic
systems. Study of time series. Correlation and
spectral analysis of periodic and aperiodic sig-
nals. Time and frequency domain analysis of
random processes and fields. Stochastic
simulation of rainfall and runoff. Estimation of
static and dynamic systems. Kriging and Kal-
man filtering techniques. Alternate years
R. L. Bras

1.72 Groundwater Hydrology (A)

Prereq.: 1.60
G (1)
3-0-9

Introduces subsurface flow theory and applica-
tions; storage properties, Darcy equation, flow
nets, mass conservation, the aquifer flow equa-
tion, heterogeneity and anisotropy, regional
vertical circulation, unsaturated flow, and
recharge. Well hydraulics, stream-aquifer inter-
action, distributed- and lumped-parameter
numerical models. Groundwater quality, mixing
cell models, contaminant transport processes,
dispersion, decay and adsorption; pollution
sources, Includes laboratory and computer
demonstrations.
L. W Gelhar

1.721 Advanced Subsurface Hydrology (A)

Prereq.: 1.72, 18.075, Permission of Instructor
G (2)
3-0-9

Advanced treatment of flow in natural porous
media with applications to resource develop-
ment and environmental protection. Fluid
transport processes in deformable media,
boundary conditions, and problem formulation.
Stochastic treatment of temporal and spatial
variability. Contaminant transport, macrodisper-
sion, tracer tests, salt water intrusion, heat
transport, unsaturated flow and solute
transport, flow and transport in fractured rocks.
Large-scale behavior of heterogeneous media
and uncertainty in model predictions.
L W Gelhar

Civil Engineering 13D

1.732 Water Resource Systems 11(A)

Prereq.: 1.151 or equivalent
Acad Year 1990-91: Not offered
Acad Year 199 1-92: G(2)
3-0-6

1.723 Subsurface Water Quality (A)
(Revised Unit)

Prereq.: 1.72
Acad Year 1990-91: Not offered
Acad Year 1991-92: G(2)
3-0-9

Examines subsurface water quality problems
from chemical and physical viewpoints. Physi-
cal transport of quality constituents, precipita-
tion/dissolution reactions, adsorption
chemistry, complexation, redox processes,
microbial transformations, the role of particu-
lates, and chemical influences on aquifer per-
meability. Development of a mass transport
equation, and analytical and numerical solu-
tions. Case studies of quality problems with
emphasis on hazardous waste disposal. Alter-
nate years.
H. F Hemond

1.724 Groundwater Modeling (A)

Prereq.: 1.121, 1.72
G (2)
3-0-9

Development and application of numerical
models for fluid flow and contaminant transport
in porous media. Emphasis on finite difference,
finite element, and collocation techniques.
Analysis of data, implementation of boundary
conditions, choice of discretizations. Single-
and multi-phase systems. Some discussion of
mathematical derivations of governing equa-
tions. Students develop computer codes for
various physical systems of interest.
Consult Academic Programs Office.

1.725J Chemicals In the Environment: Fate
and Transport (A)

(Same subject as TPP 51 J)
Prereq.: Permission of Instructor
G (1)
3-0-9

For Institute students in all departments inter-
ested in hazardous substance management
(see TPP listings for other subjects). Emphasis
on man-made chemicals, their movement
through water air, and soil, and their eventual
fate in the enviionment. Coverage of specific
topics is similar to 1.723, but for less special-
ized students. Analogous coverage of surface
water and air fate and transport. Linkages to
health effects, sources and control, and policy
aspects.
H. F Hemond

1.731 Water Resource Systems I (A)
(Revised Unit)

Prereq.: Permission of instructor
G (1)
3-0-9

Survey of deterministic optimization methods
for management of large-scale water projects.
Linear, integer, nonlinear, and dynamic pro-
gramming illustrated with case studies. Applica-
tions include reservoir and irrigation
development, conjunctive use of surface and
groundwater, and hazardous waste remedia-
tion.
D. McLaughlin

Prereq.: Permission of Instructor
Acad Year 1990-91: G (2)
Acad Year 1991-92: Not offered
3-0-9

Dominant physical, chemical, and biological
features of lakes and wetlands: basin geology,
water budget, wind-driven hydromechanical
phenomena, heat balance, thermal stratifica-
tion, radiation environment, biological com-
munities, and cycles of major elements.
Characterization of wetlands, wetland biota,
and chemical conditions of wetlands.
Methodologies of modern limnology, including
field methods and use of models; and current
issues in lake and wetland management. Alter-
nate years.
H. F Hemond

1.76 Aquatic Chemistry (A)

Prereq.: 5.40 or 5.11
G (1)
3-0-9

Quantitative treatment of variables that govern
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 quantita-
tive 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

Effects of uncertainty on water resource
management, Quantitative methods for
describing and analyzing uncertainty. Real-
time estimation and control. Case studies in-
clude reservoir operations, groundwater
resource development, water quality monitor-
ing. Knowledge of optimization concepts and
random processes required. Alternate years.
D. McLaughlin

Water Quality Control and
Environmental Management

1.75 Umnology and Wetland Ecology (A)
(Revised Unit)

1.77 Water Ouality Control (A)

Prereq.: 1.60
G (1)
3-0-6

Emphacis on mathematical models for predict-
ing distribution and fate of effluents discharged
into lakes, reservoirs, rivers, estuaries, and
oceans. Focuses on formulation and structure
of models rather than on solution techniques.
Role of element cycles, such as oxygen,
nitrogen, and phosphorus, as water quality in-
dicators. Offshore outfalls and diffusion.
Salinity intrusion in estuaries. Thermal
stratification, eutrophication, and sedimenta-
tion processes in lakes and reservoirs.
D. R. F Harleman

1.79 Aquatic Ecology (A)

Prereq.: -
Acad Year 1990-91: Not offered
Acad Year 1991-92:G (1)
3-0-6

Basic graduate subject dealing with selected
aspects of the ecology of marine and fresh-
water systems. Emphasizes physiological
processes of phytoplankton, but includes bac-
teria and other aquatic microorganisms. Focus
is on organism/environment interactions.
Topics include photosynthesis, primary and
secondary production, nutrient limitation and
uptake kinetics, element cycles, population
growth, and chemostat theory. Lecture/semi-
nar format with extensive outside readings.
S. W Chisholm

1.80 Fundamentals of Ecology

Prereq.: -
U (2)
3-0-9

Basic subject dealing with the science of ecol-
ogy; principles of interrelationships between or-
ganisms and their environment. Development
of basic concepts of energy flow and
biogeochemical cycles in ecosystems; produc-
tivity; trophic dynamics; community structure
and stability; competition and predation; evolu-
tion and natural selection; population growth;
and physiological ecology. Emphasis on
aquatic systems.
S. W Chisholm

1.811J Environmental Law: Pollution
Control (A)
(Revised Unit)

(Same subject as TPP 33J)
Prereq.: Permissiin of Instructor
G (1)
3-0-9

Reviews and analyzes Federal and state
regulation of air and water pollution and haz-
ardous wastes. Emphasizes use of legal
mechanisms and alternative approacheg (such
as economic incentives) to control pollution.
Focuses on the major Federal legislation, the
underlying administrative system, and the com-
mon law in analyzing the goals of pollution con-
trol, economic consequences, and the role of
the courts. Discusses both classical pollutants
and toxic industrial chemicals. Also provides
an introduction to basic legal skills.
N. A. Ashford, C. . Caldart

1.81 2J Regulation of Chemicals, Radiation,
and Biotechnology (A)
(Revised Unit)

(Same subject as TPP 34J)
Prereq.: Any prior law course or Permission of
Instructor
G (2)
3-0-9

Focuses on policy design and evaluation in the
regulation of hazardous substances and
processes. Includes risk assessment, hazard-
ous chemical wastes, toxic air and water pol-
lutants, pesticides, food additives,
pharmaceuticals, radiation and radioactive
wastes, product safety, the Toxic Substances
Control Act, workplace hazards, biotechnology,
and victims' compensation. Both health and
economic consequences of regulation dis-
cussed.
N. A. Ashford, C. C. Caldart

1.82 Problems In Aquatic Biology and
Chemistry (A)

Prereq.: Permission of Instructor
G (1, 2)
Units arranged [P/F]

Advanced topics in fields of aquatic chemistry
and aquatic biology. Choice of insependent
study, seminar, laboratory, or field studies. Typi-
cal topics include analytical and bioassay
methodologies, nutrient and trace-metal Inter-
actions with aquatic biota, element cycles, cur-
rent issues in oceanography.
S. W Chisholm, F M. M. Morel
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1.83 Environmental Organic Chemistry (A)

Prereq.: 6.12, 5.60
G(1)
3-0-9

After describing the cycling of natural organic
matter in aquatic environments, focus shifts to
processes affecting anthropogenic organic
compounds. Uses physical chemical proper-
ties to predict chemical transfers between
environmental compartments (air, water, sedi-
ments, biota). Uses molecular structure-reac-
tivity relationships to estimate chemical,
photochemical, and biochemical transforma-
tion rates. Resulting models predict environ-
mental concentrations (and related biological
exposures) of hazardous and natural organics
in water resources.
P M. Gschwend

1.84 Aquatic Particles (A)

Prereq.: Permission of Instructor
Acad Year 1990-91: Not offered
Acad Year 1991-92: G(2)
3-0-9

An advanced graduate course on the physical
chemistry of particles in natural waters. Nature
of aquatic particles. Basic surface chemistry of
solids in water. Double-layer theory. Thermo-
dynamics of adsorption. Adsorption models,
equilibrium, and kinetics. Mixed phase solids.
Particle interactions. Stability of suspensions.
Coagulation theory. Size distributions. Role of
coagulation and biota in sedimentation. Alter-
nate years
F M. M. Morel, K D. Stolzenbach

1.85 Wastewater Treatment Engineering

Prereq.: 1.60 or 1.80
G(2)
3-0-6

Theory and design of treatment systems for
municipal wastewater. Theory of mixing and
transport in reactor vessels. Biochemical
processes related to the carbon, oxygen,
nitrogen, and phosphorus cycles. Completely
mixed and plug flow reactors with and without
recycle. Primary sedimentation, advanced
primary (polymer) and secondary treatment
processes. Fixed-film processes, adsorption,
sedimentation, and other physical, chemical,
and biological processes. Consult Academic
Programs Office.

1.898 Research in Water Resources and the
Water Environment

Prereq.: -
G (1.2, S)
Units arranged [P/F]

For research assistants in water resources and
the water environment, when assigned re-
search is not used for thesis, but is approved
for academic credit. Credits for this subject
maynot be used for any degree granted by
Course 1. Information: R. L. Bras.

1.899 Teaching In Water Resoures and the
Water Environment

Prereq.: -
G (1, 2)
Units arranged (P/F]

For teaching assistants, in recognition of the
educational value derived from satisfactory per-
formance of assigned duties, and for other
qualified students interested in teaching in this
area as a career. Laboratory, tutorial, or class-
room teaching under supervision of a faculty
member. Credits for this subject may not be
used for any degree granted by Course 1.
Information: R. L. Bras.

Special Studies

1.91 Civil Engineering internship

Prereq.: -
U (1, 2, S)
0-6-0 [P/F)

1.92 Advanced Civil Engineering Internship

Prereq.: 1.91
G (1, 2, S)
0-6-0 (P/F]

1.91 provides credit for the first two work as-
signments of Course I students affiliated with
the Engineering Internship Program. 1.92 pro-
vides credit for the third and fourth work assign-
ments for students affiliated with the
Engineering Internship Program. Students
register for both 1.91 and 1.92 twice and must
complete both work assignments in orde- to
receive academic credit for the subjects. Enroll-
ment limited to students registered in the
Course I Internship Option.
Information: 0. Buyukozturk.

1.961-1.966 Special Graduate Studies in
Civil Engineering (A)

Prereq.: Permission of Instructor
G (1, 2)
Units arranged

Graduate subjects taught experimentally; spe-
cial subjects offered by visiting faculty; semi-
nars on topics of current interest. Information:
0. S. Madsen.

1.968 Graduate Studies in Civil Engineering

Prereq.: Permission of Instructor
G (1, 2,S)
Units arranged

Individual study, research, or laboratory inves-
tigations at the graduate level, under faculty
supervision. Information: 0. S. Madsen.

1.969 Graduate Studies in Civil
Engineering (A)

Prereq.: Permission of Instructor
G0(1, 2,8S)
Units arranged

Individual study, research, or laboratory inves-
tigations at the graduate level, under faculty
supervision. Information: 0. S. Madsen.

1.970-1.977 Special Graduate Studies In
Civil Engineering (A)
(New)

Prereq.: Permission of Instructor
G (1, 2)
Units arranged

Graduate subjects taught experimentally; spe-
cial subjects offered by visiting faculty; semi-
nars on topics o current interest. Information:
0. S. Madsen.

1.978, 1.979 Special Graduate Studies in
Civil Engineering
(New)
Prereq.: Permission of Instructor
G (1, 2)
Units arranged [P/Fl

Graduate subjects taught experimentally; spe-
cial subjects offered by visiting faculty; semi-
nars on topics of current interest. Information:
0. S. Madsen.

1.980J Thesis Proposal Seminar (A)
(Revised Content)

(Same subject as TPP 14J)
Prereq.: Thesis Registration
G (1, 2)
1-0-2

See description under subject TPP 14J.
R. de Nelville, J. Ehrenfold, J. Kildow,
M. Lipsky, R. Tabors

1.991, 1.992 Special Undergraduate Studies
in Civil Engineering

Prereq.: Permission of Instructor
U (1, 2)
Units arranged

Undergraduate subjects taught experimentally;
special subjects offered by visiting faculty;
seminars on topics of current interest. 1.991 is
taught P/F.
Information: K. D. Stolzenbach.

1.999 Undergraduate Studies in Civil
Engineering

Prereq.: -
U (1, 2, S)
Units arranged

Individual study, research, or laboratory inves-
tigations under faculty supervision.
Information: K. D. Stolzenbach.

Course 2 Mechanical
Engineering

2.UR Undergraduate Research in 2.03J Dynamics 2.05 Kinematics and Dynamics of
Mechanical Engineering (Same subject as 13.003J) Mechanisms and Maniutor(A)

Prereq.: - Prereq.: 2.01, 2.02, 18.03 Prereq.: 2.03J
U (1, 2,S) U (1,2) G(1)
Units arranged [P/F] 4-0-8 3-0-9

Individual study, research, or laboratory inves- Dynamics of lumped and continuous models of Analyzes kinematic and dynamic charac-
tigations under faculty supervision, including in- mechanical, electrical, and electro-mechanical teristics of planar and spatial mechanisms, in-
dividual participation in an ongoing research systems. Kinematics and dynamics of rigid cluding machines and robotic manipulators.
project. Coordinator: D. G. Wilson. bodies in two- and three-dimensional motions. Use of vector, graphical, and 4 by 4 matrix

Formulation of equations of motion by momen- methods for kinematic analysis. An introduc-
tum principles and Lagrange's equations. Be- tion to graphical and computer methods for
havior of linearized models: natural modes and kinematic synthesis of mechanisms. Methods

Mecianics, Dynamics, and frequency response of lumped systems, wave for dynamic analysis of mechanisms, and the
transmission and reflection in continuous sys- use of digital simulation techniques. Systems

Acoustjcs tems, include rigid and flexible elements and active
J. H. Williams, Jr., J. K. Vandiver control systems. Applications from industrial

machine systems and robotic manipulators.

2.032 Dynamics (A) S. Dubowsky, H. West

2.01 Mechanics of Solids Prereq.: 2.03J 2.06J Mechanical Vibration
2,01 Mechanics of SolidsGG (1)
Prereq.: 8.01, 18.02 3-0-9 (Same subject as 13.80J)
U (1,2) Prereq.: 2.03J or 13.003J
4-0-8 SCI DIST Momentum principles and energy principles. U (2)
4-0-8_SCIDIST_ Lagrange equations, Hamilton's principle. Ap- 3-0-9
Introduces mechanics of continuous deform- plications to mechanical systems including
able media, emphasizing three-dimensional re- gyroscopic effects. Study of steady motions See description under subject 13.80J.

quirements of force equilibrium, geometric and nature of small deviations therefrom. R. H. Lyon, J. K Vandiver

compatibility, and constitutive behavior. Stress Natural modes and natural frequencies for con-
and its relation to force and moment. Strain tinuous and lumped parameter systems. 2.060J Principles of Acoustics (A)
and its relation to displacement. Linear elas- Forced vibrations. Dynamic stability theory (
ticity with thermal expansion. Failure modes. Causes of instability. (Same subject as 13.81J, 16.081J)

Applications to stress distributions and defor- S. H. Crandall Prereq.: 2.03J or 16.004, 18.075

mations of rods, shafts, beams, and other G (1)
simple structures of engineering importance. 2.034 Nonlinear Dynamics (A) 3-0-9

Emphasizes computer methods and matrix Prereq.: 2.032 With subject 2.063J, forms a two-term se-
structural analysis. . Acad Year 1990-91: Not offered quence of advanced acoustics; to be taken in
M. R Cleary, L. L. Bucciarelli, Jr. Acad Year 1991-92: G (2) either order. Acoustics of fluids, sources of

3-0-9 sound, radiation, diffraction and scattering.
2.02 Introduction to Systems Dynamics Energy density and intensity, radiation im-

Prer: 8.01, 18.02 A unified treatment of nonlinear phenomena in pedance and directivity. Thermoacoustics.
eq. .0, . the dynamics of discrete and continuous sys- Reciprocity. Moving sources. Aeroacoustics

U (1, 2) tems. Qualitative methods of analysis, phase and hydroacoustics.
4-0-8 SCI DIST plane techniques. Quantitative analysis of P Leehey, R. H. Lyon

Dynamic modeling by linear and nonlinear weakly nonlinear systems in free and forced
lumped multiport elements of physical sys- vibrations; perturbation methods, nonlinear
tems. Unified treatment of active and passive resonances, self-excited oscillations, lock-in
mechanical, fluid, electrical, thermal, and phenomena. Introduction to nonlinear stability
electronic devices and systems. Concept of and bifurcation theory, nonlinear wave
state and state variables. Formulation and propagation, solitons. Applications are made to
solution of state equations by direct analysis, mechanical, fluid, electrical, and flow-structure
and by digital computer methods. Dynamic interaction problems.
response and stability of linear systems. Sys- T R. Akylas
tem functions, pole-zero configurations, and
their interpretation. Generalized impedance
and source equivalents. Extensive use of en-
gineering examples.
D. Rowel
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2.061 Random Vibration (A)

Prereq.: 2.03J, 18.075
G(2)
3-0-9

Description of stochastic processes. Impulse
response and frequency response of linear
time-invariant dynamic systems. Correlations
and spectra of stationary response. Crossing
rates, peaks, and envelopes. Failure under ran-
dom loading. Poisson pulse processes. Meas-
urement, identification, and response
problems. Coherence. Space-time correlations
and cross-spectra. Digital data processing.
Cepstrum analysis. Applications to vehicles
and structures subjected to wide-band random
excitation.
S. H. Crandall

2.062 Wave Propagation (A)

Prereq.: 2,03J, 18.075
Acad Year 1990-91: Not offered
Acad Year 1991-92: G(2)
3-0-9

Wave concepts in applied mechanics with ex-
amples chosen from elasticity, acoustics,
geophysics, hydrodynamics, and related sub-
jects. Plane wave theory, dispersion, phase
and group velocities, wave impedance, energy
density and intensity. Theory of characteristics.
Reflection and refraction, wave guides, and
boundary waves. WKB method, Green's law,
and wave action. Generation, transmission,
and reception of waves. Water-hammer
waves, Rayleigh waves, waves in periodic
structures.
T R. Akyas

2.063J Sound and Structural Vibration (A)

(Same subject as 13.82J)
Prereq.: 2.03J or 16.004, 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 either order. Transmission of vibration
in structures and interaction with sound fields.
Dynamics of sound fields and longitudinal,
shear, and flexural vibrations. Normal modes,
phase and group velocity, energy decay. Radia-
tion impedance and input and transfer mobility
of structural elements. Statistical energy
analysis, reciprocity, energy sharing between
structures and sound fields.
R. H. Lyon, P. Leehey

2.064 Shear Flow-Structure Interaction (A)

Prereq.: 2.20 or 16.02 or 13.021; 2.03 or
16.004
G (2)
3-0-9

Problems of engineering interest involving
laminar or turbulent shear flows over fixed or
moving structures. Outer irrotational flows: un-
steady airfoils, panel flutter, form drag and
acoustic radiation. Stability and transition.
Triple deck problems: trailing edge flows,
boundary layer suction, receptivity of laminar
boundary layers to disturbances. Dynamics of
turbulent shear flows. Static and dynamic
boundary layer manipulation for drag or noise
reduction.
P Leehey

2.066 Machinery Noise and Diagnostics (A)

Prereq.: -
Acad Year 1990-91:G (1)
Acad Year 1991-92: Not offered
3-0-9

Uses basic ideas about vibration generation
and transmission and sound radiation in
design of quieter machines. Excitation
mechanisms are impact, dimensional varia-
tions, and fluid flow. Vibration transmission
models include transmission line and SE.A.
Criteria for acceptable levels of noise and
vibration are discussed. Vibration signatures in
time and frequency domains for diagnostic pur-
poses are described. Energy vs time and vs
frequency, and waveform reconstruction are
discussed as techniques for obtaining diagnos
tic signatures. Alternate years.
R. H. Lyon

2,067J Structural Acoustics (A)

(Same subject as 13.83J)
Prereq : -
Acad Year 1990-91: Not offered
Aced Year 1991-92:G (1)
3-0-9

This advanced level subject deals with various
topics in the transmission of vibrational energy
through structures, and the interaction of struc-
tural vibrations with surrounding and contained
fluid regions. Faculty members will lead discus-
sions of these topics using published papers
and research reports. Topics will vary depend-
ing on research activities in the Structural
Acoustics Program. A good background in
dynamics, applied mathematics, and structural
mechanics will be assumed. Background
courses in acoustics and structural wave
propagation are recommended. Altemate
years.
R. H. Lyon, 1. Dyer, A. Baggeroer, Staff

2.071J Introduction to Structural Mechanics

(Same subject as 13.10J)
Prereq.: 2.01
U (1)
4-0-8

See description under subject 13.10J.
J. H. Williams, Jr., D. G. Karr, T Wierzbicki

2.072 Mechanics of Continuous Media (A)
Prereq.: Permission of Instructor
Acad Year 1990-91: Not offered
Aced Year 1991-92: G (2)
3-0-9

Principles and applications of continuum con-
cept for deformation of solid, fluid, or multi-
phase bodias. Kinematics and
thermomechanical conservation laws. Stress
and strain measures and constitutive equa-
tions. Solution of many basic problems for
various materials as relevant in metallurgy,
materials processing, geomechanics, fluid
dynamics, and structural analysis.
M. P Cleary, R. Abeyaratne

2.073 Solid Mechanics-Plasticity and
Inelastic2Deformation (A)

Prereq.: 2.30
Aced Year 1990-91: Not offered
Aced Year 1991-92: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 deformation. Limit analysis of con-
tinua, structures, and polycrystalline ag-
gregates. Variational formulations of governing
equations including finite element implementa-
tion. See also 13.131 and 16.24.
D. M. Parks

2.083 Applied Elasticity (A)

Prereq.: 2.01,18.075
S(1)
3-0-9

Introduces the theory and applications of
linearized elasticity. Review of kinematics,
kinetics, and the constitutive law. Anisotropic
material behavior. Several of the following
topics: plane problems; singular problems in-
volving cracks, point loads, dislocations. Tor-
sion of noncircular cylinders. Energy theorems
and applications. Linear elastic fracture
mechanics. Fundamental three-dimensional
problems. Variational principles and applica-
tions. Structural mechanical approximations for
beams, plates, and shells. Introduction to
wave propagation.
J. H. Williams, Jr., R. Abeyaratne

2.084J Structural Mechanics in Nuclear
Power Technology (A)

(Same subject as 1.56J, 13.14J, 22.314J)
Prereq.: Permission of Instructor
G (1)
3-0-9

See description under subject 22.314J.
0. Buyukozturk, M. S. Kazimi
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2.092 Methods of Engineering Analysis (A)

Prereq.: 18.075
G (1)
3-0-9

Study of nature of complex problems in en-
gineering analysis and of means of obtaining
practical solutions. Survey of formulations of
mathematical models for complex physical
situations and of computational procedures for
their solution. Examples chosen from
mechanics, hydraulics, heat transfer, elasticity,
compressible flow, etc. Numerical methods in-
cluding iteration, variational, finite difference,
and finite element methods.
K. J. Bathe, T R. Akylas

2.093 Computer Methods In Dynamics (A)
Prereq.: 2.03J, 18.075
0 (2)
3-0-9

Formulation of finite element methods for
analysis of dynamic problems in solids, struc-
tures, fluid mechanics, and heat transfer. Com-
puter calculation of matrices and numerical
solution of equilibrium equations by direct in-
tegration and mode superposition. Effective
eigensolution techniques for calculation of fre-
quencies and mode shapes. Digital computer
coding techniques and use of an existing
general purpose finite element analysis pro-
gram. Modeling of problems and interpretation
of numerical results.
K. J. Bathe

2.094 Theory and Practice of Continuum
Mechanics (A)

Prereq.: 2.01, 18.075
Acad Year 1990-91: Not offered
Acad Year 1991-92:G (1)
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 governing equations using finite element
methods. Solution of central problems using
existing computer programs. Altemate years.
K. J. Bathe

System Dynamics and
Control

2.101 Computer Models of Physical and
Engineering Systems

Prereq.: 18.02, 8.01
U (1)
3-0-9 SCI DIST

School-Wide Elective Subject. Description
given at end of this chapter on SWE page.
S. Shyam Sunder

2.14 Control System Principles
Prereq.: 2.02
U (1, 2)
3-2-7

Introduction to analysis and synthesis of feed-
back systems. Functional description of linear
and nonlinear systems. Block diagrams and
signal flow graphs. State-space representation
of dynamical systems. Transient response
using convolution integral and computational
techniques. Root locus and frequency
response methods. Performance indices and
error criteria. Controller realization. Examples
of pneumatic, hydraulic, electronic, and
electromechanical control systems.
0. Rowe/#

2.141 Modeling and Simulation of Dynamic
Systems (A)
Prereq.: 2.151
G (1)
3-0-9

Mathematical modeling of complex engineer-
ing systems at a level of detail compatible with
the design and implementation of modern con-
trol systems. Wave-like and diffusive energy
transmission systems. Multiport energy storing
fields and dissipative fields; consequences of
symmetry and asymmetry. Nonlinear
mechanics and canonical transformation
theory. Examples will include mechanisms,
electromechanical transducers, electronic sys-
tems, fluid systems, thermal systems, compres-
sible flow processes, chemical processes.
N. Hogan

2.151 Advanced System Dynamics and
Control (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; sys-
tem characteristics-controllability, obser-
vability, stability; linear and nonlinear system
responses. Modification of system charac-
teristics using feedback. State observers, Kal-
man filters. Modeling/performance trade-offs in
control system design. Emphasis on applica-
tion of techniques to physical systems.
N. Hogan, D. Rowe/I

2.152 Advanced Control System Design (A)
Prereq.: 2.151 or 2.164; or equivalent
G (2)
3-0-9

Introduction to advanced methods in linear
and nonlinear control system design. Unear
multivariable state-space techniques:
eigenstructure placement, discrete Kalman fil-
tering. Nonlinear stability theory: model-refer-
ence adaptive control, applied nonlinear
control system design, sliding surfaces, op-
timal control. Emphasis on applications to
physical systems and the modeling/perfor-
mance trade-offs.
J.-J. E. Slotin.

2.154J Multivarlable Control Systems I (A)

(Same subject as 6.233J, 10.28J, 13.481J,
16.3414J)
Prereq.: 2.14 or 6.302 or 10.35 or 16.30
G (1)
4-0-8

See description under subject 6.233J.
K. Youcef-Toumi, M. Athans,
G. Stephanopoulos, M. S. Triantafyllou,
W E. Vander Vede

2.155J Multvarlable Control Systems 11(A)

(Same subject as 6.234J, 10.29J, 13.482J,
16.342J)
Prereq.: 6.233J
G (2)
4-0-8

See description under subject 6.234J.
K Youcef-Toumi, M. Athans,
G. Stephanopoulos, M. S. Trianta fylou,
W E. Vander Void.

2.156J Dynamics of Nonlinear Systems (A)

(Same subject as 6.243J, 16.311J)
Prereq.: 18.100, 18.06; 6.233J or 6.241
Acad Year 1990-C- 0 G(2)
Aced Year 1991 -92: Not offered
3-0-9

See description under subject 6.243J.
N. Hogan, J. L. Wyatt, Jr., M. Daheh,
R. Ramnath

2.157J Design and Implementation of
Computer-Aided Engineering Systems (A)

(Same subject as 13.471J)
Prereq.: Permission of Instructor
G (1)
3-2-7

Overview of existing CAE systems; architec-
ture of high-performance graphic displays in
engineering workstations; orthographic and
perspective display transformations;
parametric representation of curves and sur-
faces; elementary differential geometry; inter-
active graphics; bicubic surface patches;
image generation; NO tool paths; solid model-
ing; advanced research topics; project
management for software development. Group
projects emphasize CAE system development.
Programming proficiency required.
D. C. Gossard, N. M. Patrikalakis

I
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2.158J Computational Geometry (A)

(Same subject as 13.472J)
Prereq.: 2.157J
G (2)
3-0-9

See description under subject 13.472J.
N. M. Patrikalakds, D. C. Gosard

2.160 Intelligent Control and Sensing (A)
(Revised Content)

(2.982)
Prereq.; Permission of Instructor
G (1)
3-2-7

Introduces techniques of high-level control, in
which control decisions are made at a sym-
bolic level. ymbolization of signals, pattern
classification and clustering. Neural networks,
knowledge-based control, and introduction to
fuzzy control. Acquisition of control rules from
human experts. Teaching and learning in
smart machines. Applications to robots,
vehicles, and various physical plants. Prelimi-
nary projects and term projects. Programming
experience is recommended.
H. Asada

2.165 Robot Design and Control (A)
(Revised Content)

(2.835)
Prereq.: 2.14 or Permission of Instructor
G (2)
3-0-9

Dynamic analysis, design, and control of
robotic systems. Introduces multi-body
kinematics, statics, and dynamics; inverse
dynamics and computed torque control; adap-
tive and learning control; compliance and force
feedback; hand control and multi-arm coordina-
tion; modeling and control of flexible arms;
task analysis and strategy planning. Em-
phasizes control system design based on
physical understanding. Term projects and
laboratory demonstrations.
H. Asada, J.-J. E Slotine, K. Youcef-Toumi

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 inter-
faces and data converters; analysis and
synthesis of sampled-data control systems
using classical and modem (state-space)
methods; analysis of trade-offs in control algo-
rithms for computation speed and quantization
effects. Laboratory projects emphasize practi-
cal digital servo interfacing and implementation
problems with timing, noise, nonlinear devices.
W Durfe, D. Rowel

2.18J Human Factors in Design

(Same subject as 9.49J, 22.088J)
Prereq.: Permission of Instructor
U (2)
3-1-8

Human-computer interaction in systems such
as space, undersea, and industrial robotics,
nuclear and chemical plants, air traffic control,
and office automation. Review of human sen-
sory-cognitive-motor performance and error
characteristics. Human engineering criteria
and methods for design of displays, controls,
and decision aids. Readings from the human
factors literature. Case studies and design
projects, to vary from year to year (consult in-
structor).
T B. Sheridan, D. D. Lanning, A. Hein

2.181J Human Factors Engineering (A)
(Revised Content)

(Same subject as 16.353J)
Prereq.: 16.30 or 2.14
G (1)
3-0-9

See description under subject 16.353J.
T G. Sheridan, L. R. Young

2.192 Engineering Systems Analysis (A)

Prereq.: Permission of Instructor
G (1)
3-0-6

School-Wide Elective SubjeQ. Description
given at end of this chapter on SWE page.
R. de Neuvile, J. P Clark

Fluid Mechanics and
Combustion

2.20 Fluid Mechanics

Prereq.: 18.02,18.03
U (1, 2)
4-0-8 SCI DIST

Introduces incompressible flows. Hydrostatics.
Mass conservation equation. Differential equa-
tion of motion for inviscid flows. Bernoulli's
equation. Linear and angular momentum
theorems and applications to engineering
problems. Vorticity and irrotational flows. Equa-
tions governing viscous fluid flow, and some
special solutions. Boundary layers. Dimen-
sional analysis, modeling, and design in fluids
engineering. Conservation of energy. F':ws
with head losses and gains in ducts and pipes.
H. K. Kytomaa

2.22 Applied Computational Analysis
Prereq.: 18.03; 2.10 or 1.00
U (1)
3-0-9

Formulation and application of numerical
methods in fluid and solid mechanics, heat
transfer and dynamics. Methods of approxima-
tion, integration, and solution of algebraic
equations. Finite difference and finite element
methods. Examples from forces in structures,
flow networks, cooling surfaces, aerodynamic
flows and forces, deflection and stresses in
solids, vibration. Formulation of models,
numerical algorithms, construction of codes,
and analysis of solutions. Do the homework on
your favorite computer, or ours (Athena).
A. F Ghoniem

2.25 Advanced Fiuld Mechanics (A)

Prereq.: 2.20; 18.075 or 18085
G(1)
3-0-9

Surveys principal concepts and methods of
fluid dynamics. Continuity, momentum, and
energy relations for continuous fluids. Vorticity
dynamics. Circulation. Kelvin's and
Helmholtz's theorems. Dynamical similarity in
fluid flows. Navier-Stokes equations for vis-
cous fluids and applications. Lubrication
theory. Boundary layer theory, including
separation and other examples of shear flow
phenomena. Introduction to turbulence. Drag.
Lift.
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. Sound propagation.
Steady one-dimensional flows with area
change, shock and detonation waves, friction,
and energy exchange. Unsteady one-dimen-
sional flows: wave phenomena, method of
characteristics, shocks, and rarefactions.
Steady, two-dimensional subsonic and super-
sonic flows. Water and traffic flow analogs of
compressible flow.
R F Probstein, R. D. Kamm

2.272J Physicochemical Hydrodynamics (A)

(Same subject as 10.53J)
Prereq.: 2.25 or 10.50
Aced Year 1990-91: Not offered
Aced Year 1991-92: G(1)
3-0-9

Fundamentals of physical-chwmical interac-
tions with fluid flow including aspects of bio-
molecular hydrodynamics. Transport of mass,
heat. and charge in laminar flow. Particle-liquid
flows with and without charge effects. Macro-
molecules as hydrodynamic particles with ap-
plication to separation processes. Surface
tension, phase change, and chemical reac-
tions in flows. Suspension rheology.
R. F Probstin, H. Brenner

2.273 Turbulent Flow and Transport (A)

Prereq.: 2.25
G (2)
3-0-9

Turbuilent flows, with emphasis on engineering
methods. Governing equations for momentum,
energy, and species transfer. Turbulence: its
production, dissipation, and scaling laws.
Averaged (Reynolds) equations for momen-
tum, energy, anid species transfer. Simple
closure approaches for free and bounded tur-
bulent shear flows: jets, pipe and channel
flows, Loundary layers, plumes, dispersion
problems, etc., including heat and species
transport as well as flow fields. Introduction to
more complex closure schemes and statistical
methods in turbulence.
A. A. Sonin

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: fi-..& difference, finite-element, spectral
methods Time stepping. Accuracy, stability,
and generality considerations. Numerical dif-
fusion, dispersion. Vorticity-streamfunction and
primitive-variable formulations Examples from
internal and external flows, heat transfer.
Familiarity with elementary numerical analysis
helpful. Corputer assignments requiring
programming.
A. T Patera

2.277 Biomedical Fluid Mechanics (A)

Prereq 2 20
G (2)
3-0-9

Engineering approach to the function of cir-
culatory and respiratory systems and to other
problems in physiology involving fluid
dynamics. Reviews relevant anatomy and
physiology emphasizing quantitative considera-
tions. Presents and discusses mathematical or
engineering models in relation to physiological
phenomena they are intended to simulate.
Directed to graduate students in engineering
and science, but open to medical students and
undergraduates with the permission of the in-
structor. Alternate years.
R. D. Kamm

2.280 Fundamentals of Chemically
Reacting Flows (A)

Prereq.: 2.20, 2.40
G (2)
3-0-9

Fundamentals of physical gas dynamics and
combustion using analytical and numerical
methods. Conservation equations of reacting
flows. ChemicrJ thermodynamics and kinetics.
Non-equilibrium flow. Detonation and bound-
ary layers. Ignition, flammability, and extinc-
tion. Premixed and diffusion flames.
Combustion instabilities. Supersonc combus-
tion. Turbulent combustion. Fire, safety, and
environmental impact.
A. F Ghoniem

2.29J Air Pollution Control (A)

(Same subject as 10.71J)
Prereq.: Permission of Instructor
Acad Year 1990-91: Not offered
Acad Year 1991-92: G(2)
3-0-9

Common gaseou- and particulate air pol-
lutants and their environmental effects. Model-
ing of atmospheric chemical and physical
processes that disperse, transport, transform,
and remove air pollutants on local, regional,
and global scales. Formation of air pollutants
in combustion processes. Control technology
and costs. Regulation of air cuality and emis-
sions.
J. A. Fay, A. F Sarofim

Materials

(See also listings under Polymers and
Fibers.)

2.30 Mechanical Behavior of Materials

Prereq.: 2.01, 2.671, 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-depend-
ent 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, M. C. Boyce

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
materials and applications. Deformation in elas-
ticity, 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. Re-
quires background in materials or mechanics.
F A. McClintock

2.302J Physics of Inelastlo Deformation of
Solide (A)

(Same subject as 3.25J)
Prereq.: 2.30 or 2.301
Aced Year 1990-91. G(2)
Acad Year 1991 -92: Not offered
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 crys-
talline polymers; statistical theory of
elastomeric behavior. Macro-plasticity in
polycrystalline metals and in polymers. Strain
hardening and recovery. Macroscopic three-
dimensional constitutive relations for inelastic
deformation usable in computational
mechanics. Alternate years.
A. S. Argon

2.303J Micro Mechanisms of Fracture (A)

(Same subject as 3,26J)
Prereq.: 2.30 or 2.301
Acad Year 1990-91: Not offered
Acad Year 1991-92: 0(2)
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 brit-
tio solids by crack tip shielding. Ductile fracture
by plastic cavitation. Intergranular fracture at
elevated temperatures. Brittle to ductile transi-
tions in fracture, Fracture of composites. Frac-
ture in cyclic deformation. Examples drawn
from all prominent structural solids. Alternate
years.
A. S. Argon
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2.33 Finite Element Applications in
Mechanics and Materials
(New)

Prereq.: 2.01, 2.30
U (2)
3-1-8

Integrates basic formulations of continuum
mechanics (field equations, boundary condi-
tions, constitutive relations) with the generation
and interpretation of approximate numerical
solutions. Small strain linear thermo-elastic
and elastic-plastic constitutive relations are
reviewed. An introduction to the finite element
method is given. Extensive applications of the
finite element method for problem solution are
undertaken with emphasis on practical aspects
of modeling. Solutions are utilized in materials
and design-oriented applications.
M. C. Boyce, D. M. Parks

2.35 Role of Microstructure in Mechanical
Behavior

Prereq.: 2.30
G (1)
3-0-9

Equilibrium and non-equilibrium means of ob-
taining diverse microstructures in engineering
solids. Micromechanisms that govern the defor-
mation and fracture resistance of materials
with different microstructures. Discussion of
specific examples from prominent industrial al-
loys, polymqrs, composites, and cellular solids.
A. S. Argon

Thermodynamics and
Statistical Mechanics

2.40 Thermodynamics

Prereq.: 8.02,18.03
U (1, 2)
4-0-8 SCI DIST

Classical thermodynamics emphasizing
relationship of fundamental laws of practical
physical situations. Work, heat, energy
change, and the first law of thermodynamics.
Thermodynamically coupled systems.
Temperature, equilibrium, and reversibility.
Second law of thermodynamics, entropy, and
available energy. Power and refrigeration
cycles. Analysis of bulk flow and open sys-
tems. The pure substance, model for solid, liq-
uid, and gaseous phases. Applications to
engineering systems. Introduction to the
methodology of computational ther-
modynamics.
J. L. Smith, Jr., J. B. Heywood

2.41J Thermal Power Engineering

(Same subject as 13.25J)
Prereq.: 2.40
U (2)
3-0-9

Examines current and future thermal power
systems. Introduction to combustion and the
design of turbomachinery. Analyses of various
power plants including Rankine, Brayton, Otto,
Diesel, and refrigerating systems. Applications
include land-based and marine power plants.
Consideration of pollution and environmental
issues.
A. D. Carmichael, E. G. Cravalho

2.45J Fundamentals of Energy in Buildings

(Same subject as 1n.42J, 4.42J)
Prereq.: 8.02, 18.02
U (1)
3-0-9 SCI DIST

See description under subject 4.42J.
L. R. Glicksman

2.451J General Thermodynamics (A)
(Same subject as 22.571J)
Prereq.: Permission of Instructor
G (1)
3 0-9

General foundations of thermodynamics valid
for small and large systems, and equilibrium
and nonequilibrium states. Definitions of work,
energy. stable equilibrium, available energy,
entropy, thermodynamic potential, and interac-
tions other than work (nonwork, heat, mass
transfer). Applications to properties of
materials, bulk flow, energy conversion, chemi-
cal equilibrium, combustion, and industcai
manufacturing.
E. P Gyftopoulos

Heat and Mass Transfer

2.51 introduction to Heat Transfer
Prereq.: 2.20, 2.40
U(1,2)
3-0-9

Heat conduction in solicd; steady and transient
states; finned surfaces. Heat and momentum
transfer associated with laminar and turbulent
flow of fluids in forced and free convection;
fully developed flows and boundary layer
development in ducts over flat plates and blunt
bodies, through tube bundles and packed
beds. Condensation. Boiling. Heat exchanger
design; heat transfer in nuclear reactors.
Radiative heat transfer
B. B. Mikid

2.54 Heat Transfer

Prereq.: -
G (2)
3-0-3

Fundamentals of conduction, radiation of heat,
and effects of convection, with applications to
problems arising in practice. Primarily for
selected officers of US Navy and Coast Guard.
B. B. Mike

2.55 Convective Heat and Mass Transfer (A)
Prereq.: 2.51
G (1, S)
3-0-9

Develops similarity between heat, momentum,
and mass transfer in forced and buoyancy.
driven flows. Covers diffusion, intemal and ex-
temal flows, flow instabilities, and heat transfer
augmentation techniques. Mass transfer in
dilute and non-dilute systems. Simultaneous
heat, momentum, and mass transfer with
phase change: liquid-solid and liquid-vapor sys.
tems.
B. B. Miki, S. Motakel

2.56 Conduction and Change of Phase Heat
Transfer (A)

Prereq.: 2.51,18.075
G (2)
3-0-9

Solutions of steady and transient heat conduc-
tion problems in orthogonal coordinate sys-
tems with oarious boundary conditions.
Approximate methods: application of numeri-
cal techniques. Moving boundaries: problems
in freezing and melting. Condensation heat
transfer. Boiling: mechanisms and heat trans-
fer correlations. Thermal modeling of engineer-
ing systems. Thermal contact resistance.
B. B. Mikid

2.57J Two-Phase Flow and Heat Transfer (A)
(Same subject as 22.36J)
Prereq.: 22.312 or 2.20
Aced Year 1990-91: Not offered
Acad Year 1991-92: G (2)
3-0-9

See description under subject 22.36J.
M. S. Kazimi, P Griffith, H. K. Kyto.naa

2.58J Radiative Transfer (A)

(San v subject as 10.74J)
Prereq.: 2.51 or 10.302
G (2)
3-0-9

See description under subject 10. 74J.
L. R. Glicksman, A. F Sarotim

Power Systems

2.601J Design of Thermal Power
Systems (A)

(Same subject as 13.26J)
Prereq.: 2.20, 2.40, 2.51
G (2)
3-0-9

Design of thermal power system components
and system optimization. Reviews gas
dynamics and heat transfer. Design of axial
and centrifugal compressors, and axial and
radial inflow turbines, heat exchangers,
evaporators, boilers, and condensers. Takes
design project examples from the fields of
space, electrical utilities, and marine power
systems. Assumes knowledge of elementary
heat transfer and simple power cycles.
A. D. Carmichael, L. R. Glicksman

2.615 Internal Combustion Engines (A)

Prereq.: 2.20, 2.40
G (2)
3-0-9

Fundamentals of how the design and opera-
tion of intemal combustion engines affect their
performance and fuel requirements. Study of
fuid flow, thermodynamics, combustion, heat
transfer and friction phenomena, and fuel
properties, relevant to engine power, efficien-
cy, and emissions. Examination of design fea-
tures and operating characteristics of different
types of engines: spark-ignition, diesel,
stratified-charge, and mixed-cycle engines. En-
gine Laboratory project. For graduate and
senior undergraduate students.
J. B. Heywood

2.621 Gas Turbine Design (A)

Prereq.: 2.20, 2.40 or 2.41J or 251
Acad Year 1990-91: Not offered
Acad Year 1991-92: G (1)
3-0-9

Applies engineering science to development of
gas turbines. Thermodynamics and fluid
mechanics of flow phenomena in turbines and
compressors. Design of turbines, compres-
sors, heat exchanges, and combustion cham-
bers. Operating characteristics of gas-turbine
power plants in various applications. Alternate
years.
D. G. Wilson

2.648 Superconducting Magnets (A) Design
Prereq.: 2.40, 2.51
G (2)
3-0-9

Focuses on one important engineering applica-
tion of superconductorsgeneration of large-
scale and intense magnetic fields. Physics of
superconductivity; review of electromagnetic
theory; detailed treatment of magnet design
and operational issues, e.g., 'usable" super-
conductors, field and stress analyses, magnet
instabilities, ac losses and mechanical distur-
bances, quench and protection, experimental
techniques, cryogenics. New hig '-temperature
superconductors for magnets-design and
operational issues at high temperatures.
Y Iwasa, E. S. Bobrov

Experimental Engineering

2.671 Measurement and Instrumentation

Prereq.: 2.02, 802
U (1, 2)
2-3-7 LAB

Experimental techniques for observation and
measurement of such fundamental physical
variables as force, strain, temperature,
flowrate, and acceleration. Emphasizes prin-
ciples of transduction, measurement circuitry,
spectral analysis, error analysis, computer.
aided experimentation, and technical reporting.
Typical laboratory experiments involve oscillo-
scopes, thermocouples, strain gages, digital re-
corders, etc. Basic material and lab objectives
are developed in lectures. Six units may be ap-
plied to the General Institute Laboratory Re-
quirement.
J. H. Lienhard V C. F Dewey, Y iwasa

2.672 Project Laboratory

Prereq.: 2.20, 2.40, 2.671
U (1.,2)
1-3-2 LAB

Engineering laboratory subject for mechanical
engineering juniors and seniors. Major em-
phasis on interplay between analytical and ex-
penmental methods in solution of research
and development problems. Communication
(written and oral) of results is also a strong
component of the course. Groups of two or
three students work together on three projects
during the term.
S. Motakef, W Cheng

I

2.70 Introduction to Design

Prereq.: -
U (2)
2-3-4

Introduces engineering design, stressing
creativity and visualization of the design and
manufacture process, instruction focused on
design projects carried out by students work-
ing closely with section instructors, and in-
cludes an introduction to the use of machine
tools. Lecture topics range from brainstorming
to basic machine elements. Professionalism
and designers' responsibilities are emphasized
throughout the course. Includes a major
design-and-build project.
H. West, W C. Flowers

2.701 Visual Communication In Design
(Revised Unit)

Prereq.: -
U (1, 2)
2-3-4

Lectures and laboratory sessions on the
basics of manual and computer-aided sketch-
ing and drawing to delineate engineering
design information and data. Exercises focus
on spatial visualization, pictorial repre-
sentation, orthographic projection, sectional
and auxiliary views, descriptive geometry,
dimensioning, and tolerancing.
W C. Flowers, J. B. Grinnell, Jr.

2.72 Elements of Mechanical Design

Prereq.: 2.01, 2.70
U (2)
3-3-6

Examination and practice in the application of
many mechanical design Woments, including
control components. Studern .woriting in
groups will design, fabricatei, 4 it
prototype devices in response to requests
from industrial sponsors. Topics: typical
machine elements, power transmission ele-
ments, motors and prime movers, control ele-
ments, material selection, and assembly
techniques. Taken prior to 2.73, this subject en-
hances the design experience in the latter.
C. R. Peterson
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2.73 Design Projects

Prereq.: 2.03J, 2.20, 2.30, 2.40, 2.70
U (1)
2-3-4

Practice in engineering design through
projects specifically chosen to integrate sig-
nificant portions of material covered in prereq-
uisites Typically, one group project and one
individual project. Emphasizes pursuing crea-
tive solutions to current, real, engineering
design problems. Guest lecturers invited to pro-
vide problem backgrounds and insights. Other
lecturers address the breadth of topics in-
volved in engineering design from analytical
techniques to human-machine interactions,
economics, and patent laws.
M. J. Rosen

2.731 Advanced Engineering Design (A)

Prereq.: 2.73; Graduate status or Permission
of Instructor
G (1)
3-3-6

Two sections: 1) Involves advanced topics in
engineering design: optimization, kinematics,
and mechanics, human factors engineering,
and idea generation and creative problem solv-
ing 2) As ongoing case studies of the design
process, students design, build, and test
pieces of mechanical hardware for industrial
clients. Requires two semesters for design, as-
sembly, and "debugging" of the mechanical
devices. During the fall, defines problems,
creates and evaluates solutions, and
generates a detailed design
W P Seering

2.732 Advanced Design Projects (A)

Prereq.: 2.731, Permission of instructor
G(2)
3-0-6

Continuation of 2.731. Includes discussions of
such topics as applications of microproces-
sors, product liability and salety, design for
mass production, entrepreneurship, marketing
of a product, patent applications, and methods
of redesign. From parts built for them by par-
ticipating industrial clients, students assemble
and 'debug" devices that they designed during
term I in 2.731. By the end of term, devices
are brought to specification and presented to
the respective sponsors.
W P. Searing

2.737 Designing Smart Machines (A)

Prereq.: 2.73; 2.10 or 1.00; Permission of in-
structor
G (1)
2-4-6

Introduction to designing smart products with
embedded microcomputers. Topics include
microprocessors as design elements,
microprocessor architecture, interfacing to
mechanical devices, assembly and high-level
languages, design of real-time software,
hardware/software trade-offs, implementation
choices for smart products, smart product
design process. Students undertake one or
more preliminary projects and a substantial
term design project completed individually or in
groups. Limited enrollment.
W K Durfee

Biomedical Engineering

(See also 2.277, 2.900, and 2.907J.)

2.75 Physiology and Biomechanics of
Human Movement (A)

Prereq.: Permission of Instructor
Acad Year 1990-91:G (1)
Acad Year 1991-92: Not offered
3-3-6

Synergistic study of anatomy-physiology and
biomechanics of human movement. Human
sensory, nervous, muscular, and skeletal sys-
tems and their integration as they relate to pos-
ture, gait, and manipulation. Biomechanics of
muscle, bone, and skeletal joints. Human per-
formance measurement and sports
biomechanics Focus on normal human sys.
tem leads to pathological conditions and to
technological responses, i.e., amputation pros-
thesis, arthroidial joint deterioration and re-
placement.
R. W Mann

".76J Ultrasound: Physics, Biophysics, and
Technology (A)

(Same subject as 6.562J, HST 530J)
Prereq.: Permission of Instructor
Acad Year 1990-91:G (1)
Acad Year 1991-92: Not offered
4-1-7

Physics and technology of generation and
detection of ultrasound. Transducors and ar-
rays. Propagation and fields. Diagnostic,
therapeutic, and processing applications in
medicine and industry. State of the art of imag-
ing and Doppler systems. Biophysics, biologi-
cal effects, linear and nonlinear phenomena.
Haz . ds and safety levels.
P P Lele, F R. Morgenthaler

2.761J Principles of Medical imaging (A)

(Same subject as 22.56J, HST 561J)
Prereq.: Permission of Instructor
G (2)
4-0-8

See description under subject 22.56J.
D. Rowell, E. W McFarland

2.762J Laser, Microwaves, Ultraviolet,
Magnetic Fields, and Ultrasound in
Biomedical Scence (A)

(Same subject as HST 531 J)
Prereq.: Permission of Instructor
Acad Year 1990-91: Not offered
Acad Year 1991-92:G (1)
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 Lela, Staff

2.763J Hyperthermia: Biology, Technology,
and Cancer Therapy
(New)

(Same subject as HST 532J)
Prereq.: -
G (2)
4-1-7

Cellular and biological effects of hyperthermia;
underlying mechanisms. Synergism with radia-
tion and chemical injury. Heat generation and
heat transfer in tissues and organs; bio-heat
transfer modeling. Effects on tissue blood per-
fusion and oxygen transport; techniques of
measurement. Ultrasonic and electromagnetic
techniques for noninvasive regional and local
hyperthermia. Tissue temperature measure-
ment techniques. Effects on tumor and normal
tissue in animals and man. Hyperthermia
therapy planning. Clinical results. Research
areas.
P P Lele, H. F Bowman, T S. Herman

2.77 Research In Biological Effects and
Applications of Ultrasound and Other
Non-Ionizing Radiations (A)
Prereq.: 2.76J
G (1, 2)
Units arranged

Opportunity for graduate students and ad-
vanced undergraduates to pursue substantial
theoretical or practical projects of their own
choice or to conduct critical analysis of litera-
ture in this area. Details arranged on an in-
dividual basis.
P P Let.

2.78 Seminer on Product Design for
Disabled People
Prereq.: Permission of Instructor
G (1, 2)
2-0-4

This seminar, for graduates and under-
graduates, acquaints the student with function-
al problems caused by motor and sensory
handicaps, and existing technological solu-
tions. Brainstorming sessions and assign-
ments provide the student with experience in
design of innovative products to meet real
needs of disabled people. Lecturers are en-
gineers and practitioners from MIT and the
Cambridge/Boston area.
M. J. Rosen

2.781J Biomedical instrumentation
Electronics
(Same subject as 16.608J, HST 570J)
Prereq.: Permission of Instructor
G(S)
6-6-6

See description under subject HST 570J.
D. Rowell, S. K. Burns

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)
5-2-5

See description under subject 6.021J.
L. V. Vannas, T F Weiss, R. C. Lee

2.792J Quantitative Physiology: Organ
Transport Systems

(Sar se subject as 6.022J, HST 542J)
Preq.: 2.791J; 2.20 or 6.013
U (1)
3-2-7

See description under subject 6.022-'.
C. F Dewey, R. G. Mark

2.793J Quantitative Physiology: Sensory
and Motor Systems

(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. Frishkopf, L. R. Young,
C. Wall, I

Manufacturing

2.800 Tribology (A)

Prereq.: Permission of Instructor
G (1)
3-0-9

Geometric, chemical, and physical charac-
terization of surfaces. Various theories of fric-
tion and wear of metals, polymers, and
ceramics. Special emphasis on delamination
theory, discussion of erosion, boundary lubrica-
tion and solid-film lubrication. Rolling contact
problems. Tribological problems in magnetic
recording and electrical contacts. Monitoring
and diagnosis of friction and wear. Case
studies.
E. Rabinowicz, N. P. Suh

2.810 Fundamentals of Manufacturing
Processes (A)

Prereq.: 2.01, 2.20, 2.86, or equivalents
Acad Year 1990-91: Not offered
Acad Year 1991-92: G (1)
3-0-9

Unified introduction and treatment of manufac-
turing processes used to make mechanical
and microelectronic devices. In-depth analysis
of basic subtractive, additive, and forming
processes by the principles of mechanics, heat
and mass transfer, thermodynamics, and
chemistry. Course will emphasize such issues
as quality of the output, production rate,
microstructural effects, equipment require-
ments, and cost. This broad treatment will in-
clude applications to the processing of metals,
polymers, composites, and ceramics.
T G. Gutowski, G. Chryssolouns, E. Sachs

2.822 Processing of Polymeric
Composites (A)

Prereq.: 2.01, 2.20
Acad Year 1990-91: Not offered
Acad Year 1991-92: G (2)
3-0-9

Scientific and engineering aspects of manufac-
turing with polymeric composite materials. Ef-
fects of processing on mechanical
performance, interfaces, rheological behavior
of polymers 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
processing technologies. Topics in automation
and new and innovative processes.
T G. Gutowski

2.830 Centroi of Manufacturing
Proceses .(A)

Prereq.: 2.14
G (2)
3-0-9

Develops general concepts for modeling and
control of manufacturing processes. Various
forms of process control (off-line optimization,
statistical quality control, on-line process con-
trol) are covered. Modeling and control
problems associated with a variety of proc-
esses are then studied. These include cutting,
forming, welding, and casting of metals,
polymers, and semiconductors.
D. E. Hardt, E. Sachs

2.840 Design and Control of High-Precision
Machines (A)

Prereq.: 2.70, 2.14, or Permission of Instructor
G (2)
3-0-9

Theory and practice of design and control of
high-precision machines (e.g., machine tools
and robots) are covered in this subject. Topics
include economics, project management and
design philosophies; governing principles of
machine accuracy; sensors and measurement
methods; manufacturing and system design
considerations; bearing; actuators and trans-
missions, and servosystem design. Case
studies are used to illustrate fundamental con-
cepts and dcumonstrate application of the
theory.
A. Slocum, K. Youcef- umi

2.845 Nondestruo' e Evaluation and
Quality Engineering (A)

Prereq.: Permission of Instructor
Acad Year 1990-9 1:0G(2)
Acad Year 1991-92: Not offered
3-3-6

Principles and applications of nondestructive
techniques for materials evaluation, with em-
phasis on physics, signal processing, and inter-
pretation. Relation to manufacturing quality
assurance tools, statistical quality control, in-
process sensing, and automation. Ufe testing
considerations including reliability, accelerated
testing,proof testing, and failure analysis.
Laboratory projects.
E. Rabinowicz

2.850 Machine Tools and Manufacturing
Systems (A)

Prereq.: Permission of Instructor
G (1)
3-3-6

Machine tool basic building principles. Com-
putational 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. Chi yssolours

L

I
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2.851J System Optimization and Analysis
for Manufacturing (A)

(Same subject as 3.83J, 15.066J)
Prereq.: 18.02
G (S)
4-0-8

See description under subject 15.066J.
S. C. Graves, S. B. Gershwin

2.852 Manufacturing Systems Analysis (A)

Prereq.: 6.041, 18.086, or Permission of
Instructor
G(2)
3-0-9

Models of manufacturing systems, including
transfer lines and flexible manufacturing sys-
tems. Calculation of performance measures, in-
cluding throughput, in-process inventory, and
meeting production commitments. Real-time
control of scheduling. Effects of machine
failure, set-ups, and other disruptions on sys-
tem performance.
S. B. Gershwin

2.86 introduction to Manufacturing
(Revised Content)

Prereq.: 2.01, 2.70
U (1, 2)
3-3-3 LAB

Introduction to modern manufacturing with four
areas of emphasis: manufacturing processes,
systems, equipment, and design for manufac-
turing. Lectures tdach integration of engineer-
ing and management disciplines for
determining rate, cost, quality, and flexibility.
Topics include industrial dynamics, process
physics and control, equipment design and
automaton, and systems design and opera-
tion Labs emphasize metal working and
polymer processing, including exposure to
CAD/CAM and CNC equipment. Six units may
be applied to the General institute Lab Re-
quirement.
G. Chryssolouris, T G. Gutowski, E. Sachs,
N Suh

2.870 Development Process for Products
and Manufacturing (A)

Prereq.: Permission of Instructor
G(1)
3-3-6

Total development process that begins with
strategic needs and concludes with the new
product in production. Topics include product
requirements, concept generation and selec-
tion, design, product optimization, tolerances,
prototype deveiopment, design for manufac-
turability, process optimization, on-line quality
control, and holistic management. Emphasizes
methods that are improvements over common
recent industrial practice, integrated into the
complete process that covers all major aspects
of bringing new products into being.
D. Clausing

2.882 Axiomatic Design of Manufacturing
Processes and Products (A)

Prereq.: 2.01, 2.20, 2.30, 2.40
G (2)
3-0-9

Introduction to design and design processes;
introduction to design axioms, corollaries, and
theorems; mathematical representation of
design; formulation of design matrix; analysis
of functional independence; graphical repre-
sentation of functional independence; measure
of information content; application to process
planning; case studies involving real industrial
problems; use of predicate logic and prolog in
axiomatic design.
N. P Suh

2.890J Proseminar in Manufacturing

(Same subject as 3.80J, 6.943J, 10.792J,
15.792J, 16.23J)
Prereq.: -
G(1, 2)
3-0-3 [P/F]

See description under subect 15 792J.
T H. Lee, S. C. Graves

Polymers and Fibers

2.900 Biomedical Materials

Prereq 3.091 or 7.01
U (2)
2-0-4

Science and engineering of materials used in
medical applications: orthopedic implants, artifi-
cial joints, blo id vessel replacements, artificial
organs. Structure and properties of polymers,
ceramics, and metals on interaction with the
human body. Histological analysis of connec-
tive tissue on materials science and engineer-
ing. Fracture, structure, healing of normal and
abnormal bone. Implantation problems: inflam-
mation, thrombogenesis, rejection, resorption,
corrosion.
/. V Yannas

2.907J Physical Properties of Biological
Polymers (A)

(Same subject as 3.95J)
Prereq.: Permission of Instructor
G (2)
3-0-9

Analysis of molecular structure and of macro-
molecular interactions in extracellular matrices
and connective tissues. Configurations of mac-
romolecules. Solid-state physics of coliagen,
elastin, and glycosaminoglycans. Bonding and
nonbonding interactions between macro-
molecules in extracellular matrices. Fiber
matrix interactions in tendon, skin, cartilage,
and the blood vessel wall. Mechanics of
mineralized (bone) and nonmineralize'- con-
nective tissues.
1. V Yannas

2.921J Deformation and Fracture of
Polymers (A)

(Same subject as 3.951J)
Prereq.: 2.30
G (1)
3-0-9

Linear and nonlinear viscoelasticity below and
above T9. Phenomenology of plastic deforma-
tion in crystalline, and glassy polymers,
molecular theories for yielding, post yield ex-
tensions for intermediate and large strains,
development of deformation textures,
anisotropic yield conditions. Fracture in
polymers, statistical damage accumulation.
Crazing as a precursor to fracture, kinetics of
nucleation of crazes, mechanics of craze ex-
tension, development and propagation of
cracks. Fatigue in polymers under both static
and cyclic loading.
1. V Yannas

2.93J Engineers, Scientists, and Public
Controversies
(Context Subject)

(Same subject as STS 012J)
Prereq: -
U (2)
30-9 HASS

Investigates the nature of controversies sur-
rounding science and technology, and the
roles technical specialists play in their resolu-
tion. Students analyze the technical, social,
political, and ethical context of public controver-
sies through case studies documented by ar-
chival videotapes, readings, and testimony of
guests. Cases may include the space shuttle
accident, nuclear reactor safety, and the
release of environmental contaminants.
J A. Fay, C. Weiner

Special Studies

2.942 Entrepreneurship

Ptoreq.: -

G (2)
4-0-5

School-Wide Elective SulIject. Description
given at end of this chapzer on SWE page.
D. P Hoult

2.943 Engineerin i4sk-Benefit Analysis (A)

Prereq.: 18.02
G0(2)
3-0-6

School-Wide Elective Subject. Description
given at end of this chapter on SWE page.
A. W Drake, A. R. Odoni

I-,
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2.944 Product Design

Prereq.: -
G (2)
3-1-8

Project-centered subject addressing transfor-
mation of ideas into successful new products
which are properly matched to the user and
the market. Students are asked to take a more
complete view of a new product and to gain ex-
perience with designs judged on their aes-
thetics, ease of use, and sensitivities to the
realities of the marketplace. Lectures on
modem design process, design for quality, and
design for manufacturability. Guest lectures
and case studies from practitioners.
W C. Flowers

2.95J Ethical Issues in the Work Ufe of
Engineers and Scientists
(Context Subject)

(Same subject as 16.996J, STS 061J,
TPP 09J)
Prereq.: Permission of Instructor
U (2)
4-0-8 HASS

Prepares students to recognize ethical
problems that commonly arise in the work
place, and to find, evaluate, use, and
strengthen institutional supports for acting on
ethical concems. Lectures survey issues and
practices in various institutional and discipli-
nary contexts. In discussion sections students
develop ethics scenarios on issues of their
choosing and explore them with repre-
sentatives of corporations, universities, etc., at
which students might work or study. Open to
seniors, graduate students, or by permission
of instructor.
C. Whitbeck, S. Bird, L. Paul, L. Trilling

2.951 Engineering internship

Prereq.: -
U (1, 2, S)
0-6-0 [P/F]

2.952 Advanced Engineering Internship

Prereq.: 2.951
G (1, 2, S)
0-6-0 [P/F]

Provides academic credit for undergraduate
and graduate work assignments for Mechani-
cal Engineering students participating in the
Engineering Internship Program. Under-
graduate participation is approximately six
months over two summers of practical work in
manufacturing, engineering, research and
development at an industrial plant. Graduate
participation by students admitted to the
Department's graduate program consists of ap-
proximately seven months at industrial plant.
Credit is awarded after evaluation and ap-
proval of the actual work performed.
1. 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.
D. P Hoult, H. S. Marcus

2.97 Independent Activities

Prereq.: -
U (IAP)
Units arranged

For undergraduates desiring to carry on inde-
pendent studies during the January Inde-
pendent Activities Period. Each student will
carry on a program of his or her own choosing,
either as an independent worker, or as a mem-
ber of a team or class. Special lectures, semi-
nars, and laboratory projects arranged when
appropriate. Programs arranged on an in-
dividual basis in consultation with the Instruc-
tor. Credit arranged with D. G. Wilson.

Graduate Seminars in
Mechanical Engineering

Check with our Department graduate office
prior to the beginning of each term for
other proposed listings.

2.980J Quantum Thermodynamics (A)

(Same subject as 22.572J)
Prereq.: Permission of Instructor
G (2)
3-0-9

A comparative introduction to the general foun-
dations of classical and quantum mechanics,
statistical mechanics, and thermodynamics,
pinpointing structural analogies and concep-
tual differences. Perspectives and open ques-
tions on the significance of entropy and
irreversibility. A unified quantum theory of
mechanics and thermodynamics, including a
novel equation of motion for irreversible
processes. Examples and applications. Outline
of new research opportunities. Self-contained
review of necessary mathematical background.
E. P Gyftopoulos

2.981 Low-Temperature Refrigeration (A)

Prereq.: 2.40
Acad Year 1990-91: Not offered
Acad Year 1991-92: G (1)
3-3-6

Thct-nodynamic processes for producing low-
temperature refrigeration. Problems of heat ex-
changers, insulation. and rectification.
Applications of low-level refrigeration to lique-
faction of helium and to application of super-
conductors. Laboratory projects on related
topics according to individual interests.
J. L. Smith, Jr.

2.995 Special Topice in Mechanical
Engineering
Prereq.: -
U (1, 2,S)
Units arranged

For undergraduates desiring to carry on sub-
stantial projects of own choosing in mechani-
cal engineering. Work may be of experimental,
theoretical, or design nature. Projects may be
arranged individually in most fields of depart-
ment interest, i.e., in mechanics and materials,
thermal and fluid sciences, systems and
design, and biomedical engineering.
Coordinator: D. G. Wilson.

2.996 Advanced Topics in Mechanical
Engineering (A)

Prereq.: -
G (1, 2, S)
Units arranged

Assigned reading and special problems or re-
search in special areas, either theoretical or ex-
perimental, or design. Arranged on individual
basis with instructor in the following areas:
mechanics and materials, thermal and fluid
sciences, systems and design, and biomedical
engineering. Coordinator: A. A. Sonin.

2.999 Engineer's Degree Thesis Proposal
Preparation (A)
Prereq.: -
G0(1, 2, S)
Units arranged

For students who must do additional work to
convert an S.M. Thesis to an M.E. Thesis, or
for students who do an M.E. Thesis after
having received an S.M. degree.
A. A. Sonin
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Course 3 Materials Science
and Engineering

3.UR Undergraduate Research

Prereq.: -
U (1, 2, S)
Units arranged [P/F)

Extended participation in work of a research
group. Independent study of literature, direct in-
volvement in group's research (commensurate
with student skills), and project work under an
individual faculty member. See UROP coor-
dinator for registration procedures.
S. B. Brown

3.00 Thermodynamics of Materials

Prereq.: 18.02
U (1)
4-0-8 SCI DIST

Essential features of first, second, and third
laws of thermodynamics and their application
to materials. Statistical interpretation of
entropy. Experimental techniques used to
measure thermodynamic functions. Introduces
phase diagrams, phase rule, and ther-
modynamics of solutions. Thermochemistry of
homogeneous and heterogeneous reactions.
D. V Ragone

3.01 Physical Chemistry of Materials

Prereq.: 3.00 or 5.60 or 2.40 or 10.13
U (2)
4-0-8

Reactions involving pure condensed phases
and gaseous phase, behavior of solutions, free
energy-composition and phase diagrams of bi-
nary and ternary systems, reaction equilibria in
systems containing components in condensed
solution. Electrochemistry, corrosion, Gibbs
phase rule, chemical kinetics, elementary
mechanisms, reaction rate constant, activation
energy, surface tension.
T W Eagar

3.03 Chemical Metallurgy
Prereq.: 3.185
U (2)
3-0-9

Chemical principles of extractive metallurgy.
Representations of heterogeneous equilibria.
Unit operations and processes. Roasting of sul-
phides. Gaseous reduction of iron nxide.
Reduction of zinc oxide and ferroalloy oxides.
Reduction of halides. Smelting of iron ores,
matte smelting of copper ores. Refining proc-
esses - gas-liquid, solid-liquid, and liquid-liq-
uid. Hydrometallurgy and electrometallurgy.
Kinetics of high-temperature processes. Ex-
amples taken from industrial processes.
J. F Elliott

3.04 Special Problems In Materials Science
and Engineering

Prereq.: -
U (1, 2, S)
Units arranged

For undergraduates desiring to carry on
projects of their own choosing, which may be
experimental, theoretical, or of a design na-
ture. Also for undergraduate studies arranged
by students or staff, which may consist of semi-
nars, assigned reading, or laboratory projects.
See UROP Coordinator for registration proce-
dures.
S. B. Brown

3.041 Undergraduate Research Seminar
Prereq.: -
U (1, 2)
Units arranged

Oral presentations of student research
projects. Required in both terms for Course Ill
and ll-B Seniors. Three credit units awarded
after second term.
D. K. Roylance

3.05 Computer Models of Physical and
Engineering Systems
Prereq.: 18.02, 8.01
U (1)
3-0-9 SCI DIST

School-Wide Elective Subject. Description
given at end of this chapter on SWE page.
S. Shyan Sunder

3.062 Polymer Chemistry
Prereq.: 3.091 or 5.11
U (1)
3-0-6

Preparation of polymeric materials and their
characterization. Topics: fundamentals of chain
and step growth polymerization, chemistry of
organic radicals and ions, synthesis-structure-
property relationships, and use of modem tech-
niques for determination of polymer
composition, molecular weight, and micro-
structure.
M. F Rubner

3.063 Polymer Physics

Prereq.: 3.062, 3.00
U (2)
3-0-6

Principles underlying the physics and physical
chemistry of polymers in solution and in the
solid state. Topics include conformation and
molecular dimensions of polymer chains; ther-
modynamics of polymer solutions; an examina-
tion of the glassy, crystalline, and rubbery
elastic states of polymers; idnetics and ther-
modynamics of crystallization; liquid crystal-
linity in polymwrs; thermodynamics of rubber
elasticity. The electrical, optical, transport, and
mechanical properties of polymers are
analyzed with respect to the above topics.
M. F Rubner

3.064 Polymer Engineering
Prereq.: 3.11, 3:185
U (21
3-0.4

Overview of engineering analysis and design
techniques for synthetic polymers. Treatment
of materials selection, mechanical charac-
terization, and processing in design of load-
bearing and environment-compatible
structures.
D. K. Roylance

3.065J Polymer Science Laboratory

(Same subject as 10.67J)
Prereq.: Permission of Instructor
U (1,2)

See description under subject 10.67J.
P. Cebe, M. F Rubner, R. E. Cohen

I
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3.069 Ceremlos Processing
Prereq.: 3.185
U (1)
3-0-9

In-depth study of the unit operations in
processing technical ceramics and the effect of
these operations on the properties of the
sintered material. Topics include powder
production and conditioning, drying, forming,
sintering, and microstructure development.
Relevant aspects of transport phenomena, col-
loid science, and chemistry are discussed, as
well as contemporary issues in ceramic com-
posite processing. Case studies involving both
electronic and structural ceramics are
reviewed.
M. J. Cima

3.07 Introduction to Ceramics

Prereq.: 3.01 or 10.14, 3.13
U (2)
4-0-8 SCI DIST

Discusses hierarchy of structures present in
and their relation to the properties of ceramic
materials. Includes crystalline structures and
chemistry, and glass structures. Applies phase
equilibria, interface properties, atomic mobility,
and phase transformations to the development
of microstructure. Discusses the relationship of
structure to physical properties including ex-
amples from current high-technology ceramic
topics.
Y-M. Chiang

3.070J Materials for Nuclear Applications

(Same subject as 22.070J)
Prereq.: 3.091
U (2)
3-0-9

See description under subject 22.070J.
R. G. Ballinger

3.075 Ceramics and Glass Laboratory
(Revised Content)

Prereq.: 3.081
U(2)
2-7-3

Investigation of properties and processing of
ceramics and glasses through team-oriented
design projects. Projects examine advanced
engineering ceramics in addition to traditional
materials. Emphasis on optimizing materials
performance, through control of microstruc-
ture. Enrollment limited to 15.
M. P Ofiverla

3.08J Industrial Competition in theUS and
Asia
(Context Subject)

(Same subject as 21.464J)
Prereq.: -
U (2)
3-0-6 HASS

Examines causes of economic efficiency and
international efficiency and international com-
petitiveness in economies of the US and Asia,
particularly China and Japan, considering rela-
tive importance of technological, economical,
social, and historical factors. Topics include
costs of production, product quality, organiza-
"onal structures, labor relations, and the
educational system. Case studies of selected
industries such as automotive, steel,
electronics, computers, and biotechnology.
J. P. Clark, P. C. Perdue

3.081 Materials Laboratory

Prereq.: -
U (1, 2)
1-5-6 LAB

Introduces study of materials by light, X-rays,
and electrons. Examines microstructures and
investigates relationship of structure to mode
of fabrication. Applies classical techniques of
light microscopy and X-ray diffraction and the
modem analytical tools of transmission and
scanning electron microscopy. Limited enroll-
ment.
L. W Hobbs, J. B. Vander Sande

3.082 Metals Processing Laboratory

Prereq.: 3.01, 3.081, 3.13
U (2)
1-6-5

Introduces relationship between processing-
structure-properties and performance of
materials. Each student participates in three
laboratory experiments drawn from metals
processing. Includes instructon in safety, tech-
nical writing, oral presentation, and experimen-
tal design.
R. 0. Ballinger

3.091 Introduction to Solid-State Chemistry

Prereq.: -
U (1, 2)
5-0-7 CHEM, SCI DIST

Development of relationships between
electronic structure of elements, bon-ling char-
acteristics, and crystal structure. Charac-
terization of atomic and molecular
arrangements in crystalline solids.
Mechanisms and energy changes in chemical
reactions and phase transformations. Chemi-
cal and physical properties of solids-metals,
semiconductors, insulators, glasses, and
polymers-as they relate to basic atomic
parameters and processing technology.
K C. Russell, A. F Witt

3.092 Perspectives In Materials Science
(Revised Content)
Prereq.: -

U (2)
2-0-4 [P/Fl

Surveys, in some depth, materials science and
its applications at levels suitable for those with
no prior experience in the field. Lectures by
MIT staff and guests form a series of integrat-
ed seminars on important aspects of the field.
A. F Witt

3.004 Materials Technology
Prereq.: 16.001, 16.002
U (2)
3-0-9

Mechanical behavior, phase diagrams,
microstructures, and phase transformations in
steels, aluminum alloys, and titanium alloys
used in aerospace, automotive, and ocean
vehicles. Influence of microstructure and en-
vironment on fatigue and fracture behavior.
Concepts and applications of fracture
mechanics. Overview of polymers, com-
posites, and ceramics used in vehicles.
S. B. Brown

3.10 Chemical Physics of Materials

Prereq.: 3.091 or 5.11, 8.02, 18.03, 3.01
U (2)
4-0-8 SCI DIST

Introduction to the physics of the chemical
bond in molecules and solids; the behavior of
electrons in solids; electrical conduction; semi-
conductors; magnetism and magnetic proper-
ties.
R. M. Rose, J. D. Livingston, R. C. O'Handley

3.11 Mechanics of Materials

Prereq.: 8.01, 18.03
U (1)
4-0-8 SCI DIST

Overview of mechanical properties of
ceramics, metals, and polymers, emphasizing
the role of processing and microstructure in
controlling these properties. Introduction to
continuum concepts of stress and strain, and
design of engineering structures from a
materials point of view.
D. K Roylance

3.13 Structure of Materials
(Revised Content)

Prereq.: 3.091 or 5.11 or SP 01; 8.02, 18.02
U (1)
4-0-8 SCI DIST

Provides the fundamental basis for under-
standing the structure of materials. Description
of noncrystalline solids by contnuous-random
models. Uses symmetry theory in the descrip-
tion of atomic and molecular arrangements in
crystals. Space groups and their use in specify-
ing crystal structure. Interprets crystal struc-
tures in merms of packing and coordination
polyhedia. The nature of imperfections in or-
dered media. General aspects of microstruc-
ture of materials. Structural hierarchies.
S. M. Allen, E. L Thomas
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3.14 Physical Metallurgy

Prereq.: 3.01 or 10.14, 3.13
U (1)
4-0-8

Treats phase transformation and strengthening
mechanisms in metals and alloys. Also
provides an introduction to processing, micro-
structures, and properties of alloy systems of
major engineering significance.
A. Mortensen

3.143J Materials of Construction

(Same subject as 1.59J)
Prereq.: 8.01
U (2)
3-0-9 S01 DIST

See description under subject 1.59J.
FJ. McGarryF Moavnzadeh

3.15 Electrica, Optical, and Magnetic
Materials and Devices

Prereq.: 3.10
U (1)
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 reflec-
tion, luminescence, magnetism related to
microstructure, impurities, and degree of disor-
der. Manipulation of properties for incorpora-
tion into devices.
H. L Tulle, J. Livingston

3.155J Microelectronics Processing
Technology

(Same subject as 6.152J, 10.611J)
Prereq.: 3.15
U (1, 2)
3-4-5

See description under subject 6.152J.
D. A. Rudman, D. J. Edell, H. H. Sawin,
C. G. Sodini

3.156 Electronic Materials Project
Laboratory

Prereq.: 3.155J
U (2)
1-6-2

Student use of facilities of Microelectronics
Laboratory for individual or team projects.
Projects illustrate processing-structure-proper-
ties relationships in electronic materials. Stu-
dents participate in choice and design of
projects that include fabrication and charac-
terization phases.
N. Harbots

3.17J Materials in Human Experience
(Revised Content)

(Same subject as 21.543J)
Prereq.: -
Acad Year 1990-91: U (2)
Acad Year 1991-92: Not offered
3-3-3 HASS

Examines the ways in which people in ancient
and preindutrial societies selected, evaluated,
and used materials of nature, transforming
them to objects of material culture. Some ex-
amples: concrete in Roman cities; cloth as
power in the Inka state; the weaponry of the
Crusades (Damascus steel). Explores ideologi-
cal and aesthetic criteria often influential in
materials development. Laboratory/workshop
sessions provide hands-on experience with
materials discussed in class. Enrollment may
be limited.
S. M. Allen, L. W Hobbs, H. N. Lechtman

3.172 Inventions and Patents

Prereq.: 14.02
U (1)
3-0-6

School-Wide Elective Subject. Description
given at end of this chapter on SWE page.
R. H. Rines

3.185 Transport Phenomena in Materials
Engineering

Prereq.: 3.01, 18.03
U (1)
4-0-8

Definition of viscosity, simple overall mechani-
cal energy balances, elements of laminar flow
and turbulent flow. Thermal conductivity,
steady and unsteady conduction problems,
forced and natural convection, heat transfer
coefficient, and radiative heat transfer. Defini-
tion of binary diffusivity, convection mass trans-
fer, and mass transfer coefficient. Illustrative
examples given throughnut, chosen from the
materials processing field.
J. Szekely

3.20 Thermodynamics of Materials (A)

Prereq.: 3.01
G (1)
4-0-8

Offers advanced treatment of thermodynamic
properties of inorganic materials, including in-
troductory statistical thermodynamics and sur-
face thermodynamics. Applies laws of
thermodynamics to chemical behavior of ele-
ments, compounds, and solutions. Discusses
heterogeneous equilibria, chemical reactions,
and thermodynamics of interfaces and struc-
tural defects.
R. W Ballufi

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-metals,
chemical kinetics, and kinetics of phase trans.
formations, including nucleation, growth, coars-
ening, and spinodal decomposition. Also
includes non-catalytic gas-solid reactions and
oxidation of metals and alloys.
D. R. Sadoway

3.25J Physics of Inelastic Deformation of
Solids (A)

(Same subject as 2.302J)
Prereq.: 2.30 or 2.301
Aced Year 1990-91:G (2)
Acad Year 1991 -92: Not offered
3-0-9

See description under subject 2.302J.
A. SArgon

3.26J Micro Mechanisms of Fracture (A)

(Same subject as 2.303J)
Prereq.: 2.30 or 2.301
Acad Year 1990-91: Not offered
Acad Year 1991-92:G(2)
3-0-9

See description under subject 2.303J.
A. S. Argon

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 struc-
tures in terms of coordination polyhedra and
packing. Relationships between structures:
polymorphism, polytypism and derivative struc-
tures. Describes diffraction using Fourier trans-
forms and series. Determines structure
through diffraction effects: the phase problem,
Patterson function, and direct methods for
phase determination.
B. J. Wuensch

3.29 Special Problems In Materials
Science (A)
Prereq.: -
G (1, 2,S)
Units arranged

Advanced work in the field for qualified stu-
dents. Course work involves lectures, confer-
ences, assigned readings, or supervised
laboratory work.
R. W Balluffi

3.30 Electron Microscopy: Image
Interpretation (A)

Prereq.: 3.081, 3.13
G (2)
3-2-7

Derives relationship between detail in transmis-
sion electron microscopy images and internal
structure of an object to the atomic level.
Fourier theory of diffraction. Lens action, aber-
rations, and transfer functions. Elastic and in-
elastic interaction of electrons with atoms.
Kinematical and dynamical theories of electron
diffraction. Phase object approximations and
high-resolution Imaging methods. Imaging of
defects with displacement and replacement
fields. Laboratory sessions.
L. W Hobbs

3.31 Phase Transformations (A)

Prereq.: 3.20, 3.21
G (2)
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
mechanisms in systems with multicritical
points. Eutectoidal 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
detail. Describes modem scientific tools
employing results of these interactions to ob-
tain information about structure and chemistry
o! materials on a microscale. Techniques:
electron microanalysis, Auger spectrometry,
scanning and transmission electron micros-
copy, low-energy electron diffraction, and field
ion microscopy.
J. B. Vander Sand.

3.33 Defects in Crystals (A)

Prereq.: 3.13, 3.14
G0(2)
3-0-9

Unified treatment of point, line, and planar
defects in crystals. Point defects include vacan-
cies, self-interstitials, and solute atoms. Line
defects include dislocations. Planar defects in-
clude stacking faults, small- and large-angle
grain boundaries, and interphase boundaries.
Discusses geometrical structure and physical
properties such as stress fields, energies, and
mobilities. Treats interactions between defects
including point defect clustering, point defect-
dislocation pinning, dislocation climb, and
grain boundaries as point defect sources/sinks.
R.IW Balluffi

3.36J Welding Engineering (A)

(Same subject as 13.17J)
Prereq.: 13.15
G (1)
3-0-6

Sae description under subject 13.17J.
K. Masubuchi

3.37 Welding and Joining Processes (A)

Prereq.: -
G (1)
3-0-3

Discusses a wide variety of processes and
materials from the viewpoint of their fundamen-
tal physical and chemical properties. Specific
topics: cold welding, adhesive bonding, dif-
fusion bonding, soldering, brazing, flames,
arcs, high-energy density heat sources,
solidification, cracking resistance, shielding
methods, and electric contacts. Emphasis on
underlying science of a given process rather
than a detailed description of the technique or
equipment.
T W Eagar

3.38 Behavior of Metals at Elevated
Temperatures (A)

Prereq.: 3.14
G (1)
3-0-6

Studies mechanical behavior of pure metals
and alloys above the minimum recrystallization
temperature. Mechanisms of deformation and
fracture at elevated temperatures. Creep
theories. Applications of stress rupture and
thermal fatigue testing. Strengthening prin-
ciples of superalloys and refractory metals.
N. J. Grant

3.39J Mechanical Behavior of Materials (A)

(Same subject 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 met-
als. Mechanical behavior of polymers.
Application of principles of linear elastic frac-
ture mechanics to brittle fracture and to fatigue
crack propagation. Micromechanisms of frac-
ture (cleavage,ductile fracture, fatigue, creep,
stress corrosion cracking). Principles of failure
analysis. Discusses case studies and reviews
current research in fracture.
S. B. Brown

introduces physics and chemistry of materials,
based on unified treatment of quantum
physics, chemistry, and statistics of electrons,
atoms, molecules, and solids. Includes review
of classical mechanics and electromagnetic
theory; basic concepts and formalism of quan-
tum mechanics; free electron, molecular-orbi-
tal, 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-dis-
order transformations; electronic phase transi-
tions.
K H. Johnson

3.44 Advanced Topics 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;
electronic structures of crystalline and noncrys-
talline materials, surface physics, chemisorp-
tion and catalysis; structural and electronic
phase transitions, including superconductivity,
lattice instabilities (martensitic transformation),
and melting.
K H. Johnson

3.45 Magnetic Materials (A)

Prereq.: 3.43
G (1)
3-0-9

Magnetization phenomena, origin of mag-
netism in a material, magnetic domains and
domain walls, magnetic anisotropy, reversible
and irreversible magnetization processes. Spe-
cial topics: ferromagnetism of thin films and
fine particles, magnetic recording, magnetic cir-
cuits, amorphous magnetic materials.
R. C. OHandley

3.40J Physical Metallurgy (A)

(Same subject as 22.71J)
Prereq.: 3.094 or 3.14 or 3.711J
G(1)
3-0-9

Discusses structureprope relationships in
metallic alloys selected to illustrate some basic
concepts of physical metallurgy and alloy
design. Considers mostly mechanical proper-
ties. Also considers structural features: struc-
tural stability, grain size, Interstitial and
substitutional solutes, precipitates, second-
phase particles, eutectics and eutectoids, and
composites.
K. C. Russell

3.43 Physics and Chemistry of Materials (A)

Prereq.: 8.03, 18.03
G (1)
4-0-8
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3.46 Electronic Materials and Devices (A)

Prereq.: 3.20, 6.732J
G (1)
3-0-9

Evaluation of electronic and optical properties
of materials from the standpoint of their crystal
structure, energy bands, defects, and
microstructure. Implications for junction design
and properties including p-n, Schottky, MOS,
and hetero-junctions. Discussion of materials
aspects of new device structures such as quan-
tum wells and high-electron mobility transistors.
N. Hebots

3.47 Electronic Materials Processing (A)

Prereq.: 3.20, 3.21
G (1)
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-
cuit fabrication including oxidation, junction
formation, and metallization. Emphasis on
relationships among processing, structure, and
properties. Examples taken from materials
processing for applications in VLSI, op-
toelectronics, and multi-layer integration.
C. V Thompson

3.475 Compound Semiconductors (A)

Prereq.: 3.46, 3.47
G (2)
2-0-6

Properties and processing of materials sys-
tems used in semiconductor device technol-
ogy. Emphasis on compound semiconducting
systems (e.g., binary Ill-V and Il-VI com-
pounds) as well as more complex ternary and
quaternary systems. A fundamental and practi-
cal approach to structure, imperfections,
defect equilibrium, and processing. Implica-
tions for electrical, optical, and magnetic
properties of homogeneous and
heterogeneous structures.
L. C. Kimerling

3.48 Optoelectronic Materials (A)

Prereq.: 3.43 and 6.732J
G (2)
3-0-9

The fundamental mechanisms for magneto-
optic and optoelectronic behavior in materials.
Electronic structure, atomic arrangements,
symmetry, effects on bandgap, drift mobilities,
refractive index, trapping, charge depletion,
Kerr and Faraday effects, emission
phenomena, electroluminescence, photoemis-
sion, and laser phenomena. Materials design
and processing for imaging and information
storage.
B. L. Averbach

3.49 Special Problems In Electronic
Materials (A)

Prereq.: -
G (1, 2, S)
Units arranged

Advanced work for qualified students. Lec-
tures, conferences, assigned readings, or su-
pervised laboratory work.
H. L. Tuller

3.50 Physical Chemistry of Metallurgical
Processes (A)

Prereq.: 3.20
G (2)
3-0-6

Physicochemical nature of pyrometallurgical
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. Applica-
tion of physicochemical principles to analysis
of behavior of pyrometallurgical processes.
J. F Elliott

3.52 Materials Processing (A)

Prereq.: 3.01, 3.185, or equivalents
G (2)
3-0-6

Fi ndo..:entals of thermal, powder, and vapor
processing; solidification, sintering, deforma-
tion processing, and composite materials
processing. Particular attention paid to struc.
tural evolution during processing,nand resulting
material properties and performance.
A. Mortensen, K Jensen, M. C. Flemings

3.53 Electrochemical Processing of
Materials (A)

Prereq.: 3.185
G (1)
3-0-6

Principles of electrochemistry: thermodynam-
ics and kinetics of electrode processes, ther-
modynamic and transport properties of
aqueous and nonaqueous electrolytes.
Electrolytic processing: electrowinning,
electrorefining, electroplating, electrosynthesis,
electroslag remelting.
D. R. Sadoway

3564 Corrosion-The Environmental
Degradation of Materials (A)

Prereq.: 3.00
G (1)
3-0-6

Applies thermodynamics and kinetics of
electrode reactions to aqueous corrosion of
metals and alloys. Forms of corrosion and cor-
rosion testing. Methods of corrosion control in-
cluding alloy selection, water chemistry, design
rules, anodic and cathodic protection, and coat-
ings. Extension to environmental degradation
of ceramics and polymers. Discusses
materials degradation problems in marine en-
vironments, oil and gas production, energy
conversion and generation systems.
R. M. Latanision

3.55 Macroscopic Transport in Materials
Processing (A)

Prereq.: 18.03
Aced Year 1990-91:G (2)
Aced Year 1991 -92: Not offered
3-0-9

Principles of mathematical and physical model-
ing of primary metals processing, welding,
rapid solidification, and the processing a
electronic materials. The transport equations
as building blocks of mathematical models.
Similarity criteria in building of physical
models. Synthesis of an optimal modeling ap-
proach, involving mathematical models, physi-
cal models, and pilot plants.
J. Szekely

3.555 Materials Selection and Design (A)
Prereq.: 3.56
G (2)
2-0-4

Synthesis of materials selection, design, and
manufacturing from the viewpoint of the mate-
rials 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. Case
studies used to illustrate integration of topics.
J. P. Clark, T W Eagar

3.56 Engineering Systems Analysis (A)
Prereq.: Permission of Instructor
G0(1)
3-0-6

School-Wide Elective Subject. Description
given at end of this chapter on SWE page.
J. P Clark, R. de Neufville

3.561 Materials Systems Analysis (A)

Prereq.: 3.56
Aced Year 1990-91:G (2)
Acad Year 1991-92: Not offered
2-0-4

Introduction to quantitative methods for
analysis of technical and economic factors as-
sociated with the processing and use of
materials. Includes techniques of
microeconomic analysis, mathematical op-
timization, decision analysis, 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. R Clark

3.565J Manufacturing/Technology
Interface (A)

(Same subject as 13.685J, 15.365J)
Prereq.: Permission of Instructor
G0(2)
3-0-6

See description under subject 15.365J.
J. M. Utterback

3.,66 Entrepreneurship

Prereq.: -
G (2)
4-0-5

School-Wide Elective Subject. Description
given at end of this chapter on SWE page.
D. R2 Hoult

3,576J Law, Technology, and Public
Policy (A)

(Same subject as 15.655J, TPP 32J)
Prereq.: -
0(2)
3-0-6

See description under subject TPP 32J.
N. A. Ashford, C. Caldart

3,577 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

3,58 Seminar on Problems in Materials
Policy and Economics

Prereq.: -
G (2)
2-0-4

Discussion of resource base and production
capacity as determinants of materials supply,
costs of production, nature of materials
demand, materials markets, prices of
materials, production cartsis and price
stabilization, materials substitution, conserva-
tion and recycling, and govemmental policies
conceming supply sufficiency. Materials of
mineral and organic origin considered. Atten-
bon given to the relation of materials to the en-
vironment, energy consumplion, innovation,
and productivity. Open to qualified under-
graduates.
M. B. Bever

3.595 Special Problems in Materials
Engineering (A)

Prereq.: -
G (1, 2.,S)
Units arranged

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 Tenseor Properties of
Ceramics (A)

Prereq.: 3.07
Aced Year 1990-91: Not offered
Acad Year 199 1-92: G(2)
3-0-6

Analyzes tensor representation of properties of
crystalline ceramics. Includes anisotropy, repre-
sentation surfaces and effects of crystal sym-
metry, as well as application to piezoelectric
and elastic properties and propagation of elas-
tic waves in crystals. Discusses thermal proper-
ties: heat capacity, thermal expansion, and
thermal conductivity, emphasizing materials
and influences of microstructure. Altemate
years.
. J. Wuensch

3.601 Electrical, Optical, and Magnetic
Properties of Ceramics (A)
Prereq.: 3.07
Aced Year 1990-91: G(2)
Acad Year 1991-92: Not offered
3-0-6

Analyzes electrical, optical, and magnetic
properties of ceramics in terms of band theory,
transport theory, and defect chemistry. Ex-
amines effects of materials processing, com-
position, and microstructure on properties.
Discusses applications of theory towards new
materials development. Alternate years.
H. L. Tuller

3.611 Polyphase Ceramics (A)
(Revised Content)
Prereq.: 3.07 or equivalent
Aced Year 1990-91:G (2)
Aced Year 1991-92: Not offered
3-0-9

Applies phase transformation kinetics and
multi-component phase equilibria to the
development of structure and properties in
polyphase ceramic systems used in structural
and electronic applications. Includes lectures
from a number of visiting researchers on their
specialties. Indiidual study of a particular
ceramic material, property, or process re-
quired. Alternate years.
Y-M. Chiang

3.62 Defect Thermodynamics and Solid
State Electrochemistry (A)
(Now)
Prereq.: 3.20
G (1)
2-0-4

The defect solid state Is analyzed after a short
review of the perfect solid state. Equilibrium
and nonequilibrium thermodynamics of point
defects are applied to bulk and interfacial
problems, conduction and diffusion, solid-state
reactions, and heterogeneous catalysis.
Materials examples include fast Ion conductors
and high temperature superconductors. Spe-
cial attention is paid to experimental
electrochemical methods and important
electrochemical applications (batteries, fuel
cells, photoelectrochemical elements, and sen-
sors). Half-term subject taught first half of term.
J. Maier

3.63 Ceramic Processes (A)

Prereq.: 3.07, 3.20
G (2)
3-0-6

Presents quantitative treatment of unit opera-
tions in powder processing-powder prepara-
tion, fabrication, and firing. Discusses glass
processing-homogenization during melting:
relationship to mixing theory-glass forming.
Also covers growth of crystals, ther-
modynamics, transport processes, and kinetics
in relation to structures developed.
H. K. Bowen

3.64 Special Problems In Ceramics (A)

Prereq.: --
G (1, 2.,S)
Units arranged

Explores advanced work in this field. Course-
work includes lectures, conferences, assigned
readings, and laboratory work.
Y-M. Chiang

3.691-3.699 Teaching Materials Science and
Engineering

Prereq.: -
G (1,2)
Units arranged

Laboratory, tutorial, or classroom teaching
under the supervision of a faculty member. Stu-
dents selected by interview. (Enrollment limited
by availability of suitable teaching assign-
ments.)
K. C. Russell

3.70 Special Problems in Metallurgy (A)
Prereq.: -
G (1, 2, S)
Units arranged

Minor Investigation in one of the special
branches of metallurgy. (Open only to students
properly qualified in the special field.)
S. M. Allen

30D Materials Science and Engineering
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32D Materials Solene and Engineering

3.711J Materials for Nuclear
Applications (A)

(Same subject as 22.70J)
Prereq.: Permission of instructor
G (2)
3-0-9

See description under subject 22.70J.
R. G. Ballinger

3.73J Radiation Effects in Crystalline
Solids (A)

(Same subject as 22.73J)
Prereq.: 3.39J or 22.74J, 3.40J or 22.71J
G (2)
3-0-9

See description under subject 22.73J.
K C. Russell

3.80J Proseminar in Manufacturing

(Same subject as 2.890J, 6.943J, 10.792J,
15.792J, 16.23J)
Prereq.: -
G (1, 2)
3-0-3 [P/F]

See description under subject 15.792J.
T H. Lee, S. C. Graves

3.81J Engineering Probability and
Statistics (A)

(Same subject as 6.430J, 15.064J)
Prereq.: 18.02
G (S)
4-0-8

See description under subject 6.430J.
A. W Drake

3.83J System Optimization and Analysis for
Manufacturing (A)

(Same subject as 2.851J, 15.066J)
Prereq.: 18.02
G (S)
4-0-8

See description under subject 15.066J.
S. C. Graves, S. B. Gershwin

3.90J Fracture of Structural Materials (A)
(Same subject as 1.591J, 13.16J)
Prereq.: 1.59J or 2.30 or 13.15J
G (1)
3-0-6

Analyzes criteria for crack initiation and
propagation leading to structural failure.
Studies fracture mechanics starting with Grif-
fith theory for ideally brittle materials, through
plane strain fracture toughness phenomena.
Effects of geometry, rate, environment, fatigue,
temperature, composition, and microstructure.
Fracture behavior of welded metals, heat af-
fected zone, Relation to dislocation mechan-
ics. Significance of fracture surface
morphology. Metals, polymers, fiber reinforced
composites. Emphasizes current research in
field.
K. Masubuchi, F J. McGarry

3.91J Mechanical Behavior of Plastics (A)

(Same subject as 1.593J)
Prereq.: 3.064
G (1)
3-2-4

Relation among chemical composition, physi-
cal structure, and mechanical behavior of plas-
tics or synthetic high polymers. Study of types
of polymers; fundamentals of viscoelastic
phenomena such as creep, stress relaxation,
stress rupture, mechanical damping, impact; ef-
fects of chemical composition and structure on
viscoelastic and strength properties; methods
of mechanical property evaluation. Influences
of plastics fabrication methods. Emphasis on
recent research techniques and results In-
dividual laboratory projects investigating
problems related to current research.
F J. McGarry

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
sandwiches, plywood, and load-bearing ad-
hesive joints. Typical components such as met-
als, glass, synthetic and natural adhesives,
plastics, foams, wood, paper, fabrics, and rub-
ber. Correlation between adhesion principles
and physical behavior. Methods of design,
analysis, fabrication, and testing. Discusses
failure mechanisms of chemical and mechani-
cal types. Individual laboratory projects inves-
tigating problems related to current research.
F J. McGary

3.93J Thermal Transitions, Optical and
Electrical Behavior of Polymers (A)
(Same subject as 10.641J)
Prereq.: Permission of Instructor
G (2)
3-0-9

Phase equilibria in polymer blends, crystal-
lization and melting of polymers, vitrification, in-
teraction of electromagnetic radiation with
polymers, dielectric behavior, absorption of
photons, and the fate of electronic excitation
energy, electrical properties.
P Cebe, R. E. Cohen

3.930 Industrial Practice

Prereq.: -
U (S)
0-6-0 [P/F]

Enrollment restricted to students in Course Ill-
B. Provides academic credit for first approved
work assignment at a company. For reporting
requirements consult faculty industrial practice
coordinator.
R. M. Pelloux

3.931 Industrial Practice

Prereq.: -
U (S)
0-6-0

Enrollment restricted to students in Course ill-
B. Provides academic credit for second ap-
proved work assignment at a company. For
reporting requirements consult faculty in-
dustrial practice coordinator.
R. M. Peloux

3.932 Industrial Practice (A)

Prereq.: -
G (1, 2, S)
0-6-0

Provides academic credit for graduate students
in Course Ill-B for approved work assignments
at companies. May be repeated for credit.
R. M. Pelloux

3.95J Physical Properties of Biological
Polymers (A)

(Same subject as 2.907J)
Prereq.: Permission of Instructor
G (2)
3-0-9

See description under :ubject 2.907J.
L. V Yannas

3.951J Deformation and Fracture of
Polymers (A)

(Same subject as 2.921J)
Prereq.: 2.30 or 2.31, 2.32
G (1)
3-0-9

See description under subject 2.921J.
L. V Yannas

3.97J Polymer Morphology and Properties
Laboratory (A)

(Same subject as 10.66J)
Prereq.: Permission of Instructor
G (2)
1-5-6

See description under subject 10.66J.
R. E. Cohen, D. K. Roylance

3.99 Special Problems in Polymer Science
and Engineering (A)

Prereq.: -
G (1, 2. S)
Units arranged

Advanced work in the field. Lecture, confer-
ences assigned readings, and laboratory work
E. L. Thomas

330

Course 4 Architecture

4.UR Undergraduate Research in 4.125, 4.126 Architectural Designi 4.160 Urban Settlement Design (A)
Architecture Prereq.: 4.04 (Revised Content)
Prereq.: Permission of Instructor U (1, 2) Prereq.: Permission of Instructor

U (1, 2) 0-12-9 G(2)
Units arranged [P/F) Establishes basic attitudes to architectural or- Units arranged

Research and project activities, which cover ganization and its reflection in form. Includes Advanced projects on urban settlement issues

the range represented by the various research projects where imposed conditions of site, pro- for low-income groups in developing and
interests and projects in the Department. gram, and building aystem emphasize the inter- developed countries. Aims: to prepare do-

Staff relationship of fundamental elements in the signers to participate effectively in the process

pattern of decision making that constitutes ar- of shaping the environment; to develop tools to

4.01 Introduction to Architectural Design I chitectural design. Develops presentations define and evaluate design determinants; and
4.01_ntrouctiontoArchitectralDesig I through drawings and models. Intended for to make these tools available to those con-

Prereq.: - juniors, seniors, and entering graduate stu- corned and responsible for action at the policy-
U (1, 2) dents. making level.
3-3-6 Architectural Design Staff R. Goether?

First introductory architectural design studio
concerned with seeing and understanding the 4.131, 4.132 Architectural Design 4.163J Urban Design (A)
built environment. Intended to give students Prereq.: 4.125, 4.126 (Same subject as 11.332J)
the experience of designing buildings through U (1, 2) Prereq.: Permission of Instructor
models. Emphasis on the ways people inhabit 0-12-9 G (2)
places and/or on ways of ordering architectural Units arranged
form. Lectures, individual and group design 4.143, 4.144 Architectural Design (A)' Uisarne
projects. Prereqinii ua2ngo pdei nThe design of urban environments. Strategies
B. Hubbard, Jr., S. Kanda (1, 4.125, 4.126 for change in large areas of cities, to be

0-12-9 developed over time, involving different actors.

4.04 Introduction to Architectural Design 11 -Fitting forms into natural, man-made, histori-
4.04__ntroductiontoArchitecturaDesig i Projects develop awareness of the principal is- cal, and cultural outlooks: enabling desirable
Prereq.: 4.01 sues facing the contemporary architectural activity patterns; conceptualizing built form;
U (1, 2) designer and the range of possibilities avail- providing infrastructure and service systems;
3-3-6 able for effective satisfaction of common en- guiding the sensory character of development.

vironmental needs. Design for intensive, Involves architecture and planning students in
Second introductory architectural design studio extensive, and multiple space uses. Buildings joint work; requires individual designs or
concerned with a disciplined observation of the of multi-story construction. Considers natural design and planning guidelines.

buiht enveirnment.uinedrwinded tovecdandartificial environmental controls as they in- D. Frenchman
the experience of using drawings to record Ifluence the design concepts and the installa-
buildings. Emphasis on study of architectural tions associated with them.
places in their context by observing qualities of ArchitecturaltDesign Staff
space, light, form and materials, and/or AcietrlDsg tf
projects indicating various ways in which build-
ings, landscape, and urban form can be 4.155, 4.156 Architectural Design (A)'
described and interpreted. Lectures, field Prereq.: 4.144
studies, sketches, drawings. G (1, 2)
F Domeyko, W Reiter 0-12-9

Emphasizes setting of architectural work as
part of an organized community in projects
having to do with built-up areas, as well as
those on new sites. Studies plans for long-
range development, giving students increasing
experience in the analysis of real-life situations
requiring program research.
Architectural Design Staff

Note about the subjecis in Architectura'!Design The sequence
in Architectural Design is a cumulativeprogram Itssuccessut
completion by the student a subject to evaluation by the staff
independent of formal grades accumulated

i
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4.164 Housing Design and Methods (A)
Prereq.: 4.211
G (2)
0-12-9

Understanding problems related to design of
residential environments arnd development of
skills to deal with these problems. Emphasizes
application of methods that deal with Issues of
change, evaluation of the capacity of a given
environment to accommodate to changing
uses and lifestyles. Assesses the impact of
changing normative criteria on the physical en-
vironment. Developing alternative solutions
within a given set of constraints. Projects in the
design of buildings and of urban (residential)
environments.
R. Goethert

4.165 Architectural Design In Islamic
Societies (A)

Prereq.: Permission of Instructor
G(2)
0-12-9

Studio/workshop concerned with the relation-
ship between architecture and its environment
in Islamic and other non-Western societies.
Focuses on the design of a complex of build-
ings within a central urban area. Problem
selected is typically one encountered in those
countries, sited so as to develop awareness of
the principal issues facing architectural de-
signers today. Cross-cultural comparisons in-
cluding consideration of environmental, social,
and aesthetic factors.
R. B. Lewcock, M. Khan

4.1814.185 Architectural Design
Workshops (A)

Prereq.: 4.131 or 4.143
G0(1, 2)
Units arranged

Form-making exercises that explore and/or in-
quire into a generic architectural design prob-
lem. The problem may be prototypical or a
particular aspect of a whole project; it is often
research-oriented and non-site specific.
Architectural Design Staff

4.191, 4.192 Special Problems in
Architectural Design

Prereq.: Permission of Instructor
U (1, 2)
Units arranged

4.195, 4.196 Special Problems in
Architectural Design (A)

Prereq.: Permission of Instructor
G (1, 2)
Units arranged

4.194 Special Problems in Architectural
Design

Prereq.: Permission of Instructor
U (1, 2)
Units arranged [P/F]

4.199 Special Problems in Architectural
Design (A)
Prereq.: Permission of Instructor
G (1, 2)
Units arranged [P/F]

Supplementary work on group basis. Registra-
tion subject to prior arrangement for subject
matter and supervision by staff.
Architectural Design Staff

4.203 Computers and Architecture I
Prereq.: 4.01
U! 2)
3-6-3

Provides a general and up-to-date survey of
the contribution of computers and associated
imaging technologies in architectural educa.
tion, practice, and research, utilizing a high-
level programming language. Presentations
include case studies of computer application in
architectural practice, and current research in
computer graphics, color modeling, computa-
tional video, and man-machine interaction. Em-
phasis on digital modeling. Previous program-
ming experience useful but not required.
Limited enrollment.
E. Mark

4.204 Computers and Architecture 11(A)
Prereq.: 4.203
G (2)
3-0-6

Project-oriented subject in which topics intro-
duced in 4.203 are further developed, par.
ticularly in the areas of micro-CAD, visual
information systems, and knowledge base en-
gineering. Work relates to ongoing research in
the Computer Resource Laboratory.
E Mark

4.206 Form Processing Workshop (A)
Prereq.: 4.143, 4.203
G (2)
4-0-8

Explores architectural form-making in a hybrid
media setting, incorporating tools and proc-
esses of both traditional paper-based and
emerging computer-based media. Themes in-
clude manipulation of formal references,
projective design exercises, and explorations
into the role of various media in representation
and description. Limited enrollment.
F Miller

4.211 Interventions to Urban Housing (A)
Prereq.: 4.125 or 4.126
G (1)
3-3-6

Introduces the relative roles that users and In-
stitutions play in shaping the urban residential
environment and the processes of planning
and building. Evaluating the evolution of these
processes in various cultural and historical con-
texts, tackling related design information and
regulatory controls. Assessing professional,
governmental, and industrial intarventions in
these processes, types, tools, and implica-
tions. Case studies illustrate alternative ap-
proaches at dwelling and neighborhood levels.
R. Goethert

4.231 Architecture end Urban Conexts:
Traditions, Cenfliots, end Change (A)
Prereq.: Permission of instructor
G (1)
3-6-6

Workshop concerned with an understanding of
the factors influencing the design of buildings
in Islamic and other non-Western societies.
Three case studies conceived to familiarize stu-
dents with traditional urban and social fabrics,
their ordering and organization. Aims at an un-
derstandirig of the problems of architectural
design in areas of interaction between old
urban structures surviving in central areas
today, and new areas developed using modem
Westem-influenced principles.
A. Badshah, M. Khan

4.243 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

4.251 Inti... . ction to Computational
Design Tools

Prereq.: -
U (1)
3-6-3

Provides an introduction to computational tools
available to designers for observation and
documentation of precedents, for design
projection, and for analysis and simulation of
designs. Emphasis is on developing expres-
sive ability with state-of-the-art tools, and on
structural parallels between theories of design
and computational models. Lectures, case
studies, and laboratory projects.
Staff

4.261 Design Skills Workshop

Prereq.: Permission of lastructor
G (1)
Units arranged

Supplements Level I Architectural Design
Studio. Emphasizes acquisition of drawing and
observational skills. Field trips, guest lectures,
and presentations focus on issues specific to
developing a design drawing repertoire. In-
dividual tutorials in graphic skills. Restricted to
and intended for entering M.Arch. students.
W Reiter

4,263 Architecture Internship
(New)

Prereq.: 4.125 or 4.126
U (lAP)
Units arranged [P/F]

Work in an architect's office to gain ex-
perience, improve skills, and see the inner
workings of an everyday architectural practice.
Internships in all sizes of firms and in public
and nonprofit agencies. Internships require full-
time work for the entire IAP. Nonpaying.
B. Hubbard, Jr.

4.267 M.Arch. Seminar (A)
(New)

Prereq.: 4.143
G (2)
Units arranged [P/F]

Discussion of students' positions with regard to
architecture in general and in this Department
in order to formulate directions toward possible
thesis areas.
T Chastain

4.273 Methods of Inquiry in Architecture
Studies
Prereq.: Permission of Instructor
G (1)
3-2-7

Investigates various ways that architects and
others think about architectural problems and
examines how well their ideas are communi-
'ated. Considers how researchers and prac-
titioners in the field of architecture make use of
several different kinds of knowledge, with each
kind given priority by different people. Discus-
ses how these priorities, once examined, in-
volve many distinguishable valid methods for
achieving systematic knowledge about ar-
chitecture. Required core subject for all first-
year S.M.Arch.S. students.
L. Vale

4.278J Design Research 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)

4.282 Preparation for S.M.Arch.S. Thesis (A)

4.283 Preparation for S.M.Vis.S. Thesis (A)

4.284 Preparation for Ph.D. Thesis (A)

Prereq.: Permission of Instructor
G (1, 2)
Units arranged

Selection of thesis topic, definition of method
of approach, and preparation of thesis
proposal. Independent study supplemented by
individual conference with faculty.
Staff

4.291 Special Topics in Design Information

Prereq.: Permission of Instructor
U (1, 2)
Units arranged

4.295-4.298 Special Topics in Design
Information (A)

Prereq.: Permission of Instructor
G (1, 2)
Units arranged

Supplementary work on individual or group
basis. Registration subject to prior arrange-
ment for subject matter and supervision by
staff.
Staff

4.294 Special Topics in Design
Information

Prereq.: Permission of Instructor
U (1, 2)
Units arranged [P/F]

4.299 Special Topics in Design
information (A)

Prereq.: Permission of Instructor
G (1, 2)
Units arranged [P/F]

Supplementary work on group basis. Registra-
tion subject to prior arrangement for subject
matter and supervision by staff.
Staff

4.301 Foundations In the Visual Arts
(Revised Content)

Prereq.: -
U (1, 2)
2-4-6 HASS-D/HUM-D

introduces artistic thinking as a mode of dis-
covery. Investigates art making as a means of
thinking and how thinking and feeling are
linked to making. Examines the ways artistic
media (photography, video, sculpture) as
modes of thought inform our investigation and
exploration of artistic vision. Lab fee.
E. Levine

Arohlteoture 350

Explores fundamental issues in video such as
the nature of the video image, narrative, and
video time. Explores video as a sculptural, en-
vironmental, and narrative form. Looks at the
issues of interpretation and meaning and how
they relate to historical, social, and cultural is-
sues. Limited enrollment.
E. Levine

4.361 Dimensions of the Body
(New)

Prereq.: 4.301, 4.322; 4.341 or 4.351
U (1)
2-4-6 HASS

Explores how the body relates to thinking and
making, how feelings and attitudes about the
body affect the processes, judgments, and
values involved in art and design. Looks at
how issues of gender, culture, and history re-
late to issues of the body and art making.
E. Levine

4.365 Image and Language
(New)

Prereq.: 4.301, 4.322; 4.341 or 4.351
U (2)
2-4-6 HASS

Explores the variety of relationships between
the visual image and language. Investigates
the cognitive, social, and cultural dimensions
of visual and linguistic constructions. Studies
the revelatory, representational, and semiotic
modes of making and thinking.
E. Levine

Supplementary work on individual or group
basis. Registration subject to pror arrange-
ment for subject matter and supervision by
staff.
Architectural Design Staff

7 Architecture 350

4.322 Introduction to Sculpture
(Revised Content)
Prereq. 4.301
U (1, 2)
2-4-6 HASS

Examines fundamental Issues in sculpture
such as form in space, site, and context as
well as issues of performance and the tem-
poral dimensions in sculpture. Explores the
relationships between concept, materials, and
process. Lab fee.
E. Levine

4.341 Introduction to Photography
(Revised Content)

Prereq.: 4.301
U (1)
2-4-6 HASS

Investigates fundamental issues in photog-
raphy and the nature of the photographic
image as well as nontraditional ways of explor-
ing the photographic vision. Explores relation-
ship of image to language as well as the
issues of meaning, interpretation, and their
relationship to culture. Lab fee. Limited enroll-
ment.
E. Levine

4.351 Introduction to Video
(Revised Content)

Prereq.: 4.301
U(1)
2-4-6 HASS
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4.368, 4.369 Specli Projects in
Visual Design for Architects (A)

Prereq.: Permission of Instructor
G (1, 2)
Units arranged

Supplemental work on individual or group
basis on visual design relevant to architecture.
Registration subject to prior arrangement of
subject matter and supervision by staff.
Staff

4.371 Art and the Environment
Prereq.: -
U (1)
3-0-6 HASS

Reviews art, architecture, and celebrations
and their positions in workday, religious, and
political life. Reconsiders the present position
of art and redefines the artist' options in the
contemporary environment. Examines fact and
changes effected by current science and tech-
nology vis-A-vis our place in nature and history.
0. Pane

4.372 Environmental Art
Prereq.: -
U (2)
0-4-8 HASS

Design and planning of environmental art in-
stallations in given and chosen existing set-
tings. Emphasizes daring ideas in conjunction
with realistic approach and possibility for ex-
ecution. Artistic means ranging from large-
scale painting and graphic design to kinetic
architecture and natural elemental growth-and-
change systems and to sound and video instal-
lations and performances.
0. Piene

4.378 Special Problems In Environmental
Art
Prereq.: 4.372
U (1, 2)
Units arranged

Supplementary work on individual or group
basis. Registration subject to prior arrange-
ment for subject matter and supervision by
staff.
0. Po

4.381, 4.382 Advanced Visual Design (A)
Prereq.: Permission of instructor
G (1, 2)
0-9-12

Individual concepts, projects, design, and ex-
ecution of installations, objects, and events in
environmental art and performance involving
elemental and science-technology means and
media.
0. Pao

4.385-4.389 Special Problems In
Environmental Art (A)
Prereq.: Permission of Instructor
G (1, 2)
Units arranged

Special work on an individual or group basis
using specific means such as video, holog-
raphy, and multimedia. Registration subject to
prior arrangement of subject matter and super-
vision by staff.
0. Pine

4.394 Special Problems In Visual Design
Prereq.: Permission of Instructor
U (1, 2)
Units arranged (P/F)

Supplementary work on group basis. Registra-
tion subject to prior arrangement for subject
matter and supervision by staff.
Staff

4.397-4.399 Special Problems in Visual
Design

Prereq.: 4.301, 4.322
U (1, 2)
Unite arranged

Supplementary work on individual and group
basis. Registration subject to prior arrange-
ment for subject matter and supervision by
staff.
Staff

4.401 What Is a Building?
Prereq.: -
U (1)
3-0-6

Building is one of the most ancient and most
universal human activities. From the cave to
the teepee, to the modem skyscraper and the
Super Bowl, human ingenuity and skill have
transformed raw materials into structures,
structures into shelter, and shelter into architec-
ture. The story of the evolution of building con-
struction from craft to industry rendered in
lectures, by case studies, demonstrations, and
field trips. Intended for freshmen and
sophomores.
E Dluhosch

4.402J Building Construction

(Same subject as 1.411J)
Prereq.: -
U (2)
3-4-5

Basic principles of materials and methods of
construction as applied to common generic
building types. integration and detailing of load
supporting, structural elements and systems,
with nonload supporting elements of the over-
all building fabric. Workshop includes develop-
ment of a basic set of construction documents,
computer-aided tutorials, field trips, and
demonstrations.
E. Duhosch

Basic concepts of building technology and ex-
perimental methods explored n A realistic
laboratory setting. One or two experimental
projects dealing with one facet of building tech-
nology such as lighting, moisture control, ener-
gy, or structures. Computers used for data
acquisition or simulation of system perfor-
mance.
L. Norford

4.415J Structural Engineering Laboratory

(Same subject as 1.105J)
Prereq.: -
U (1)
0-3-3 LAB

See description under subject 1..105J.
Information: J. J. Connor, Jr.

4.417J Design with Microclimate

(Same subject as 11.185J)
Prereq.: 8.01, 18.01
U (1)
3-3-6 LAB

Introduces microclimate design principles
through lecture and field investigations. Wind
effects on buildings, noise control, solar and
nocturnal radiation control, human comfort
determination, thermal storage design. Inves-
tigates how vegetation affects microclimate
and how microclimate influences vegetation.
Modeling methods for testing design altema-
tives and measurement techniques for ade-
quate site reconnaissance. Concludes with a
comprehensive environmental design problem.
T E. Johnson

4-42J Fundamentals of Energy in Buildings
(Same subject as 1.42J, 2.45J)
Prereq.: 8.02, 18.02
U (1)
3-0-9 SCI DIST

Introduction to energy fundamentals important
to buildings. Conservation of energy. Proper-
ties of pure substances, gas mixtures,
psychrometrics. Heat pumps and refrigeration
cycles, limiting thermodynamic performance.
Heat transfer within buildings and major com-
ponents.
L. Glicksman

4.408, 4.409 Special Problems In Building
Construction (A)

Prereq.: 4.402J, 4.440
G (1, 2)
Units arranged

Supplementary work on individual or group
basis. Registration subject to prior arrange-
ment for subject matter and supervision by
staff.
E. Dluhoasch

4.411 Building Technology Laboratory
Prereq.: 8.02, 18.02
U (2)
0-4-2 LAB

4,43 Architectural Aooustics

Prereq.: 4.401
U (1)
3-0-6

Describes interactions between people and
sound, indoors and outdoors, and uses this in-
formation to develop acoustical design criteria
for architecture and planning. Physical prin-
ciples of sound generation, propagation, and
reception. Properties of materials for sound ab-
sorption, reflection, and transmission. Tech-
niques and data used to provide good hearing
conditions, and to control noise in rooms, build-
ings, and the environment. Practical examples
and case-histories.
C. J. Rosenberg

4.440 Basic Structural Theory

Prereq.: 8.02, 18.02
U (2)
3-3-6 SCI DIST

Introduces the static behavior of structures
and strength of materials. Raactions, truss
analysis, stability of structures. Stress and
strain at a point, shear and bending moment
diagrams. Stresses in beams, Mohrs Circle,
column buckling. Deflection of beams.
Laboratory to solve structural problems by
building simple models and testing them.
L. B. Groisser

4.441 Introduction to Building Structural
Systems I
(Revised Content and Unit)

Prereq.: Permission of Instructor
G(1)
4-2-6

Introduction to the analysis, design, and be-
havior of structural systems used in building
construction. Simple beam-column
frameworks, trusses, and cable structures.
Practical methods of preliminary structural
design and the application of statics and
mechanics to the analysis and design of
simple structural systemc.
L. Morse-Fortier

4.442 Introduction to Building Structural
Systems Il
(Revised Content and Unit)

Prereq.: 4.441
G(2)
4-2-6

Continuation of subject 4.441. More complex
frameworks, membrane and shell structures,
and systems to resist lateral loads. Code-
based methods of design development of
wood, steel, and concrete structures for small
to moderate-sized buildings. Theory-based
methods of design of long-span and tall build-
ing structures. Advanced computational
methods of structural analysis and strategies
of design for dynamic loadings.
J. Axley

Arehitecture 370

4.443 Framing Systems for Small Structures

Prereq.: 4.440 or 4.441
G (1)
4-0-5

Approximate methods for the initial selection of
framing systems for vertical loading. Loading
conditions and building codes. Design of
beams for shear, bending moment, and deflec-
tion criteria; design of columns. Application to
a wood house, including alternative wood floor
framing, walls, columns, and rafters. Optimum
truss depth.
L. B. Groisser

4.448, 4.449 Special Problems in Structural
Design (A)

Prereq.: Permission of Instructor
G (1, 2)
Units arranged

Supplementary structural design on individual
or group basis. Registration subject to prior ar-
rangement for subject matter and supervision
by staff.
Staff

4.45 Uses of1Energy in Buildings

Prereq.: 4.401
U (2)
3-0-6

Explores how energy conservation influences
the form of commercial buildings and how artifi-
cial and natural heating, ventilating and air con-
ditioning work. Emphasizes a qualitative
understanding of the various energy flows af-
fecting buildings, as well as a quantitative un-
derstanding of the major factors influencing
building design and operation. Topics: energy
codes, thermal comfort, solar geometry and
control, climate analysis, psychrometrics, heat
gain and loss, mechanical systems, artificial
and natural lighting, HVAC selection and in-
tegration.
T E. Johnson

4.461 Building Simulation

Prereq.: Permission of Instructor
G (2)
3-0-9

Mathematical modeling of whole-building sys-
tems for purposes of: building energy analysis,
airflow analysis, and contaminant dispersal
analysis; measurement of thermal and flow
characteristics of buildings; and control of
mechanical systems to affect thermal comfort,
energy conservation, and indoor air quality.
Uses macroscopic modeling techniques
employing discrete models of mass, momen-
tum, and energy transport processes, formu-
lates the governing equations, and solves
them. Application to practical and current re-
search.
J. Axley

Prereq.: Permission of Instructor
U (1, 2)
Units arranged

4.497, 4,498 Special Problems In
Building Technology (A)

Prereq.: Permission of instructor
G (1, 2)
Units arranged

Supplementary work on individual or group
basis. Registration subject to prior arrange-
ment for subject matter and supervision by
staff.
Staff

4.471 Contros of Space Conditioning
System$
Prereq.: Permission of Instructor
G0(1)
3-0-9

Analysis of methods of conditioning buildings,
their control and energy consumption. Trans-
port of heating and cooling; methods of ventila-
tion; control strategies, with emphasis on local
versus central control. Energy management
systems and their interaction with the building
operator. The role of computer simulations in
on-line analysis.
L. Norford

4.481 Building Technology Seminar (A)
(New)

Prereq.: Permission of Instructor
G (1)
2-0-4

Introduction to ongoing research activities in
building technology. Topics to include indoor
air quality and thermal comfort, building sys-
tems analysis and control, building energy
uses, and new building materials and construc-
tion techniques. Organized as a series of two-
to three-week sessions that consider in detail a
limited aspect of a cur ent research project
through readings, discission, experimental in-
vestigation, and/or desjn or project assign-
ments.
J. Axley, L. Norford

4.485 Environmental Technology (A)

Prereq.: 4.440 or 4.441, 4.402J, 4.45
G (2)
3-0-6

Cross-disciplinary subject building on basic
technical information in structures, energy, and
building construction while integrating areas
such as fire protection and building security. Of-
fice and site visits, outside lecturers, and team
teaching to provide a technical and practical
base for architectural design practice.
Staff

4.491 Special Problems In Building
Technology

I
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4.494 Special Problems In Building
Technology
Prereq.: Permission of Instructor
U (1, 2)
Units arranged [P/F)

499 Special Problems In Building
Technology (A)
Prereq.: Permission of Instructor
G(1, 2)
Units arranged (P/F]

Supplementary work on group basis. Registra-
tion subject to prior arrangement for subject
matter and supervision by staff.
Staff

4.51 Building Systems
Prereq.: Permission of Instructor
3(1)
3-0-6

Explore the relationship between structure, the
processes of construction, and form. The in-
fluence of functional and contextual con-
straints on choice of materials and elements,
which make up the building fabric. Study major
precedents in the evolution of architectural
types, as related to materials and methods of
construction, with special emphasis on new
materials, such as reinforced concrete and
steel and the use of mechanized and industrial-
ized processes in building construction.
E. Dluhosch

4.52 Building Systems Workshop (A)
Prereq.: 4.51
G (2)
3-6-3

Use of contemporary and innovative materials
and methods of construction in terms of their
coordination, compatibility, and jointing with
each other, to be applied to specific generic
building types or pro-coordinated subsystems.
Choice of technological alternatives and their
relationship with the conceptual assumptions
of various so-called "systematic" approaches
to design, and their effect on built form.
E. Dluhosch

4.59 Special Topics in Building
Economics (A)
Prereq.: Permission of Instructor
G(1, 2)
Units arranged

Supplementary study on selected topics such
as managerial, economic, socioeconomic,
and/or political problems connected with the
building industry. Repistration subject to prior
arrangement for subject matter and super-
vision.
Staff

4.601 Introduction to Art History

Prereq.: -

4-0-8 HASS-D/HUM-D

Introduces selected topics in the history and
theory of painting and sculpture from prehis-
toric times to 1800, by focusing on major ar-
tists and monuments. Stresses the cultural,
historical, and social circumstances of artistic
activity in addition to teaching the fundamen-
tals of visual analysis. Includes study of works
in local museum in the evenings or on
weekends.
B. Buchloh, L. W Kinney

4.602 Modernism and Mass Culture:
1830-1968

Prereq.: -
U (2)
4-0-8 HASS-D/HUM-D

Discusses the history of modem painting and
design from Romanticism through Pop Art in
relation to emerging visual technologies, urban
audiences, and consumer culture. Examines
major movements and works of art, photog-
raphy, design, and advertising, and attempts to
theorize and situate the relationship between
the traditional arts and mass culture. No pre-
vious knowledge of art history is assumed or
required.
B. Buchloh, L. W Kinney

4.605 Introduction to the History and
Theory of Architecture

Prereq.: -
U (1)
4-0-8 HASS-D/HUM-D

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 prcblems
of architectural design.
D. H. Friedman

4.609 Seminar in the History of Art and
Architecture
(New)

Prereq.: Four subjects in the 4.6xx series
U (1,2)
3-0-9

Examination of historical method in art and/or
architecture focusing on periods and problems
determined by the research interest of the
faculty member leading the seminar. Emphasis
on critical reading and viewing and direct
tutorial guidance. Extensive discussion.
B. Buchloh, D. H. Friedman, L. W Kinney

4.625 Selected Topics In Architecture In the
Middle Ages
(Revised Unit)

Prereq.: 4.605
Acad Year 1990-91: Not offered
Aced Year 1991-92: G(1)
3-0-9

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 un-
dergraduates.
D. H. Friedman

4.635 Renaissance Architecture
(Revised Unit)

Prereq.: 4.605
U(1)
3-0-9 HASS

A history of the architecture of the 15th and
16th centuries in Italy. The formation and
development of the classical style, drawing
and model making, the relationship between
architecture and the fine arts, buildings and
their patrons, architectural theory, architecture
and politics.
D. H. Friedman

4.636 Baroque and Rococo Architecture
(Revised Unit)

Prereq.: 4.605
U (2)
3-0-9 HASS

A history of European architecture in the 17th
and 18th centuries. Works of Bemini, Bor-
romini, Mansart, Wren, Juvarra, and
Neumann. The major developments in the his-
tory of architectural design in the context of the
political and cultural environment of the period.
0. H. Friedman

4.638 Advanced Study in Renaissance
Architecture (A)

Prereq.: Permission of Instructor
G (I or2)
Units arranged

Seminar on a selected topic from Renaissance
architecture. Requires original research and
presentation of oral and written reports.
D. H. Friedman

4.639 Advanced Study in 16th-, 17th, and
18th-Century Architecture (A)

Prereq.: Permission of Instructor
G (1)
Units arranged

Seminar on a selected topic from architecture
of the period. Requires original research and
presentation of oral and written reports.
H. A. Mi/Ion

4.641 19th-Century Art

(4.642)
Prereq.: -
u (1)
4-0-8 HUM-D

Survey of major artists and movements In 19th-
century European painting and sculpture, from
Neo-Classicism to Post-impressionism. Em-
phasis on emerging phenomena and concepts
characteristic of the century, including: the
avant-garde, 'art for art's sake,* the museum
and exhibition, the dealer/critic system, and
the engagement of art and politics.
L. W Kinney

4.642 Advanced Study in 19th-Century
Art (A)

(4.643)
Prereq.: Permission of Instructor
G (2)
Units arranged

Seminar on a selected topic from 19th-century
art. Requires original research and presenta-
tion of oral and written reports.
L. W Kinney

4.643J Modernism and Sexuality (A)
(New)

(Same subject as SP 403J)
Prereq.: Permission of Instructor
G (1)
3-0-9

Explores the impact of recent critical thinking
about representation, gender, and sexual dif-
ference on traditional understandings of mod-
emism and methods of Interpretation in the
visual arts. The artists, issufis, and types of im-
agery vary from year to yenr, but always in-
clude consideration of 19th century painters of
the nude (Courbet, Manet, Degas), theories of
the construction of sexuality, and an introduc-
tion to feminist film theory. Open to qualified
undergraduates.
L. W Kinney

4.644J Representations of Women in
19th-Century Culture
(Revised Unit)

(Same subject as SP 474J)
Prereq.: -
U (2)
3-0-9 HASS

Examines the representation of women in 19th-
century European visual arts and literature, as
a problem central to the histories of modem-
ism in the arts and modernization. Views a
range of problems and themes common to the
arts - from female sexuality to feminism, from
women's roles in the family and in the labor
force - in relation to the status of women in
other spheres such as medicine, philosophy,
social etiquette, and political science.
L. W Kinney

4.645 Selected Topics in Architecture-
1750 to the Present
(Revised Unit)

Prereq.: 4.605
G (1)
3-0-9

General study of modem architecture in
Europe and America in the context of architec-
tural and social programs. Open to qualified
undergraduates.
F Passanti

4.646 Selected Topics in American
Architecture from World War I to the Sixties
(Revised Content and Unit)

Prereq.: 4.645 or 4.655
G (2)
3-0-9

Explores the particular characteristics of
American modemism, its American and
European roots, and its relationship to the
changing political and economic situation of
the country.
F Passanti

4.651 20th-Century Art

Prereq.: -
U (1)
4-0-8 HUM-D

The history of 20th-century modernism and its
internal contradiction, from Cubism and
Futurism to the present. Considers especially
the formation of anti-artistic attitudes in Dade
and Surrealism, the constructivist and produc-
tivist project of integrating art and society and
the contemporary post-modem critiques of the
avant-garde.
B. Buchloh

4.653 Advanced Study in 20th-Century
Arn (A)

Prereq.: Permission of Instructor
G (2)
Units arranged

Seminar on a selected topic from 20th-century
art. Requires original research and presenta-
tion of oral and written reports.
9. Buchloh

4.655 Modern Architecture In Europe from
1895 to the Bauhaus (A)
(Revised Unit)

Prereq.: 4.645
G (2)
3-0-9

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
European *modern movement" emerged, lead-
ing in turn to the transformation of American ar-
chitecture.
S. Anderson

4,656 Advanced Study In 20th-Century
Architecture (A)
(Revised Unit)

Prereq.: Permission of Instructor
G (2)
3-0-9

Seminar on a selected topic in 20th-century
European and American architecture. Re-
quires original research and presentation of
oral and written reports.
F Paseanti

4.657 Advanced Study on Le Corbusier (A)
(Revised Unit)

Prereq.: Permission of Instructor
G (1)
3-0-9

Seminar on Le Corbusier. Requires original re-
search and presentation of oral and written
reports.
F Passanti

4.658 Advanced Study in Modern
Architecture (A)

Prereq.: Permission of Instructor
G1 or 2)
Units arranged

Seminar on a selected topic in the architecture
of the late 18th 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)
(Revised Unit)

Proreq. Permission of Instructor
3-(1)
3-0-9

Studies theoretical and historiographical works
pertaining to the fields of architecture, art, and
environmental studies. Members of seminar
pursue work designed to elucidate and criticize
their own presuppositions and methods. Open
only to Ph.D. candidates and other advanced
students. May be repeated for credit.
S. Anderson

4.664 Criticism of Architecture (A)
(Revised Unit)

Prereq.: Permission of Instructor
G (1)
3-0-9

Surveys various approaches (social, environ-
mental, economic, compositional, structural,
functional) and bases for the criticism of ar-
chitecture. Emphasizes the formal bases of
criticism. History of criticism, relation of
criticism and history, value of criticism to the
profession, criticism as a means of achieving
quality in architecture, and criticism as a ration-
al and emotional response to architecture.
S. Anderson

Architecture SOD
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4.66 Contemporary Architecture:
A Critical Review
(Revised Unit)

Prereq.: 4.125
G (2)
3-0-9

Critical review of works, theories, and polemics
of the last 25 years. Aim is a historical under-
standing of the period and the development of
a meaningful framework to assess the present
situation in architecture. Intended for M.Arch.
students.
F Passand

4.666-4.669 Special Studies in the History,
Theory, and Criticism of Architecture and
Urban Form (A)
(4.696-4.699)
Prereq.: Permission of Instructor
G(1,2)
Units arranged

Special topics in the history, theory, and
criticism of architecture and urban form, vary-
ing at the discretion of the instructor.
Staff

4.671 History of Urban Form (A)
(Revised Unit)

Prereq.: Permission of instructor
G3(1)
3-0-9

Studies in the history of the physical city from
Antiquity to the present, with points of special
focus determined by the instructor. Analyzes
the typologies of urban buildings, public
places, and city plans in their relation to chang-
ing contexts of culture, politics, and the struc-
ture of public and private Institutions.
D. H. Friedman

4.673 Seminar in Urban Communal
Space (A)

Prereq.: Permission of Instructor
G(2)
Units arranged

A working seminar conducting continuing re-
search on the sociophysical structure of urban
communal space. Attention to the literal
qualiies of this space and especially to the
models by which the form, meaning, and use
of communal space are understood and
changed. Students will produce theoretical or
criical essays, graphic analyss, formaliza-
tions or designs. Limited enrollment.
S. Anderson

4.678 Advanced Study In the History
of Cities (A)

Prereq.: Permission of Instructor
(3(1 or 2)
Units arranged

Seminar on a selected topic on cities and ur-
banism. Requires original research and presen-
tation of oral and written reports.
S. Anderson

4.687-4.689 Speclal Studies in the History,
Theory, and Criticism of Architecture and
Urban Form In the Islamic World (A)
Prereq.: Permission of Instructor
(3(1, 2)
Units arranged

Special topics in the history, theory, and
criticism of architecture and urban form in the
Islamic World, varying at the discretion of the
instructor.
staff

4.691 Special Studies In the History,
Theory, and Criticism of Art
Prereq.: Permissi- i of Instructor
U (1, 2)
Units arranged

4.692, 4.693 Special Studies in the History,
Theory, and Criticism of Art (A)
Prereq.: Permission of Instructor
G (1 2)
Units arranged

Individual or group projects on topics in the his-
tory, theory, and criticism of art. Registration
subject to prior arrangement for subject matter
and supervision by staff.
Staff

4.694 Special Studies In the History,
Theory, and Criticism of Art and
Architecture
Prereq.: Permission of Instructor
U (1, 2)
Units arranged [P/Fj

Group projects in the history, theory, and
criticism of art and/or architectur. Registration
subject to prior arrangement foi subject matter
and supervision by staff.
Staff

4.695 Special Studies in the History,
Theory, and Criticism of Architecture and
Urban Form

Prereq.: Permission of instructor
U (1, 2)
Units arranged

Individual or group projects in the history,
theory, and criticism of architecture and urban
form. Registration subject to prior arrangement
for subject matter and iupervision by staff.
S. Anderson

4.696-4.698 Special Studies in the History,
Theory, and Criticism of Architecture and
Urban Form (A)

Prereq.: Permission of Instructor
G3(1, 2)
Units arranged

4.699 Special Studies in the History,
Theory, and Criticism of Art and
Architecture (A)
(New)

Prereq.: Permission of Instructor
(3(1, 2)
Units arranged (P/F)

Group projects in the history, theory, and
criticism of art and/or architecture. Registration
subject to prior arrangement for subject matter
and supervision by staff.
Staff

4711 Architecture of Urban Neighborhoods
and Its Transitions
(New)
Prereq.: -
U (1)
3-0-9

Introduction to urban neighborhoods in both
the Western and non-Westem world. High-
lights the uniqueness of each place, the char
acter of its urban-scape, and the problems
faced. Focuses on architecture and architec-
tural details and their role in determining
change. Examines typical neighborhoods in
Boston, Sana'a', Ahmedabad, and Fez.
A. Badshah

4.713 Architectural Theory and Function
In Islamic and Other Non-Western
Societies (A)
Prereq.: Permission of instructor
G (1)
3-0-9

Introduces theoretical approaches to creativity
in Islam today, comparing and contrasting
them with practice at other times and places in
the world. Discusses the essential design ele-
ments in the architecture and urbanism of
Asian and African societies. Analyzes the sig-
nificance of contemporary philosophies, prac-
tices, and attitudes on the individual, society,
and the designer in light of the changes taking
place in the late 20th century.
R. B. LewcocAk M. Khan

4.714 The Genesis of Built Form: The
House and Society (A)
Prereq.: Permission of Instructor
3(1)

3-0-9

Analyzes theories of the generation of architec-
ture from consideration of climate, building
material, etc., and theories of domination of ar-
chitectural decisions by social and religious
beliefs. Discusses ways that people's actions
are modified by cultural attitudes and values.
Examines implications of theories of the estab-
lishment of architectural priorities from subcon-
scious motives.
R. B. Lewcock

4.715J Politics, Technology, and Public
Policy in the Middle East (A)
(Same subject as 1.266J, 11.488J, 17.558J,
21.485J, STS 509J)
Prereq.: -

3-0-9

See description under subject 17.558J.
R. B. Lewcock, N. Choucui, P. S. Khoury,
F Moavenzadeh, K. Keniston

4.716J Technological Development,
Business, and Political Change in the
Middle East (A)
(Same subject as 1.256J, 11.489J, 17.560J)
Prereq.: -
G (2)
3-0-9

See description under subject 17.560J.
W. L. Porter, N. Choucri, F Moavenzadeh,
L. Trilling

4.718 Issues of Contemporary Architecture
in Africa and Asia (A)
Prereq.: 4.713
G (2)
2-0-7

Seminar focusing on specific vital issues affect-
ing contemporary architecture in regions of
Africa and Asia. Topics include: the develop-
ment of appropriate architectural theories;
criticism of the attitudes and work of specific ar-
chitects; the role of the architect in society; and
the social, economic, and technical factors af-
fecting design. Presentations by participants,
and invited lecturers.
R. B. Lewcock M. Khan

4.722 Housing Design and Production (A)
(New)
Prereq.: Permission of Instructor
G (2)
Units arranged

Organization and structure of the building in-
dustry in the US as contrasted with that in
other countries. Factors of production and the
relationship between product design and
production. Opportunities for technological
change aA innovation and their impact on
design. Aoility of the industry to match
products to emerging markets and housing
needs. Case studies.
J. McKellar

4.724 Design for Development (A)
(Revised Content)
Prereq.: 11.218
G (2)
2-4-6

Focuses on development programming and
design and the integration of marketing and
finance with physical planning. Two studio
projects interspersed with lectures, field trips,
and short sketch problems. Offers students a
perspective on the role of the architectural
designer in the development process.
D. Frenchman, P. Roth

4.726J Site Planning

(Same subject as 11.336J)
Prereq.: Permission of Instructor
G (1)
4-4-4

See description under subject 11.336J.
J. McKellar

4.736J Introduction to Urban Design and
Development

(Same subject as 11.301J)
Prereq.: Permission of Instructor

3 (1)
3-0-9
See description under subject 11.301J.
D. Frenchman

4.743J Housing and Neighborhood
Planning (A)
(Same subject as 11.420J)
Prereq.: 11.200 or 4.144
G (2)
4-0-8

See description under subject 11.420J.
P. Clay

4.746J Environmental Design Policy and
Action (A)

(Same subject as 11.337J)
Prereq., -

G (2)
3-0-6

See description under subject 11.337J.
J. de Monchaux, J. M. D. Schuster

4.747J Theory of City Form (A)

(Same subject as 11.330J)
Pr oq.: 11.001 or 4.736J or 11.301J
G3(2)
Units arranged

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
modem 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
citymaking, social structure, and physical
design.
J. Beinart

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

4.749 Advanced Seminar in City Form (A)
Prereq.: 4.747J, 11.330J
G (1)
Units arranged

Examines in greater depth themes from the
basic subject in city form theory. Introduces
new concepts from current research and prac-
tice for analysis by the seminar participants.
Requirements include presentation to the semi-
nar of a theoretical project undertaken by each
student.
J. Belnart

4.751 Urbanization and Design
In Developing Countries (A)
Prereq.: Permission of instructor
G (1)
3-3-6

Identifies and examines shifts in issues and ap-
proaches facing designers, from mass housing
to core housing to site and services. Focus on
housing design, land planning, and service
provision. Extensive case studies from Africa,
Latin America, and Asia.
R. Goethert

4.753J Structuring Low-income Housing
Projects in Developing Countries (A)

(Same subject as 11.463J)
Prereq.: Permission of Instructor
G (2)
3-0-9

Examines relationship between housing needs
and govemment-sponsored projects. Em-
phasis on costs recovery, affordability,
replicability, user selection, and project ad-
ministration. Extensive case examples provide
bases for comparisons.
R. Goethert

4.755J Special interest Group in Urban
Settlements: SIGUS Workshops (A)

(Same subject as 11.465J)
Prereq.: Permission of Instructor
G3(2)
Units arranged

Interactive interdisciplinary workshops which
focus on projects and practices on urban settle-
ment issues in developing countries
throughout the world. Participation by guest
practitioners.
R. Goether, N. Hamdi, R. A. Gakenheimer,
B. Sanyal

U

Individual and 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.
Staff



420 Architecture

4.762 Architecture and Politics: Buildings
in the 20th Century (A)
(New)

Prereq.: Permission of Instructor
G (2)
3-0-9

Surveys ways that architecture and urban plan-
ning have been claimed to support or ex-
emplify a wide variety of regimes and political
movements in the twentieth century, ranging
from Italian fascism to South African apartheid.
Focuses on specific case studies of govem-
ment-sponsored designs and on broader ques-
tions regarding the relationship between built
form and political ideals.
L. Vale

4.767J Planning in Socialist Countries (A)
(Revised Content and Unit)
(Same subject as 11.417J)
Prereq.: Permission of Instructor
G (2)
3-0-9

See description under subject 11.417J.
T Lee, K. Polenske

4.770 Environmental Psychology
Prereq.: -
U (1)
3-3-6 HASS

Presents social science theories and methods
that apply to human transactions with a wide
range of environments. Focuses on develop-
ment of applied research skills relevant to suc-
cessful designing for human use, from urban
to machine interface. Readings reinforce lec-
tures and fieldwork. Semester projects
dovetailed with student's field of interest.
S. C. Howell

4.771 Behavior In the Built Environment
Prereq.: -
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, in-
terviewing, and perceptual measures in
systematic 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
studies. Stresses principles of information
transfer and feedback in evaluation of existing
programs and their built/occupied results. Rep-
resentatives 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
G0(1, 2)
Units arranged

Research work on individual or group basis.
Registration subject to prior arrangement for
subject matter and supervision by staff.
Staff

4.791 Special Problems in Architecture and
Social Change

Prereq.: Permission of Instructor
U (1, 2)
Units arranged

4.795-4.798 Special Problems in
Architecture and Social Change (A)
Prereq.: Permission of Instructor

G0(1,2)
Units arranged

Supplementary work on individual and group
basis. Registration subject to prior arrange-
ment for subject matter and supervision by
staff.
Staff

4.794 Special Problems in Architecture and
Social Change

Prereq.: Permission of Instructor
UI(1,.2)
Units arranged [P/FJ

4.799 Special Problems in
Architecture and Social Change (A)

Prereq.: Permission of Instructor
G (1, 2)
Units arranged [P/FJ

Supplementary work on group basis. Registra-
tion subject to prior arrangement for subject
matter and supervision by staff.
Staff

Media Arts and Sciences

4.816 Design of Dynamic and Intelligent
Information Graphlos
(New)

Prereq.: Permission of Instructor
U (2)
2-4.6

Workshop/seminar in design for dynamic aid
intelligent information in multimedia electronic
environments. Visual and communication arts
knowledge examined in experiential, ex-
perimental, and analytical terms in the context
of this new medium. The synthesis of graphics
with artificial intelligence used to capture
design knowledge and express new
vocabularies. Meets with 4.882. Regular read-
ings. papers, small and large projects are as-
signed. Programming experience (C, Usp) and
visual arts experience are required, except
with permission of instructor.
W Cooper, R. MacNeil, Staff

4.818, 4.819 Graphics/imaging Media
Projects

Prereq.: Permission of Instructor
U (1, 2)
Units arranged

Special work on an individual or group basis
combining research and projects of multidlimen-
sional graphics, typography, imaging, static or
dynamic. 2- or 3-D, and audio in an intelligent
electronic design environment. Registration
subject to prior acceptance of project, super-
vision by VLW staff. Completion dependent on
successful demonstration and documentation
of semester's project.
M. Cooper, Staff

4.831 3-D Computer Graphic.,
Prereq.: -
U (1)
3-0-9

Overview of the techniques of computer image
synthesis, including both hardware and
software. Line drawing and color raster
graphics. Homogeneous coordinates, hidden
surface, and smooth-shading algorithms.
Limited enrollment. Previous programming ex-
perience required.
D. Zeltzer

4.862 Holographlo Imaging
Prereq.: Permission of Instructor
U (1)
3-5-4 LAB

A laboratory-based exploration of the prin-
ciples, techniques, and applications of holog-
raphy as a 3-D image communication medium.
Begins with interference and diffraction, and
proceeds through white-light holngraphy to
computer-graphic imagery. Meets with 4.954.
Term project required, with oral presentation
and written report. Lab fee. Umited enrollment.
S. Benton

4.866 Workshop In Elastic Movie Time

Prereq.: Permission of Instructor
U (1)
3-3-6

A workshop in the design and production of in-
teractive multimedia. Establishes a framework
for interactive multimedia as a form of litera-
ture; considers a range of topics, including
cinematic joumalism, collaborative authorship.
shooting and editing technique, and interface
design. Students work in teams of 3 or 4 to
design, produce, and program segments of a
collaborative publication. Meets with 4.988.
G. Davenport

4.869 Special Projects in Video Production

Prereq.: Permission of Instructor
U (1. 2)
Units arranged

Supplementary work on individual or group
basis. Registration subject to prior arrange-
ment of subject matter and supervision by staff.
G. Davenport

4.882 Advanced Design of Dynamic and
Intelligent Information Graphics
(New)
Prereq.: Permission of Instructor
G (2)
2-4-6

Meets with undergraduate subject 4.816. See
4.816 for full description.
M. Cooper, R. MacNeil, Staff

4.85 Computers and Graphics
Workshop 1(A)
Prereq.: Permission of Instructor
G (1)
2-4-6

Integrated seminar-workshop researches is-
sues relevant to the graphic synthesis of
design practice, research, and artificial intel-
ligence. The first semester addresses: 1. VLW
computational resources and programming
concepts; 2. Design Issues in traditional and
electronic environments; and 3. Artificial intel-
ligence concepts and issues. A minicourse in
research methods and writing is included.
Small projects, a term paper, and project are
required. Enrollment limited.
R. MacNeil, M. Cooper

4.886 Computers and Graphics
Workshop 11(A)
(Revised Content)

Prereq.: 4.885
G(2)
2-4-6

Examines topics from 4.885 in greater detail.
Small projects, a term paper, and final project
are required. Programming (C and Lisp) and
experience in visual arts required, except with
permission of instructor. Enrollment limited.
R. MacNeil, M. Cooper

4.888-4.889 Graphic Imaging Media
Projects (A)
Prereq.: Permission of Instructor
G (1 2)
Units arranged

Special work on an individual or group basis
combining research and projects of multidinen-
sional graphics, typography, imaging, static oi
dynamic, 2- or 3-D, and audio in an intelligent
electronic design environment. Registration
subject to prior acceptance of project, super-
vision by VLW staff. Completion dependent on
successful demonstration and documentation
of semester's project.
M. Cooper, Staff

4.890 Signals and Systems for Media
Technology (A)
(New)

Prereq.: 18.02
G0(1)
3-0-6

Communication and information theory ex-
tended to 2- and 3-dimensional signals, inter-
preted in the context of human/machine
interfaces and audio/visual interactive sys-
tems. Analog and digital sound and picture rep-
resentations, transforms, sampling,
quantization. General operations, including
convolution, filtering, modulation, compression,
coding, and analysis. Elements of semantic
processing, including feature detection, pitch
detection, picture modeling, and analysis/syn-
thesis with modification.
A. Lippman, V M. Bove, Jr., S. Benton,
B. Vercoe, Staff

4.904J Computer Graphics and Vision (A)

(Same subject as 9.366J)
Prereq.: 4.831 or 9.36
G (2)
3-3-6

See description under subject 9.366J.
W A. Richards, A. Pentland

4.906J Image Representations for Vision (A)

(Same subject as 9.358J)
Prereq.: 4.890 or Permission of Instructor
G(1)
2-0-7

Natural and artificial vision systems begin by
transforming an image Into a set of repre-
sentations, thus choosing the languages" to
be usedat each stage of visual processing.
This seminar surveys a variety of repre-
sentations proposed in the context of human
perception, neurophysiology, machine vision,
and image processing, and explores how
these representations can be used in such
tasks as object recognition, image data com-
pression, motion analysis, texture analysis,
and so on. A reasonable facility with mathe-
matics and computation will be expected.
E H. Adelson, A. Pentland

4.907 Special Topics in Vision Solence (A)
(New)
Prereq.: Permission of Instructor
G (2)
2-0-7

An advanced seminar on issues of current in-
terest in computational and biological vision.
Topics vary from year to year. Participants dis-
cuss the current literature as well as their own
ongoin research.
E. Adeo

4.908 Special Projects in Computers
and Vision (A)

Prereq.: Permission of Instructor
G (1, 2)
Units arranged

Supplementary work on individual or group
basis on visual arts projects involving more
than one medium. Registration subject to prior
arrangement of subject matter and supervision
by staff.
Staff

4.912 Advanced Computer Graphics (A)

Prereq.: Permission of Instructor
G (2)
4-0-8

Treats in-depth current research in 3-D com-
puter graphics. Readings from recent papers.
Significant term projects including an im-
plementation, written report, and classroom
presentation.
D. Zeltzer

4.919 Special Projects In Computer
Graphics (A)

Prereq.: Permission of Instructor
G (1, 2)
Units arranged

Supplementary work on individual or group
basis. Registration subject to prior arrange-
ment for subject matter and supervision by
staff.
0. Uetter

1,
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4.921J Digital Audio Processing (A)
(Revised Unit)
(Same subject as 21.671J)
Prereq.: 4.890 or Permission of Instructor
G(2)

Audio signal processing for expressive com-
munication. Analysis/synthesis of speech and
music, linear-prediction, phase vocoders, digi-
tal sampling, mixing, editing, reverberation.
Music representation, computer-generated
scores, performer-like interpretation. Pitch
detection, tracking of live performers, machine
response. Building expressive workstations via
realtime object-oriented audio processing. As-
signments and synthesis projects.
B. Verco.

4.922J Writing for Computer
Performance (A)
(Revised Unit)

(Same subject as 21.672J)
Prereq.: 4.921J
G(1)
3-3-3

Music composition using digital audio as an ex-
pressive medium. Audio processing in specific
musical contexts. Stylistic relationship between
instrumental and electronic writing, and integra-
tion of these media as found in works of
Davidovsky, Boulez Directed composition of
an original work for digital synthesis, and
preparation for its performance in an end-of-
term public concert.
B. Verco.

4.925J Musical Aesthetics and Media
Technology (A)

(Same subject as 21.685J)
Prereq.: Permission of instructor
G(1)
3-3-3

In-depth exploration of contemporary concepts
in music and media. Studies recent music that
uses advanced technology, and the artistic
motivations and concems implied by the new
media. Practical hands-on experience with
computer music technology, with special em-
phasis on MIDI-based synthesizers and
samplers and real-time performance systems.
Term project required.
T Machover

4.926J Projects In Media and Music (A)
(Same subject as 21.686J)
Prereq.: 4.925J
G (2)
33-3

Current computer music concepts and prac-
tice. Project-based work on research or produc-
tion projects using the Media Lab's computer
music resources. Requires significant studio
work and a term project.
T Machover

4.929 Special Topics in Music
and Cognition (A)

Prereq.: Permission of Instructor
G (1, 2)
Units arranged

Advanced work on current topics in music re-
search and production. Individual or group
basis. Registration subject to prior arrange-
ment of subject matter and supervision by staff.
T Machover, B. Vercoe

4.931J The Society of Mind (A)

(Same subject as 6.868J)
Prereq.: Permission of Instructor
G (2)
3-0-9

See description under subject 6.868J.
M. L. Minsky

4.933 The Art of Artificial Intelligence
Programming (A)
(New)

Prereq.: Permission of Instructor
G (1)
3-0-9

Overview of artificial intelligence programming
techniques and paradigms. Topics include rep-
resentation languages, inference engines,
truth maintenance systems, natural language
interfaces, programming environments, intel-
ligent user interfaces, analyzing complexity,
and maintaining large systems.
K Haase

4.943 Lnarning 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-com-
puters, video technologies, communications-
into the process of leaming. Reading covers a
broad range of topics in human sciences, epis-
temology, and computer sciences; research
projects, either self-initiated or assigned. May
be repeated for credit.
S. A. Papert, E. Ackermann

4.945 Children as Builders of Their Own
Cognitive Tools (A)

Prereq.: Permission of Instructor
G (2)
3-0-6

Knowledge acquisition from a constructivist
point of view. The child examined as the con-
structor of his/her cognitive tools. Knowledge
examined as the child's capacity to gain con-
trol over her/his environment.
E. Ackermann

4.948 Research Seminar in Learning
Environments (A)
(Revised Content and Unit)

Prereq.: Permission of Instructor
G (1,2)
3-0-3

Presentations of research projects in leaming
and epistemology; discussions of work in
progress; formulation of methodological and
conceptual guidelines.
S. Papnt, E. Ackermann

4.949 Special Topics in
Learning Environments (A)

Prereq.: Permission of Instructor
G (1, 2)
Units arranged

Special interest group, topics to be negotiated
between graduate students and staff. Registra-
tion subject to prior arrangement and super-
vision by staff.
S. Papert, E. Ackermann

4.953 Spatial Imaging Systems (A)
Prereq.: Permission of Instructor
Acad Year 1990-91:G (2)
Acad Year 1991-92: Not offered
3-2-4

Surveys the technology of spatial imaging from
stereoscopes to holograms, emphasizing un-
aided viewing systems, and explores the per-
ceptual, technical, and aesthetic bases of
satisfying three-dimensional image com-
munication. includes a review of the elements
of imaging optics. Lab fee. Open to qualified
undergraduates.
S. Benton

4.954 Holographic imaging

Prereq.: Permission of Instructor
3(1)
3-5-4

Meets with undergraduate subject 4.862. See
4.862 for full description.
S. Benton

4.956 Synthetic Holography (A)

Prereq.: 4.954
Aced Year 1990-91: Not offered
Acad Year 1991-92:G (2)
3-3-3

An introduction to the synthesis of holographic
3-D images from digital, video, and
photographic data, and their applications.
Limited enrollment.
S. Benton

4.9568 Special Topics in Spatial
Imaging (A)

Prereq.: 4.954
G (.!)
3-3-3

Advanced workshop in holography as an ex-
pressive medium, reflecting the points of view
of visiting holographers. Umited enrollment.
S. Benton, Staff

4.959 Special Projects In Spatial
Imaging (A)
Prereq.: 4.862 or 4.954
G (1, 2)
Units arrange

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 Digital Video (A)

Prereq.: Permission of Instructor
G (2)
2-0-7

Provides a technical introduction to video imag-
ing, storage, and display devices, and their
digital conterparts. Regards the video system
as a general communications link capable of
transmission of analog Images as weil as com-
puter data, connected to image processing
equipment as well as digital computers and dis-
plays. Topics: raster scan display architecture,
anti-aliasing, optical storage, video encoding.
Requirements include individual term projects.
A. Lippman

4.962 Conversational Computer
Systems (A)

Prereq.: Permission of Instructor
G (1)
3-6-3

Methods of interacting with computer systems
by voice, including speech synthesis, recogni-
tion, and digital recording techniques.Em-
phasis on human interface design issues,
including extensive readings from current re-
search literature, laboratory sessions, and a
term project. Topics include human speech
production and recognition, text to sound
rules, synthesis of intonation, isolated and con-
nected speech recognition, parsers and
dialogue generation. Programming experience
required except with permission of instructor.
C. Schmandt

4.964 Digital Image Processing for Hard
Copy (A)
(Now)
Prereq.: 4.890 or Permission of Instructor
G (2)
2-0-7

An examination of the electronic processing of
images for hard copy and of the technologies
associated with document production. Topics
to be covered include two-dimensional Fourier
series, halftoning, digital typography, output
processes, color, psychophysics, and binary
image coding. Term paper or project with both
written and oral presentation required. A
reasonable facility with mathematics is as-
sumed. Open to qualified undergraduates.
V M. Bove, Jr.

4.969 Special Projects in
Communications (A)
Prereq.: Permission of Instructor
G (1, 2)
Units arranged

Supplementary work on individual or group
basis. Registration subject to prior arrange-
ment of subject matter and supervision by staff.
Staff

4.986 Special Topics in Cinematic
Storytelling (A)

Prereq.: Permission of Instructor
G (2)
Units arranged

Seminar explores approaches to repre-
sentation for computer-assisted cinematic
storytelling. The relationship of the moviemak-
ing process to form and content is analyzed.
Concepts of "expert editor" and "expert viewer"
are introduced. Using sample material (a
story/some footage), a constraint-based ap-
proach to shot design and editing conventions
is considered, and symbolic representations
for story structures are evolved. Individual
projects in content representation and tool
design.
G. Davenport

4.988 Workshop In Elastic Movie Time (A)

Prereq.: Permission of Instructor
G (1)
3-3-6

Meets with undergraduate subject 4.866. See
4.866 for full description.
G. Davenport

4.989 Special Projects in Video
Production (A)

Prereq.: Permission of Instructor
0 (1, 2)
Units arranged

Individual or group work of advanced and ex-
perimental scope. Registration contingent
upon prior determination of subject matter and
plan for treatment, as well as arrangement for
staff supervision and project funding.
G. Davenport

4.991, 4.992 Research in Media
Technology (A)

Prereq.: -
G (1,2, S)
Units arranged

For research assistants in Media Technology,
where the assigned research is approved for
academic credit by the Department.
S. Benton

4.993 PreparatIon for S.M. Thesis (A)
Prereq.: Permission of instructor
G (1, 2)
Units arranged

44D Architecture

Selection of thesis topic, definition of method
of approach, and preparation of thesis
proposal. Independent study supplemented by
individual conferences with faculty. Co-registra-
tion with 21.793 or equivalent required.
S. Benton

4,994 Media Arts and Sciences Doctoral
Proseminar (A)
Prereq.: Permission of Instructor
G (1, 2)
3-0-9

Explores the new and emerging technologies
that are the basis of the interdisciplinary Media
Arts and Sciences program. Members of
workshop pursue work designed to elucidate
and criticize their own presuppositions and
methods. Required of Ph.D. candidates in the
Media Arts and Sciences program. May be
repeatd for credit. Restricted to doctoral can-
didates.
S. Papert, Staff

4.995 Preparation for Ph.D. Thesis (A)

Prereq.: Permission of Instructor
G (1, 2)
Units arranged

Selecta thesis subject, defines method of ap-
proach, and prepares preliminary thesis out-
line. Independent study, supplemented by
frequent individual conferences with staff mem-
bers. Restricted to doctoral candidates.
S. Benton

4.996.4.999 Special Topics in Media
Technology (A)

Prereq.: Permission of Instructor
G (1, 2)
Units arranged

Supplementary work on individual or group
basis. Registration subject to prior arrange-
ment for subject matter and supervision by
staff.
Staff

L
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Course 5 Chemistry

5.UR Undergraduate Research 5.065 Advanced inorganic Chemistry (A) 5.11 Principles of Chemical ScIence
Prereq.: - Prereq.: 5.03 Prereq.: -
U (1, 2) G (1) U (1, 2)
Units arranged [P/F] 2-0-4 5-0-7 CHEM, SCI DIST

Program of research to be arranged by the stu- Extended treatment of some special topics of Introduction to chemistry, with emphasis on
dent and a departmental faculty member. current interest in modem inorganic chemistry, basic principles and their applications. In-
Department Coordinator: K. A. Nelson. organometallic compounds of non-transition cludes atomic and molecular electronic struc-

elements; treatment in terms of modem ture, thermodynamics, acid-base and redox
5.03 Principles of inorganic Chemistry I electronic and structural theory. Alternate equilibria, mechanisms, catalysis, and aspects

years. of metal coordination chemistry and organic
Prereq.: 5. 12 D. Seyferth chemistry.
U (2) Term 1: R. J. Silbey, R. R. Schrock
4-0-8 5.066 inorganic Chemistry (A) Term 2: D. C. Youvan, Staff

Presents principles of chemical bonding and Prereq.: 5.03
molecular structure, and their application to Acd Year 1990-91: Not offered 5.12 Organic Chemistry I
the chemistry of representative elements of Acad Year 1991-92: G (1) Prereq.: 5.11
the periodic system. 3-0-6 U (1,2)D. Seyferth, H. zur Loye . 5-0-7 SCI DIST

Transition metal catalysis. Consists of 1) a dis- 5

5.04 Principles of inorganic Chemistry |1 cussion of principles of catalysis, evolution of Introduction to organic chemistry Develop-
catalytic systems and experimental tech- ment of basic principles to understand the

Prereq.: 5.03 niques; 2) a survey of reaction types and metal structure and reactivity of organic molecules.
U (1) catalysts; and 3) detailed exploration of Emphasis on substitution and elimination reac-
4-0-8 several exemplary catalytic reactions from a tions and chemistry of the carbonyl grup. in-

mechanistic viewpoint. troduction to the chemistry of aromaticSystematic presentation of the chemistry of D. Seyfrth compounds.
coordination compounds of the transition ele- Term 1: 0. S. Kemp
ments. Special emphasis placed on ligand field
theory, to interpret the electronic spectra, mag- 5.067 Advanced inorganic Chemistry Topics Term 2: F D. Greene, P T Lansbury
netic properties, reaction mechanisms, struc- (Revised Unit).
ture, and stabilities of these inorganic Prereq.: 5.03, 5.04, 5.73 5.121 Introductory Experimentation in
complexes. 5.61 background encouraged. Acad Year 1990-91: Not offered Organic Chemistry
S. J. Lippard, H. zur Loye Acad Year 1991-92:G (2)

2-0-4 Prereq.: 5.12
5.05 Principles of Inorganic Chemistry liI U (1)

Lectures covering fundamental principles and 1-4.1 [P/F]Prereq.: 5.03, 5.04 illustrative examples of selected spectroscopic
U (2) and structural methods in physical inorganic Experience with the properties of simple or-
3-0-9 chemistry, chosen from among the following: ganic molecules which are discussed in 5.12
Continued development of systematic inor- X-ray crystallography; electron spin and Organic Chemistry I. Separation and purifica-ganicued ceistrofmnth femt icinof nuclear magnetic resonance spectroscopy; tion of mixtures by extraction, crystallization,ganic chemistry of the elements. Application of Moessbauer spectroscopy; infrared and distillation, and chromatography. Experimentalvalence theory and advances in structural Raman spectroscopy; EXAFS spectroscopy; identification of organic functional groups.chemistry to topics not covered in 5.03 and magnetic susceptibility; electronic spectros- Properties, characterization, and simple syn-5.04. Emphasizes synthesis and reactivity, copy. In addition, discussion of fundamentals thetic transformations of organic substances.metal complexes with n- racceptor ligands, or- and great case histories in bioinorganic Enrollment limited to 30 freshmen.ganometallic chemistry, and reactivity patterns chemistry will be held in seminar sessions. D. S. Kemp, A. Davisonof the heavier elements.on
S. L. Buchw&Ao A DavisonS.JLipd
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*.13 Organic Chemisty Ii

Prereq.: 5.11, 5.12
U (2)
5-0-7

Intermediate organic chemistry. Synthesis,
structure determination, mechanism, and the
reiatlonshlps between structure and reactivity

emphasized. Special topics in organic
chemistry included to illustrate the role of or-
ganic chemistry in biological systems and in
the chemical Industryb
R. L Danhelser, J. Rebek

5.195 Interpretive Spectroscopy (A)

Prereq.: 5.13, 5.61
G (1)
3-0-6

Discusses spectrometric techniques and their
application to identification of organic chemical
compounds. Major emphasis on complemen-
tary use of infrared, nuclear magnetio
resonance, and mass spectrometry. Also dis-
cusses instrumentai and operational aspects
of mass spectrometry.
K. Biemann, G. ABerchfold

5.22J Biotechnology and Engineering
(Context Subject)

(Same subject as 10.02J, TOX 105J)
Prereq.: -
U (2)
3-0-6

illustrates how the principles of chemistry, biol-
ogy, and engineering are integrated to create
new products for human health and consump-
tion. Uses case-study format to examine
recentiy developed products of pharmaceutical
and biotechnology industries: how a product
evolves from initial idea, through patents, test-
ing, evaluation, production, and marketing. Em-
phasizes scientific and engineering principles,
as well as the responsibility scientists, en-
gineers, and business executives have for the
consequences of their technology.
J. M. Essigmann, R. S. Langer

5.310 Laboratory Chemistry

Prereq.: 5.12
U (1, 2)
2-8-2 LAB

introduces experimental chemistry for students
who are not majoring in Course V. Principles
and applications of chemical laboratory tech.
niques, including preparation and analysis of
chemical materials, measurement of pH, gas
and liquid chromatography, visible-ultraviolet
spectrophotometry, infrared spectroscopy,
electrophoresis, kinetics, data analysis, and
elementary synthesis. Enrollment limited to
100 students in Term 1 and to 180 students in
Term 2.
Term 1: J. L. Steinfeld, D. 0. Youvan
Term 2:R. A.Alberty

5.311 introductory Chemical
Experimentation

Prereq.: 5.12U (1)
2-8-2 LAB
First term of a three-term laboratory subject se-
quence for Course V majors. Experimental
work emphasizes developmai it of fundamental
laboratory skills and techniques: volumetric
and colorimetric analysis; preparation, purifica-
tion, and characterization of chemical sub-
stances; and data analysis. Enrollment limited
to 50 students. Registration in Course V or per-
mission of instructor required.
R. Griffin

5.315 Laboratory in Protein Chemistry

Prereq.: 5.310 or 5.311
U (IAP)
1-4-1

Experimental work will emphasize modem
methods of protein and enzyme chemistry.
Principles of isolation, purification, and charac-
terization of proteins, as well as measurement
of enzymatic activity and elements of enzyme
kinetics employing such techniques as gel per-
meation, ion-exchange, and affinity chromatog-
raphy, gel electrophoresis, UVNis
spectrophotometry and HPLC.
J. M. Essigmann, A. M. Klibanov,
S. R. Tannenbaum

5.32 Intermediate Chemical Experimentation

Prereq.: 5.310 or 5.311, 5.13, 5.60
U (2)
0-12-3

Experimental work more advanced than in
5.310 or 5.311, emphasizing thermodynamic
and kinetic measurements of organic reac-
tions; and synthesis, purification, and analysis
of organic compounds employing IR, NMR,
UV, mass spectroscopy, and thin layer and
gas-liquid phase chromatography.
A. M. Klibanov

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 the fun-
damentals of quantum chemistry illustrated
through molecular spectroscopy. Projects in-
clude NMR, ESR, and computer-interfaced IR
spectroscopy; synthesis of organometallics
under inert atmosphere: and synthesis of
polymers.
K. A. Nelson

6.34 Advanced Undergraduate Chemistry
Projects Laboratory
(New)

Prereq.: 5.32
U (2)
Units arranged
A selection of advanced topics In experimental
chemistry. Spefc topics vary from semester
to semester, but may include laser
photochemistry and spectroscopy, protein
biochemistry, microelectrochemnical tecn-

niques, and advanced computational tech-
niques such as simulation and modeling.
Students select one or more topics for inten-
sive study, propose experimental protocols,
carry out literature searches, perform the
laboratory work, and present oral and written
reports on their results.
S. Tannenbaum

5.43 Organic Chemistry

Prereq.: 5.13
U (1)
4-0-8

Topics covered in this course may include or-
ganometallic chemistry, the chemistry of
natural products, and biomolecules.
S. Buchwald, P. Lansbury

5.48J The Protein Folding Problem

(Same subject as 7.88J)
Prereq.: 7.05 or equivalent
G (2)
30-6

See description under subject 7.88J.
J. A. ) ing, H. G. Khorana

5.49 Enzyme Technology (A)

Prereq.: 7.05
G(1)3-0-6

Production, purification, and mechanisms of
practically important enzymes. Protein stability
and denaturation. Enzyme inactivation and ap-
proaches to stabilization of enzymes. Immobi-
lized enzymes, coenzymes, and whole cells.
Immobilized biocatalyst reactors. Enzymatic
processes in heterogeneous systems. Fun-
damentals of practical applications of enzymes
in food and chemical industries, in analyses
and medicine; future trends. Economic, health,
and legal aspects of the use of enzymes.
A. M. Klibanov
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5.50 Bio-Organlo Chemistry, Enzyme
Reaction Mechanisms (A)
Prereq.: 5.13
G (1)
4-0-8

Study of the mechanisms of enzyme catalyzed
reactions. Analysis of transformation of sub-
strates to products with reference to kinetics
and isotope effect measurements,
sterochemistry and prosthetic group reactivity.
Major transfer reactions, coenzyme catalyzed
reactions, oxidation reactions, carbon-carbon
bond forming reactions, elimination and
racenization reactions.
J. Stubbs

5.511 Synthetic Organic Chemistry I (A)

Prereq.: 5.43
G (1)
3-0-6

Introduction to the design of syntheses of com-
plex organic compounds.
R. L. Danheiser, K. B. Sharpless

5.512 Synthetic Organic Chemistry 11(A)

Prereq.: 5.511
G (2)
3-0-6

General methods and strategies for the syn-
thesis of complex organic compounds.
S. Masamune

5,52 Advanced Biological Chemistry

Prereq.: Permission of Instructor
G (1)
2-0-4

Concepts and methods of biochemistry, with
emphasis on quantitative aspects of problem
analysis. Information: W. H. Orme-Johnson.

5.521 Proseminar in Biological
Chemistry (A)
(New)

Prereq.: 5.52
G(2)
2-0-4

Introductory seminar for second-term graduate
students in biological chemistry. Based on
literature search and evaluation, participants
give a critical review of a currently active re-
search topic, in an oral presentation followed
by a discussion by all particpants of the effec-
tiveness and substance of the presentation.
W. H. Orme-Johnson

5.522 Seminar in Biological Chemistry (A)
(New)

Prereq.: 7.05
G (1, 2)
1-0-2 [P/F]

Seminar in biological chemistry for graduate
students, postdoctoral fellows, and faculty. Fea-
tures reports on thesis project status by ad-
vanced graduate students and research
presentations by postdoctorals and faculty.
Graduate standing in chemistry required.
W H. Orme-Johnson

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.
F D. Greene, J. Rebek

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.
G. Berchtold

5.561 Chemistry in Industry (A)

Prereq.: 5.13
G (2)
2-0-4 [P/F]

Examination of recent advances in chemistry
with emphasis on crganic chemical research in
industry. Taught in seminar format. Major par-
ticipation by scientists from industrial research
laboratories.
K. B. Sharpless

5.57 Chemistry of Amino Acids, Peptides,
and Proteins (A)

Prereq.: 5.13
Aced Year 1990-91: Not offered
Acad Year 1991-92: G (2)
3-0-6

Synthesis of amino acids and peptides. Protec-
tive groups, amide formation, deprotection.
Purification and manipulation of peptides. Cor-
relations between structure and biological ac-
tivity. Conformations of peptides. Peptides and
proteins as reactive organic molecules.
Relationships between structure and reaction
mechanism for enzymes.
Staff

5.58 introductory Bio-inorganic Chemistry

Prereq.: 5.03
G (1)
3-0-6

Emphasizes structural, spectroscopic, and
functional properties of transition metals coor-
dinated to proteins. Overviews metabolism,
storage, toxicity, and catalytic roles of metal
ions, followed by description of the principal
methods useful in metallobiochemistry. Con-
siders in detail examples from the major
categories of metalloproteins.
W H. Orme-Johnson

5.60 Chemical Thermodynamics

Prereq.: 18.02
U (1, 2)
4-0-8 SCI DIST

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-
ive properties of solutions, homogeneous and
heterogeneous chemical equilibrium of reac-
tions in the gas phase and solutions.
Term 1: P W Phillips, . Oppenheim
Term 2: C. W Garland, R. Griffin

5.61 Physical Chemistry

Prereq.: 8.02, 18.02
U (1)
4-0-8 SCI DIST

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. Feld

5.62 Physical Chemistry

Prereq.: 5.60 or 10.13
U (2)
4-0-8

Elementary kinetic theory and statistical
mechanics; transport properties of gases and
liquids; rates of chemical reactions.
S. T Ceyer, R. J. Silbey

5.64J Biophysical Chemistry

(Same subject as 7.71J)
Prereq.: 5.60, 7.05
U (1)
3-0-9

See description under subject 7.71J.
P. R. Schimmel, R. D. Rosenberg, Staff

5.68 Kinetics of Chemical Reactions (A)

Prereq.: 5.62
Acad Year 1990-91: Not offered
Acad Year 1991-92: G (2)
3-0-6

Experimental and theoretical aspects of reac-
tive and inelastic molecular processes, includ-
ing collision and transition -state theories,
homogeneous reactions in gas and liquid
phases, molecular beam scattering, informa-
tion theory of kinetic processes. Case studies
in chemical kinetics, including chemical lasers,
atmospheric chemistry, combustion dynamics.
Advanced undergraduate students need per-
mission of instructor.
J. -Steinfeld

5.70 Introduction to Statistical
Thermodynamics (A)

Prereq.: 5.62
G (1)
3-0-6

Reviews classical thermodynamics and intro-
duces elementary statistical mechanics, with
applications to simple physical and chemical
systems,
C. W Garland

5.72 Statistical Mechanics (A)

Prereq.: 5.70, 5.73, 18.075
G (2)

5.74 Introductory Quantum Mechanics 11 (A)

Prereq.: 5.73, 18.075
G0(2)
3-0-6

Time-dependent quantum mechanics, Liouville
equations, relaxation phenomena, correlation
functions, linear response theory, quantum
transport, Anderson localization.
P Phillips

5.76 Molecular Spectra and Molecular
Structure (A)

Prereq.: 5.61 or 5.73 or 8.05
G (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 Born-
Oppenheimer approximation. Group theory,
selection rules, normal coordinates. Laser
spectroscopy.
R. W Field

5.89 Special Problems in Chemistry for
Undergraduates

Prereq.: -
U (1, 2)
Units arranged

Program of study to be arranged by the stu-
dent and a departmental faculty member. A let-
ter grade is given in this activity
K A. Nelson

5.90 Special Problems in Chemistry (A)

5.915 Seminar in Analytical Chemistry (A)

Prereq.: -
1 (1)
1-0-2 [P/Fl

5.916 Seminar in Analytical Chemistry (A)

Prereq.: -
G (2)
1-0-2 [P/Fl

Discusses topics of current interest in analyti-
cal chemistry by graduate students and staff
members.
K Biemann

5.931 Seminar in Physical Chemistry (A)

Prereq.: -
G (1)
1-0-2 [P/Fl

5.932 Seminar in Physical Chemistry (A)

Prereq.: -
G (2)
1-0-2 [P/F]

Discusses topics of current interest in physical
chemistry by staff members and students.
Term 1: K. A. Nelson
Term 2: S. T Ceyer

5.941 Seminar in Inorganic Chemistry (A)

Prereq.: -
G (1)
1-0-2 [P/Fl

5.942 Seminar in Inorganic Chemistry (A)

Prereq.: -
G (2)
1-0-2 [P/F]

Prereq.: - Discusses current research in inorganic
G (1, 2) chemistry by graduate students and staff.
Units arranged [P/F] M. Wrighton

306Directed research and study of special chemi-
Principles and methods of statistical cal problems. For graduate students only.
mechanics. Classical and quantum statistics, G. A. Berchtold
grand ensembles, fluctuations, molecular dis-
tribution functions, and other topics in equi- 5.913 Seminar in Organic Chemistry (A)
librium statistical mechanics. Topics in
thermodynamics and statistical mechanics of ir- Prereq.: -
reversible processes. G(1)
L. Oppenheim 1-0-2 [P/F]

5.914 Seminar in Organic Chemistry (A)
5.73 Introductory Quantum Mechanics I (A) Pra.: -

Prereq.: 5.61, 8.03
G (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. Pauli principle and spin. Introduction
and use of operator and matrix methods.
J. Waugh

G (2)
1-0-2 [P/F]

Discusses current journal publications in or-
ganic chemistry by graduate students and staff
members. Consult S. Masamune.

48D Chemistry
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Course 6 Electrical Engineering
and Computer Science

Basic Undergraduate 6.004 Computation Structures 6.014 Electrodynamics
Prerq.: 6.001, 6.002 Prereq.: 6.013Subjects U (1, 2) U (1, 2)
4-3-8 4-0-8

Introduces architecture of digital systems, em- Plane waves in three dimensions; radiation
phasizing structural principles common to a from elementary electric dipoles, current dis-
wide range of technologies. Multilevel Im- tributions, and arrays; diffraction and inter-6.001 Structure and Interpretation f plementation strategies; definition of new primi- forence. Waves on continuous transmission

Computer Programs tives (e.g., gates, instructions, procedures, lines, periodic structures, and dielectric and
Prereq.: - processes) and their mechanization using metallic waveguides; propagation and evanes-
U (1, 2) lower-level elements. Analysis of potential con- cence; energy flow and impedance matching.
5-3-7 currency; precedence constraints and perfor- Phase and group velocity. Natural frequencies

mance measures; pipelined and and modes of closed electromagnetic struc-
Control of complexity in large programming multidimensional systems. Instruction set tures; coupling to resonant structures, loaded
systems. 1) Building abstractions: computation- design issues; architectural support for contem- and unloaded Q's. Examples taken from the
al processes; higher-order procedures; com- porary software structures. fields of acoustics, optics, and microwaves.
pound data; data abstractions. 2) Controlling S. A. Ward J. A. Kong, D. H. Staelin
interactions: generic operations; self-describ-
ing data; message passing; streams and in- 6.012 Electronic Devices and Circuits 6.017 Introduction to uantum Physicsfinite data structures. 3) Meta-linguistic
abstraction: interpretation of programming lan- Prereq : 6.002, 8.02 Prereq.: 18.03, 8.02
guages; machine model; compilation; em- U (1, 2) U (2)
bedded languages. Substantial weekly 4-0-8 5-0-7 SCI DIST
programming assignments are an integral part
of the course. Enrollment may be limited. Modeling of electronic devices and analysis of Introduces quantum physics, with application
H. Abelson, G. J. Sussman nonlinear circuits. Physical electronics of semi- to atoms, molecules, and solids. Emphasizes

conductor junction and MOS devices. Develop- failures of classical physics, experimental
6.002 Circuits and Electronics ment of circuit descriptions for these devices; basis for quantum mechanics, and an under-

relation of electrical behavior to internal physi- standing of the Uncertainty Principle. Applies
Prereq.: 8.02 or 8.021 or 8.022 or 8.023, 18.03 cal behavior, and limitations of circuit models. Schroedinger's theory to the free particle, tun-
or 18.06 Development of incremental and large-signal neling, the harmonic oscillator, and the
U (1, 2) techniques for analyzing circuits containing hydrogen atom. Discusses Pauli Exclusion
4-2-9 SCI DIST nonlinear devices. Analysis of signal-process- Principle, many-electron atoms, and quantum

ing circuits that employ these devices, with ex- theory of ionic and covalent bonding. Not
Fundamentals of lumped networks, resistive amples chosen from switching circuits, usable as a restricted elective for physics
elements and networks, energy storage ele- single-ended and differential amplifiers, and in- majors.
ments, dynamics of first- and second-order net- tegrated-circuit amplifiers. Design project. P. L. Hagelstein
works, sinusoidal steady-state analysis, C. G. Fonstad, Jr., A. C. Smith
network equivalence theorems, electronic 6.018 Statistical Mechanics and
devices, circuits, and applications. Altemate 6.013 Electromagnetic Fields and Energy 6h8mStai ch
week laboratory, Students with appropriate ex-
perience in electronic circuits may treat the Prereq.: 6.002. 8.02 Prereq.: 8.02, 18.03
8.02 prerequisite as a corequisite. Enrollment U (1, 2) U (1)
may be limited. 4-0-8 4-0-8 SCI DIST
J. K. RobergeMaxwell's equations and the Lorentz force law. Statistical description of large physical sys-
6.003 Signals and Systems Quasistatic forms of Maxwell's equations. tems. Laws of thermodynamics developed

Studies of electro-quasistatic fields and their from statistical mechanics: phase space;
Prereq.: 6.001, 6.002 sources through solutions of Poisson's and entropy and temperature; work and heat;
U (1, 2) Laplace's equations. Steady conduction and chemical potential; equations of state; free
4-2-9 polarization. Charge relaxation. Magneto- energies; heat engines and refrigerators;

quasistatic approximation; magnetic boundary phase transitions. Quantum statistics: Fermi-
Laplace transform and its applications to net- value problems, magnetization, induction, cur- Dirac and Bose-Einstein gases; statistics of
works and electronic systems including feed- rent induced in stationary and moving conduc- electrons in metals and semiconductors; black-
back. Description of linear time-invariant tors. Electric and magnetic forces derived from body radiation.
systems in the time and frequency domains; energy. Electromagnetic waves. Extensive use D. J. Epstein
convolution, Fourier series and integrals. Un- of engineering examples.
certainty relations and sampling theorems. Dis- H. A. Haus
crete-time systems and signals. Applications to
analog and digital filtering systems and
modulation systems.
W M. Siebert

No

Electrical Engineering and Computer Science S1D

6.021J Quantitative Physiology:
Cells and Tissues

(Same subject as 2.791J, HST 541J)
Prereq.: 2.02 or 6.002 or 6.071, 8.02, 18.03
U (1)
5-2-5

Principles of mass transport, electrical signal
generation, motility, and mechanical stability
for biological membranes, cells, and tissues.
Mass transport through membranes: diffusion,
osmosis, chemically mediated, and active
transport. Electric properties of cells: ion
transport; equilibrium, resting, and action
potentials. Intercellular communication: electri-
cal and chemical junctions. Muscle contrac-
tion. Laboratory and computer exercises
illustrate the concepts. For juniors and seniors.
T F Weiss

6,022J Quantitative Physiology: Organ
Transport Systems

(Same subject as 2.792J, HST 542J)
Prereq.: 2.20 or 6.013, 6.021J
U (1)
3-2-7

Application of the principles of energy and
mass flow to major organ systems of humans
and other mammals. Mechanisms of regula-
tion and homeostasis. Anatomical, physiologi-
cal, and pathophysiological features of the
cardiovascular, respiratory, and renal systems.
Emphasis on those systems, features, and
devices that are most illuminated by the
methods of physical sciences. Waiver of
6.021J by permission of instructor.
R. G. Mark, C. F Dewey

6.023J Quantitative Physiology: Sensory
and Motor Systems

(Same subject as 2.793J, 16.351J, HST 543J)
Prereq.: 2.02 or 6.003 or 16.30
U (2)
3-2-7

Studies of sensory and motor physiology, with
objectives of establishing quantitative models.
Peripheral signal processing in eye, ear, and
vestibular systems. Physiology and
psychophysics of audition, vision, orientation,
and body stabilization. Organization of
neuromuscular and proprioceptive systems at
level of spinal cord reflex. Postural control and
kinetics of movement. Supplemented by
laboratory exercises. 6.021J recommended
background.
L. S. Frishkopf, R. W Mann, L. R. Young,
C. Wall//l

6.033 Computer System Engineering

Prereq.: 6.004
U (2)
4-0-8

Topics on the engineering of computer
software and hardware systems. Multilevel
memory systems; naming and binding; privacy
of information. Atomicity and coordination of
parallel activities. Recovery and reliability. Net-
works and distributed systems. Techniques for
controlling complexity. Impact of computer sys-
tems on society. Case studies of working sys-
tems and outside reading in the current

literature provide comparisons and contrasts.
B. H. Liskov

6.034 Artificial Intelligence

Prereq.: 6.001
U (1)
4-0-8 SCI DIST

Studies the ideas and techniques that enable
computers to behave intelligently. Applications
of search, constraint propagation, rule chain-
ing, frame inheritance, and other problem-solv-
ing techniques in expert systems, robotics, and
natural-language understanding. Regularity-
based, explanation-based, and neural net
leaming. Symbolic and nonsymbolic ap-
proaches to sensing, locomotion, and
manipulation in complicated environments.
P. H. Winston, R. A. Brooks, T Lozano-Pdrez

6,035 Computer Language Engineering

Prereq.: 6.170
U (1)
4-4-4

Analyzes issues associated with the implemen-
tation of higher-level programming languages.
Fundamental concepts, functions, and struc-
tures of compilers. The'interaction of theoryand practice. Using tools in building software.
Includes a multi-person project on compiler
design and implementation.
J. V. Guttag, N. A. Lynch

6.036 Problem-Solving Paradigms

Prereq.: 6.034
U (2)
4-0-8

Investigates the basic paradigms for problem
solving including the use (and misuse) of logic,
procedural knowledge, debugging skills, and
the reformulation of problems. Detailed study
of natural deduction, pattern-directed proce-
dures, and systems for reasoning effectively
and efficiently within stereotypical situations.
Examples drawn from mathematics, natural
language comprehension, and programming.
Applications of theoretical results to human
problem solving and education.

C. E. Hewitt

6,037 Computer Graphic*

Prereq.: 18.02U (1)
3-0-9

introduction to hardware, algorithms, and
software of computer graphics. Topics include
line generators, affine transformations, line
and polygon clipping, splines, Interactive tech-

nique, menus, orthographic and perspective
projection, solid modeling, hidden surface algo-
rithms, lighting models, and shading. Substan-
tial programming experience required.
Recommende for upperclass students only.
M. H. Raibert

6.041 Probabilistic Systems Analysis

Prereq.: 18.02
U (1, 2)
4-0-8 SCI DIST

Modeling, quantification, and analysis of uncer-
tainty. Formulation and solution in sample
space. Random variables, transform tech-
niques, simple random processes and their
probability distributions, Markov processes,
limit theorems, elements of statistical in-
ferente and decision making under uncertain-
ty Interpretations, and lecture
demntrations.
A. W Drake

6.044J Computability, Logic, and
Programming

(Same subject as 18.423J)
Prereq.: 18.063 or 18.310
Acad Year 1990-91: Not offered
Aced Year 1991-92: U (1)
3-0-9

Introduction to logic and computability theory
underlying programming. R.e. and recursive
sets. Reducibility. Undecidable problems con-
coming programs, words, matrices, equations.
Equational logic. Elementary logic: complete-
ness, incompleteness. Program correctness:
program schemes and first-order formulas.
Recursion versus iteration.
A. R. Meyer

6.045J Automata, Computability, and
Complexity

(Same subject as 18.400J)
Prereq.: 18.063 or 18.310
U (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 regyilar languages. Pushdown automata
and context-free languages. Turing machines
and their variants. Partial recursive functions
and grammars, Church's Thesis. Un-decidability, languags, grammars, and com-
binatorial systems. educibility and
completeness. Time complexity and NP-com-
pleteness.
N. A. Lynch
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6.046J Introduction to Algorithms

(Same subject as 18.410J)
Prereq.: 6.001; 18.063 or 18.310
U (1, 2)
4-0-8

Techniques for the design and analysis of effi-
cient algorithms, emphasizing methods useful
in practice. Topics include sorting; data struc-
tures for sats: trees, heaps, hashing. Graph al-
gorithms: shortest paths, depth-first search,
network flow. Computational geometry. Integer
arithmetic: GCD's, primality testing. Fast
Fourier transform. Multiplication of polyno-
mials. Dynamic programming. Linear program-
ming. Parallel and distributed algorithms.
C. E. Leiserson, F T Leighton

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
Acad Year 1990-91: U (2)
Acad Year 1991-92. Not offered
3-0-9

See description under subject 18.421J.
S. Goldwasser, H. Rogers, Jr.

6.048J Graph Algorithms

(Same subject as 18.43 1J)
Prereq.: 18.310 or 18.314 or 18.063
Acad Year 1990-91: Not offered
Acad Year 1991-92: U (1)
3-0-9

See description under subject 18.43 1J.
C. E. Leiserson, B. Awarbuch

6.061 Introduction to Electric Power
Systems

Prereq.: 6.002, 6.013
U (S)
3-0-9

Fundamentals of energy-handling electric cir-
cuits and electromechanical apparatus. Model-
ing of magnetic field devices and description of
their behavior using appropriate models.
Simplification of problems using transformation
techniques. Power electric circuits, magnetic
circuits, lumped parameter electromechanics,
elements of linear and rotating electric
machinery. Modeling of synchronous, induc-
tion, and dc machinery.
J. L. Kirfley, Jr.

6.071 Introduction to Electronics

Prereq.: 8.02, 18.01
U (1, 2)
4-2-6 SCI DIST

Introductory subject suitable for students with
little or no previous background in electronics.
Elementary network theory, diode and transis-
tor circuits, analysis and design of analog and
digital circuits. Examples emphasize uses of
electronics in experimental science. Alternate
week laboratory.
L. D. Braida

6.074 Introduction to Communications
Systems

Prereq.: 6.003; 6.041 or 18.313 or 18.440
U (1)
3-0-9

Introduces basic approaches utilized in com-
munications systems. Description of signals
and noise in the frequency domain. Analog
and digital methods of modulation, demodula-
tion, multiplexing, and transmission. Signal-to-
noise ratios and error probabilities as
measures of system performance.
R. S. Kennedy

6.090-6.094 Special Subjects in Electrical
Engineering and Computer Science
(New)

Prereq.: -
U (1, lAP, 2)
Units arranged [P/F]

Basic undergraduate subjects not offered in
the regular curriculum. Consult Department to
learn of offerings for a particular term. Registra-
tion by permission of instructor.
L. A. Gould

6.095-6.099 Special Subjects in Electrical
Engineering and Computer Science
(New)

Prereq : -
U (1, IAP, 2)
Units arranged

Basic undergraduate subjects not offered in
the regular curriculum. Consult Department to
learn of offerings for a particular term. Registra-
tion by permission of instructor
L. A. Gould

Undergraduate Laboratory
Subjects

6.100 Electrical Engineering and Computer
Science Laboratory

Prereq.: -
U (1, 2,S)
Units arranged

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. Depart-
ment approval required. Written report to be
submitted upon completion of work. If 6.100 is
used to satisfy Departmental Laboratory Re-
quirement, student must register for 12 units of
laboratory credit in the term the work is done.
Consult Department Undergraduate Office
early in the term.
L. A. Gould

6.101 Introductory Analog Electronics
Laboratory

Prereq.: 6.002 or 6.071
U (1, 2)
3-8-1 LAB

Introductory experimental laboratory involving
design and construction of electronic analog
and digital circuits. Introduces electrical
measuring and display instrumentation.
Studies the operation and use of modem
electronic devices. Independent project on
design and construction of a practical
electronic circuit. Project includes the concep-
tual design phase, generation of the circuit
schematic and parts list, construction and test-
ing of the circuit, and successful demonstration
that original objectives have been met.
C. D. Paton, J. K. Roberge

6.111 Introductory Digital Systems
Laboratory
Prereq.: 6.002 or 6.071
U (1, 2)
3-7-2 LAB

Lectures and labs on digital logic, flipflops,
PALs, counters, timing, synchronization, finite-
state machines and microprogrammed sys-
tems prepare students for the design and
implementation of a final project of their
choice, e.g., games, music, digital filters,
graphics, etc. Possible use of project report for
Phase II of the Writing Requirement. Six extra
units possible via adding 6.919 after project
proposal.
J; L. Kirtley, Jr., D. E. Troxel

6.115 Microcomputer Project Laboratory

Prereq.: 6.111 or 6.004
U (1)
3-7-2

Explores the use of microprocessors as ele-
ments in larger systems. Lectures cover
microprocessor architectures, LSI peripheral
devices, programming. A/D and D/A con-
verters, design and debugging aids, com-
munication strategies, and multiprocessor
systems. Exercises: programming, interrupts
and timing, analog interfacing, digital signal
processing, serial communication. Major
project: design, construction, programming,
and testing of a system using microprocessors
as processing elements. Limited enrollment.
R. D. Thornton

6.121J Bloelectronics Project Laboratory

(Same subject as HST 575J)
Prereq.: 6.002 or 6.071

2 -8-2 LAB

Project Laboratory in electronic instrumenta-
tion, interfacing the analog and digital world.
Students specify design, implement and
evaluate biomedical instruments, including
several interrelated analog and digital subsys-
tems. Extensive use of integrated analog cir-
cuits and a microprocessor. Classroom
development of analytic models for complex
functional components and the measurement
process in the context of a longitudinal
laboratory project. Written report will meet the
requirements of Phase|11 writing.
S. K. Burns, R. G. Mark

6.142 Microcomputer Control of Dynamic
Systems

Prereq.: 6.001, 6.003
U (2)
2-7-3

Microcomputer-based control system
laboratory. Lectures: analysis and design of
sampled-data control systems, microcomputer-
based control system implementation, and
dynamic system control objectives. Laboratory
experiments and term project on design and
hardware/software implementation of
microcomputer-based control systems. Typical
projects: control of ac and dc motors, power
electronic circuits, and magnetic levitators.
Limited to 25.
J. H. Lang

6.151 Semiconductor Devices Project
Laboratory

Prereq.: 6.152J
U (2)
0-12-0 LAB

Student use of the Microelectronics Laboratory
facilities for individual or team projects in the
area of design, fabrication, modeling, and char-
acterization of individual MOS or bipolar
devices, microsensors or microactuators, and
integrated circuits using these devices. Each
term, the project topics are selected to fit the
general areas of development in the
Laboratory. Enrollment limited.
C. G. Sodini, M. A. Schmidt

6.152J Microelectronics Processing
Technology

(Same subject as 3.155J, 10.611J)
Prereq.: 6.012
U (1, 2)
3-4-5

Introduces the theory and technology of in-
tegrated-circuit fabrication. Lectures and
laboratory sessions on basic processing tech-
niques such as diffusion, oxidation, epitaxy,
photolithography, chemical vapor deposition,
and plasma etching. Emphasis on the inter-
relationships between material properties,
device structure, and the electrical behavior of
devices. Provides background for thesis work
in microelectronics or for 6.151.
C. G. Sodini, D. A. Rudman, C. V. Thompson,
H. H. Sawin

6.161 Modern Optics Project Laboratory

Prereq.: 6.013, 6.003
U (1)
2-8-2 LAB

Lectures, laboratory exercises, and projects in
modern optics. Topics: polarization properties
of light, reflection and refraction, coherence
and interference, Fraunhofer and Fresnel dif-
fraction, imaging and transforming properties
of lenses, spatial filtering, coherent optical
processors, holography, optical properties of
materials, lasers, nonlinear optics, electro-
optic and acousto-optic materials and devices,
optical detectors, fiber optics, and optical com-
munication. Seniors may use this laboratory to
find a thesis.
C. Warde

6.163 Strobe Project Laboratory

Prereq.: -
U (1, 2)
2-8-2 LAB

A project laboratory for experiments, dealing
mainly with the characteristics of electronic
flash sources of light and their applications to
photography and measurement problems. A
program of experimentation concerned with
electronic flash, organized with each group of
students at the start of the term. Sign advance
reservation list in room 4-405.
C. E. Miller

6.170 Laboratory in Software Engineering

Prereq.: 6.001
U (2)
3-9-3

Introduces concepts and techniques relevant
to the production of large software systems.
Students taught a programming method based
on the recognition and description of useful
abstractions. Topics: programming methodol-
ogy; procedural, data, and control abstrac-
tions; specifications; top down design,
implementation, and testing. Several program-
ming projects of varying size undertaken by
students working singly and in groups.
J. V Guttag, B. H. Liskov

6.182 Psychoacoustlis Project Laboratory

Prereq.: -
Acad Year 1990-91: U (2)
Acad Year 1991-92: Not offered
3-4-5 LAB

Introduces the methods used to measure
human auditory abilities.Discussoes auditory
function, principles of psychoacoustic measure-
ment, models for psychoacoustic performance,
and experimental techniques. Project topics:
absolute and differential auditory sensitivity,
operating characteristics of human observers,
span of absolute judgment, adaptive measure-
ment procedures, scaling sensory magnitudes.
Oral presentation and written report.
Knowledge of probability helpful. Alternate
years.
L. D. Braida

6.190-6.194 Special Laboratory Subjects in
Electrical Engineering and Computer
Science
(New)

Prereq.: -
U (1, IAP, 2)
Units arranged [P/F]

Laboratory subjects not offered in the regula;
curriculum. Consult Department to learn of ca-
ferings for a particular term. Registration by
permission of instructor.
L. A. Gould

6.195-6.199 Special Laboratory Subjects in
Electrical Engineering and Computer
Science
(New)

Prereq.: -
U (1, lAP, 2)
Units arranged

Laboratory subjects not offered in the regular
curriculum. Consult Department to leam of of-
ferings for a particular term. Registration by
permission of instructor.
L. A. Gould
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Advanced Undergraduate
Subjects and Graduate
Subjects by Area

Systems Science and Control
Engineering

6.201 Introduction to Dynamic Systems

Prereq.: 6.003, 18.06
U (1)
3-0-9

Introduces modern system theory, with applica-
tions to control, signal processing, related
areas. Topics: linear equations; least-norm and
recursive least-square-error solutions. State
space models of discrete- and continuous-time
multi-input-output systems. Unear time-in-
variant systems: controllability, observability,
modes, minimality, transfer function matrices,
compensators, state feedback, optimal regula-
tion, observers, frequency domain design. In-
troductory ideas on nonlinear systems and
optimal control.
G. C. Verghese, S. K. Mitter

6.231 Dynamic Programming and
Stochastic Control (A)

Prereq.: 6.041 or 18.313 or 18.440
Acad Year 1990-91: Not offered
Acad Year 1991-92:G (1)
3-0-9

Sequential decision making via dynamic
programming. Unified approach to optimal con-
trol of stochastic dynamic systems and
Markovian decision problems. Applications:
linear-quadratic problems, inventory control,
resource allocation models. Optimal decision
making under perfect and imperfect state infor-
mation. Certainty equivalent and open loop-
feedback control, self-tuning controllers.
Infinite horizon problems, successive ap-
proximation, policy iteration. Optimal stopping
and control of queues, stochastic shortest path
problems, average cost problems.
D. P Bertsekas

6.233J Multivarlable Control Systems I (A)

(Same subject as 2.154J, 10.28J, 13.481JJ
16.34 1J)
Prereq.: 2.14 or 6.302 or 10.35 or 16.30
G (1)
4-0-8

Integrated state-space and frequency domain
description of linear multivariable feedback
control systems based on models of physical
processes. Stability, robustness, and perfor-
mance specifications via singular values. Multi-
variable system analysis; stability,
controllability, observability, poles and zeros,
modal properties. Closed-loop stability, multi-
variable Nyquist criterion, and singular-value
based robustness tests. Impact of unstable
poles, nonminimum-phase zeros, and time-
delays. Computer-aided homework.
M. Athans, K. Youcef- Toumi,
G. Stephanopoulos, M. S. Triantafyllou,
W Vander Volde

6.234J Multivariable Control Systems 11 (A)

(Same subject as 2.155J, 10.29J, 13.482J.
16 342J)
Prereq.: 6.233J
G (2)
4-0-8

Computer-aided design methodologies for syn-
thesis of multivariable feedback control sys-
tems. Performance and robustness trade-offs.
Model-based compensators; separation
properties. Linear-quadratic and Kalman filter
designs. Integral control and other dynamic
augmentation. Linear-quadratic-gaussian com-
pensators with loop transfer recovery Other
design methodologies Introduction to H-o
design. Model and compensator simplification.
Nonlinear effects. Computer-aided design
homework using models of physical processes.
M. Athans, K Youcef-Toumi,
G. Stephanopoulos, M. S. Trianta'yllou,
W Vander Velde

6.238 Dynamics, Estimation, and Control of
Electrical Machine Systems (A)
Prereq.: 6.201 or 6.233J
Acad Year 1990.91: Not offered
Acad Year 1991-92: G (2)
3-0-9

Control theory approach, aimed at robotics,
traction, and similar applications. Dynamic
models for electrical machines and power
electronic circuits, transformations; time-in-
variant, periodically varying, and sampled data
models. Time and frequency scale decomposi-
tion. State-space averaging. Lyapunov stability
methods; instability phenomena. Parameter es-
timation; (adaptive) state observers. Unear
and nonlinear state feedback; field-oriented
and sliding-mode control; adaptive and optimal
control. Implementation. Alternate years.
J. H. Lang, G. C. Verghese

6.241 Dynamic Systems (A)

Prereq.:6.003, 1806
G0(1)
3-0-9

Graduate introduction to modem system
theory. Meets with 6.201, but requires comple-
tion of additional or alternative readings,
problems, and tests.
G. C. Verghese, S. K. Mitter

6.242 Advanced Unear Control
Systems (A)

Prereq.: 18.06, 6.241 or 6.201 or 6.233J
G (1)
3-0-9

Introduction to uncertain multivariable control
systems, modeling assumptions and objec-
tives. Stability of linear time invariant systems,
coprime factorization, parametrization of all
stabilizing compensators. Design using H2. H_,
L' -optimization. Robust performance, struc-
tured singular values.
M. Dahleh

6.243J Dynamics of Nonlinear Systems (A)

(Same subject as 2.156J, 16.311J)
Prereq.: 18.100, 18.06; 6.233J or 6.241
Acad Year 1990-91:G (2)
Acad Year 1991-92: Not offered
3-0-9

Introduction to nonlinear deterministic dynami-
cal systems. Differential equations. Planar
autonomous systems. Index theory. Poincar6-
Bendixson theorem. Fundamental theory:
Picard iteration, contraction mapping theorem,
Bellman-Gronwall lemma. Stability of equilibria
by Lyapunov's first and second methods. Ap-
plication to dissipative dynamical systems and
the Lur'e problem. Input-output theory. Func-
tional analysis. Small-gain and passivity
theorems. Loop transformations. Circle and
Popov criteria. Alternate years.
J. L. Wyatt, Jr., M. Dahleh, R. Ramnath,
N. Hogan

6.244Fundamentals of System Theory (A)
(New)

Prereq.: 18.06; 6.241 or 6.201 or 6.233J
Acad Year 1990-91: G (2)
Acad Year 1991-92: Not offered
3-0-9

Input-output treatment of linear time-varying
systems; representation theory; LP-stability, fac-
torization over a stable domain, realization
theory, perturbation theory, input-output in-
variants and their relation to model reduction.
Extensions to nonlinear systems. Alternate
years.
M. Dahleh

6.251 Introduction to Optimization (A)

Prereq.: 1806
G (2)
3-0-9

An introduction to optimization and algorithms
emphasizing basic methodologies and the un-
derlying mathematical structures. Linear
programming: simplex method, duality theory,
polyhedral geometry. Network flow problems
and algorithms. Introduction to complexity, NP-
completeness, integer programming, and pos-
sible approaches for the solution of intractable
problems.
J. N. Tsitsiklis

6.252J Nonlinear Programming (A)

(Same subject as 15.084J)
Prereq.: 18.06, 18.100
G (2)
3-0-9

A unified analytical and computational ap-
proach to nonlinear optimization problems. Un-
constrained optimization methods include
gradient, conjugate direction, Newton, and
quasi-Newton methods. Constrained optimiza-
bon methods include feasible directions, projec-
tion, and Lagrange multiplier methods. Convex
analysis, Lagrangian relaxation, nondifferenti-
able optimization, and applications in integer
programming. Comprehensive treatment of
duality theory. Applications drawn from control,
communications, power systems, and
resource allocation problems
0. P Bertsekas, J. F Shapiro

65 Computation and Communication in
Distributed Systems (A)
Prereq.: 18.06
Acad Year 1990-91:G(2)
Acad Year 1991-92: Not offered
3-0-9

Parallel and distributed algorithms in fast paral-
lel computation and data communication net-
works. Basic communication tasks in regular
processor architectures. Parallel algorithms
(direct and iterative, synchronous and
asynchronous) for linear and nonlinear equa-
tions, optimization, dynamic programming, and
network flow problems. Algorithms for control-
ling the operation of data networks and
asynchronous computing systems:
synchronization, termination detection,
resource scheduling, routing and information
broadcasting. Alternate years.
J. Tsitsiklis

6.262 Discrete Stochastic Processe (A)

Prereq.: 1.07 or 6.041 or 6.431or 18.313
G (1)
3-0-9

Review of probability and laws of large num-
bers; Poisson counting process and renewal
processes; Markov chains (including Markov
decision theory), branching processes, birth-
death processes, and semi-Markov processes;
continuous-time Markov chains and revers-
ibility; random walks and large deviations; ap-
plications from queueing, communication,
control, and operations research.
R. G. Gallager, R. . Larson, A. W Drake

6.263 Data-Communication 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 queue-
ing theory, algorithms, linear and nonlinear
programming to study the problems of line and
network protocols, distributed algorithms,
quasi-static and dynamic routing, congestion
control, deadlock prevention, local networks,
and radio and satellite multi-access schemes.
D. P Bertsekas

6.264J Queues: Theory and
Applications (A)

(Same subject as 15.072J)
Prereq.: 6262 or 6432 or 15 071J
G (2)
3-0-9

Modeling and analysis of queueing systems,
with applications in communications, manufac-
turing, operations research, computers, ser-
vice industries, transportation, and urban
systems. Simple Markovian queues, networks
of queues, non-Markovian single and multi-
server queues, priority queues, bounds and ap-
proximations, statistical inference. Leads to
research opportunities.
R. C. Larson, J. Keilson

6.281J Logistical and Transportation
Planning Methods (A)

(Same subject as 1.203J, 11.526J, 13.665J,
15.073J, 16.76J)
Prereq.: 6.431, 15.075
G (1)
3-0-9

See description under subject 1.203J.
R. C. Larson, A 1. Barnett, A. R. Odoni

6.291 Seminar in Systems,
Communications, and Control Research (A)

Prereq.: Permission of Instructor
G (1, 2)
3-0-9

A seminar dealing with advanced topics in sys-
tems, communications, and control. Selected
topics according to student and instructor inter-
est. See instructor for specific topics to be of-
fered in a particular term.
S. K. Mitter

Electronics, Computers, and
Systems

6.301 Solid-State Circuits

Prereq.: 6.012
U (1)
4-2-6

Analysis and design of transistor circuits,
based directly on the semiconductor physics
and transistor circuit models developed in
6.012. High-frequency and low-frequency
design calculations and simulation of multi-
stage transistor circuits. Trans-linear circuits.
The charge-control model. Introduction to
operational-amplifier design and application.
Same previous laboratory experience as-
sumed.
J. K. Roberge, H-S. Lee

6.302 Feedback Systems

Prereq.: 6.003 or 2.02
U (2)
4-2-6

Introduction to design of feedba-% amplifiers
and automatic control systems. -roperties and
advantages of feedback systems. Time-
domain and frequency-domain performance
measures. Stability and degree of stability.
Root locus method. Nyquist criterion. Frequen-
cy-domain design. Compensation techniques.
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. Ex-
amines the sequence of events occurring as a
call is originated, connection made, and call
completed for commonly used systems includ-
ing manual switchboards, step-by-step, cross-
bar, and ESS offices. Interoffice connection,
signal methods, and traffic problems. Technical
and economic characteristics of equipment
used for voice and data communications.
Tours of representative facilities arranged.
S. K. Burns

6.312 Acoustics

Prereq.: 6.002
U (1)
3-0-9

Sound generation and propagation in elastic
media. Simple sources and arrays of sources.
Derivation of lumped parameter acoustical ele-
ments and circuits from solutions of wave
equations. Radiation impedance. Conversion
among acoustical, electrical, and mechanical
energy. Modeling and analysis of electroacous-
tical devices such as microphones and
loudspeakers. Sound in rooms. Interaction of
sound and humans.
A. G. Bose
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6.313 Contemporary Computer Design

Prereq.: 6.004
U (1)
3-0-9

Computer arithmetic; high-speed logic design
and packaging; clocking strategies; pipelined
computer techniques; microprogramming vs
simple instruction sets; cache and paging
design; datatyping, hardware support for gar-
bage collection; MIMD/SIMD parallel com-
puters; interprocessor communications
technologies.
T F Knight, Jr.

6.331 Advanced Circuit Techniques (A)

Prereq.: 6.301, 6,302
Acad Year 1990-91: Not offered
Acad Year 1991-92:G (1)
3-2-7

Following a brief classroom discussion of
relevant principles, each student completes
the paper design of several advanced circuits
such as multiplexers, sample-and-holds, gain-
controlled amplifiers, analog multipliers, digital-
to-analog or analog-to-digital converters, and
power amplifiers. One of each student's
designs may be presented to the class, and
one may be built and evaluated. Associated
laboratory emphasizing the use of modern
analog building blocks. Enrollment limited. Per-
mission of instructor required. Alternate years
J. K Roberge

6.332 Advanced Instrumentation
Electronics (A)

Prereq.: 6.003
G (1)
3-0-9

Modern instrumentation circuits, transduction.
Deterministic and statistical models. Emphasis
on analog-digital circuits with microprocessor
controllers. Case-study approach: team
design, implementation, and presentation of
prototype instruments such as op-amp tester,
noise-measurement, thermal, electrochemical,
optical measurement systems. Topics: linear
circuits, op-amps, filters, differential amplifiers,
synchronous detectors, phase-locked loops,
sampling, quantization, microprocessor inter-
face and control.
S. K Burns, J. C. Weaver

6.333 Electronic Circuits (A)

Prereq.: 6.003
G0(2)
3-0-9

Theory, analysis, design, and simulation of
linear and nonlinear electronic circuits, em-
phasizing the use of computers to solve sym-
bolic and numerical circuit problems. Topics:
direct, recursive, and iterative methods of cir-
cuit analysis, transformations and simplifica-
tions, computer simulation, fundamental
limitations, and optimal design. Examples:
amplifiers; oscillators; VLSI; feedback; signal
processing; power electronics; circuit analogs
for field and electromechanical systems.
R. D. Thornton

6.334 Power Electronics (A)

Prereq.: 6.012, 6.013
G (2)
3-0-9

The application of electronics to energy conver-
sion and control; phase-controlled rectifier/in-
verter circuits, dc/dc converters, high
frequency inverters, and motion control sys-
tems. Characteristics of power semiconductor
devices: diodes, bipolar and field effect transis-
tors, and thyristors. Modeling, analysis, and
control techniques. Magnetic circuits.
Numerous application examples.
J. G. Kassakian, M. F Schlecht

6.336 Numerical Simulation of Large-Scale
Circuits (A)
Prereq.: 6003, 18.06
Acad Year 1990-91: Not offered
Acad Year 1991-92: G (1)
3-0-9

Network equation formulation techniques:
nodal, modified nodal, and sparse tableau
analysis. Methods for solving linear and non-
linear algebraic systems: LU decomposition,
sparse matrices, Newton algorithms, and
secant methods. Numerical methods for stiff
differential equation systems: stability of multi-
step discretization methods and truncation
error timestep control algorithms. Techniques
for very large problems: decomposition
methods, relaxation algorithms, semi-implicit
and multi-rate integration techniques. Alternate
years
J. K White

6.341 Discrete-Time Signal Processing (A)

Prereq :6.003;18.075 or 1804
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 (IIR) and nonrecursive (FIR) systems.
Finite wordength 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 Oppenheim

6.343 Digital Speech Processing (A)

Prereq.: 6.341
Acad Year 1990-91: G (1)
Acad Year 1991 -92: Not offered
4-0-8

Applications of digital techniques to the proc-
essing of speech signals. Time- and frequency-
domain models for speech processing.
Speech analysis-synthesis techniques, includ-
ing linear prediction, homomorphic filtering, fil-
ter bank models, sinusoidal models, vector
quantization, and pattern matching. Principles
of speech bandwidth compression, modifica-
tion of speech, speech enhancement, and
speech recognition. Application to speech
coding, noise reduction, time- and pitch-
modification, radio broadcasting, and man-
machine communication. Alternate years.
T F Quatier, V W Zue

6.344 Two-dimensional Signal and
Image Processing (A)

Prereq.: 6.341
G (2)
3-0-9

Representation, analysis, and design of two-
dimensional signals and systems. Two-dimen.
sional Fourier transform, z-transform, discrete
Fourier transform, and fast Fourier transform
algorithms. Image processing basics. Image
enhancement. Image restoration. Image
coding. Advanced television systems.
J. S. Lim

6.345 Automatic Speech Recognition (A)

Prareq.: 6.341; 6.041 or 6.431 or 6.501
Acad Year 1990-91: G0(2)
Acad Year 1991-92: Not offered
31-8

Graduate level introduction to automatic
speech recognition. Provides background in
signal processing, acoustic theory of speech
production, acoustic-phonetics, computational
linguistics. Description of speech recognition
systems: parametric representation, pattern
classification, search algorithms, stochastic
modeling techniques. Examines the approach
and performance of speech recognition sys-
tems such as those developed at AT&T, BBN,
IBM, MIT, CMU, and others. Enrollment
limited. Alternate years.
V W Zue

6.371 introduction to VLSI Systems (A)

Prereq.: Permission of Instructor
G (1, 2)
3-3-6

Provides background in integrated devices, cir-
cuits, and digital subsystems needed for
design and implementation of integrated sys-
tems. Design methodology, use of ratioed
design rules and library -nodules, symbolic
layout languages, computer-aided design tech-
niques. Students required to complete,
through layout, the design of a digital subsys-
tem in NMOS or CMOS. Selected projects
form a multi-project chip set, leading to wafers
available after the end of the term for packag-
ing and testing by the student. Limited enroll-
ment.
J. Allen

6,372 Design and Analysis of VLSI
Circuits (A)

Prereq.: 6.371
G (2)
3-0-9

MOS device parameters, design rules, and
fabrication from a circuit design perspective.
Physics of devices and interconnect. Noise
margins, worst-case design. Crcuit design of
high speed gates. Analog aspects of digital
design. Clocking. System level issues in VLSI
design.
T F Knight, Jr.

Probabilistic Systems and
Communication

6.430J Engineering Probability and
Statistics (A)

(Same subject as 3.81J, 15.064J)
Prereq.: 18.02
G (S)
4-0-8

Modeling and analysis of uncertainty. Random
variables, transforms, simple random proc-
esses and their probability laws. Probability as-
sessment and decision analysis. Markov
processes and limit theorems. Introduction to
experimental design. Regression and basic
statistical procedures pertinent to manufactur-
ing and quality control. Primarily intended for
students in the Leaders for Manufactuning Pro-
gram; others may consult instructor.
A. W Drake

6.431 Applied Probability

Prereq.: 18.02
G (1, 2)
4-0-8

Meets with 6.041. Requires the completion of
additional advanced home problems.
A. W Drake

6.432 Stochastic Processes, Detection, and
Estimation (A)

Prereq.: 6.003, 6.041 or 6.431 or 18.313
G (1, 2)
4-0-8

Fundamentals of detection, estimation, and
stochastic processes of importance in com-
munication, control, and signal processing.
Review of probability and introduction of vector
notation for sets of random variables. Prin-
ciples of hypothesis testing and parameter es-
timation. Introduction to stochastic processes
in continuous and discrete time. Correlation
functions, power spectra and linear systems
with stochastic inputs. Series expansions of
processes. Signal detection and parameter es-
timation from noisy observations. Wiener filter-
ing.
A. S. Willsky, J. H. Shapiro

6.433 Recursive Estimation (A)

Prereq.: 6.201 or 6.233J or 6.241, 6.432
G (2)
3-0-9

State-space based theory of dynamic estima-
tion in discrete and continuous time Linear
state-space models driven by white noise. Kal-
man filter and its properties, Implementation is-
sues, including the solution of the Riccati
equation, the square-root filter, and efficient al-
gothms for the Kalman gain. Optimal smooth-
ing for linear systems. Nonlinear filtering and
the extended and second-order Kalman filters.
A S. Willsky

6.435 System Identification (A)

Prereq 6.201,6.432
Acad Year 1990-91: Not offered
Acad Year 1991-92: G (1)
3-0-9

Mathematical models of systems from observa-
tions of their behavior. Time-series, state-
space, and input-output models. State
estimation and the Kalman-Bucy filter. Model
structures, parametrization, and identifiability.
Recursive least squares and maximum
likelihood methods of parameter estimation.
Consistency of parameter estimates. Order
dletermination, Robust estimation and bad-
data detection. Knowledge of 6.433 useful but
not required. Alternate years.
S. K. Mitter

6.441 Transmission of Information (A)

Prereq.: 6.262 or 6.432 or 6.431
G (2)
3-0-9

Introduces the quantitative study of informa-
tion, with emphasis on concepts fundamental
to the engineering of reliable, efficient com-
munication systems. Mathematical definition of
information and study of its properties; efficient
representation of message sources; com-
munication channels and their capacity; coding
for reliable transmission of data over noisy
channels. Additional topics of interest such as
representing data and control information in
data communication networks are included.
R. G. Gallager

6.450 Communication Systems

Prereq.: 6.003; 6.041 or 18.313 or 18.440
G0(1)
3-0-9

Graduate-level introduction to communication
systems and to their implementation with fiber
optics technology. Description of signals and
noise in the frequency domain. Analog and
digital methods of modulation, demodulation,
multiplexing, and transmission. Signal-to-noise
ratios and error probabilities as measures of
system performance. Meets with 6.074, but in-
volves additional discussion, reading, and
homework pertaining to the use of fiber optic
technology.
R. S. Kennedy

6.451 Principles of Communication (A)

Prereq.: 6.003, 6.432
G (2)
3-0-9

Fundamental principles underlying the trans-
mission of digital data over noisy channels.
Mathematical description of signals, noise, and
channels. Digital modulation and signal
design. Decision regions and optimum
receivers. Intersymbol interference and adap-
ive equalization. Convolutional codes. Fading
and multipath channels. Topics of current inter-
est.
P A. Humblet

6.453 Optical Detection and
Communication (A)

Prereq.: 6.041, 6.014
G (2)
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 detec-
tion systems. Application of noise analysis to
free-space, fiber optic, and atmospheric com-
munications. Application of noise analysis to
optical detection for phase-sensing inter-
ferometers, photon correlation instruments,
and optical radars.
R. S. Kennedy, J. H. Shapiro

6.454 Advanced Topics in Optical
Communication Research (A)

Prereq.: Permission of Instructor
Acad Year 1990-91: G (1)
Acad Year 1991-92: Not offered
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. Term paper required. Emphasis for 1990-
91: optical communication networks exploiting
the full optical bandwidth. Light propagation in
fibers, special modulation and detection is-
sues, communication models for lasers,
amplifiers, filters, and detectors. Alternate
years.
P A Humblet, J. H. Shapiro
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6.455J Geophysical and Oceanographic
Signal Processing I (A)

(Same subject as 12.533J, 13.741J)
Prereq.: 2.02 or 6.003, 6.041, 18.075
Acad Year 1990-91:G (1)
Acad Year 1991-92: Not offered
3-0-9

See description under subject 13.741J.
A. B. Baggeroer

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
Acad Year 1990-91:G (2)
Acad Year 1991-92: Not offered
3-1-8

See description under subject 13.742J.
A. B. Baggeroer

Bioelectrical Engineering

6.501 Sound, Speech, Hearing

Prereq.: 6.003
Acad Year 1990-91: Not offered
Acad Year 1991-92: U (2)
3-0-9

Introduces the physical, physiological, and
psychological bases of auditory communica-
tion. Physical acoustics, properties of neural
and muscular elements, the vocal tract and
speech generation, signal transmission in the
auditory system, perception of attributes of
speech and speechlike sounds, and the linguis-
tic units that underlie speech events. Disorders
of human communication. Alternate years.
K N. Stevens, L. D.

6.532J Sensory-Neural Systems (A)

(Same subject as 16.352J)
Prereq.: Permission of Instructor
Acad Year 1990-91: Not offered
Acad Year 1991-92: G (1)
3-0-9

Detailed consideration of a number of sensory-
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
selected 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 species including mechanical,
auditory, visual, and other modalities. Alternate
years.
L. S. Frishkopf, C. M. Oman

6.541J Speech Communication (A)

(Same subject as 24.968J, HST 710J)
Prereq.: Permission of Instructor
Acad Year 1990-91:G (2)
Acad Year 1991-92: Not offered
3-0-9

Survey of structural properties of natural !n-
guages, with special emphasis on the sound
pattern. Physiology of speech production, ar-
ticulatory phonetics. Acoustical theory of
speech production; acoustical and articulatory
descriptions of phonetic features. Perception
of speech: the auditory capabilities of humans;
evidence for perceptual correlates of phonetic
categories. Mechanical recognition and
generation of speech. Recommended prereq-
uisite: mathematical background equivalent to
6.003. Alternate years.
K N. Stevens, S. J. Keyser

6,542J Laboratory on the Physiology,
Acoustics, and Perception of Speech (A)

(Same subject as 24.966J, HST 712J))
Prereq.: Permission of Instructor
Acad Year 1990-91: Not offered
Acad Year 1991-92: G (2)
2-2-8

Experimental investigations of speech proc-
esses. Topics: a) interpretation of x-ray motion
pictures, b) measurements of pressure and
volume velocity, c) computer-aided waveform
analysis and spectral analysis of speech, d)
synthesis of speech, e) perception and dis-
crimination of speechlike sounds, and other
topics. Recommended prerequisites: 6 501,
6.002 or 18.03 Alternate years.
K N. Stevens

6.551J Signal Processing by the Auditory
System: Physiology (A)

(Same subject as HST 714J)
Prereq 6003, 6.023J
Acad Year 1990-91: G (2)
Acad Year 1991-92: Not offered
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 leveis; current prosthetic
approaches. Background other than listed pre-
requisites may be accepted Alternate years
W T Peake, T F Weiss, N Y-S. Kiang

6.552J Signal Processing by the Auditory
System: Perception (A)

(Same subject as HST 716J)
Prereq.: 6.003; 6.041 or 6.431
Acad Year 1990-91:G (1)
Acad Year 1991-92: Not offered
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. 0. Braida

6.555J Biomedical Signal and Image
Processing (A)

(Same subject as 16.356J, HST 582J)
Prereq.: 6.003 or 2.02 or 18.085
G (2)
3-6-3

See description under subject HST 582J.
W M. Siebert, B. Delgutte, P Albrecht,
D. Rowe/I

6.561J Fields, Forces, and Flows:
Background for Physiology (A)

(Same subject as HST 544.)
Prwq.: Permission of Instructor
G (1)
3-0-9

Conduction, diffusion, convection in
electrolytes; fields in heterogeneous media;
electrical double layers; Maxwell stress tensor
and electrical forces in physiological systems.
Fluid and solid continua: equations of motion
useful for porous, hydrated biological tissues.
Case studies: membrane transport; electrode
interfaces; blectrical, mechanical, and chemi-
cal transduction in tissues; electrophoretic,
electroosmotic flows; diffusion/reaction; ECG.
Electromechanical and physicochemical inter-
actions in biomaterials and cells; orthopaedic
and other clinical examples.
A. J. Grodzinsky

6.562J Ultrasound: Physics, Biophysics,
and Technology (A)

(Same subject as 2.76J, HST 530J)
Prereq.: Permission of Instructor
Acad Year 1990-91:G (1)
Acad Year 1991-92: Not offered
4-1-7

See description under subject 2.76J.
F R. Morgenthaler. P P Lele

L

6,6WJ Biosensors, Signal Processing, and
Biomedical Applications (A)

(Same subject as HST 585J)
Prereq.: Permission of lhatructor
Acad Year 1990-91: Not offered
Acad Year 1991-92:G (1)
3-3-6

See description under subject HST 585J.
J. C. Weaver

ElectrodynamicS

6.601 Fields, Forces, and Motion

Prereq.: 6.013
U(1)
3-0 9

Electromechanical interactions in lumped-
parameter and continuum systems. Integral
and differential electromagnetic laws, including
motion. Lumped electrical and mechanical ele-
ments: thermodynamics of discrete
electromechanical coupling, equations of mo-
tion. Synchronous and induction rotating
machines. Linear and nonlinear transducers,
transient and steady-state dynamics;
electromechanical time constants. Field trans-
formations, dc rotating machines, magnetic dif-
fusion and charge relaxation in moving
conductors. Electromagnetic force densities
and stress tensors.
J. H. Lang

6.611 Optical Sources, Detectors, and
Systems

Prereq.: 6.003,6.012
U (2)
3-0-9

Solar and thermal radiation, photons, and
Planck's law. Spontaneous and stimulated
emission. Laser action. Coherence. Semicon-
ductor lasers. Iddal photon detector. Semicon-
ductor photodiode. Shot noise, Johnson noise.
Amplifier noise in FET's. Signal-to-noise ratio
and effects on optical system performance.
Measurement precision. Detection prob-
abilities. Bit error rates.
R. H. Kingston

6.630 Electromagnetic Waves (A)
(New)

Prereq.: 6.014 or 8.03
G (1)
3-0-9

A first-year graduate subject on electromag-
netic waves, introducing necessary mathemati-
cal background, deriving and studying
electromagnetic wave solutions to Maxwell
equations. Topics: polarization, Stokes
parameters, Poincar6 sphere, gyrotropic
media, uniaxial media, phase matching,
layered media, dielectric waveguides, metallic
waveguides and resonators, Cerenkov radia-
tion, Hertzian dipole, linear antenna arrays,
dipole on layered media. Examples deal with
propagation, guidance, and radiation of
electromagnetic waves.
J. A. Kong

8.631 Optics and Optical Electronics (A)

Prereq.: 6 014 or 8.07
G (1)
3-0-9

A first-year graduate subject on fundamental
concepts and techniques of modern optics and
quantum electronics. Review of Maxwell's
equations and the vector properties of light. In-
terference and interferometers. Temporal and
spatial coherence. Scalar diffraction theory.
Props gation of spherical and Gaussian-spher-
cal beams. Thin film and "fiber' waveguides
Device applications of electrooptic effect and
nonlinear optics.
H. A. Haus, S. Ezekiel

6,632 Electromagnetic Wave Theory (A)

Prereq.: 6.630
Acad Year 1990-91:G (2)
Acad Year 1991-92: Not offered
3-0-9

A first-year graduate subject on electromag-
notic wave theory, emphasizing mathematical
approaches, problem solving, and physical in-
terpretation. Topics include equivalence prin-
ciple, duality and complementarity, Huygens'
principle, Fresnel and Fraunhofer diffraction,
reaction and reciprocity, stationary formulas,
random media, effective permittivities, dyadic
Green's functions, Lorentz transformation,
Maxwell-Minkowski theory. Examples deal with
limiting cases of Maxwell's theory and diffrac-
tion and scattering of electromagnetic waves.
Alternate years.
J. A. Kong

6,633 Electrodynamics of Waves, Media,
and interactions (A)

Prereq 6014 or 8.07, 18.04 or 18.075
Acad Year 1990-91: G (2)
Acad Year 1991-92: Not offered
3-0-9

Wave propagation in media with temporal and
spatial dispersion; pulse propagation and
Green's function analysis. Linear stability
theory; absolute and convective instabilities.
Energy, momentum, and their flows associated
with small-amplitude wave propagation in pas-
sive and active ome riometric optics and
mode conversion in inhomogeneous media.
Linear and nonlinear coupling of modes in
stable and unstable systems. Nonlinear
dynamics of order and chaos; solitons and in-
trinsic stochasticity. Alternate years.
A. Bers

6.634 Nonlinear Optic$ (A)

Prereq.: 6.014,6.017
G0(2)
3-0-9

Nonlinear optical phenonna, emphasizing ap-
plications, techniqaos, and devices. Nonlinear
polarization: harmonic generation, frequency
conversion, optical Kerr effect, self-phase
modulation, wavefront conjugation. Pulse
propagation in nonlinear media. Applications to
fiber optics. Nonlinear laser spectroscopy.
Picosecond and femtosecond measurement
techniques.
E. P Ippen, J. G. Fujimoto

6.635 Topics in Electrodynsmics (A)

Prereq.: 6,014 or 6.632 or 8.07
G (2)

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 stu-
dent and staff interest.
J. A. Kong

6637 Optical Information Processing (A)

Prereq.: 6.003, 6.014
G (2)
3-0-9

Systems, algorithms, devices, and applications
for optical information processing. Topics:
coherent and incoherent optical processors;
space-and-time-integrating correlators; space-
variant processors; white-light processors; digi-
tal optical processors; matrix-algebraic
processors: symbolic optical processors; opti-
cal neural networks; adaptive optics; acousto-
optic, electrooptic, and photorefractive spatial
light modulators; limitations of optical com-
puters.
C. Ward.

6.638 Electrical and Opticat Processes
In Gases (A)

Prereq.: 8.03, 6.017
Acad Year 1990-91: Not offered
Acad Year 1991-92: G (2)
3-0-9

Basic processes in plasmas, lasers, and electri-
calinsulation. Collisions involving particles and
radiation fields, including classical and quan-
tum effects. Collective particle behavior,
mobility, diffusion, and distribution functions
with Max-Boltzmann, Druyvesteyn, and Fokker-
Planck approximations. Analysis of surface ef-
fects, charge multiplication, breakdown.
excitation and inversion mechanisms, and plas-
ma properties. Applications in diagnostics,
lasers, plasma etching and processing,
switches, dielectrics, and ion sources. Alter-
nate years.
C. M. Cooke

Electrical Engineering and Computer Slolence 59D



Electrical Engineering and Computer Science 610

6.641 Microwave Circuits (A)

Prereq.: 6.014
Acad Year 1990-91: Not offered
Acad Year 1991-92: G(2)
3-0-9

Electromagnetic wave propagation on uniform
and periodic structures, waveguide, stripline,
and microstrip. Surface Acoustic Wave (SAW)
and magnetic resonance devices. Equivalent
circuit representations for apertures and
obstacles. Multiport junctions. Non-reciprocal
ferrite devices. Cavity and solid state
resonators; filters. Perturbation theory. Intro-
duction to computer-aided optimization. Alter-
nate years.
F R. Morgenthaler

6642 Antennas and Radiation (A)

Prereq.: 6.014
Acad Year 1990-9 1: 0(2)
Acad Year 1991-92 Not offered
3-0-9

General theory of radiation and diffraction with
application to microwave antennas.
Equivalence and Babinets principles; duality,
complementarity, and reciprocity theorems;
lumped and distributed circuit representations.
Emphasis on both analysis and synthesis of
antenna arrays, reflectors, and lenses. Alter-
nate years,
F R. Morgenthaler, J. A. Kong

6.651J Introduction to Plasma
Physics I(A)

(Same subject as 8.613J, 22.611J)
Prereq.: 6.014 or 8.07, 6.018 or 8.044, 1804
or 18.075
G (1)
3-0-9

See description under subject 8.613J.
A. Bes, M. Porkolab

6.652J introduction to Plasma
Physics11(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 8.614J.
A. Bers, R. C. Davidson, K. MoM g

6.653J MHD Theory of Magnetic Fusion
Systems I1(A)

(Same subject as 22.61 5J)
Prereq.: 6.651J or 22.601 or 22.611J or 8.613J
Acad Year 1990-91: Not offered
Acad Year 1991-92:G (1)
3-0-9

See descrintion under subject 22.615J.
R. Parker

6.661 Receivers, Antennas, and Signals (A)

Prereq.: 6.014
Acad Year 1990-91: G (2)
Acad Year 1991-92: Not offered
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
radiometers, spectrometers, interferometers,
and digital correlation systems. Matched filters
and ambiguity functions Communications
channel performance. Measurement of ran-
dom electromagnetic fields. Angular filtering
properties of antennas, interferometers, and
aperture synthesis systems. Radiative transfer
and parameter estimation. Alternate years.
D. H. Staelin

6.662J Radar Astronomy, Astrometry, and
Geodesy (A)

(Same subject as 8.931J, 12.620J)
Prereq:6.014 or 8.03, 18.075 or 18.085
Acad Year 1990-91: Not offered
Acad Year 1991-92:G (1)
3-0-9

See description under subject 12.620J.
0. H. Staelin, G. H. Pettengill,
C. C. Counselman

6.671 Continuum Electromechanics 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
Electromagnetic forces, force densities, and
stress tensors, including magnetization and
polarization. Classification of energy-conver-
sion processes. Charge migration and relaxa-
tion, and magnetic diffusion and induction
interactions with material motion. Introduction
to electromechanics of continua. Temporal and
spatial modes. Spectral numerical techniques.
Method of charactestics Varied applications.
J. R. Melcher

6.672 Continuum Electromechanics 11(A)

Prereq : 6.671
Acad Year 1990-91: Not offered
Acad Year 1991-92: G (1)
3-0-9

Laws, approximations, and relations of con-
tinuum mechanics Mechanical and
electromechanical transfer relations. Statics
and dynamics of electromechanical systems
having a static equilibrium. Electromechanical
flows. Field coupling with thermal and
molecular diffusion. Electrokinetics Streaming
interactions. Applications to materials process-
ing, magnetohydrodynamic and
electrohydrodynamic pumps and generators,
physiochemical systems, heat transfer, con-
tinuum feedback control, electron beam
devices, and plasma dynamics. Emphasis on
microfabricated systems. Alternate years.
J. R. Melcher

6.673 Introduction to Numerical Simulation
in Electrical Engineering (A)
(New)

Prereq.: 6.012 or 6.013
Acad Year 1990-91:G (1)
Acad Year 1991-92: Not offered
3-0-9

Selection of a simulation model and physical
approximations. Solution of nonlinear coupled
PDEs in 1-D through finite difference and finite
element methods, Newton's method, and
variants. Finite difference and finite element
methods in 2-D and sparse matrix methods
emphasizing conjugate gradient algorithms.
Semiconductor devices used as primary ex-
amples; additional examples drawn from E&M
modeling, nonlinear pulse propagation, and
laser physics. Altemate years.
P L. Hagelstein

6.683 Operation and Planning of Electric
Power Systems (A)

Prereq.: Permission of Instructor
Acad Year 1990-91:G (2)
Acad Year 1991-92: Not offered
3-0-9

Electric power system generation, transmis-
sion distribution at a regional (e.g., New
England) level. Customer interaction and feed-
back. Integration of diverse physical,
economic, and social phenomena covering
time frames ranging from seconds to years.
Methods of control, analysis, design, and
decision making for such large-scale systems.
Special consideration of small distributed
generation, rates, load management, and
deregulation Impact of microprocessors. Alter-
nate years
J. R. Melcher

6.685 Electric Machines (A)

Prereq.: 6.061 or 6.601
Acad Year 1990-91: G(2)
Acad Year 1991-92: Not offered
3-0-9

Treatment of transformers, electromechanical
transducers, rotating and linear electric
machines. Lumped-parameter
electromechanics of interaction. Consideration
of the basic machine types: dc, induction,
synchronous. Development of device charac-
teristics: energy conversion density, efficiency;
and of system interaction characteristics:
regulation, stability, controllability, and
response. Problems taken from current re-
search. Alternate years-
J. L. Kirtley, Jr.

Solid-State Materials and Devices

6.720 Semiconductor Devices

Prereq.: 6.012
U (1)
4-0-8

The physics of semiconductor devices for
silicon integrated circuit applications. Topics:
semiconductor fundamentals, metal-semicon-
ductor junction, p-n junction, bipolar junction
transistor, metal-oxide semiconductor struc-
ture, and MOS field-effect transistor. Emphasis
on developing physical intuition through the
use of energy band diagrams. First- and
second-order effects discussed. Issues in
modem device scaling outlined. GaAs devices
for IC applications (MESFET) introduced.
J. A. del Alamo

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 electron and tight binding ap-
proximations; effective masses and semiclassi-
cal equations of motion; lattice vibrations and
phonons; band structures and properties of
selected semiconductors. Recommended for
first-year graduate students interested in solid-
state physics and devices.
T P Orlando, S. D. Senturia

6.732 Physics of Solids (A)

Prereq.: 6.730 or 8.231
G (2)
4-0-8

Continuation of material in 6.730. Basic con-
cepts of the quantum theory of solids, em-
phasizing simple physical models. Topics:
electronic structures, dynamics of electrons in
solids, Fermi surfaces, transport phenomena
in metals and semiconductors; optical proper-
ties of metals, semiconductors and insulators;
lattice modes; magnetic phenomena in solids,
paramagnetism, diamagnetism, ferromag-
netism; resonance studies in a magnetic field;
superconductivity.
M. S. Dresselhaus

6.734 Application of Group Theory to the
Physics of Solids (A)

(Same subject as 8.510J)
Prereq.: 6.732 or 8.232
Aced Year 1990-91: G (2)
Aced Year 1991-92: Not offered
3-0-9

Group theory techniques: mathematical back-
ground, representation theory, character
tables, basis functions, point groups, space
groups, double groups, time reversal sym-
metry. Applications: crystal field structure,
selection rules, directed valence and bonds,
molecular vibrations, group of the wave vector
with application to energy bands, lattice
modes. Altemate years.
M. S. Dresselhaus

6.735J Physics of Semiconductors and
Devices (A)

(Same subject as 8.532J)
Prereq.: 6.732 or 8.232
G (1)
3-0-9

See description under subject 8.532J.
M. S. Dresselhaus

6.751 Quantum Electronics (A)

Prereq.: 6.017 or 8.05
G0(2)
3-0-9

The quantum theory of light. Basic phenomena
of quantum electronics, including development
of background quantum mechanics and optical
properties of solids Quantization of elec-
tromagnetic field and spontaneous plus stimu-
lated optical transitions between energy levels.
Resonant processes: electric dipole transi-
tions, absorption, dispersion, saturation.
Photon optics and counting. Coherence. The
laser and its operating characteristics. Rate
equations, optical pumping, Q-switching, mode
locking. Resonance fluorescence, light scatter-
ing.
G. W Pratt, Jr.

6.763 Applied Superconductivity (A)

Prereq.: 6.013 or 8.07
Acad Year 1990-91: Not offered
Acad Year 1991-92: G (2)
3-0-9

Phenomenological approach to superconduc-
tivity, surveying large-scale and small-scale
applications. Electrodynamics of super-
conductors, London's model, flux quantization.
Type I superconductors, upper critical fields,
pinning, critical state model. Josephson Junc-
tions and superconducting quantum devices,
equivalent circuits and analogs, computers.
Brief overview of superconducting materials
and microscopic theory. Some background in
solid-state physics helpful. Alternate years.
T P Orlando

6.771 Physics of Semiconductor
Devices (A)

Prereq.: 6.730, 6.012
0(2)
3-0-9

The physical basis of semiconductor device
operation. Semiconductors in equilibrium;
electrochemical potential; generation-recom-
bination mechanisms; Boltzmann transport
equation; ambipolar transport, p-n homojunc-
tions and heterojunctions; Schottkey diodes,
MOS capacitors; Gummel approach to bipolar
devices; Zener and avalanche breakdown;
high-level injection; quasi-static behavior of
bipolar and MOS transistor; pnpn devices;
CMOS; latchup.
S. D. Senturia

6.773 Topics in Semiconductor Device
Research (A)

Prereq.: 6.720, 6.018; or 6.771
Acad Year 1990-91: Not offered
Acad Year 1991-92: G (2)
3-0-9

Topics selected from current device research
area . In recent years, subject matter has in-
cluded Schottkey barriers and heterojunctions,
charge-coupled devices,diode lasers, quan-
tum well devices, and ultrahigh-speed transis-
tors, induding the heterojunction bipolar, high
electron mobility, and permeable base transis-
tors. Emphasis on device physicsbas it relates
to device performance. Alternate years.
A. L. McWhorter, C. G. Fonstad, Jr.

6.774 Physics of Microelectronic
Fabrication (A)

Prereq.: 6.152J
G (1)
3-0-9

Fundamental principles of the processes used
in the fabrication of silicon monolithic in-
tegrated circuits. Physical models of bulk crys-
tal growth, thermal oxidation, solid-state
diffusion, ion implantation, epitaxial deposition,
chemical vapor deposition, and physical vapor
deposition. Refractory metal silicides, plasma
and reactive ion etching, rapid thermal process-
ing. Technological limitations on integrated cir-
cuit design and fabrication. VLSI fundamentals.
L. R. Reif

6.775 Design of Analog MOS LSI (A)

Prereq.: 6.301
G (2)
3-0-9

A detailed exposition of the principles involved
in designing analog circuits in MOS LSI.
Device physics, small signal and large signal
models. Biasing. Basic circuit building blocks.
Operational amplifier design. Large signal con-
siderations. Principles of switched capacitor
networks. Applications: fully integrated filters,
comparators, A/D and D/A converters, PCM en-
coders and decoders; other signal processing
circuits. A comprehensive design project is a
required part of the subject.
H. S. Lee, C. G. Sodini
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6.776J Plasma Processing in Integrated
Circuit Fabrication (A)

(Same subject as 10.616J)
Prereq.: Permission of Instructor
Acad Year 1990-91: 0(2)
Acad Year 1991-92: Not offered
3-0-9

Studies glow discharge properties and proc-
esses as applied to integrated circuit fabrica-
tion. The physics and chemistry of
nonequilibrium plasmas. Emphasizes the plas-
ma kinetics and plasma-surface interactions.
Extensively reviews plasma etching proces-
ses, sputter deposition, and plasma enhanced
chemical vapor deposition for the fabrication of
VLSI devices. Alternate years.
L. R. Reif, H. H. Sawin

6.781 Submicrometer 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 meas-
urement techniques. Resist technology.
Optical projection, holographic, X-ray, ion, and
electron lithography. Aqueous, ion, and plasma
etching techniques. Lift-off and electroplating.
Ion implantation. Applications in
microelectronic devices and quantum-effect
electronics. Undergraduates with permission of
instructor.
H. /. Smith

6.791 Special Topics in the Solid State and
Its Application (A)

Prereq.: Permission of Instructor
G (1)
3-0-9

6.792 Special Topics in the Solid State and
its Application (A)

Prereq.: Permission of Instructor
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.
0. J. Epstein

Computer Science

6.801 Machine Vision

Prereq.: 6.003 or Permission of Instructor
U (1)
3-0-9

Deriving a symbolic description of the environ-
ment from an image. Understanding physics of
image formation. Image analysis as an inver-
sion problem. Binary image processing and fil-
tering of images as preprocessing steps.
Recovering shape, lightness, orientation, and
motion. Using constraints to reduce the am-
biguity. Photometric stereo and extended
Gaussian sphere. Applications to robotics; intel-
ligent interaction of machines with their en-
vironment.
B. K. P Horn

6.802 Robot Manipulation

Prereq.: 8.01, 18.02
U (2)
3-0-9

Introduces kinematic, dynamic, and spatial con-
straints on robot motion. Basic considerations
in design and application of robot systems.
Solving kinematics of robot manipulators. Plan-
ning trajectories subject to position, velocity,
and acceleration constraints. Using rigid-body
dynamics in the control of robots. Controlling
force and compliance in manipulation. Survey
of basic issues in robot programming. Develop-
ment of algorithms for automatic synthesis of
robot programs. Programming experience
recommended.
T Lozano-Prez

6.821 Programming Languages (A)

Prereq.: Permission of Instructor
G (1)
4-0-8

Principles of functional, imperative, and logic
programming languages. Meta-circular inter-
prters, semantics (operational, denotational,
and axiomatic), type systems (polymorphism,
inference, and abstract types), object oriented
programming, modules, multiprocessing. Case
studies of contemporary programming lan-
guages. Programming experience and back-
ground in language implementation required.
D. K Gifford

6.823 Computer System Architecture (A)

Prereq.: Permission of Instructor
G (2)
3-0-9

Emphasizes the relationships among
hardware organization, systems programming,
and language support in the evolution of com-
puter architecture. 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 program-
ming issues in vector and multiprocessor sys-
tems. Assumes undergraduate knowledge of
programming languages and computer sys-
tems.
Arvind

6.824 Artificial Intelligence (A)

Prereq.: Permission of Instructor
G (1)
3-0-9

Intensive introduction to central issues of con-
structing intelligent systems, Covers
knowledge representation, automated reason-
ing, truth maintenance, constraint propagation,
machine learning, automated planning, and
general search techniques. Emphasis on
general theoretical principles and on connec-
tions to other areas of computer science. A
working knowledge of the design and analysis
of computer algorithms is assumed.
D. A. McAllester, P Szolovits, H. E. Shrobe

6.826 Principles of Computer Systems (A)
(New)

Prereq.: Permission of Instructor
G (1)
3-0-9

An introduction to the basic principles of com-
puter systems with emphasis on the use of
rigorous techniques as an aid to under-
standing and building modern computing sys-
tems. Particular attention paid to concurrent
and distributed systems. Topics include
specification and verification, concurrent algo-
rithms, synchronization mechanisms, naming,
communication protocols, replication tech-
niques (including distributed cache manage-
ment), and principles and algorithms for
achieving reliability.
W E. WOih

6.830J Program Semantics and
Verification (A)

(Same subject as 18.427J)
Prereq.: 6.821, 6.045J or 6.840J or 6.044J
Acad Year 1990-91: Not offered
Acad Year 1991-92: G (2)
3-0-9

Presentation by faculty and students on mathe-
matical approaches to defining semantics of
programming languages: denotational, opera-
tional, and axiomatic semantics. Formal sys-
tems for program verification: soundness and
completeness. Logics of programs, type
theory, lambda calculus. Further topics
selected from semantics and verification of
complex languages with concurrent and paral-
lel constructs; current verification technology.
May be repeated for credit. Altemate years.
A. R. Meyer

6.835 Concurrent Systems for Artificial
Intelligence (A)

Prereq.: 6.001, 6.034
G (1)
3-0-9

Concurrent systems and their relationship to ar-
tificial intelligence. Organizations as exemplars
of highly intelligent parallel systems. Concur-
ient architectures for artificial intelligence (e.g.,
Apiary, Connection Machine, and parallel
Prolog machines). Incrementally evolving net-
works of computers. Mathematical models of
concurrent systems (e.g., Actor Model,
Milner's algebraic model, and Hoare's process
model).
C. E. Hewitt

6.840J Theory of Computation
(A except XVIII)

(Same subject as 18.404J)
Prereq.: 18.063 or 18.310
G (1)
4-0-8

See description under subject 18.404J.
R. L. Rivest, M. F Sipser

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. Karchmer

6.845 Concurrent VLSI Architecture (A)

Prereq.: 6.823, 6.371
Acad Year 1990-91: Not offered
Acad Year 1991-92:G (1)
3-5-4

Principles and practical issues in the construc-
tion of VLSI computing systems. Methods to
estimate cost and performance. Trends in
VLSI technology. Special purpose VLSI chips:
logic added memories, intelligent sensors, sig-
nal and image processors. Communication in
VLSI systems: power, density, and timing
models; network topology; routing algorithms;
performance analysis. Concurrent computers:
programming, addressing, synchronization,
data movement, control flow. Class project. Al-
temate years.
W J. Daily

6.847 Dataflow Architecture and
Languages (A)

Prereq.: 6.001,6
G (1)
3-0-9

Dataflow model as a basis for designing paral-
lel systems. Suitability of functional languages
for programming parallel machines; data- and
demand-driven execution models; dataflow
program graphs; static and dynamic dataow
machines; compiling into datafolow graphs;
lambda calculus and combinators term rewrit-
ing systems; polymorphic types; reduction
machines; nondeterministic programming and
resource managers.
Arvind

6.848J Theory of Parallel and VLSI
Computation (A)

(Same subject as 18.435J)
Prereq.: 6.046J or 6.851J
G (1)
3-0-9

See description under subject 18.435J.
C. E. Leserson, F T Leighton

6.849J Advanced Parallel and VLSI
Computation (A)

(Same subject as 18.436J)
Prereq.: 6.848J
Acad Year 1990-91:G (2)
Acad Year 1991-92: Not offered
3-0-9

See description under subject 18.436J.
C. E. Leiserson, F T Leighton

6.851J Theory of Algorithms (A except XVIII)

(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.
R. L. Rivest

6.852J Distributed Algorithms (A)

(Same subject as 18.437J)
Prereq.: -
Acad Year 1990-91:G (1)
Acad Year 1991-92: Not offered
3-0-9

Design and analysis of concurrent algorithms,
emphasizing those suitable for use in dis-
tributed networks. Process synchronization, al-
location of computational resources,
distributed consensus, distributed graph algo-
rithms, election of a leader in a network, dis-
tributed selection, distributed termination,
deadlock detection, concurrency control, com-
munication, clock synchronization. Special con-
sideration given to issues of efficiency and
fault tolerance. Formal models for distributed
computation. Alternate years.
N. A. Lynch

6.853 Computer Systems (A)

Prereq.: 6.033
Acad Year 1990-91: Not offered
Acad Year 1991-92: G (2)
3-0-9

Study and discussion of the literature of com-
puter systems. Subject is designed to help stu-
dents understand the nature of research in
computer systems and to develop a student's
ability to judge ideas critically. Computer ar-
chitecture, networks, operating systems,
programming language/system interface, net-
work protocols, file systems, replication, protec-
tion, transactions, database systems,
computer graphics, user interfaces, and ap-
plication systems. Altemate years.
D. K. Gifford

6.854J Advanced Algorithms (A)

(Same subject as 18.415J)
Prereq.: 6.851J; 18.06 or 18.710
G (1)
3-0-9

See description under subject 18.415J.
R. L. Rivest

6.855J Distributed Network Protocols and
Graph Algorithms

(Same subject as 18.438J)
Prereq.: 18.410J/6.046J
G (2)
3 0-9

See description under subject 18.438J.
N. A. Lynch, B. Awerbuch

6.858J Machine Learning (A)

(Same subject as 18.428J)
Prereq 6 034, 6.041 or 6.045 (or equivalents)
G (1)
3-0-9

Formal models of machine learning; learning
concepts from examples; leamable classes of
concepts; boolean formulae; geometric con-
cepts; representing prior knowledge; computa-
tional limitations; pattem recognition; Bayesian
learning; connectionist models; perceptrons,
back-propagation; distribution-free learning;
validating what's learned; coping with noise;
identifying finite automata and Markov chains,
speech recognition applications; identification
of programs in the limit; extrapolation; learning
from positive data only.
R. L. Rivest
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6.863J Natural Language and the Computer
Representation of Knowledge (A)
(Same subject as 9.611J)
Prereq.: 6.034
G (2)
3-5-4

Relationship between computer representation
of knowledge and the structure of natural lan-
guage. Emphasizes development of the
analytical skills necessary to judge the com-
putational implications of grammatical for-
malisms, and uses concrete examples to
illustrate particular computational issues. Effi-
cient parsing algorithms for context-free gram-
mars; augmented transition network
grammars. Question answering systems. Ex-
tensive laboratory work on building natural lan-
guage processing systems.
R. C. Berwick

6.865J Legged Locomotion in Robots and
Animals (A)

(Same subject as 9.374J)
Prereq.: Permission of Instructor
G (2)
3-0-9

Intensive introduction to the principles of
legged locomotion, as they apply to walking
robots and to biological syd"ems. Topics: selec-
tion and coordination of gait, energetics and
speed, mechanical design, control of balance,
algorithms for rough terrain, and gymnastics.
Testing of published models and algorithms
through computer simulations.
M. H. Raiberi

6.866 Machine Vision (A)

Prereq.: Permission of Instructor
G (1)
3-0-9

Intensive introduction to the process of
generating a symbolic description of the en-
vironment from an image. Students expected
to attend the 6.801 lectures as well as oc-
casional seminar meetings on special topics
Material presented in 6.801 is supplemented
by reading from the literature. Students re-
quired to prepare a paper analyzing research
in a selected area.
B. K P Horn

6.867 Robot Manipulation (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
selected area.
T Lozano-P~rez

6.868J The Society of Mind (A)

(Same subject as 4.931J)
Prereq.: Permission of Instructor
G (2)
3-0-9

Introduction to a theory that tries to explain
how minds are made from collections of
simpler processes. Treats such aspects of
thinking as vision, language, learning, reason-
ing, memory, consciousness, ideals, emotions,
and personality. Incorporates ideas from
psychology, artificial intelligence, and com-
puter science to resolve theoretical issues
such as wholes vs parts, structural vs function-
al descriptions, declarative vs procedural repre-
sentations, symbolic vs connectionist models,
and logical vs common-sense theories of learn-
ing.
M. L. Minsky

6.871 Knowledge-Based Applications
Systems (A)

Prereq 6.034:,6 036 or 6.824
G (2)
3-0-9

Development of programs containing a sig.
nificant amount of knowledge about their ap-
plication domain Outline: 1) brief review of
relevant Al techniques, 2) case studies from a
number of application domains, chosen to il-
lustrate principles of system development; 3)
discussion of technical issues encountered in
building a system, including selection of
knowledge representation, knowledge acquisi-
tion, etc.; and 4) discussion of current and fu-
ture research. Hands-on experience in building
an expert system (term project).
R. Davis, P Szo/ovits

6.875J Cryptography and Cryptanalysis (A)

(Same subject as 18 425J)
Prereq.: 6 046J or 6 851J or 6 047J
G (2)
3-0-9

Computational complexity-based cryptography.
One-way and trapdoor functions. Public-key
cryptosystems. Digital signature schemes,
Probabilistic encryption. Computational com-
plexity measures of knowledge and protocols
for secure transactions: coin flipping by
telephone, 3hlivious transfer, identification
schemes. Multi-party protocols Pseudoran-
dom number generation.
S. Mica i

6.876J Advanced Topics in
Cryptography (A)

(Same subject as 18.426J)
Prereq.: Permission of Instructor
G (1)
3-0-9

Recent results in cryptography anet '-anlt-
tolerant distributed computing presented and
discussed. Lectures by instructor, invited
speakers, and students. May be repeated for
credit.
S. Goldwasser

6.891-6.899 Special Topics in the Computer
Sciences (A)

Prereq.: Permission of Instructor
G (1, 2)
Units arranged

A seminar-type discussion of special topics in
the computer sciences. Opportunity for
graduate students and instructors to inves-
tigate a topic of common interest. Topic and
staff announced each term. These subjects
given independently or sequentially, as cir-
cumstances require.
F J. Corbat6

Special Subjects

6.901 Inventions and Patents

Prereq.: 14.02
U (1)
3-0-6

School-Wide Elective Subject. Description
given at end of this chapter on SWE page.
R. H. Rines

6.910 Special Studies in Electrical
Engineering and Computer Science

Prereq.: -
U (1, 2, S)
Units arranged

Opportunity for individual study at the under-
graduate level related to electrical engineering
and computer science not covered by other
subjects offered by the Department. Student is
responsible for initiation of arrangements and
filing of proposal. Consult Department Under-
graduate Office.
L. A. Gould

6.911-6.914 Special Advanced
Undergraduate Subjects in Electrical
Engineering and Computer Science
Prereq.: -
U (1, IAP, 2)
Units arranged (P/F]

Advanced undergraduate subjects not offered
in the regular curriculum. Consult Department
to learn of offerings for a particular term.
Registration by permission of instructor.
L. A. Gould

6.915-6.919 Special Advanced
Undergraduate Subjects in Electrical
Engineering and Computer Science
Prereq.: -
U (1, IAP, 2)
Units arranged

Advanced undergraduate subjects not offered
in the regular curriculum. Consult Department
to learn of offerings for a particular term.
Registration by permission of instructor.
L. A. Gould

6.921 VI-A Internship

Prereq.: -
U (S)
0-12-0 [P/F]

Provides academic credit for the first two As-
signments of VI-A students at companies af-
filiated with the Department's VI-A Internship
Program. Students register for this subject
twice. The grade of V is given following com-
pletion of the first Assignment. Students must
complete the second Assignment in order to
receive the full academic credit of 24 units for
this subject. Enrollment limited to students par-
ticipating in the VI-A Internship Program.
K. J OToole

6.922 Advanced VI-A Internship

Prereq.: 6.921
U (2, S)
0-12-0 [P/Fl

Provides academic credit for the third Assign-
ment of VI-A students at companies affiliated
with the Department's VI-A Internship Pro-
gram. Enrollment limited to students participat-
ing in the VI-A Internship Program.
K J. OToole

6.925 Engineering Internship

Prereq.: -

U (, 2, S)
0-6-0 (P/F]

Provides academic credit for the irst two Work
Assignments of Electrical Engineering and
Computer Science students participating in the
Engineering Intemship Program. Students
register for the subject twice. The grade of "J"
is given following completion of the first Work
Assignment. Students must complete the
second Work Assignment in order to receive
the full academic credit of 12 units for this sub-
ject. Enrollment limited to Course VI students
participating in the Engineering Internship Pro-
gram.
J. K Roberge

6.929 Undergraduate Thesis Presentation

Prereq.: -
U (1, 2S)
0-3-0

Registration for written and oral presentation
of the undergraduate thesis, when the thesis
work is carried out as part of a VI-A Assign-
ment. Consult Department Undergraduate Of-
fice.
L. A. Gould

6.930 Management in Engineering

Prereq.. -

U (1)
3-0-9

School-Wide Elective Subject. Description
given at end of this chapter on SWE page.
D. P Houlft, H. S. Marcus

6.931 Development of Inventions and
Creative Ideas (A)

Prereq.: 14.002
G (2)
3-0-9

Role of the engineer as patent expert and as
technical witness in court and patent inter-
ference and related proceedings. Rights and
obligations of engineers in connection with
educational institutions, government, and large
and small businesses. Various manners of
transplanting inventions into business opera-
tions, including development of New England
electronics industry and its different types of in-
stitutions. American systems of incentive to
creativity apart from the patent laws in the
atomic energy and space fields. For graduate
students only; others see 6.901.
R. H. Rines

6.932 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 Rathjens, J. P Ruina

6.934 The Nuclear Age
(Revised Content)
Prereq.: -

U (2)
3-0-6 HASS

School-Wide Elective Subject. Description
given at end of this chapter on SWE page.
M. M. Miller, P Morrison, G. W. Rathjens,
J. P Ruina

6.936 Entrepreneurship

Prereq. -
G (2)
4-0-5

School-Wide Elective Subject. Description
given at end of this chapter on SWE page.
D. P Hoult

6.938 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

6.939 Probabilistic Models in Engineering

Prereq.: 1.03 or 6.041 or 18.05
U (2)
3-0-9

School-Wide Elective Subject. Description
given at end of this chapter on SWE page.
A. R. Odoni, R. C. Larson

6.940 Optimal Design of Engineering
Systems

Prereq.: 1.00 or equivalent
U (1)
3-14

School-Wide Elective Subject. Description
given at end of this chapter on SWE page.
R. C. Larson, Y Sheffi

6.942J Cases and Issues in Technological
Businesses (A)

(Same subject as 15.368J)
Prereq.: -
G (2)
3-0-6

Case studies in industry and government il-
lustrate strategic planning, domestic and inter-
national product strategy, R&D planning,
technology assessment and transfer, and
project management. Discussion of current is-
sues in advanced technologies: technology life
cycle and its implications for technology
forecasting and strategic planning; total quality
control systems for innovation management;
computer integrated manufacturing; globaliza-
tion of trade; interaction between economic ac-
tivities and environment.
T H. Lee

6.943J Proseminar in Manufacturing

(Same subject as 2.890J, 3.80J, 10.792J,
15.792J, 16.23J)
Prereq.: -
G (1, 2)
3-0-3 [P/FJ

See description under subject 15792J.
T H. Lee, S. C. Graves

6.944J Survey of Emerging
Technologies (A)

(Same subject as 15.373J)
Prereq.: Permission of Instructor
G (1)
2-0-4

See description under subject 15.373J.
M. A. Rappa, T H. Lee

6.951 Graduate VI-A Internship

Prereq.: 6.922
G (1. S)
0-12-0 (P/F]

Provides academic credit for a Graduate As-
signment of graduate students at companies
affiliated with the Department's VI-A internship
Program. Enrollment limited to graduate stu-
dents participating in the VI-A Internship Pro-
gram.
K. J. O'Toole
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6.952 Graduate VI-A Internship

Prereq.: 6.951
G (1, 2,;S)
0-12-0 [P/F]

Provides academic credit for graduate stu-
dents who require an additional term at the
company to complete the Graduate Assign-
ment of the Department's VI-A Internship Pro-
gram. This academic credit is for registration
purposes only and cannot be used toward ful-
filling the requirements of any degree program.
Enrollment limited to graduate students par-
ticipating in the VI-A Internship Program.
K. J. OToole

6.955 Advanced Engineering Internship

Prereq.: 6.925
G (1, 2, S)
0-6-0 [P/F]

Provides academic credit for the third Work As-
signment of Electrical Engineering and Com-
puter Science graduate students participating
in the Engineering Internship Program. Stu-
dents register for the subject twice. The grade
of "J" is given following completion of the first
term of the Work Assignment. Students must
complete the second term of the Work Assign-
ment in order to receive the full academic
credit of 12 units for this subject. Enrollment
limited to Course VI graduate students par-
ticipating in the Engineering Internship Pro-
gram.
J. K Roberge

6.961 Introduction to Research in Electrical
Engineering and Computer Science

Prereq.: -
G (1, 2)
Units arranged

Opportunity to become involved in graduate re-
search, under guidance of a staff member, on
a problem of mutual interest to student and su-
pervisor Recommended for all entering full-
time graduate students in the Department of
Electrical Engineering and Computer Science.
Individual programs subject to approval of
professor in charge. Enrollment restricted to
regular graduate students in Electrical En-
gineering and Computer Science. Normal
registration is for 12 units.
0. J. Epstein

6.962-6.969 Special Studies in Electrical
Engineering and Computer Science
Prereq.: -
G (1, 2)
Units arranged

Opportunity for study of graduate-level topics
related to electrical engineering and computer
science but not included elsewhere in the cur-
riculum. Registration under this subject normal-
ly used for situations involving individual study
(under supervision of a faculty member) of
topics of mutual interest to student and super-
visor, but may, when appropriate, be used for
small study groups. Normal registration is for
12 units. Registration subject to approval of
professor in charge.
D J. Epstein

6.971-6.979 Special Subjects in Electrical
Engineering and Computer Science (A)
Prereq.: -

G (1, 2)
Units arranged

Opportunity for group study of advanced sub-
jects related to electrical engineering and com-
puter science not otherwise included in
curriculum. Offerings are initiated by members
of EECS faculty on an ad hoc basis, subject to
Departmental approval.
0. J. Epstein

6.980 Teaching Electrical Engineering
and Computer Science

Prereq . -
G (1, 2)
Units arranged [P/F]

For qualified students interested in gaining
teaching experience. Classroom, tutorial, or
laboratory teaching under the supervision of a
faculty member. Enrollment limited by
availability of suitable teaching assignments
Students selected by interview
F C. Hennie

6.981-6.989 Teaching Electrical
Engineering and Computer Science

Prereq. -
G (1, 2)
Units arranged [P/FJ

For Teaching Assistants in Electrical Engineer-
ing and Computer Science, in cases where
teaching assignment is approved for academic
credit by the Department
F C. Hennie

6.991-6.999 Research in Electrical
Engineering and Computer Science

Prereq.: -

G (1, 2, S)
Units arranged [P/F]

For Research Assistants in Electrical Engineer-
ing and Computer Science, in cases where the
assigned research is approved for academic
credit by the Department. Hours arranged with
research supervisor
A. C. Smith

6.UR Undergraduate Research in Electrical
Engineering and Computer Science

Prereq -

U (1, 2,S)
Units arranged [P/F]

Extended participation in the work of a faculty
member or research group, including inde-
pendent study of the literature, direct involve-
ment in the group's research, and project work
under an individual faculty member, Research
is arranged by mutual agreement between the
student and a member of the faculty of the
Department of Electrical Engineering and Com-
puter Science, and may continue over several
terms. Forms and instructions for the initial let-
ter of intent and final summary report are avail-
able in the Department Undergraduate Office.
Grading P/F only.
R. D. Thornton

6.ThU Undergraduate Thesis

Prereq.: -
U (1, 2, S)
Units arranged

Program of undergraduate research leading to
the writing of an S.B. thesis; to be arranged by
the student and an appropriate MIT faculty
member. Students who register for thesis must
consult Department Undergraduate Office.
L. A. Gould

6.ThG Graduate Thesis (A)
Prereq.: -
G (1, 2, S)
Units arranged

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 ap-
propriate MIT faculty member.
A. C. Smith

Course7

7.UR Undergraduate Research

Prereq.: -
U (1, 2)
Units arranged [P/F]

Undergraduate research opportunities in the
Department of Biology. For further information,
consult the Departmental Coordinator: R. A.
Young. A written report is required. Permission
of Department required. Consult Department
Headquarters.

7.01 Introduction to Biology
(Revised Content)

Prereq.. -
U (2)
4-0-8 SCI DIST

1 troduction to modern biology with emphasis
on building a solid foundation in the general
principles of biochemistry and modern
genetics. The dynamic integration of
biomolecules into a hierarchy of systems rang-
ing from sub-cellular organelles to ecosystems
emphasized within an evolutionary framework.
Topics addressed include evolution, ecology,
genetics, biochemistry, cell and developmental
biology, and the molecular physiology of organ
systems. Recitations stress the development
of skills necessary to analyze modern issues in
biotechnology, health, medicine, and the en-
vironment.
P. Matsudaira, B. Cochran

7.011 Introduction to Experimental Biology

Prereq.: 7.01 or 7.05
U (1, 2)
2-8-5 LAB

Application of experimental techniques in
biochemistry, microbiology, and cell biology.
Emphasizes integrating factual knowledge with
understanding the design of experiments and
data analysis to prepare the students for re-
search projects.
Term 1: M. Chow, A. Demain
Term 2: K. Lewis, Staff

Biology

7.03 Genetics

Prereq.: -
U (1)
4-0-8 SCI DIST

Continuity and variation in the multiplication of
living organisms. Mutation and selection as a
mechanism for biological change. Principles of
formal genetics. Physical and chemical basis
of heredity. Structure and function of the
hereditary material. Molecular basis for muta-
tion, genetic function, and recombination in
microorganisms.
H. R. Horvitz, R. Lehmann

7.05 General Biochemistry

Prereq.. 5.12
U (2)
5-0-7 SCI DIST

Contributions of biochemistry toward an under-
standing of the structure and functioning o; or-
ganisms, tissues, and cells. Chemistry and
functions of constituents of cells and tissues
and the chemical and physical-chemical basis
for the structures of nucleic acids, proteins,
and carbohydrates. General metabolism of car-
bohydrates, fats, and nitrogen -containing
materials such as amino acids, proteins, and
related compounds.
G. M. Brown, P. Kim

7.06 Cell Biology

Prereq.: 7 05
U (2)
3-0-9

Biology of cells of higher organisms: structure,
function, and biosynthesis of cellular
membranes and organelles; cell growth and
oncogenic transformation; transport, receptors
and cell signaling; the cytoskeleton, the ex-
tracellular matrix, and cell movements;
chromatin structure and RNA synthesis.
H. F Lodish, R. Weinberg

7.08 Molecular Biology

Prereq.: 7.01 or 7.011 or 7.05; and 7.03
U (2)
4-0-8

Nucleic acid molecular biology: mechanisms of
DNA replication, regulation of gene expression
in prokaryotes and eukaryotes, including the
biosynthesis of RNA and proteins. Recom-
binant DNA technology. Structure, biogenesis,
and functions of subcellular organelles and
membranes. Cytoskeleton and extracellular
matrix. Control of cell growth and oncogenes.
A. Grossman, U. RajBhandary

7.11 Biology Teaching

Prereq.: -
U (1, 2)
Units arranged [P/F]

For qualified undergraduate students inter-
ested in gaining some experience in teaching.
Laboratory, tutorial, or classroom teaching
under the supervision of a faculty member. Stu-
dents selected by interview. Consult Depart-
ment Headquarters.

7.13 Experimental Microbial Genetics

(7.031)
Prereq.: 7.011, 7.03, 7.05
Acad Year 1990-91: Not offered
Acad Year 1991-92: U (1)
2-16-6

Laboratory project in microbiology and
genetics. A recent class used advanced
genetic approaches based on the use of
transposon and gene and operon fusions to ad-
dress problems related to the nodulation of al-
falfa by the nitrogen-fixing bacterium
Rhizobium meliloti. Enrollment limited.
G. C. Walker

7.14 Experimental Drosophila Molecular
Genetics

(7.041)
Prereq.: 7.011, 7.03, 7.05
U (2)
2-16-6

Laboratory project applying molecular genetic
techniques to selected problems in Drosophila
biology. Insertional mutagenesis with P
transposable elements used to generate muta-
tions affecting embryonic development and the
regulation of gene expression. Mutant
phenotypes characterized and the correspond-
ing genes analyzed using standard recom-
binant DNA techniques. Molecular cloning and
Drosophila cell culture methods used to ad-
dress questions of gene regulation.
0. Rio, H. Steller
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7.15 Experimental Molecular Biology:
Biotechnology I

Prereq .:7.011, 7.03, 7.05
U (1)
2-16-6

Molecular genetic technology applied to a con-
temporary biomedical research problem in the
laboratory. Emphasis on recombinant DNA
techniques and interpretation and communica-
tion of experimental results. Recombinant DNA
methods include PCR, gene cloning, and DNA
sequencing.
R. A. Young, P. W Robbins

7.16 Experimental Molecular Biology:
Biotechnology II

Prereq.: 7.011, 7.03, 7.05
U (2)
2-16-6

Laboratory methodology and theoretical basis
for cloning and manipulation of genes in
eukaryntic organisms. Mammalian cell culture,
biologic if assays with mammalian cells, isola-
tion of h.ybridomas that secrete monoclonal an-
tibodies, and cloning and expression of genes
in eukaryotic organisms.
R. C. Mulligan, D. E. Housman

7.19 Laboratory in Biological
Ultrastructure

(7.53)
Prereq.: 7.06 or 708
U (1)
3-3-3

Organization of macromolecules into larger
structures and cell organelles; structure and as-
sembly of enzymes, viruses, ribosomes,
microtubules, flagella and cilia, centrioles,
muscle, cartilage, and bone. Instruction in
operation of the electron microscope and tech-
niques for preparing and visualizing biological
samples. Image processing and analysis of
ultrastructure from micrographs.
J. A. King, P Reilly

7.20 Human Physiology
(7.54)
Prreq.: 7.05
U(1)
4-0-8

Comprehensive course in human physiology,
emphasizing the molecular basis and applied
aspects of organ function and regulation in
health and disease. Material covered includes
a review of cell structure and function, as well
as the mechanisms by which the endocrine
and nervous systems integrate cellular metabo-
lism. Special emphasis on examining the car-
diovascular, pulmonary, gastrointestinal, and
renal systems-
M. Krieger, R. D. Rosenberg

7.21 Microbial Physiology

Prereq.: 7.05
U (1)
4-0-8

Biochemical properties of bacteria and other
microorganisms that enable them to grow
under a variety of conditions. Interaction be-
tween bacteria and bacteriophages. Genetic
and metabolic regulation of enzyme action and
enzyme formation.
G. C. Walker, B. Magasanik

7.22 Cell and Developmental Biology
(7.04)
Prereq.: 7.08
U (2)
4-0-8

Basic properties of cells and their relationship
to development: biochemical and structural dif-
ferentiation of cells. Principles of embryology
and development: determination, pattern for-
mation, and cell-cell interaction. Analysis of
development by techniques of cell biology,
genetics, molecular biology, and biochemistry.
Consult Department Headquarters.

7.23 General Immunology

(7.73)
Prereq.: 7.05
U (1)
4-0-8

A comprehensive survey of immunology. In-
cludes antigen-antibody reactions, im-
munoglobulin structure, organization and
expression of immunoglobulin genes, cells and
tissues of the immune system, major histocom-
patibility complex (MHC), genes encoding
MHC proteins and T-cell antigen-specific recep-
tors, antibody formation, cell-mediated im-
munity, complement, hypersensitivity,
immunodeficiencies, graft rejection.
L. Steiner, D. H. Raulet

7.29J Cellular Neurobiology

(7.09J)
(Same subject as 9.09J)
Prereq.: 7.05
U (2)
4-0-8

An introduction to the structure and function of
fth nervous system. Emphasis placed on the
cellular properties of neurons and other ex-
citable cells. Includes the structure and
biophysical properties of excitable cells, synap-
tic transmission, neurochemistry,
neurodevelopment, and integration of informa-
tion in simple systems and the visual system.
W G. Ouinn, R. D. G. McKay, S. J. Burden

7.35J Reproductive Biology

(7.55J)
(Same subject as SP 484J)
Prereq.: -
U (2)
3-0-6 HASS

A rigorous introduction to aspects of molecular,
cell, and developmental biology that pertain to
human reproduction. Attendant ethical and so-
cial issues as they affect the lives of men and
women are addressed. Includes Mendelian
and molecular genetics, gamete formation and
fertilization, the sex life of plants and animals
other than humans, the sociology and biology
of birth control, recombinant DNA technology,
and gene therapy.
N. H. Hopkins, C. Whitback

7.36 Industrial Microbiology

(783)
Prereq.: 7.05
Acad Year 1990-91: Not offered
Acad Year 1991-92: U (1)
3-0-9

Selected topics concerned with the use of
microorganisms for the production of sub-
stances of industrial, medical, or nutritional
value, such as amino acids, antibiotics,
vitamins, and organic acids, emphasizing meta-
bolic regulation, genetics, and biochemical
pathways leading to fermentation products.
A. L. Demain

7.37J Biotechnology of Mammalian Cells
(7.52J)
(Same subject as 10.56J)
Prereq.: 7.03 or 7.05; 5.60 or 10.13
U (2)
4-0-8

Biological and bioengineering principles for
utilization of cultured animal cells and their
protein products: post-translational processing
and secretion of proteins; gene cloning and ex-
pression in mammalian cells; physiology of cell
growth and in vitro cultivation; bioreactor
design; protein recovery and purification; alter-
natives to mammalian cell culture; Federal
regulatory issues; marketing and business
planning; and issues in patents and laws.
A. J. Sinskey, D. I. C. Wang, H. Lodish

7.39 Special Problems for Undergraduates
(7.90)
Prereq.: -
U (1, 2)
Units arranged

Program of study or research to be arranged
with a Department faculty member. Written
report required. Permission of Department re-
quired. Consult Department Headquarters.

7.411-7.419 Seminars In Biological
Oceanography (A)

Prereq.: Permission of Instructor
G (1, 2)
Units arranged {P/F)

Selected topics in biological oceanography. In-
formation: A. L. Peirson (Woods Hole Staff).

7.421 Special Problems in Biological
Oceanography (A)

Prereq.: -
G (1, 2)
Units arranged [P/F]

Advanced problems in biological oceanog-
raphy with assigned reading and consultation.
information: A. L Peirson (Woods Hole Staff).

7.47 Biological Oceanography

Prereq.: -
G(2)
9-12-15

intensive overview of biological oceanography.
After introductions to physical oceanography
and diversity of life in the oceans, fundamental
topics in population dynamics, behavioral and
community ecology, population genetics,
physiology and biochemistry of marine or-
ganisms form the C'st part. Subsequent ses-
sions include microbiology, phytoplankton,
zooplankton, biogeochemistry, sediment
dynamics, benthos, and evolution. Laboratory,
fieldwork, and discussion in addition to lec-
tures. Undergraduates admitted by permission
of instructor only.
(Woods Hole Staff): J. McDowell

7.491 Research In Biological
Oceanography (A)

Prereq.: -
G(1,2)
Units arranged [P/F]

Directed research in biological oceanography
not leading to graduate thesis and generally
done before the qualifying examination. Pos-
sible areas include population dynamics,
physiology, and cytology of marine microor-
ganisms; physiology, nutrition, and productivity
of phytoplankton: influence of organisms on
the composition of seawater; systematics,
physiology, and ecology of pelagic larvae,
zooplankton, benthos, and mesopelagic
fishes; physiology and migration of large
fishes; diving physiology; and use of sound by
marine mammals-
(Woods Hole Sta l

7.51 Biochemistry for Graduate
Students (A)
(721 )
Prereq. : Permission of Instructor
G (1)
4-0-8

Fundamental principles of biochemical
analysis of the mode of action and structure of
regulatory, binding, and catalytic proteins.
R. T Sauer, F Solomon

7.52 Genetics for Graduate Students (A)

(733)
Prereq.: Permission of Instructor
G (1)
4-0-8

Principles of genetics, including Mendelian sys-
tems and prokaryotc genetics. Application of
principles to biological function, including
regulation and development. Mechanisms of
recombination, mutation, and evolution. Dis-
cussion of original scientific papers and review
of problem sets and exams supplement lec-
tures.
L. Guarente, T-Orr-Weave, G. Fink

7.60 Cell Biology 1(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, dif-
ferentiation of specialized cell types. Text and
literature readings.
P A. Sharp, M. L. Pardue, S. Tonegawa

7.61 Cell Biology 11(A)

Prereq.. 7.08
G (1)
4-0-8

Structure and function of membranes.
Transport, channels, and pumps. Synthesis
and processing of membrane and secreted
proteins. Receptors, endocytosis, and recy-

7.62 Tumor Biology (A)

Prereq.: 7.05
G (2)
3-0-9

Broadly concerned with the natural history and
causal mechanisms of cancer in humans and
animals. Subjects include differences between
normal and tumor cells, viral and chemical car-
cinogenesis In cultured cells and in animals,
activation of chemical carcinogens,
chromosomal and genetic influences,
monoclonal vs polyclonal tumors, malignant-
normal cell hybrids, host-tumor interactions,
tumor immunology, reversibility of malignant
phenotype, causes and treatment of human
cancer. Lectures and student papers.
H. E. Ruley, Staff

7.63 Immunology (A)

Prereq.: Permission of Instructor
G (2)
3-0-9

Principles of immunology, including im-
munochePntry and molecular and cellular im-
munology. An in-depth critical analysis of
current literature in the field. Particular atten-
tion paid to the function of the immune system
as a whole as studied by modern methods and
techniques. Discussions of original papers sup-
plement lectures. Consult Department Head-
quarters.

7.64 Advanced Call Structure and Function

Prereq.: 7.06 or 7.08
G (2)
3-0-6

Understanding cell function and organization
into tissue requires the emerging technologies
for ultrastructural analysis. We consider mor-
phological and biochemical techniques for
studying cell architecture in major tissues,
mechanisms of image formation that influence
data interpretation, the biochemistry of cellular
substructures and methods of chemical cell dis-
section. The cells in major body organs will
conclude the material.
S. Penman

765J Principles of Neuroscience (A)
7.50 Method and Logic in Molecular cling of membrane proteins. Cytoskleti and --- ----.- ,
Biology (A) extracellular matrix proteins; structure, func- (Revised Unit)

tion, and assembly. Intracellular organization (Same subject as 9.011J)

Prer.: Permission of Instructor and motility. Cell adhesion, morphology, and Prereq.: Permission of Instructor
Prrq emsso o ntrco migration. Hormones, receptors, and second Gi (1)
G (1) messengers in cellular recognition. Organiza- 6-0-9

tion of specialized cell types. Text and litera-dc o e c.

Logic and experimental design: an in-depth dis- ture readings. See description under subject 9.011.

cussion and assessment of biochemical, physi- R. 0. Hynes, M. Krieger M. Sur, A. Lande, E. Bizzi, R. Andersen,

cal, and genetic methods employed in testing S. Corkin, A. Graybiel,W. uinn,

hypotheses. Limited to Course VII graduate P Schiller, R. J. Wurtman

students.
F Solomon, S. Burden, E. Signer,
Staff
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7.66J Cellular and Molecular Biology of the
Nervous System

(Same subject as 9.321J)
Prereq.: -
G(2)

A lecture course covering the concepts and
methods used in analyzing the molecular basis
of brain development and function. Specific
topics covered include the control of gene ex-
pression in the brain, synaptic function and
ionic signaling, development of invertebrate
and vertebrate nervous systems.
A. Lander, R. D. G. McKay

7.67J Genetic Neurobiology (A)

(Same subject as 9.322J)
Prereq.: -
Acad Year 1990-91: Not offered
Acad Year 1991-92:G (I
3-0-6

See description under subject 9.322J.
W G. Quinn, H. Steller

7.68 Topics in Nucleic Acid and
Protein Biochemistry (A)

(7.28)
Prereq.: 7.03, 7.05

3-0-9

Genome structure and function, with an em-
phasis on regulation of DNA transactions,
protein synthesis, and selective protein turn-
over in both bacteria and eukaryotes Each
topic is covered by in-depth discussion of
specific recent developments in the field.
A. Varshavsky

7.69 Animal Virology

(7.26)
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 in-
fected cell and the immune system. The virus
is viewed as a model system of the macro-
molecular metabolism of the cell. The
pathogenesis of medically important virus dis-
eases is discussed.
R. Weinberg, N. H. Hopkns, P Sharp

7.70 Regulation of Gene Expression (A)
(7.27)
Prereq.: 7.03, 7.05
G(2)
4-0-8

Studies molecular mechanisms responsible for
the regulation of gene expression in bacteria,
bacterial viruses, and eukaryotic microor-
ganisms.
L. Guarente, 8. Magasanik

7.71J Biophysical Chemistry

(Same subject as 5.64J)
Prereq.: 5.60, 7.05
U (1)
3-0-9

Nucleic acids: structures and forces that stabi-
lize them. Polymer statistics relating to proper.
ties of long nucleic acid chains. Supercoiling.
Hydrodynamic behavior as a function of confor-
mation. Melting of double-stranded DNA and
RNA: helix-coil transition. Renaturation kinetics
and Cot curves. Proteins: thermodynamics
and kinetics of protein folding. Forces stabiliz-
ing three-dimensionaJ structure. Hydrophobic
effects and water structure. Prediction of struc-
ture from amino acid sequence. Enzyme
kinetics and allosteric systems. Interactions
with nucleic acids.
P R. Schimmel, R. D. Rosenberg, Staff

7.72 Development

(7.32J)
Prereq.: 7 05 or 7 33
G (2)
3-0-9 [P/F]

Graduate discussion seminar examining in-
depth fundamental aspects of development
and differentiation. In addition, particular atten-
tion paid to the critical appraisal of current pub-
lished research in important areas of the field.
R. Lehmann, M. L. Pardue

7.75 Advanced Biochemistry (A)
Prereq.: 7.05
Acad Year 1990-91: Not offered
Acad Year 1991-92: G (2)
4-0-8

Major metabolic pathways for the synthesis of
amino acids, coenzymes, lipids, and steroids,
emphasizing enzyme mechanisms, regulation,
and coenzyme-catalyzed reactions. Oxidative
phosphorylation and photosynthesis.
G. M. Brown. J. Stubbe

7.76 Topics in Protein Biochemistry

Prereq.- Permission of Instructor
S(2)

In-depth analysis and discussion of classic and
current literature with emphasis on the relation-
ship between protein structure and function.
Topics include cooperativity, allostery,
specificity, and catalysis; signal transduction,
receptors, virus assembly, evolution of
proteins, and protein-nucleic acid interactions-
Consult Department Headquarters.

7.77 Nucleic Acide and Their Interactions
with Proteins (A)
Prereq.: 7.05 or 7.31
G (2)
3-0-9

Chemistry, structure, and function of DNA and
RNA. Biochemical, physical, and genetic ap-
proaches to studies of nucleic acids. DNA con.
formation including A-, B-, and Z-forms.
Superhelical and bent DNA. Protein-nucleic
acid systems, including repressors and ac-
tivators, nucleosomes, restriction enzymes,
aminoacyl tRNA synthetases, ribosomes, and
RNA polymerases. Catalysis by RNA.
Mechanisms of transcription in prokaryotes
and eukaryotes. Consult Department Head-
quarters.

7.78 Seminar in Upid and Carbohydrate
Biochemistry (A)
Prereq.: 7.05
Acad Year 1990-91:G(2)
Acad Year 1991-92: Not offered
2-0-4

Discusses recent research in the area of com-
plex lipids and carbohydrates. Lipid topics in-
clude phospholipids, prostaglandins, and
steroids. In the carbohydrate area, em-
phasizes membrane and cell surface com-
ponents of bacteria, yeast, and animal cells.
Format includes lectures, discussions of recent
literature, and student reports.
P W. Robbins

7.81 Frontiers in Modern Plant Biology (A)
(Revised Unit)

Prereq. 703, 7.05
G (1)
2-0-7 [P/F]

Intensive analysis of key original literature,
both classical and current, with emphasis on
experimental approaches and analysis of
primary data. Topics include regulation of cell.
tissue, and organ growth; control of gene ex-
pression; fertility, embryogenesis, and seed
development; transformation and transgenic
plants; transposable elements and genetic
structure: function and genetics of organelles;
pathogenesis and disease resistance. Student
reports and class presentations.
E. R. Signer, G. R. Fink

7.82 Selected Topics of Mammalian
Development and Genetics

Prereq.: -
G (1)
2-0-4 [P/F)

Seminar course covering biological, genetic,
and molecular approaches to mouse develop-
ment. Topics include preimplantation develop-
ment; postimplantation development; cell
lineage studies; embryonic stem cells; trans-
genic mice; insertional mutagenesis; tissue in-
teractions and induction; X-inactivation; sex
determination; T-locus; genetic basis of coat
color; hematopoissis.
R. Jaenisch, H.-S. Shin

I
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7.84 Topics In Bacteriology (A)

(7.24)
Prereq.: 7.21, Permission of Instructor
G (1)
2-0-6 {P/Fl

Recent developments in bacteriology:
regulatory mechanisms and membrane
phenomena. Consult Department Head-
quarters.

7.86 Molecular Genetics (A)

Prereq.: 7.05, 7.27
Aced Year 1990-91: Not offered
Acad Year 1991-92: G(2)
3-0-9 [P/F]

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
developed in microbial systems. Subject
designed to establish familiarity with literature
and patterns of thought in the field and
develop ability to evaluate papers critically. Un-

dergraduates who have taken 7.03 and 7.21
admitted with permission of instructor.
M. S. Fox

7.88J The Protein Folding Problem

(7.38J)
(Same subject as 5u48J)
Prereq.: 7.05 or equivalent
G (2)
3-0-6

Focus on the mechanism by which the amino
acid sequence of polypeptide chains deter-
mines their 3-dimensional conformatior: con-
formation of linear and cyclic peptide.;
structure-activity relationships for peptide hor-
mones; hydrophilicity and hydrophobicity
scales; helix and sheet packing; unfolding and
refolding of proteins in vitro; aggregation reac-
tions; folding of newly synthesized polypeptide
chains in vivo; genetic analysis of folding path-
ways; conformation of active sites; design of
new active sites; protein stability.
J. A. King

7.93 Selected Topics in Biology (A)

Prereq.: -
G (1,2)
Units arranged [P/F]

Classwork in various fields of biology not
covered by the regular subjects of instruction.
Consult Department Headquarters.

7.941 Research Problems (A)

Prereq.: -
G (1)
Units arranged [P/F]

7.942 Research Problems (A)

Prereq.: -
G (2)
Units arranged [P/F]

Directed research in a field of biological
science, but not contributory to graduate
thesis. Consult Department Headquarters.
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Course 8 Physics

General Undergraduate 8.01 Physics1 8.02 Physics I1

Subjects Prereq.: - Prereq.: 8.01 or 8.012;:18.01
U (1, 2) U (1,2)
5-0-7 5-0-7

Introduces classical mechanics, Space and Introduction to electromagnetism and electro-
time: straight-line kinematics; motion in a statics: electric charge, Coulomb's law, electric

8 825 Atoms, Quarks, and Cosmology plane; forces and equilibrium; experimental structure of matter; conductors and dielectrics.
basis of Newton's laws; particle dynamics: Concepts of electrostatic field and potential,

Prereq.: 8.02 universal gravitation; collisions and conserve- electrostatic energy. Electric currents, mag-
U (1, 2) tion laws; work and potential energy; vibration- netic fields and Ampere's law. Magnetic
2-0.4 [P/F] al motion; conservative forces; inertial forces materials. Time-varying fields and Faraday's

and non-inertial frames; central force motions; law of induction. Basic electric circuits.Fundamentals of physics, with a global view. rigid bodies and rotational dynamics. Electromagnetic waves and Maxwell's equa-Behavior of gases and solids, photoelectric of- Term 1: W H. G. Lewin, R. J. Ledoux tions.
fact, X-ray and electron diffraction, and atomic Term 2: V Kistiakowsky Term 1: W. Buszaspectroscopy. Fundamentals of quantum Term 2: H. V. Bradtmechanics, wave-particle dualism, uncertainty 8.012 Physics Iprinciple, and particle spin. The structure of 8.022_Physics_11
atoms, nuclei, and fundamental particles will Prereq : - 8.022 PhysIcs II
be linked to the structure of the visible U (1) Prereq.: 8.012
universe, using elementary classical and quan- 5-0-7 U (2)
tum ideas. Primary emphasis on general con- 5-0-7
cepts, assuming only freshman-level Elementary mechanics, presented at greater
mechanics and electromagnetism. depth than in 8.01. Newton's laws, concepts of Parallel to 8.02, but more advanced mathe-
B. F Burke momentum, energy, angular momentum, rigid matically. Some knowledge of vector calculus

body motion, non-inertial systems. Uses assumed. Maxwell's equations, in both differen-
8 S63 Computer-Aided Physics Laboratory elementary calculus freely. Corcurrent registra- tial and integral form. Electrostatic and mag-

tion in a math subject more advancer nan netic vector potential. Properties of dielectrics
Prereq.: - 18.01 is recommended. In addition to the and magnetic materials. In addition to the
U (1, 2) theoretical subject matter, several experiments theoretical subject matter, several experiments
0-4.2 [P/F] in classical mechanics are performed by the in electricity and magnetism are performed by

students in the aboratory. the students in the laboratory.Computers are essential in physics expen- S. W Stahler J. L. Tonryments and in theoretical calculations that do
not yield to analytical methods. Students in this 8.01X Physics I 8.02X Physics lIseminar loam to use IBM PCs in both of these (Now) (Nowareas. Languages available are BASIC, w)
FORTRAN, and Pascal, all with high-resolution Prereq.: - Prereq.: 8.01, 8.01X, or 8.012
computer graphics. A number of experiments U (1) U (2)
in mechanics, electricity, magnetism, and other 5-0-7 5-0-7areas of physics use the computers far taking,
plotting, and fitting theoretical functions to the An introduction to basic topics in physics, sup- Designed as a sequel to 8.0 1X, which is the
data. Students are also taught numerical ported by take-home experiments. The se- recommended but not required prerequisite.
methods to solve nonideal physics problems. quence of topics includes space and time; Main emphasis on electricity and magnetism.
Also available on a limited basis as a Fresh- force, work, and mechanical energy; heat and Topics include currents and DC circuits;
man Advisor Seminar. mechanical/thermal energy conversions; capacitance, resistance, and nonsteady cur-
J. M. Graybeai electrical and chemical energy; atomicity and rents; Coulomb's Law and electrostatic fields;

kinetic theory of gases; introduction to wave Gauss's Law; electric potential; magnetic fields
motion; Newtonian mechanics and gravitation; of currents; electromagnetic induction; mag-

.UR Undergraduate Research simple harmonic motion in mechanical sys- notism and matter; AC circuits and resonance;
Prereq.: - tems. Kits of equipment provided for the perfor- Maxwell's equations; electromagnetic fields in
U (1, 2) mance of a relevant take-home experiment as space; electromagnetism and relativity;
Units arranged [P/F] part of the homework each week. Many of the electromagnetic radiation as waves and

experiments involve simple electrical and photons. Kits of equipment provided for theUndergraduate research opportunities in electronic instrumentation. performance of a relevant take-home exper-physics. For further information, contact the A. P French, J. G. King ment as part of the homework each week.Departmental UROP Coordinator. J. G. King, A. P FrenchA. A. Bernstein

Physios 73D

8.03 Physics Ill

Prereq.: 8.02 or 8.021 or 8.022, 18.02
u (1D2)
5-0-i SCI DIST

Mechanical vibrations and waves; simple har-
monic motion, superposition, forced vibrations
and resonance, coupled oscillations and nor-
mal modes; vibrations of continuous systems;
reflection and refraction; phase and group
velocity. Optics; wave solutions to Maxwell's
equations; polarization; Snell's Law, inter-
ference, Huygens's principle, Fraunhofer dif-
fraction, gratings.
Term 1: L. , arlean
Term 2; T. J. Greytk

8.04 Quantum Physics I

Prereq.: 8.03 or 6.014, 18.03
U (1, 2)
5-0-7 SCI DIST

Experimental basis of quantum physics:
photoelectric effect, Compton scattering,
photons, Franck-Hertz experiment, the Bohr
atom, electron diffraction, deBroglie waves,
wave-particle duality of matter and light. Intro-
duction to wave mechanics: Schroedinger's
equation, wave functions, wave packets, prob-
ability amplitudes, stationary states, the
Heisenberg uncertainty principle and zero-
point energies. Solutions to Schroedinger's
equation in one dimension: transmission and
reflection at a barrier, barrier penetration,
potential wells, the simple harmonic oscillator.
Term 1: M. A. Kastner
Term 2: J. W Negele

8.044 Statistical Physics I

Prereq.: 8.03, 18.03
U (2)
5-0-7

Introduction to probability, statistical
mechanics, and thermodynamics. Random
variables, joint and conditional probability den-
sities, functions of a random variable. Con-
cepts of macroscopic variables and
thermodynamic equilibrium, fundamental as-
sumption of statistical mechanics, microcanoni-
cal and canonical ensembles. First, second,
and third laws of thermodynamics. Numerous
examples illustrating a wide variety of physical
phenomena such as magnetism, polyatomic
gases, thermal radiation, electrons in solids,
and noise in electronic devices. Concurrent en-
rollment in 8.04 is recommended.
J. M. Graybeal

6.09 Modern Physios I
(New)
Prereq.: 8,044, 8.05, and 8.06
U(1). .0 ,806 nd80
u-(-8
48 osnPyi.I

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 quan-
tum mechanics: state space, Dirac notation,
representations, and matrix mechanics. An-
gular momentum, magnetic moments. Identi-
cal particles and the exclusion principle:
many-electron atoms, the periodic table,
simple molecules, Fermi and Bose gases. Per-
turbation theory: time-independent theory,
variational principle, adiabatic and sudden ap-
proximations, time-dependent theory. Discus-
ses real physical examples at each stage.
Term 1: E. W. Bertschinger
Term 2: M. A. Kastner

8.08 Mechanics 1I

Prereq.: 8.03
U (2)
4-0-8

Basic concepts of mechanics: inertial frames
of reference; space, time, mass, force. Types
of forces. Equations of motion; non-inertial
frames of reference. Conservation laws for
closed systems. Planetary motion. Harmonic
oscillator. Macroscopic objects: constraints;
Hamilton's principle and Lagrange's equations.
Rigid body dynamics. Coupled oscillators,
Green's functions. Normal modes; continuum
limit; elastic strings, solids. Canonical vari-
ables, Hamilton's equations.
M. Baranger

8.07 Electromagnetism 1I

Prereq.: 8.03, 1803
U (1)
4-0-8

Survey of basic electromagnetic phenomena:
electrostatics, magnetostatics; electromagnetic
properties of matter. Time-dependent
electromagnetic fields and Maxwell's equa-
tions. Electromagnetic waves, emission, ab-
sorption, and scattering of radiation.
Relativistic electrodynamics and mechanics.
K. Freese

8.08 Statistical Physics I

Prereq.: 8.05
U (2)
4-0-8

Probability distributions for classical and quan-
tum systems. Microcanonical, canonical, and

grand canonical partition-functions and as-
sociated thermodynamic potentials. Conditions
of thermodynamic equilibrium for homogenous
and heterogenous systems. Applications: non-
interacting Bose and Fermi gases; mean field
theories for real gases, binary mixtures, mag-
netic systems, polymer solutions; phase and
reaction equilibria, critical phenomena. Fluctua-
tions, correlation functions and susceptibilities,
Kubo formulae. Evolution of distribution func-
tions: Boltzmann and Smoluchowski equations.
S. Mochrie

I

8.10 Modern Physics 11
(Now)
Prereq.: 8.09
U (2)
4-0-8

A two-semester subject on the application of
quantum mechanics and statistical mechanics
to topics in modem physics. The subject is not
a survey, but rather a set of six interrelated
topical units emphasizing methods and univer-
sality: 1) degenerate Fermi systems; 2) clas-
sification of atoms, nuclei, and particles -
symmetries and structure; 3) phase transitions
and critical phenomena; 4) stochastic proc-
esses in physics; 5) nonlinear oscillators and
devices; and 6) scattering theory and applica-
tions.
Term 1: R. L. Jaffe, 0. B. Benedek
Term 2: G. B. Benedek, R. L. Jaffe

Undergraduate Laboratory
and Special Project Subjects

8.11 Physics Project Laboratory I

Prereq.: -
U(i)
1-6-5 LAB

Prereq.: -
U (1, 2)
1-6-5 LAB

Students carry out experimental projects of
their own choice and design to study physical
phenomena. Faculty help define projects and
teach techniques and methods for setting up
experimental apparatus, maling measure-
ments, verifying observations, and analyzing
data. Prior experience in a laboratory environ-
ment not required. Projects in the past have in-
cluded topics in optics, acoustics,
interferometry, spectroscopy, microwave op-
tics, particle coun ng, hydrodynamics, nuclear
magnetic resonance, Hall effect, and quantum
phenomena. Not usable as a restricted elec-
tive for physics majors.
R. K. Yamamoto

I

8.12 Physics Project Laboratory 11
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8.13 Experimental Physics I

Prereq.: 8.04
U (1)
0-6-12

8.14 Experimental Physics 1I

Prereq.: 8,04, 8.05
U (2)
0-6-12

About five 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
results. Second term requires knowledge of
quantum mechanics at the 8.05 level.
G. W. Clark

8.18 Special Problems in Undergraduate
Physics

Prereq.: -
U (1, 2)
Units arranged

Opportunity for undergraduates to engage in
experimental or theoretical research under the
supervision of a staff member. Specific ap-
proval required in each case.
S. A. Rappaport

8.19 Readings in Physics
Prereq.: -
U (1,2)
Units arranged [P/F]

Supervised reading and library work. Choice of
material and allotment of time according to in-
dividual needs. For students who want to do
work not provided for in the regular subjects.
Specific approval required in each case.
S. A. Rappaport

Undergraduate Elective
Subjects

8.20 Introduction to Special Relativity
Prereq.: 8.01, 8.02, 18.01
U (1, IAP)
2-0-7 SCI DIST

Analyzes time stretching, Lorentz contraction,
limiting speed of light, solutions to the twin
paradox using invariance of the interval,
Lorentz 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).
A. P Lightman

8.208 The Nuclear Age
(Revised Content)

Prereq.: -
U (2)
3-0-6 HASS

Engineering School-Wide Elective Subject.
Description given at end of this chapter on
SWE page.
M. M. Miller, P Morrison, G. W Rathjens,
J. P Ruina

8.22 Computational Physics

Prereq.: 8.04 or 6.017, 8.05
Acad Year 1990-91: Not offered
Acad Year 1991-92: U (1)
2-2-8

Introduces computational techniques that are
widely used to aid in the exploration and under-
standing of physical phenomena. These tech-
niques are applied to about a half-dozen
physics problems taken from such diverse
areas as astrophysics, atomic physics, solid-
state physics, electricity and magnetism, statis-
tical physics, mechanics, etc. No previous
computer experience required.
Information: S. A. Rappaport.

8.231 Physics of Solids I

Prereq.: 8.044 or 6.018, 8.211 or 8.05
U (1)
40-8

First term of a sequence presenting basic con-
cepts of the quantum theory of solids. Em-
phasizes simple physical models. Topics:
perodic structure and symmetry of crystals; dif-
fraction; reciprocal lattice; chemical bonding;
lattice dynamics, phonons, thermal properties;
free electron gas; nearly free electron ap-
proximation; tight binding approximation; semi-
conductors: electrons, holes, impurities;
materials with s, p, d, and f electrons.
A. N. Berker

8.232 Physics of Solids 11

Prereq.: 8.231 or 6.730
U (2)
4-0-8

Second term of solid-state physics, presenting
basic concepts of the quantum theory of
solids. Emphasizes simple physical models.
Topics: electronic structures, dynamics of
electrons in solids, Fermi surfaces, transport
phenomena in metals and semiconductors; op-
tical properties of metals, semiconductors, and
insulators; lattice modes; magnetic
phenomena in solids such as paramagnetism,
diamagnetism, ferromagnetism; resonance
studies in a magnetic field; superconductivity.
A. N. Berker

8.235 Superconductivity
(New)

Prereq.: 8.04, 8.044
Acad Year 1990-91: Not offered
Acad Year 1991-92: U (IAP)
2-0-4

Experiments and phenomenology. A qualitative
introduction to perfect conductance and per-
fect diamagnetism; thermodynamics and the
energy gap; electron (Cooper) pairing; Bar-
deen-Cooper-Schrieffer theory; quasiparticles;
phase transition and free energy; suppression
of Coulomb repulsion; Type I and 1i supercon-
ductors; vortices, coherence, and penetration
lengths; lower and upper critical fields; Landau
theory; critical phenomena; Ginzburg criterion;
liquid crystal analogs; high To superconduc-
tivity. Alternate years.
A. N. Barker

8.242 Ouantum Electronics and Laser
Spectroscopy

Prereq.: 8.04 or 6.017
U (2)
3-1-8

Fundamental processes in lasers and their ap-
plications to studying physical properties of
atoms and molecules. Interaction of classical
and quantum systems with electromagnetic
radiation. The physics of two-level atoms.
Laser oscillators. Techniques in nonlinear
spectroscopy, such as stimulated Raman ef-
fect, free induction decay, optical nutation,
photon echoes, and CARS. As part of the cur-
riculum, each student is required to carry out a
laboratory project. Familiarity with Maxwells
equations and the Schroedinger equation is re-
quired.
M. S. Feld

8.243 Modern Optics

Prereq.: 8.03
Acad Year 1990-91: Not offered
Acad Year 1991-92: U (1)
3-0-9 SCI DIST

Ray matrices, reflection and refraction at
dielectric interface. Fresnel equations, Gaus-
sian beams, optical resonators. Fiber optics.
Propagation in anisotropic media, optical ac-
tivity, electrooptics, and magnetooptic effects.
Propagation in nonlinear media, effects of
second- and third-order nonlinear suscep-
tibility. Interference, Michelson and Fabry-
Perot interferometers, Fourier transform
spectroscopy, multi-layer films. Fraunhofer and
Fresnel diffraction. Diffraction gratings. Fourier
optics, spatial filtering, holography.
R. L. Aggarwal

8.263 Physics of Fluids

Prereq.: 8.03
Acad Year 1990-91: Not offered
Acad Year 1991-92: U (1)
3-0-9 SCI DIST

Introduction to the physics of fluids. Emphasis
on phenomena rather than mathematics.
Topics: physical properties of liquids, gases,
plasmas. Dynamics, waves, and turbulence.
K. U Ingard

8.276 Nuclear and Particle Physics

Prereq.: 8.05
Acad Year 1990-91: Not offered
Acad Year 1991-92: U (2)
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, the properties and interactions of
these particles are established. Quantum num-
bers and multiplet structure of particle families.
Nuclei as multibaryon systems: stability,
radioactive decay, reactions. Current topics in
nuclear and particle physics research at MIT.
J. L. Matthews

8.282 Introduction to Astrophysics and
Astronomy

Prereq.: 8.01
U (2)
3-0-9 SCI DIST

Quantitative introduction to physics of the
galaxy arbthe universe, as determined from a
variety of astronomical observations and from
cosmic ray and neutrino experiments. Topics:
the sun and "normal" stars, supernovae, pul-
sars, globular clusters, compact objects (white
dwarfs, neutron stars, black holes), optical and
X-ray stellar binary systems, interstellar
medium and star formation, galaxies, quasars.
and cosmology. Prior knowledge of astronomy
not necessary. Not usable as a restricted elec-
tive by physics majors.
S. A. Rappaport

8.284 Modern Astrophysics

Prereq.: 8.04, 8.05
U (1)
3-0-9

Applications of physics (Newtonian, statistical,
and quantum mechanics) to fundamental
processes that occur in celestial objects. In-
cludes main-sequence stars, collapsed stars
(white dwarfs, neutron stars, and black holes),
pulsars, supernovae, the interstellar medium,
galaxies, and as time permits, active galaxies,
quasars, and cosmology. Observational data
discussed. No prior knowledge of astronomy is
required.
H. Bradt

8.286 The Early Universe

Prereq.: 18.03, 8.02
Acad Year 1990-91: Not offered
Aced Year 1991-92: U (2)
3-0-9 SCI DIST

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: special
relativity and the Doppler effect, Newtonian
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
theory, baryogenesis, the inflationary universe
model, and the evolution of galactic structure.
A. H. Guth

8.287J Observational Techniques of
Optical Astronomy

(Same subject as 12.117J)
Prereq.: One subject in Astronomy or
Astrophysics
Acad Year 1990-91: U (1)
Acad Year 1991 -92: Not offered
2-4-6 LAB

See description under subject 12.117J.
J. L. Elliot

8.293J Dynamical Astronomy

(Same subject as 12.126J)
Prereq.: 18.03, 8,03
Acad Year 1990-91: Not offered
Acad Year 1991-92: U (2)
3-0-9 SCI DIST

See description under subject 12.126J.
J. Wisdom

8.299 Physics Teaching

Prereq.: -
U (1, 2)
Units arranged [P/F]

For qualified undergraduate students inter-
ested in gaining some experience in teaching.
Laboratory, tutorial, or classroom teaching
under the supervision of a faculty member. Stu-
dents selected by interview.
S. A. Rappaport

8.ThU Undergraduate Physics Thesis

Prereq.: -
U (1, 2,S)
Units arranged

Program of undergraduate research, leading
to the writing of an S.B. thesis; to be arranged
by the student under approved supervision.
A. M. Bernstein

Graduate Subjects

Physics 75D

An asterisk (*) denotes subjects not routine-
ly offered; they will be given when suffi-
cient 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-
tials; conservation laws, methods in electro-
and magnetostatics. Scattering and diffraction
of electromagnetic waves. Theor' of special
relativity; covarant formulation o. Maxwell's
equations. Motion of relativistic particles in
electric and magnetic fields. Collisions and
energy loss. Cerenkov radiation. Radiation by
moving charges; synchrotron radiation.
Bremsstrahlung. Radiation damping; self-fiids
of a particle.
F E. Low

8.321 Quantum Theory I (A)

Prereq.: 8.05, 8.06
G (1)
4-0-8

8.322 Quantum Theory 11(A)

Prereq.: 8.07, 8.321
G (2)
4-0-8

A two-semester subject on quantum theory,
stressing principles: uncertainty relation, ob-
servables, eigenstates, eigenvalues, prob-
abilities of the results of measurement,
transformation theory, equations of motion,
constants of motion. Symmetry in quantum
mechanics, representations of symmetry
groups. Variational and perturbation ap-
proximations. Systems of identical particles
and applications. Time-dependent perturbation
theory. Scatterin theory: phase shifts, Bom
approximation e quantum theory of radia-
tion. Second quantization and many-body
theory. Relativistic quantum mechanics of one
electron.
J. Goldstone

1,
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8.323 Relativistic Quantum Fld
Theory I(A)
Prereq.: 8.322
G(1)
4-0-8

8.324 Relativistic Quantum Field
Theory 11(A)

Prereq .: 8.323
G0(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,
canonical quantization, the Dirac field. Interact-
ing fields and perturbation theory, Feynman
graphs. Symmetries. Calculations in quantum
electrodynamics. Functional integral formula-
tion of gauge theories. Divergences, regulariza-
tion, and renormalization. Higher-order
processes in electrodynamics. Fundamental
constituents of matter: the standard models of
electroweak and strong interaction. Non-
abelian gauge theories, spontaneous sym-
metry breakdown, the Goldstone and Higgs
mechanisms. The Weinberg-Salam theory.
Renormalization group. Examples drawn from
particle physics and condensed matter physics.
K Huang

8.333 Statistical Mechanics I (A)

Prereq.: 8.044, 8.05
G (1)
4-0-8

8.334 Statistical Mechanics 11(A)

Prereq.: 8.333
G (2)
4-0-8

A two-semester course on statistical
mechanics. Basic principles are examined in
8.333: the laws of thermodynamics and the
concepts of temperature, work, heat, and
entropy. Postulates of classical statistical
mechanics, microcanonical, canonical, and
grand canonical distributions; applications to
lattice vibrations, ideal gas, photon gas. Quan-
tum statistical mechanics; Fermi and Bose sys-
tems Interacting systems: cluster expansions,
van der Waal's gas, mean-field theory. Topics
from modem statistical mechanics are ex-
plored in 8.334: the hydrodynamic limit and
classical field theories. Phase transitions and
broken symmetries: universality, correlation
functions and scaling theory. The renormaliza-
tion approach to collective phenomena.
Dynamic critical behavior. Random systems.
M. Kardar

8,361 Quantum Theory of Many-Particle
Systems (A)

Prereq.: 8.322, 8.333
Acad Year 1990-91: Not offered
Acad Year 199 1-92:0G(1)
3-0-9

Introduces general many-body theory ap-
plicable to low temperature, nuclear, and solid-
state physics. Reviews occupation number
representation and classical Mayer expansion.
Perturbation theory: diagrammatic expansions
and linked-cluster theorem for zero or finite
temperature systems of fermions or bosons.
Green's functions: analytic properties, equa-
tions of motion, relation to observables, ap-
proximations, linear response theory, random
phase approximation. Superconductivity:
electron-phonon interaction, instability of nor-
mal state, BCS ground state, perturbation
theory. Information: J. W. Negele.

8.381, 8.382 Selected Topics in Theoretical
Physics (A)*

Prereq.: Permission of Instructor
G (1, 2)
3-0-9

Topics of current interest in theoretical physics,
varying from year to year. Information: G. F.
Koster.

8.391, 8.392 Special Problems in Graduate
Physics (A)

Prereq.: Permission of Instructor
G (1, 2)
Units arranged [P/F]

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

(1, 2)
Units arranged [P/F]

For qualified graduate students interested in
gaining some experience in teaching.
Laboratory, tutorial, or classroom teaching
under the supervision of a faculty member. Stu-
dents selected by interview.
0. F Koster

Physics of Atoms, Radiation,
Solids, Fluids, and Plasmas

8.421 Atomic and Molecular Physics (A)

Prereq.: 8.05
Acad Year 1990-91:G (1)
Aced Year 1991-92: Not offered
3-0-9

The interaction of radiation with atoms:
resonance; absorption, stimulated, and spon-
taneous emission; dressed atom formalism;
multiphoton processes; structure of simple
atoms; interactions with strong electric and
magnetic fields. Additional topics vary from
year to year: Lamb shift, atomic tests of basic
theory, measurements of the fundamental con-
stants, "cavity quantum electrodynamics," four-
wave mixing, coherence, atom-atom
interaction, atomic and molecular collisions.
D. E. Pritchard

8.481, 8.482 Selected Topics In Physics
of Atoms and Radiation (A)f
Prereq.: 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.

8.510,1 Application of Group Theory to the
Physics of Solids (A)

(Same subject as 6.734J)
Prereq.: 8.232 or 6.732
Acad Year 1990-91:G (2)
Acad Year 1991-92: Not offered
3-0-9

See description under subject 6.734J.
M. S. Dresselhaus

8.511 Theory of Solids I (A)
Prereq.: 8.232 or 6.732
G (1)
3-0-9

First term of a theoretical treatment of the
physics of solids. Concept of elementary ex-
citations. Symmetry: translational, rotational,
and time-reversal invariances: theory of repre-
sentations. Energy bands: APW, OPW, pseudo-
potential and LCAO schemes. Survey of
electronic structure of metals, semimetals,
semiconductors, and insulators. Excitons. Criti-
cal points. Response functions. Interactions in
the electron gas.
J. Joannopoulos

8.512 Theory of Solids 11(A)

Prereq.: 8.232, 8.511
G (2)
3-0-9

Second term of a theoretical treatment of the
physics of solids. Interacting electron gas:
many-body formulation, Feynman diagrams,
random phase approximation and beyond.
General theory of linear response: dielectric
function; sum rules; plasmons; optical proper-
ties; applications to semiconductors, metals,
and insulators. Transport properties: non-inter-
acting electron gas with impurities, diffusons.
Quantum Hall effect: integral and fractional.
Electron-phonon interaction: general theory,
applications to metals, semiconductors and in-
sulators, polarons, field-theory description. Su-
perconductivity: experimental observations,
phenomenological theories, B.C.S. theory.
J. Joannopoulos

8.532J Physics of Semiconductors and
Devices (A)
(Same subject as 6.735J)
Prereq.: 6.732 or 8.232
G (1)
3-0-9

Transport, optical, and magnetic properties of
semiconductors, Quantum wells, superlattices,
2-D electron systems, quantized Hall effect, in-
tercalation, semiconductor-metal transition, tun-
neling, physics of MOS devices, ion
implantation, laser annealing, amorphous semi-
conductors, organic conductors, magnetic
semiconductors, liquid crystals, localization
phenomena, Bohm-Aharanov effect, nonlinear
spectroscopy, two-photon absorption, Raman
scattering.
M. S. Dresselhaus

8.562 Correlations and Critical Behavior
in Condensed Matter (A)

Prereq.: 8.511, 8.333
Acad Year 1990-91: Not offered
Aced Year 1991-92: G (2)
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
phenomenological to elucidate physical be-
havior with minimal mathematical complexity.
Uses conservation laws, broken symmetry,
and the fluctuation-dissipation theorem to il-
lustrate the interconnection between apparent-
ly diverse systems, with special attention to
behavior near phase transitions.
Information: S. Mochrie.

8.571 Theory of Phase Transitions In
Macremelecular Solutions
Prereq.: -
Acad Year 1990-91: Not offered
Acad Year 1991-92: G (1)
3-0-9

Statistical mechanics used to provide a unified
description of the experimental properties of a
brcad variety of macromolecular systems that
exhibit phase transitions and critical
phenomena. Systems studied include: (a) mag-
netically coupled spins, (b) binary mixtures of
organic molecules, (c) gas-liquid transition in a
pure fluid, (d) solutions of amphiphiles, mi-
cellos, and microemulsions, and (9) polymer
solutions. The central role ot fluctuations
stressed and the connection between the fluc-
tuations and the equilibrium susceptibilities es-
tablished.
G. B. Bonedek

8.575J Statistical Thermodynamic. of
Complex Liquids (A)

(Same subject as 10.44J, 22.52J)
Prereq.: 8.08, 10.14, or equivalent
Acad Year 1990-91: Not offered
Acad Year 1991-92: G (2)
3-0-9

See description under subject 22.52J.
J. D. Litsler, S. H. Chen, D. Blankschtein

8.581, 8.582 Selected Topics in Physics of
Solids

Prereq.: Permission of Instructor
G (1, 2)
3-0-9

Presentation of topics of current interest, with
contents varying from year to year. Informa-
tion: G. F Koster.

8.613J Introduction to Plasma Physics I (A)

(Same subject as 6.651J, 22.611J)
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
energy generation by controlled thermonuclear
fusion and to astrophysics. Coulomb collisions
and transport processes. Motion of charged
particles in magnetic fields; plasma confine-
ment schemes. MHD models; simple equi-
librium and stability analysis. Two-fluid
hydrodynamic plasma models; wave propaga-
tion in a magnetic field. Introduces kinetic
theory; Vlasov plasma model; electron plasma
waves and Landau damping; ion-acoustic
waves; streaming instabilities.
M. Porkolab, A. Bers

8.614 introduction to Plasma
Physic. 11 (A)

(Same subject as 6.652J, 22.6121)
Prereq.: 6.651J or 8.613J or 22.611J, 18.076
G (2)
3-0-9

Linear waves and instabilities in magnetized
plasma; solutions of Vlasov-Maxwell equations
in homogeneous and inhomogeneous plas-
mas; conservation principles for energy and
momentum; quasi-linear theory and nonlinear
stabilization; solitons and coherent nonlinear
phenomena; collisions and discrete particle ef-
fects; fluctuations in a stable plasma; Fokker-
Planck equation and transport phenomena.
R. C. Davidson

8.621J Plasma Kinetic Theory (A)

(tme subject as 22.64J)
Preiq.: 8.613J
G (2)
3-0-9

See description under subject 22.64J.
K Molvig

8.624 Plasma Waves (A)

Prereq.: 8.613J
Acad Year 1990-91: Not offered
Acad Year 199 1-92: G (2)
3-0-9

Comprehensive theory of electromagnetic
waves in a magnetized plasma. Wave propaga-
tion in cold and hot plasmas. Energy flow. Ab-
sorption by Landau and cyclotron damping
and by trmnsit time magnetic pumping (TTMP).
Wave propagation in inhomogeneous plasma:
accessibility, WKB theory, mode conversion,
connection formulae, Budden tunneling. Ap-
plications to RF plasma heating, wave
propagation in the ionosphere and laser-plas-
ma interactions. Wave propagation in toroidal
plasmas, and applications to ion cyclotron
(ICRF), electron cyclotron (ECRH), and lower
hybrid (LHH) wave heating. Quasi-linear
theory and applications to RF current drive in
tokamaks. Extensiv- discussion of relevant ex-
perimental observatiois.
M. Porkolab
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8.641 Physics of High-Energy
Plasmas I(A)
Prereq.: 8.613J
Acad Year 1990-91:G (1)
Acad Year 1991-92: Not offered
3-0-9

8.642 Physics of High-Energy
Plasmas 11(A)

Prereq.: 8.613J
Acad Year 1990-91: Not offered
Acad Year 1991-92:G (1)
3-0-9

Basic concepts of plasmas, with temperatures
of thermonuclear interest, relevant to fusion re-
search and astrophysics. Microscopic
transport processes due to inter-particle col-
lisions and collective modes (e.g.,
microinstabilities). Relevant macroscopic
transport coefficients (electrical resistivity, ther-
mal coiductivities, particle "diffusion").
Runaway and slide-away regimes. Magnetic
reconnection processes and their relevance to
experimental observations. Radiation emission
from inhomogeneous plasmas. Conditions for
thermonuclear burning and ignition (D-T and
"advanced" fusion reactions, plasma with
polarized nuclei). Role of "impurity' nuclei.
"Finite-O' (pressure) regimes and ballooning
modes. Convective modes in configuration
and velocity space. Trapped particle regimes.
Nonlinear and explosive instabilities. Interac-
tion of positive and negative energy modes.
Each subject can be taken independently.
B. Coppi

8.681, 8.682 Selected Topics in Fluid and
Plasma Physics (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

3.710 Introdudtion to Nuclear Physics (A)

Prereq.: 8.321
G(2)
3-0-9

Comprehensive survey of nuclear structure
and dynamics. Properties of the nuclear force.
Interpretation of experimental data via specific
many-body models. Independent particle mo-
tion in spherical and deformed nuclei and its
microscopic basis. Correlations. Electromag -
netic probes: muonic atoms, electron scatter-
ing, photon reactions, moments. Collective
motion and giant resonances. Hadronic
probes: direct and compound reactions.
P-decay. Sum rules. Heavy ion reactions.
Evidence for meson currents and quark-gluon
substructure. Nuclear astrophysics. Experimen-
tal methods. Accelerators. Current topics.
R. G. Milner

8.711 Nuclear Physics (A)

Prereq.: 8.321, 8.710
S(1)
4-0-8

Advanced course in experimental foundations
and theoretical understanding of the structure
of nucleons and nuclei. Hadron structure:
evidence for quarks and their properties; sym-
metries and classification of states; quark
models of the nucleon. Nucleon-nucleon scat-
tering; phenomenological potentials and
meson exchange theories; quark models of
nuclear forces. Nuclear matter: Brueckner
theory; correlations. Shell model and effective
interactions; core polarization; pairing, Hartree-
Fock description of spherical and deformed
nuclei; collective motion. Phases of hadronic
matter.
E L. Lomon

8.712 Advanced Topics in Nuclear
Physics (A)

Prereq.: 8.711 or Permission of Instructor
G (2)
4-0-8

Subject for experimentalists and theorists with
the following rotation of topics:
Medium-energy physics (Spring 1991):
Nuclear and nucleon structure and dynamics
studied with medium- and high-energy probes
(neutrinos, photons, electrons, nucleons,
pions, and kaons). Studies of the weak and
strong interactions.
Nucl/ar chromodynamics (Spring 1992): Intro-
duction to QCD; structure of nucleons; lattice
QCD; phases of hadronic matter and relativis-
tic heavy ion collisions.
Information: R. P. Redwine.

8.731 Nuclear Physics Seminar (A)

Prereq.: 8.322, 8.712
G (1)
2-0-4 [P/F]

Advanced seminar on current topics. Short
presentations by both experimentaiists and
theorists. Emphasis varies yearly. Typical
topics: ultrarelativistic heavy-ion collisions;
quark models of nucleons, nuclei, and nucleon-
nucleon interaction; new observables in
electron scattering, using polarized beams,
polarized targets, and coincidence measure-
ments; recent experiments on relativistic
nucleon-nucleon scattering; developments in
many-body theory, including functional integral
and stochastic methods.
Information: 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 vary-
ing from year to year.
Information: J. W. Negele.

8.810 Particle Physics I (A)

Prereq.: 8.321, 8.322
G0(1)
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. Ac-
celerators. Quark model, color symmetry,
Dirac equation, and QED. V-A theory. Conser-
vation-violation; parity, etc., experiments. K-
mesons, associated production, puzzles,
mixing, regeneration, CP-violation.
U. J. Becker

8.811 Particle Physics 11(A)

Prereq.: 8.810
Acad Year 1990-91:G (2)
Acad Year 1991-92: Not offered
3-0-9

New experiments and data. New machines,
detectors, technologies; p-p and e' - e- col-
liders. Discovery of the W and Z, search for
new particles and quarks. Neutrino physics.
Tests of QED, the unified electroweak theory,
quantum chromodynamics and Grand Unified
Theories; proton decay. Phenomena at ex-
tremely high energies.
M. Chen

8.871, 8.872 Selected Topics in Theoretical
Particle Physics (A)'

Prereq.: 8.323
G (1, 2)
3-0-9

Presents topics of current interest in theoreti-
cal particle physics, with content varying from
year to year. Informatior. G. F. Koster.

8.881, 8.882 Selected Topics in Experimen-
tal Particle Physics (A)'

Prereq.: 8.811
G (1, 2)
3-0-9

Presents topics of current interest in ex-
perimental particle physics, with content vary-
ing 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 evolu-
tion. Degenerate stars and interacting binary
stars. Radiative transfer, line formation,
spectroscopy of interstellar medium. The equi-
librium of stellar systems and the distribution of
stars in our galaxy. Introduces cosmology.
P Schechter
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8.911 Astrophysical, Space, and Laboratory
Plasmas, Theoretical Foundations and
Comparative Study (A)

Prereq.: 8.07, 18.04, 18.302 or equivalent
Acad Year 1990-91: Not offered
Aced Year 1991-92:G (1)
3-0-9

Part I: fundamentals for plasmas on all scales:
astrophysical, heliospheric, magnetospheric,
ionospheric, and laboratory domains. Phase
space distributions, Boltzmann and Vlasov-
Maxwell equations, Fokker-Planck approxima-
tion. Adiabatic invariants, guiding center
motion, conservation laws, virial theorem, col-
lision-dominated plasmas, Onsager relations.
Part II: approximations based on scales: MHD
approximation, closure problem and break-
down of differential fluid equations, discon-
tinuities and shocks, fluctuations, linear waves.
J. W Belcher

8.913 Plasma Astrophysics I (A)

Prereq.: Permission of Instructor
Acad Year 1990-91: Not offered
Acad Year 199 1-92: G0(2)
3-0-9

8.914 Plasma Astrophysics 11 (A)

Prereq.: Permission of Instructor
Acad Year 1990-91: Not offered
Acad Year 1991-92: Not offered
3-0-9

For students interested in space physics,
astrophysics, and plasma physics in general.
Magnetospheres of rotating magnetized
planets, ordinary stars, neutron stars, and
black holes Pulsar models: processes for slow-
ing down, particle acceleration, and radiation
emission; accreting plasmas and x-ray stars;
stellar winds; heliosphere and solar wind:
relevant magnetic field configuration,
measured particle distribution in velocity space
and induced collective modes; stability of the
current sheet and collisionless processes for
magnetic reconnection; theory of collisionless
shocks; solitons; Ferroaro-Rosenbluth sheet;
solar flare models; heating processes of the
solar corona; earth's magnetosphere (auroral
phenomena and their interpretation, bow-
shock, magnetotail, trapped particle effects);
relationship between gravitational (galactic)
plasmas and electromagnetic plasmas. 8.913
deals with heliospheric, 8.914 with extra-helio-
spheric plasmas.
B. Coppi

8.921 Stellar Structure end Evolution (A)

Prereq.: Permission of Instructor
Acad Year 1990-91: Not offered
Acad Year 1991-92:G (1)
3-0-9

Observable stellar characteristics; overview of
observational information. Principles underly-
ing calculations of stellar structure. Physical
processes in stellar interiors; properties of mat-
ter and radiation; radiative, conductive, &nd
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-
pemovae, white dwarfs, and neutron stars;
close binary systems; abundance of chemical
elements.
P. C. Joss

8.922 Physics of the Galaxy (A)

Prereq.: 8.910, Permission of Instructor
Acad Year 1990-91:G(1)
Acad Year 1991-92: Not offered
3-0-9

Observations of the distribution of stars,
clusters, gas, and dust in the galaxy. Theory of
the equilibrium of stellar systems: Vlasov equa-
tion, Fokker-Planck equation, Jeans's
theorem, and the third integral. Introduces
spiral structure theory. Interstellar clouds,
evolution of supernova envelopes, star forma-
tion, and the energy budget of the interstellar
medium.
P. Schechter

8.923 High-Energy Astrophysics (A)

Prereq.: Permission of Instructor
G0(2)
3-0-9

Observation and theory of high-energy
phenomena and processes in astrophysics.
Radiative processes, including bremsstrahlung
radiation, synchrotron radiation, Compton scat-
tering, coherent emission. Relativistic shock
waves and other relativistic phenomena.
Spherical and disk accretion theory. Neutron
stars; pulsars: black holes. Application to galac-
tic X-ray sources, quasars, and active galactic
nuclei.
Information: P. C. Joss.

8.931J Radar Astronomy, Astrometry, and
Geodesy (A)

(Same subject as 6.662J, 12.620J)
Prereq.: 8.03 or 6.014, 18.075 or 18.085
Acad Year 1990-91: Not offered
Acad Year 1991-92:G (1)
3-0-9

See description under subject 12.620J.
G. H. Pettengill, C. C. Counselman,
D. H. Staelin

See description under subject 18.295J.
N. P Warner

8.981, 8.982 Selected Topics In
Astrophysics (A)*

Prereq.: Permission of Instructor
G (1, 2)
3-0-9 [P/F]

Topics of current interest, varying from year to
year.
Information: G. F. Koster

8.ThG Graduate Physics Thesis (A)

Prereq.: -
G (1, 2, S)
Units arranged

Program of graduate research, leading to the
writing of an SM., Ph.D., or Sc.D. thesis; to be
arranged by the student and an appropriate
MIT faculty member.
G. F Koster

I
Iii

9

8.942 Cosmology (A)

Prereq.: Permission of Instructor
Acad Year 1990-91: Not offered
Acad Year 1991-92: G (2)
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: P. C. Joss.

8.952 Particle Physics of the Early
Universe (A)

Prereq.: 8.323, 8.324
Acad Year 1990-91: G (2)
Acad Year 1991-92: Not offered
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
de Sitter space. Quantum origin of density fluc-
tuations in inflationary models.
A. H. Guth

8.962J General Relativity (A)

(Same subject as 18.295J)
Prereq.: 18.06, 8.06, 8.312
G (2)
3-0-9
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Course 9 Brain and
Cognitive Sciences

9.UR Undergraduate Research 9.0I1J Principles of Neuroscience (A) 9.027 Biochemistry and Pharmacology of
Prereq.: - (Revised Unit) the Neurotransmitters (A)
U (1,2.S) (Same subject as 7.65J) Prereq.: 9.011J
Units arranged [P/F) Prereq.: Permission of Instructor Aced Year 1990-91: Not offered

G (1) Acad Year 1991-92:G (2)
Individual participation in an ongoing research 6-0-9 3-0-9
project. Consult C. Atkeson.

Survey of principles underlying the structure Considers the neurotransmitters and other
9.00 Introduction to Psychology and function of the nervous system, integrating compounds that mediate communications

molecular, cellular, systems, and computation- among neurons, and between neurons and
Prereq.: - al approaches. Topics: development, cell biol- other cells. Discusses experimental criteria for
4 HASS-D/HUM-D ogy of neurons, neurotransmitters and identifying these compounds; the best-known
4-0-8 _______________ synaptic transmission, sensory systems of the candidates; the processes controlling their syn-

brain, the neuroendocrine system, the motor thesis, release, and metabolism in the body;A survey of the study of human mental life and system, higher cortical functions, behavioral their receptors; their responses to circulatingbehavior. Explores sensation, perception, and cellular analyses of learning and memory. - chemicals (drugs, nutrients, hormones, toxins);learning, memory, thinking, feeling, emotion, M. Sur, A. Lander, R. Andersen, E. Bizzi, and their involvement in diseases and inmotivation, personality. Uses psychological, so- S. Corkin, A. Graybiel, W Quinn, physiological and behavioral mechanisms. Alcial, and biological data. Considers cultural, PShleR .Wrmntraeyas
political, and literary impact of psychology. Ex- R Schiller, R. J. Wurtman ternat ears.
amines controversies about mental illness, IQ,
sex roles, fairy tales, and lie detectors. Enroll- 9.019 introduction to Behavioral
ment may be limited. Neuroscience (A) 9.029 Cellular Physiology (A)
J. M. Wofe Prereq.: 9.011J Prereq.: Permission of Instructor

Acad Year 1990-91: G (2) Acad Year 1990-91:G (2)
9.01 Neuroscience and Behavior Acad Year 1991-92: Not offered Acad Year 1991-92: Not offered
Prereq.: 9.00 or 9.62J306 3-0-6

U(1) Integrates classical and current research on Focuses on combined biochemical, molecular,
3-0-9 the effects of brain insult on human and animal and biophysical approaches to investigate the

u . behavior. Emphasizes specific neural physiology of excitable membranes. EmphasisRlati n ofsnautuerad ont s : mechanisms underlying memory, attention, lan- is on structure, function, and regulation oflevels of neuronal integration. Topics include: guage, perception, spatial abilities, motivation, membrane ion channels. Alternate years.functional neuroanatomy and neurophysiology, and emotion. Also includes hemispheric L. Lewtan
motor systems, centrally programmed be- specialization and the role of nourotransmitters
havior, sensory systems, arousal, sleep and and hormones in brain diseases. Some fac-dreaming, motivation and reward, emotional tures include demonstrations of behavioral test- 030 Cerebral Cortex (A)
displays of various types, "higher functions, ing methods and presentations of patients. Prereq.: -

and the neocortex, and neural processes in Alternate years. Acad Year 1990-91:q.-(2)
learning and memory. S. Corkin Acad Year 1991-92: Not offered
N. Y-S. Kang 3-0-6

9.024 Development and Plasticity of the A general survey of the structure and function
Visual System (A) of the cerebral cortex. Topics include cortical
Prereq.: - anatomy, functional localization, and newer
Acad Year 1990-91: G (2) computational approaches to understanding
Acad Year 1991-92: Not offered cortical processing operations. Motor cortex,
3-0-6 sensory cortex (visual, auditory, and

somatosensory cortex), association cortex and
Topics include recent discoveries and promis- limbic cortex. Emphasis is on using animal
ng research directions bearing on develop- models to understand human cortical function
ment of the visual system. Focuses on and includes correlations between animal
anatomical, physiological, behavioral, and studies and human neuropsychological litera-
theoretical approaches to visual function in ture. Alternate years.
higher mammals, including man. Alternate R. Andersen
years.
M. Sur, R. Held, G. E. Schneider, H. Steller

L
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0.036 The Visual System (A)
Prereq.: Permission of Instructor
Aced Year 1990-91: Not offered
Acad Year 1991-92: 0(1)
3-0-6

Reviews the current neurophysiological and
neuroanatomical research literature on the
mammalian visual system. Alternate years.
P H. Schiller

9.06 Conflicting Images of Humanity
and Nature

Prereq.: -
U (1)
3-0-6 HASS

More than five billion and growing, we humans
are straining the earth's natural resources to
an unprecedented extent. How do ideas about
nature and human nature relate to this crisis?
We consider this question in historical perspec-
tive and in the light of recent developments in
the natural and social sciences.
S. L. Chorover

9.09J Cellular Neurobiology

(Same subject as 7.29J)
Prereq.: 7.05
U (2)
4-0-8

See description under subject 7.29J.
W G. Quinn, R. D. G. McKay, S. J. Burden

9.20 Animal Behavior

Prereq.: 9.00
U (1)
3-0-6 HASS

Reviews selected issues including learning,
cognition,perception, foraging and feeding,
defense, navigation, and social interactions in-
cluding conflict, collaboration, courtship and
reproduction, and ommunication. The interact-
ing contributions of environmQnt and heredity
are examinesdand the approaches of psychol-
ogy, ethology, and ecology to this area of study
are treated. Finally, the relation of human be-
havior patterns to those of the nonhuman
animals is explored.
A. Hein

9.201 Advanced Animal Behavior (A)

Prereq.: 9.20 or equivalent
Acad Year 1990-91:G (2)
Acad Year 1991-92: Not offered
3-0-6

Survey and special topics designed for
graduate students in the brain and cognitive
sciences. Emphasizes ethological studies of
natural behavior patterns and their analysis in
laboratory work, with contributions from field
biology (mammology, primatology), sociobiol-
ogy, and comparative psychology. Stresses

mmalian behavior but also includes major
contniutnsfrom studies of other vertebrates
and of invertebrates. Covers some applica-
tions of animal-behavior knowledge to neuro-
psycholoqy and behavioral pharmacology.
Alternate years.
G. E. Schneider

9.321J Cellular and Moleoular Bology of
the Nervous System

(Same subject as 7.66J)
Prereq.: -
G (2)
2-0-4

See description under subject 7.66J.
A. Lander, R. D. G. McKay

9.322J Genetic Neurobiology (A)

(Same subject as 7.67J)
Prereq.: -
Acad Year 1990-91: Not offered
Acad Year 1991-92:G (1)
3-0-6

Deals with the specific functions of neurons,
the interaction; of neurons in development,
and the organization of neuronal ensembles to
produce behavior, by functional analysis of
mutations and molecular analysis of their
genes. Concentrates on work with nematodes
and fruit flies. Alternate years.
W G. Quinn, H. Steller

9.345 Current Topics in Visual Neuroscience

Prereq.: -
G (1)
2-0-4

Reading and discussion of current publications
in the fields of neurophysiology, psycho-
physics, anatomy, and computational neuro-
science as they relate to the study of the
mammalian visual system. Each student is re-
quired to make a one-hour presentation of
recent work taken from the literature. Permis-
sion of the instructor is required for under-
graduate students.
R. Andersen

9.35 Perceptual Information Processing

Prereq.: 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. How do the senses work?
How do physical stimuli get transduced into sig-
nals in the nervous system? How can the brain
use those signals to determine the flavor of a
banana, the sound of a flute, or the shape of a
cow? All senses discussed. Vision is covered
most extensively. Includes perception of color,
motion, form and depth, individual differences,
and development.
R. Held

9.351 Human Vision (A)

Prereq.: 9.35 or Permission of Instructor
Aced Year 1990-91: Not offered
Aced Year 1991-92:0G(2)
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. Lecture course for
Course IX graduate students, but open to un-
dergraduates with sufficient background. Alter-
nate years.
J. M. Wolfe

9.358J Image Representations for Vision (A)

(Same subject as 4.906J)
Prereq.: Permission of Instructor
G (1)
2-0-7

See descnption under subject 4.906J.
E. H. Adelson, A. Pentland

9.36 Natural Computation and Perception

Prereq.: 9.35 or 9.62J, 18.02
U (1)
3-0-6

Objects and their actions are readily and relia-
bly inferred from the very impoverished and
often confusing data provided by our senses.
How is this possible? The data may, in prin-
ciple, be interpreted in many different ways.
The key is that the natural world exhibits struc-
ture and regularities which constrain the form
of the sense image as well as the models of
the world we use to interpret these images. Un-
derstanding perception requires discovering
these regularities and showing how they can
be computed and exploited by man or
machine.
W A. Richards

9.362 Problems in Natural Computation (A)

Prereq.: Permission of Instructor
G (1)
4-0-8

General survey of the field of natural computa-
tion 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,S)
Units arranged

Closely supervised research on a problem of
inferring a property of the world, given only
limited sensory data. Problems may be chosen
from the fields of vision, audition, or force sens-
ing (touch). The use of constraint in the in-
ference process is stressed, as well as the
exclusion of false inferences.
W A. Richards
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9.366J Computer Graphics and Vision (A)

(Same subject as 4.904J)
Prereq.: 4.831 or 9.36
G (2)
3-3-6

The generation of realistic images requires
knowledge of three areas: human visual
processing, 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-
aliasing, tiling, solid-modeling, shading, ray-
tracing, color, texture, motion blur, and
animation. Surfaces of particular interest are
clouds, water, rocks (fractals), and trees.
A. Pentland, D. Heeger, W A. Richards

9.370 Computational Approaches to Motor
Control (A)

Prereq.: -
Acad Year 1990-91:G (2)
Acad Year 1991 -92: Not offered
3-0-9

Biological motor control viewed from the
perspectives of robotics, systems theory, and
artificial intelligence. Constraints on the control
of movement from the environment,
mechanics, and physiology. Hierarchical plan-
ning levels: hand, joint, and muscle variables.
Movement mechanics, kinematics, and
dynamics. Control of position and force. Sys-
tem identification, self-calibration, adaptation,
and learning. Computer simulation laboratory.
Alternate years.
C. Atkeson

9.371 Motor Learning (A)

Prereq.: 9.370
Acad Year 1990-91: Not offered
Acad Year 1991-92: G (1)
3-0-6

Reading and discussion of selected current
topics in motor learning. The emphasis is on
formulating mathematical bases for the control
of movement, whether in biological systems or
in machines. Computer simulation laboratory.
Alternate years.
C. Atkeson, M. I. Jordan

9.373 Somatosensory and Motor
Systems (A)
(Revised Unit)

Prereq.: 9.011J
Acad Year 1990-91: Not offered
Acad Year 1991-92: G (2)
3-0-6

General principles of motor control in biological
systems. Structure and function of sensory
receptors. Muscle structure and reflex arcs.
Spinal cord: descending and ascending path-
ways. Locomotion. Oculomotor control.
Cerebellar structure and function. Motor
thalamus. Basal ganglia. Somatosensory cor-
tex: maps and neuronal properties. Motor
psychophysics and computational approaches
to motor control. Alternate years.
E. Bizzi, M. Sur

9.374J Legged Locomotion in Robots and
Animals (A)

(Same subject as 6.865J)
Prereq.: Permission of Instructor
G (2)
3.0-9

See description under subject 6.865J.
M. H. Raibert

9.38 Visual information Processing: From
Computational Theory to Neuronal
Mechanisms

Prereq.: 9.01, 9.35, and 18.02
U (2)
3-0-6

9.380 Visual Information Processing: From
Computational Theory to Neuronal
Mechanisms (A)

Prereq.: -
G (2)
3-0-9

Study of biological vision from the perspectives
of computation, psychophysics. neuroscience,
and biophysics Examines algorithms for solv-
ing vision problems; neuronal models of visual
computations; the use of psychophysical and
physiological data to test and modify computa-
tional models. Includes photometry, edge
detection, motion, stereo, color, regularization
theory, learning and object recognition. Term
paper required for graduate credit.
T A. Poggio, E. C. Hildreth, S. Ullman

9.382 Seminar on Visual information
Processing (A)

Prereq.: -
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, parallel algorithms, and hardware
for computer vision. Centers around ongoing
work by participants and presentations by
them.
T A. Poggio, E. C. Hildreth

9.39 Computational Laboratory In
Cognitive Science
(New)

Prereq.: 9.62, 6.001, and 18.06
Acad Year 1990-91: U (1)
Acad Year 1991 -92: Not offered
0-6-6

9.390 Computational Laboratory in
Cognitive Science (A)
(New)

Prereq.: Permission of Instructor
Acad Year 1990-91: G(1)
Acad Year 1991-92: Not offered
0-6-6

An introduction to computational modeling in
cognitive science. Case studies in perception,
memory, reasoning, language processing, and
action are used to introduce widely used com-
putational techniques and to evaluate par-
ticular models. Makes extensive use of
computer simulation, and previous experience
with computers is required. An additional
project is required for graduate credit. Alter-
nate years.
M. I. Jordan

9.401 Survey of Cognitive Science

Prereq.: Permission of Instructor
G (1)
6-0-6

Survey of theories, methods, and findings in
cognitive psychology and perception. Includes
perception and psychophysics, pattern recogni-
tion, imagery and mental codes, memory and
attention, and language comprehension and
production.
M. C. Potter, R. Berwick, R. Held, M. /. Jordan,
M. C. MacDonald, D. Osherson, S. Pinker,
K. Wexler, J. M. Wolfe

9.49J Human Factors in Design

(9.39J)
(Same subject as 2.18,J 22.088J)
Prereq.: Permission of Instructor
U (2)
3-1-8

See description under subject 2.18J.
A. Hein, T B. Sheridan, D. 0. Lanning

9.50 Research in Brain and Cognitive
Sciences

Prereq.: 9.00 or 9.62J; and one other subject
in Course IX
U (1. 2, S)
2-8-2 LAB

Laboratory research in brain and cognitive
science, using physiological, anatomical, phar-
macological, developmental, behavioral, and
computational methods. Each student carries
out an experimental study under the direction
of a member of the faculty. Project must be ap-
proved in advance by faculty supervisor and
P. H. Schiller. Written presentation of results is
required. Consult P. H. Schiller.

Brain and Cognitive Solences 83D

9.59 Psychology of Language and
Communication
(Revised Content)

Prereq.: 9.62J or 24.900J
U (1)
3-0-6 HASS

Studies real-time language processing. Sys-
tematic examination of core rroblems of lan-
guage production and perception: lexical and
syntactic processes in spoken and written lan-
guageobth normal and language -impaired
populations. Stresses methodological
problems in psycholinguistic experimentation.
The study of language acquisition. Problems
of learning language given real input; lear-
nability. Foundations of language and mind,
Stresses the relation of formal linguistic prin-
ciples to the problem of language acquisition.
M. C. MacDonald, K. Wexler

9.591 Seminar in Psychology of Language
and Communication (A)

Prereq.: 9.59 9 401, or Permission of Instruc-
tor
Acad Year 1990-91: Not offered
Acad Year 1991-92: G (2)
3-0-6

Reads, discusses, an( iticizes selected
topics. Emphasizes one or more of the follow-
ing themes in a particular term: theories of lan -
guage, speech perception, communication in
subhuman species, aphasia, language acquisi-
tion, language and thought, interaction be-
tween grammatical structure and verbal
performance. Alternate years.
M. C. MacDonald

9.601J Language Acquisition I (A)

(Same subject as 24.949J)
Prereq.: Permission of Instructor
G (1)
3-0-6

Reading and discussion of current theory and
data concerning language acquisition. Em-
phasizes learning of syntax and morphology,
and especially research relating syntactic
theory and learnability theory to empirical
studies of children's linguistic abilities.
S. Pinker, K. Wexler

9.602J Language Acquisition 11(A)

(Same subject as 24.950J)
Prereq.: Permission of Instructor
G (2)
3-0-6

Continues discussion of topics described
under 9.601J.
K. Wexler, S. Pinker

9.611J Natural Language and the Computer
Representation of Knowledge (A)

(Same subject as 6.863J)
Prereq.: 6.034
G(2)
3-5-4

See description under subject 6.863J
R. C. Berwick

9.62J introduction to Cognitive Science

(Same subject as 24.116J)
Prereq.: -
U (1)
3-0-9 HASS

Surveys major issues that occupy contem-
porary cognitive science. Topics include visual
perception, motoric behavior, thinking and
reasoning, language and communication.
D. N. Osherson

9.621J Topics in Cognition

(Same subject as 24.811J)
Prereq.: -

Acad Year 1990-91: Not offered
Acad Year 1991-92: G(1)
3-0-9

See description under subject 24.811J
J. Higginbotham, D. Osherson

9.63 Laboratory in Cognitive Science
(Revised Content)

Prereq.: 9.62J or 24.116J
U (2)
3-6-3 LAB

9.631 Laboratory in Cognitive Science (A)
(New)

Prereq.: Permission of Instructor
Acad Year 1990-91: Not offered
Acad Year 1991-92: G (2)
3-6-3

Introduces the principles of experimental
design and interpretation in cognitive psychol-
ogy, including an overview of inferential statis-
tics and analyses of common sources of
artifact. Demonstration of experiments on
human perception, memory, language com-
prehension, and imagery. Observation of
neuropsychological testing. Students design,
execute, and write up an experiment of their
own. Graduate students required to do addi-
tional reading and more technically demanding
assignments.
S. Pinker, S. Corkin

9.641 Connectionist Models of Cognitive
Processes (A)

Prereq.: Permission of Instructor
G (2)
3-0-6

Study of representation, processing, and adap-
tation in highly interconnected networks of
simple analog processing units. Explores basic
algorithms as well as particular models of
memory, speech perception and production,
motor control, and language comprehension.
M. L. Jordan

9.65 Cognitive Processes

Prereq.: -
Acad Year 1990-91: Not offered
Acad Year 1991-92: U (2)
3-0-6 HASS

An introduction to human information process-
ing and learning; topics include the nature of
mental representation and processing; the ar-
chitecture of memory; pattern recognition; im-
agery and mental codes; concepts and
prototypes; reasoning and problem solving.
M. C. Potter

9.651 Cognitive Processes (A)

Prereq.: 9.62J, 9.65, or equivalent
Acad Year 1990-91:G (2)
Acad Year 1991-92: Not offered
3-0-9

Surveys major issues and basic findings in
human cognitive processing. Topics include
pattern recognition, word perception, the ar-
chitecture of memory, mental codes, learning,
and attention, in addition to special topics of
current interest. Alternate years.
M. C. Potter

9.66J Reasoning
(Revised Content)

(Same subject as 24.252J)
Prereq.: 9.62J
U (2)
3-0-9

Topics in the psychology of judgment and
choice. After a literature review. students are
asked to design a computerized demonstration
of a reasoning phenomenon of their choice.
Programming skills required.
D. N. Osherson

9.662J Rationality (A)
(New)

(Same subject as 14.146J, 17.114J, 24.813J)
Prereq.: Permission of Instructor
G (1)
3-0-9

See description under subject 24.813J.
J. Cohen, D. Fudenberg, J. Higginbotham,
P. Horwich, D. Osherson, R. Stalnaker

9.671J Problems of Mental
Representation (A)

(Same subject as 24.518J)
Prereq.: Permission of instructor
G (2)
3-0-9

See description under subject 24.518J.
N. Block
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9.68 Affect: Biological, Psychological, and
Social Aspects of "Feelings"

Prereq.: 9.00
U (2)
3-0-6 HASS

Affect is to cognition and behavior as feeling is
to thinking and acting or as values are to
beliefs and practices. 9.68 considers these
relations-both at the psychological level of or-
ganization and in terms of their neurobiological
and sociocultural counterparts.
S. L. Chorover

9.70 Social Psychology

Prereq.: -
U (2)
3-0-6 HASS

Examines interpersonal and group dynamics,
considers how the thoughts, feelings, and ac-
tions of individuals are influenced by (and in-
fluence) the beliefs, values, and practices of
large and small groups. Learning occurs main-
ly through class discussions and participation
in study groups. Regular homework assign-
ments, occasional lectures, and demonstra-
tions,
S. L. Chorover

9.75J Psychology of Gender
(Same subject as SP 460J)
Prereq.: -
Acad Year 1990-91: Not offered
Acad Year 1991-92: U (1)
3-0-6 HASS

Examines evidence (and lack thereof) for dif-
ferences in the ways men and women think,
act, and feel; and in the ways their brains are
organized. Topics: biological mechanisms of
physical gender differentiation in mammals;
male and female brain; sex differences in per-
sonality (aggression, capacity for intimacy) and
in cognitive abilities (spatial and verbal skills);
mechanisms of gender development (biologi-
cal, psychoanalytic, social, cognitive); role of
gender in differences in conceptualization of
the world. Alternate years.
S. E. Carey

9.85 Developmental Psychology
(Revised Content and Unit)
Prereq.: 9.00 or 9.62J
Acad Year 1990-91: U (1)
Aced Year 1991 -92: Not offered
3-0-9 HASS

An introduction to the literature on human
development. Some attention to social and
emotional development; major focus on cogni-
tive development Empirical research on such
theoretical issues as the nativist/empiricist
debate and the nature of qualitative changes
during development reviewed. Some applica-
tions of research to educational issues also dis-
cussed. Altemate years.
S. E. Carey

9.88 Origins of Behavior

Prereq.: 9.00 or 9.62J
U (2)
3-0-6 HASS

Examines the evolving conceptualizations of
the prenatal period, infancy, and early develop-
ment. Considers the interaction of innate and
experiential factors in the development of
learning capacities, perception, motor pat-
terns, and social interaction in animals and
humans. Emphasizes the earliest stages of life.
A. Hein

9.891 Seminar in Cognitive
Development (A)
Prereq.: Permission of Instructor
Acad Year 1990-91: G (2)
Acad Year 1991-92: Not offered
3-0-9

Surveys recent research in cognitive develop-
ment. Topics include constraints on induction,
knowledge representation and reorganization,
cognition in infancy, semantic development,
and conceptual change. Alternate years.
S. E. Carey

9.91, 9.92 Topics in Brain and Cognitive
Sciences

Prereq.: 9.00 or 9.62J and any other two sub-
jects in Brain and Cognitive Sciences
U (1, 2)
Units arranged

Individual research or study of a special topic
under the direction of a member of the faculty.
Consult D. N. Osherson.

9.911-9.916 Special Topics in Brain and
Cognitive Sciences (A)
Prereq.: Permission of Instructor
G (1,2, S)
Units arranged

Opportunity for graduate study of advanced
subjects in Brain and Cognitive Sciences not
included in other subject listings.
Consult M. C. Potter or W. G. Quinn.

9.921 Research in Brain and Cognitive
Sciences (A)
Prereq.: -
G (1)
Units arranged

9.922 Research in Brain and Cognitive
Sciences (A)
Prereq.: -
G (2)
Units arranged

9.923 Research in Brain and Cognitive
Sciences (A)
Prereq .: -
G (5)
Units arranged

Guided research under the sponsorship of in-
dividual members of the faculty. Ordinarily
restricted to candidates for the doctoral degree
in Course IX. Consult M. C Potter or W. G.
Quinn.

9.931 Research Reports (A)
Prereq.: -
G (1)
0-0-6 (P/F]
9.932 Research Reports (A)
Prereq.: -
G (2)
0-0-6 [P/F]
9.933 Research Reports (A)
Prereq.: -
G(S)
0-0-6 [P/F)

Course IX graduate students submit written
reports of their research efforts according to
stated deadlines. Registration is mandatory in
fall term of third year and in term when thesis
proposal is to be submitted.
Consult M. C. Potter or W. G. Quinn.

PsyCholoy

The undergraduate program in Psychology
is described in Chapter 7. For additional re-
lated subjects in Psychology, see also:

Architecture: 4.770-4.771

Brain and Cognitive Sciences: 9.00, 9.01,
9.027, 9.030, 9.06, 9.20, 9.201, 9.35, 9.351,
9.36, 9.38, 9.380, 9.49J, 9.59, 9.601J, 9.62J,
9.641, 9.65, 9.68, 9.70, 9.75J, 9.85, 9.88

Management: 15.301, 15.312, 15.313,
15.341, 15.361, 15.665, 15.824, 15.832

Political Science: 17.7041

Humanities: 21.369, 21.386, 21.435

Science, Technology, and Society:
STS 060J

Course 10 Chemical
Engineering

10.UR Undergraduate Research 10.11 Computer Models of Physical and 10.25 Industrial Chemistry and Chemical

Prereq. - Engineering Systems Process Pathways (A)

U (1, 2) Prereq.: 18.02, 8.01 Prereq.: 5.11, 10.14, 10.37
Units arranged [P/F] U (1) G (1)

3-0-9 SCI DIST 3-0-6Opportunity for participation in the work of a re-
search group, or for special investigation in a School-Wide Elective Subject. Description Chemical and engineering principles involved
particular field. Topic and hours to fit individual given at end of this chapter on SWE page. in creation and operation of viable industrial
requirements. S. Shyam Sunder processes. Topics: analysis of process
C. M. Mohr chemistry by p-pathways (i.e., radical, ionic,

10.13 Chemical Engineering and pericyclic reactions of organic syntheses)
10.ThU Undergraduate Thesis Thermodynamics I and d-pathways (i.e., catalysis by transition-

metal complexes). Use of reaction
Prereq.: - Prereq.: 18.02 mechanisms for inference of co-product forma-
U (1, 2, S) U (1) tion, kinetics, and equilibria: process synthesis
Units arranged 4-0-8 SCI DIST logic related to reaction selectivity, recycle,

Program of undergraduate research, leading Basic concepts of thermodynamics. First, sepa onmIllstrations dra n from crrent

to the writing of an S.B. thesis; to be arranged second, and third laws. Theoretical develop- P. S. Virk
by the student and appropriate MIT faculty ment with applications to open and closed sys-
member. tems. Concapts of energy, entropy,
C. M. Mohr equilibrium, and reversibility. Introduction to 10.26 Chemical Engineering Laboratory

properties of mixtures, including colligative Prereq.: 5.11, 10.14, 10.302, 1037
10.001 introduction to Computer Methods properties, chemical reaction equilibrium, and U (1)

phase equilibrium 2-8-2
Prereq.: - H. H. Sawin, R. S. Langer, K. K Gleason
U (1. IAP) Laboratory projects in the areas of applied
2-0-4 10.14 Chemical Engineering chemical research and unit operations Stu-

Introduction to the use of computers in chemi- Thermodynamics i1 dents work in groups and choose one project
for the whole term from projects suggested bycal engineering and to the computer environ- Prereq.: 10.001, 10.13 local industry. Training in planning research

ment on Athena. Exposure to methods for text U (2) projects, execution of experimental work, oral
and picture creation and manipulation, sym- 3-0-6 presentations and writing reports. Application
bolic manipulation, and numerical program- of theory to practical problems of industrial con-
ming. Elementary methods for numerical Extension of 10.13, intended primarily for cern.
analysis are presented. chemical engineering majors. Thar- J. L Fearer; D. JGo/dstein; JA-Hamel
R. C. Armstrong, R. A. Brown modynamics of multicomponent systems Fur-

ther discussion of the molecular basis of
10.02 Biotechnology and Engineering hermodynamics; quantum mechanical prin- 10.27 Chemical Engineering Processes
(Context Subject) ciples, spectroscopy, structure, and ther- ry

modynamic properties. Applications to Prereq.: 10.13,10.14, 10.301
(Same subject as 5 22J, TOX 105J) open-system processes; power cycles, U (2)Prereq.: - refrigeration, prime movers. 1-8-3
U (2) C. M. Mohr, K. K. Gleason
3-0-6 Introduces practical chemical engineering
Illustrates how the principles of chemistry, biol- 10.21 Structures and Properties of Matter operations through hands-on experience with

representative pilot-scale equipment and
ogy, and engineering are integrated to create Prereq .5.11, 5.62 processes. Intended to provide instruction in
new products for human health and consump- U (1) the art of experimentation and data analysistion. Uses case-study format to examine 3-0-6 and introduce theory of selected unit opera-recently developed products of pharmaceutical tions. Emphasis given to developing oral and
and biotechnology industries: how a product Atomic and molecular interactions and their im- written communication skills.evolves from initial idea, through patents, test- portance in determining physical and chemical D. J. Goldstein, J. L. Feerer, J.-F Hamel
ing, evaluation, production, and marketing. Em- properties of matter. Dielectric properties of
phasizes scientific and engineering principles, materials. Description of physical and specific
as well as the responsibility scientists, en- chemical intermolecular forces, including
gineers, and business executives have for the hydrogen bonds. Bulk and interfacial proper-
consequences of their technology. ties of pure and mixed gases and liquids. Tech-
J. M. Essigmann, n. S. Langer niques for characterizing molecular structure

and for predicting properties of matter,
C. K. Colton
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10.28J Multivarlable Control Systems I (A)
(Same subject as 2.154J, 8.233J, 13.481J,
16.341J)
Prereq.: 10.35 or 2.14 or 6.302 or 16.30
G (1)
4-0-8

See description under subject 6.233J.
G. Stephanopoulos, M. Athans,
K. Youcef-Toumi, M. S. Triantafyllou,
B. K. Walker, W. Vander Velde

10.29J Multivariable Control Systems 11(A)
(Same subject as 2.155J, 6.234J, 13.482J,
16-342J)
Prereq.: 10.28J
G(2)
4-0-8

See description under subject 6.234J.
G. Stephanopoulos, M. Athans,
K Youcef-Toumi, M. S. Triantafy/lou,
W Vander Velde

10.301 Fluid Mechanics

Prereq.: 18.03
U (2)
3-0-9

Introduces the mechanical principles govern-
ing fluid flow. Stress in a fluid. Conservation of
mass and momentum, using differential and in-
tegral balances. Elementary constitutive equa-
tions. Hydrostatics. Exact solutions of the
Navier-Stokes equations. Approximate solu-
tions using control volume analysis. Mechani-
cal energy balances and Bernoulli's equation.
Dimensional analysis and dynamic similarity.
Introduces boundary-layer theory and tur-
bulence.
J. M. Ber, W M. Dean, M. A. Kramer

10.302 Transport Processes
Prereq.: 10.13, 10.301
U (1)
4-0-8

Principles of heat and mass transfer. Steady
and transient conduction and diffusion. Con-
vective transport of heat and mass in both
laminar and turbulent flows. Natural convec-
ton. Condensation and boiling. Application to
design of heat exchangers. Radiative heat
transfet.
G. Stephanopoulos

I 10.31 Separation* and the Environment
(Revised Content)
Prereq.: Permission of Instructor
Acad Year 1990-91: G (1)
Acad Year 1991 -92: Not offered
3-0-6

Separations technology as applied to environ-
mental remediation and pollution control.
Sources of pollution and contaminated environ-
ments: industrial effluents and emissions,
domestic sources, run-offs, in the atmosphere,
surface water, ground water, and soils. Chemi-
cal and physical properties of pollutants, par-
itioning and distribution of the environment.
Sep-arations involving dilute aqueous streams,
gas mixtures, rpcoverable organic products. In
situ remediation of contaminated waste sites.
J. L. Feerer, T A. Hatton

10.32 Separation Processes

Prereq.: 10.14, 10302
U (2)
3-0-9

General principles of separation by equilibrium
and rate processes Staged cascades Applica-
tions to distillation, absorption, adsorption, and
membrane processes. Phase equilibria and
role of diffusion.
C. M. Mohr

10.33 Analytical Treatment of Chemical
Engineering Transport Processes (A)
Prereq: 10301,1802
G (1)
3-0-6

Mathematical techniques underlying transport
poblems basic to most chemical engineering
processes. Quafernions, vectors, polyadics,
cartesian tensors, general tensors, curvilinear
coordinate systems Representations of rota-
tion and orientation Anisotropic material ten-
sor properties. Applications to the derivation of
transport equations in physical space, at inter-
faces, along lines, and in multidimensional
phase spaces.
H Brenner

10.331 Nonlinear Analysis in Chemical
Engineering

Prereq.: 1050
G (2)
3-0-6

Emphasizes both classical and modern
methods for analyzing nonlinear ordinary and
partial differential equations arising in reaction
engineering and transport phenomena. Topics:
elementary stability theory and bifurcation
analysis of steady states; introduction to time-
periodic phenomena and transitions to chaos;
numerical methods for tracking multiple-steady
and time-periodic states
R. A. Brown

10.332 Unear Operator Theory In Chemical
Engineering Science
Prereq.: 18 03, 18.06, or equivalent
Acad Year 1990-91: Not offered
Acad Year 1991-92: G (1)
3-0-6

Introduction to linear operator theory. Set
theory, metric and linear spaces. Inner product
and Hilbert spaces, orthogonality, adjoint and
self -adjoint operators, spectral representation
theory, Green's functions, and Sturm-Uouville
operators. Applications to problems in partial
differential equations and control theory.
rT A. Hatton, R. A. Brown

10.34 Numerical Methods Applied to
Chemical Engineering (A)
Prereq.: 10.33
G (2)
3-0-6

Numerical methods for solving problems aris-
ing in heat and mass transfer, fluid mechanics,
and chemical reaction engineering, Topics:
numerical linear algebra solution of nonlinear
algebraic equations and ordinary differential
equations, and finite-difference and finite-ele-
ment methods for elliptic and parabolic partial
differential equations. All methods presented in
context of problems arising in transport
phenomena. Lectures and assignments as-
sume knowledge of FORTRAN.
R A. Brown

10.341 Finite Element Methods for
Problems in Transport Phenomena (A)
Prereq 10 34
G (1)
3-0-6

Advanced methods for solving problems in
fluid mechanics and heat and mass transfer.
Emphasis on efficient techniques for handling
highly irregular boundaries, nonlinearities, com-
plicated boundary conditions, and singularities.
Variational, Galerkin, and collocation schemes
discussed.
R. A. Brown

10.35 Chemical Process Dynamics and
Control (A)
Prereq .1037,1803
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 controllers. Cas-
cade, feedforward, and adaptive control. Intro-
duction to multivariate control systems. Design
of control systems for complete plants. Digital
computer control.
M. A. Kramer, 0. Stephanopoulos

10.361 Integrated Chemical Engineering I

Prereq.: 10.32, 10.37, computer proficiency
U (1)
4-0-8

Presents and solves chemical engineering
problems in industrial context. Emphasis is
placed on the integration of fundamental con-
cepts with approaches of process design.
Problems are emphasized that demand syn-
thesis, economic analysis, and process design.
G. Stephanopoulos, L. B. Evans

10.362 Integrated Chemical Engineering I
Prereq.: 10.361
U (2)
4-0-8

Presents and solves chemical engineering
problems in industrial context. Emphasis
placed on integration of fundamentals with
material property estimation, process control,
product development, and computer simula-
tion, Integration of societal issues, such as en-
gineering ethics, environmental and safety
considerations, and impact of technology on
society are addressed in the context of case
studies.
A. F Sarofim, R. Langer, H. H. Sawin

10.37 Chemical Kinetics and Reactor
Design

Prereq.: 10 13, 10.301
U (2)
3-0-6

Introduces design of commercial chemical
reactors, emphasizing synthesis of chemical
kinetics, transport phenomena. Topics: kinetics
and equilibrium-elementary steps, transition-
state theory, multistep reactions and multiple
paths, network algebra. Ideal reactors-batch,
plug flow, well-stirred; residence-time distribu-
tions Transport in reactors -heat and mass
transfer, diffusion to and within catalyst par-
ticles. Reactor design-role of reaction path-
way and thermochemistry; reactor size;
modeling of performance.
P S. irk

10.38 Computer-Aided Process
Engineering (A)
(Revised Content)
Prereq.: 10.302, 10.32
G (2)
2-0-7

Ti- ry and practice underlying development
aid use of flowsheet models of chemical
processes. Modeling the flowsheet, selection
of physical property models fitting ther-
modynamic data, numerical solution of non-
linear equations, process optimization,
modeling batch and semicontinuous proc-
esses, computer-aided methods for energy in-
tegration analysis based upon the
thermodynamic pinch. Solution of case
problems using the ASPEN PLUS flowsheet
simulator.
L. B. Evans

10.382 Synthesis and Design of Chemical
Processing Systems (A)
Prereq.: 10.302, 10.32
G (1)
3-0-6

Unifying approach to synthesis and design of
optimal process flowsheets. Selection of op-
timum 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
operability and controllability. Plant flexibility
and resilience Reliability analysis and design
of safety systems for a chemical plant.
G. Stephanopoulos

10.385 Product Chemistry and Engineering
(Now)
Prereq.: 10.14, 5.12
G (2)
3-0-6

Development of new products in response to
the needs of society Defining the marketplace
and customer needs, specifying the required
product properties for their performances, un-
derstanding the molecular structures that lead
to these properties, and designing such
products. Concepts and tools for under-
standing and designing of new products, as-
sessing market needs, review of principles of
structure-property relations, solution of product
development problems
J. Wei

10.39 Energy Technology (A)
Prereq.: 10 13, 10.14
G (2)
3-0-6

Studies the factors determining the choice of
energy technologies and their individual design
and performance features Considers energy
supply-demand patterns, economics, efficiency
of resource utilization, and environmental and
social effects. Gives special emphasis to syn-
thetic fuel systems and utilization-related ener-
gy technologies. Special subjects such as fuel
cells, solar energy, and geothermal energy can
be studied and presanted as term paper
topics. Open to undergraduates.
J. B. Howard

10.40 Chemical Engineering
Thermodynamics (A)
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. Surface thermodynamics. Critical
phenomena. Applications emphasized through
extensive problem work relating to practical
cases
J. W Tester, D. Blankschtein

10.42 Advanced Thermodynamics (A)
Prereq.: 10.40
G (2)
2-0-7

Equilibrium and stability concepts examined in
depth for multicomponent, multiphase sys-
tems. Equations of state for pure components
and mixtures, solution models for mixtures of
electrolytes and non-electrolytes. Surface ther-
modynamics, equilibrium in body-force fields,
statistical thermodynamics with Monte Carlo
and molecular dynamics applications comprise
other topics.
J. W Tester

10.43 Introduction to Interfacial Phenomena

Prereq.: 10.14 or an equivalent introductory
course in thermodynamics or physical
chemistry
G (2)
3-0-6

Introduces fundamental and applied aspects of
interfacial phenomena. Theory of capillarity. Ex-
perimental determination of interfacial tension.
Thermodynamics of interfaces. The Gibbs ad-
sorption equation. The Van der Waals ap-
proach to interfacial phenomena. Surface
tension of pure liquids and solutions. Surface
films. Wetting and contact anglos. Effect of cur-
vature on the equilibrium state of pure systems
and mixtures. Fundamentals of adsorption,
micellization, solubilization, and emulsification.
D. Blankschtein

10.44J Statistical Thermodynamics of
Complex Uquids (A)
(Same subject as 8.575J, 22.52J)
Prere.: 808, 10.14, or equivalent
Acad Year 1990-91: Not offered
Acad Year 1991-92:G (2)
3-0-9

See description under subject 22.52J.
D. Blankschtein, S. H. Chen, J. D. Litster

10.472 Environmental Topics in Chemical
Engineering
(New)
Prereq.: 10.301, 10.302, or Permission of In-
structor
U (1)
3-0-6

Seminars on chemical engineering aspects of
environmental issues by instructor, students,
and outside speakers. Topics include pollution
control, fate and transport of contaminants in
environment, risk assessment, indoor air pollu-
tion, and environmental ethics. Term paper
and seminar required.
J. L. Feerer
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10.49J Biomedical Transport
Phenomena (A)

(Same subject as HST 521J)
Prereq.: 10.301, 10.302, or equivalent
G (2)
2-0-4

Applies the principles of transport phenomena
to the analysis of selected physiological
processes and the design of artificial internal
organs and extracorporeal devices. Reviews
pertinent physiological principles. Rheology of
blood. Convective and diffusive mass transport
in blood and tissues. Mass transport charac-
teristics of biological and synthetic membrane
processes. Artificial organs, including artificial
kidney, pancreas, liver, and cardiopulmonary
assist devices.
C. K. Colton, W M. Deen

10.50 Analysis of Transport Phenomena (A)

Prereq.: 10.302
G (1, 2)
4-0-8

Analyzes diffusive and convective transport of
heat and mass. Analytical solutions to steady-
state and transient diffusion or conduction
problems. Fur'damentals of momentum trans-
fer. Forced and free convection of heat and
mass in laminar flow, including laminar bound-
ary layers. Heat and mass transfer in turbulent
flows. Simultaneous heat and mass transfer in
problems with phase changes or chemical
reactions.
R. C. Armstrong, R. A. Brown, W M. Dean,
H. Brenner, T A. Hatton

10.51 Macromoiecular Hydrodynamics (A)
Prereq.: 10.301
G (2)
3-0-6

Observed phenomena in polymeric flow sys-
tems. Techniques of viscometry and viscoelas-
tic measurements for polymeric fluids,
Rheological models. Continuum theories.
Molecular theories of polymeric fluids. Analyti-
cal solutions to flow problems; non-Newtonian
viscosity, linear viscoelasticity, normal
stresses, recoil, stress relaxation,
R. C. Armstrong

10.515 Structural Theories of Polymer Fluid
Mechanics (A)

Prereq.: 10.301
Aced Year 1990-91: Not offered
Acad Year 1991-92: G(2)
3-0-6

Structural and molecular models for polymeric
liquids. Nonequilibrium properties are em-
phasized. Elementary kinetic theory of polymer
solutions. General phase space kinetic for
polymer melts and solutions. Network theories.
Interrelations between structure and rheologi-
cal properties.
R. C. Armstrong

10.52 Mechanics of Fluids (A)

Prereq.: 10.50
G (2)
3-0-6

Advanced course in fluid and continuum
mechanics. Content may vary, drawing from
such topics as low Reynolds number
hydrodynamics, Brownian motion, suspension
mechanics, flow in porous media, multi-
phase/particulate flow, ideal fluid theory,
laminar boundary-layer theory, stability theory,
and turbulence.
H. Brenner

10.53J Physicochemical
Hydrodynamics (A)

(Same subject as 2.272J)
Prereq.: 10.50, 2 25
Acad Year 1990-91: Not offered
Acad Year 1991-92: G (1)
3-0-9

See description under subject 2 272J
H. Brenner, R. F Probstein

10.54 Advanced Topics in Heat and Mass
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 macro-
molecular solutions, and generic analyses of
heterogeneous systems, including adsorption
phenomena and chemically reactive continua.
H. Brenner

10.55 Colloid and Surfactant Science (A)
Prereq.: Permission of Instructor
Acad Year 1990-91: Not offered
Acad Year 1991-92: G (2)
3-0-6

Introduction to theory and applications of col-
loidal dispersions and surfactant science.
Monolayer adsorption at interfaces, electrical
double layers, dispersion forces, electrokinetic
phenomena, and stabilization of dispersions,
Chemistry, structure, and classification of sur-
factants, critical micelle concentrations, micel-
lar solubilization, and catalysis Detergency
and wetting phenomena. Emulsion technology
and applications.
T A. Hatton

10.56J Biotechnology of Mammalian Cells
(Same subject as 7.37J)
Prereq.: 7.03 or 705, 5.60 or 10.13
U (2)
4-0-8

See description under subject 7.37J.
A. J. Sinskey, D. L. C. Wang

10.565 Separation Prooesses for
Biochemical Products (A)
Prereq.: -
G (1)
3-0-6

Introduces the fundamental principles of
separation operations important to the
recovery of products from biological proc-
esses. Lectures cover membrane filtration,
chromatography, centrifugation, electrochemi-
cal separation, and process design.
C. L. Cooney

10.57 Modeling of Biological Systems (A)
Prereq.: Permission of Instructor
Acad Year 1990-91: Not offered
Acad Year 1991-92: G (2)
2-0-7

Analytical (mathematical) descriptions of inter-
esting biological mechanisms, systems, and
processes. Examples covering the entire
spectrum, from simple biolog>^al reactions to
intricate networks of metabolic pathways,
whole-cell metabolism, pure and mixed popula-
tion dynamics and stability, and full bio-reactor
models, considered. Emphasis focused 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.
G. Stephanopoulos

Biochemical Engineering

10.58 Structure, Dynamics, and Reactivity
in Biotechnology

Prsreq.: Permission of Instructor
G (1)
2-0-4

Overview of basic physical biochemistry of
proteins and cells and interaction of biology
and chemical engineering. Structure, function.
and dynamics of biological macromolecules,
emphasizing proteins. Prokaryotic and
eukaryotic cell properties and relationship to
cell function. Topics include protein stability,
denaturation, motions and electrostatic proper-
ties; analytical techniques; cellular transport
processes, and intercellular organization.
Biophysical and biochemical phenomena con-
sidered, with an eye toward biotechnological
processes.
M. L. Yarmush

Chemioal Engineering 8gD

10.59 BIochemical Engineering (A)

Prereq.: Permission of Instructor
G (2)
4-0-8

interaction of chemical engineering,
biochemistry, and microbiology. Mathematical
representations of microbial systems. Kinetics
of growth, death, and metabolism. Continuous
fermentation, agitation, mass transfer, and
scale-up in fermentation systems, enzyme
technology.
C. L. Cooney, D. 1. C. Wang

10.591 Biochemical Engineering
Laboratory (A)
Prereq.: Permission of Instructor
G (IAP)
0-5-1

Laboratory portion of biochemical engineering.
Experimental work in both bench and pilot
scale experiment. Focus on mass transfer in
bioreactors, microbial growth kinetics, com-
puter control, and cell recovery by centrifuga-
ton and filtration.
D. /. C. Wang, C. L. Cooney, J. -FHamel

Applied Chemistry

10.60 Heterogeneous Catalysis and
Catalytic Processes (A)
Prereq.: 5.13 or 5.62
G (1)
3-0-6

An introduction to applied catalysis, focusing
on principles of importance in the development
and improvement of catalysts and their practi-
cal use in industry. Topics include adsorption
phenomena, application of catalyst
functionality concepts for control of reaction
selectivity, kinetic models and correlation of
rate data, poisoning and aging effects. Com-
monality of mechanisms for significant groups
of catalyzed reactions such as hydrogenation,
partial oxidation, and hydrocarbon reactions
catalyzed by solid acids and zeolites. Recent
industrial developments and projected future
trends.
C. N. Satterfield

10.611J Microelectronics Processing
Technology

(Same subject as 3.155J, 6.152J)
Prereq.: 6.071
U (1,2)
3-4-5

See description under subject 6.152J.
H. H. Sawin, C. G. Sodini, D. J. Edell,
D. A. Rudman, C. V Thompson, K K Gleason

10.613 Solid-State Surface Science (A)
Prereq.: 10.14
G (2)
3-0-6

Structural, chemical, and electronic properties
of solids and solid surfaces. Analytical tools
used to characterize surfaces including Auger
and photoelectron spectroscopies and electron
diffraction techniques. Surface ther-
modynamics and kinetics including adsorption-
desorption, catalytic properties, and sputtering
processes. Applications to microelectronics, op-
tical materials, and catalysis.
H. Sawin, K K Gleason

10.616J Plasma Processing In Integrated
Circuit Fabrication (A)

(Same subject as 6.776J)
Prereq.: Permission of Instructor
Acad Year 1990-9 1: G (2)
Acad Year 1991-92: Not offered
3-0-9

See description under subject 6.776J.
H. H. Sawin, L. R. Reif

10.641J Thermal Transitions, Optical and
Electrical Behavior of Polymers (A)

(Same subject as 3 93J)
Prereq.: Permission of Instructor
G (2)
3-0-9

See description under subject 3.93J.
R. E. Cohen, M. F Rubner, P Cebe

10642 Molecular and Phenomenological
Interpretation of Polymer
Viscoelasticity (A)
Prereq.: -
G (1)
2-0-7

Theory and phenomenology of linear viscoelas-
tic behavior of polymers. Material functions
and their interconversion, model repre-
sentation, time-temperature equivalence.
Reviews molecular theories. Introduces non-
linear viscoelasticity.
R. E. Cohen

10.65 Chemical Reactor Engineering (A)
Prereq.: 10.37
G (1)
3-0-6

Applies chemical kinetics to development and
improvement of industrial processes. Nonideal
reactor analysis, including residence-time dis-
tributions, concepts of mixedness, and
segregation, dispersion, and CSTR models.
Mass and energy transfer limitations in
heterogeneous noncatalytic and catalytic reac-
tion systems. Reactor stability and sensitivity
to operating parameters. Choice and design of
reactors for heterogeneous reactions.
J B. Howard, K F Jensen

I

10.652 Principles and Applications of
Chemical Kinetics (A)
Prereq.: 10.65 or 10.37, 5.62
Aced Year 1990-91: Not offered
Acad Year 1991-92: G (2)
3-0-6

Estimation of thermodynamic and kinetic
properties based on molecular dynamics.
Methods including collisional theory and transi-
tion state theory will be developed for the es-
timation of unimolecular, bimolecular,
termolecular, and complex reaction systems.
Pressure effects and fall-off treatment using
Lindemann-Hinshelwood, Kassel, RRK, and
RRKM treatments. Chemical activation and
ion-molecule reactions. Content may vary
drawing on applications in combustion, plasma
chemistry, and heterogeneous reactions.
J. B. Howard, H. H. Sawin

10.655 Multiphase Chemical Reactors (A)
Prereq.: 10.37
G (2)
3-0-6

Mass transfer with simultaneous chemical reac-
tion in gas-solid, gas-liquid, and gas-liquid-
solid systems. Analyzes contacting patterns
and mass and heat effects in multiphase
chemical reactors, including slurry-type reac-
tors, trickle beds, and fluidized beds. Attention
to reactions catalyzed heterogeneously or
homogeneously, and to applications in fossil
fuel processing and new synfuel processes.
C. N. Satterfield

10.66J Polymer Morphology and Properties
Laboratory (A)

(Same subject as 3.97J)
Prereq.: Permission of instructor
G (2)
1-5-6

Experimental methods for characterizing mor-
phology and properties of polymeric fluids and
solids. Microscopy of semicrystalline polymers
and amorphous polymer blends. Thermal
analysis. Mechanical testing. Rheological char-
acterization. Students have the option to con-
centrate on rheological methods for entire term.
R. E. Cohen, D. K Roylance, R. C. Armstrong

10.67J Polymer Science Laboratory (A)

(Same subject as 3.065J)
Prereq.: Permission of Instructor
G (1,2)
1-8-3

Synthesis and molecular characterization of
polymers. Condensation polymerization and
chain reaction polymerization and
copolymerization, reactions in homogeneous
phase and at interfaces, and the synthesis of
linear chains and highly ramified structures are
carried out. The resulting macromolecules are
characterized: molecular mass and its distribu-
tion by severai 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, M. F Rubner
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10.681 Physical Chemistry of Polymers (A)
Prereq.: 5.60 or 10.14 or 10.40
G (1)
3-0-6

Chain macromolecules as random coils (unper-
turbed, expanded) and as other shapes. Statis-
tical thermodynamics of interpenetrating
random coiling polymers in solution with ap-
plication to phase separations, swelling of net-
works, depression of melting point. The
isolated chain molecule in dilute solutions
analyzed for mass or size by static methods
(osmometry, light scattering, neutron scatter-
ing) and by dynamic methods (intrinsic vis-
cosity, size exclusion chromatography,
electrophoresis, sedimentation). Comparison
of responses of synthetic and biological
(protein, polysaccharide, polynucleotide) mac-
romolecules to these methods.
E W Merrill

10.682 Statistics of Macromolseular
Systems

Prereq. Permission of Instructor
G (2)
3-0-6

Structure, configuration, and conformation of
macromolecules. Polymerization and
copolymerization statistics. Spatial arrange-
ment of chains, linear and nonlinear, with and
without the effects of excluded volume. Dilute
and concentrated systems. Chain dynamics.
Rotational isomeric state theory. Experimental
observation of spatial arrangements of macro-
molecules, with special focus on scattering of
radiation.
J. M. Deutch

10.691 Synthesis of Polymers (A)
Prereq. 5 42
G (2)
3-0-6

Studies synthesis of polymeric matenals, em-
phasizing interrelation ships of chemical path-
way, process conditions, and
"microarchitecture" of molecules produced.
Chemical pathway: anionic, radical, condensa-
tion, ring-opening. Process conditions: bulk,
solution, emulsion, suspension, gas phase,
batch vs continuous fluidized bed. "Microar-
chitecture: tacticity, molecular-weight distribu-
tion, sequence distributions in copolymers,
errors in chains such as branches, head-to-

head addition, peroxide incorporation.
E W Merrill

10.70 Principles of Combustion (A)
Prereq.: Permission of Instructor
G(1)
3-0-6

Basic concepts and applications of combus-
tion: flame stabilization and propagation in
gaseous fuel-oxidant mixtures. Turbulent jet
flames. Swirling jet flames. Heterogeneous
combustion: treatment of liquid fuel spray and
pulverized coal. Advanced coal combustion
technologies: fluidized bed, coal-water slurry,
and slagging combustion. Mechanisms of pol-
lutant formation and emission: oxides of
nitrogen and sulfur, polycyclic aromatic com-
pounds, fine inorganic particulates. Reduction
of pollutant emission by combustion process
modifications.
J. M. Bedr

10.71J Air Pollution Control (A)
(Same subject as 2.29J)
Prereq.: Permission of Instructor
Acad Year 1990-91: Not offered
Acad Year 1991-92: G (2)
3 0-9

See description under subject 2.29J.
A. F Sarofim, J. A. Fay

10.72J Chemicals in the Environment:
Sources and Control (A)

(Same subject as TPP 52J)
Prereq : Permission of Instructor
G (1)
3-0-6

Sources and control technologies governing
the emissions of chemicals into the environ-
merit. Material balance concepts and evalua-
tion of ambient levels of chemicals in the
environment. Evaluation of health and ecologi-
cal impact. Concepts of risk assessment and
management. Regulatory framework and his-
toncal background. Technological solutions
based on process modificationtand emissions
control. Case studies are selected from a
range of major environmental problems rang-
ing from hazardous waste chemicals. combus-
tion-generated pollutants, acid rain, global CO2.
J R. Ehreneld, A. F Sarorim

10.731 Seminar in Combustion Chemistry

Prereq.: Permission of Instructor
G (1. 2)
20- 4 P/F]

Readings, presentations, and discussions of
selected, currently active research topics in
combustion chemistry. One or twu topics
studied each tarm Examples are chemistry
and structure of flames, thermochemical
kinetics methods and calculations, mathemati-
cal modeling and computer analysis of reac-
tion networks, experimental methods,
interactions of chemistry with transport and
fluid mechanics.
J. B. Howard

10.732 Gas-Solid Reactions

Prereq.: Permission of Instructor
G (1,2)
2-0-4 [P/FI

Review of current literature and research on
gas-solid reactions, with particular emphasis
on combustion, gasification, and gas absorp-
tion at high temperatures. Includes the
mechanisms and kinetics of gas-solid reac-
tions, the characterization of the structure and
modeling of diffusion in porous solids, aerosol
formation, and growth.
J. M. Bedr, M. Flytzani-Stephanopoulos

10733 Solid Thin Films and Interfaces
Prereq.: Permission of Instructor
G (1, 2)
2-0-4 [P/F)

Current research topics and fundamental is-
sues relating the structure and properties of
solid thin films and interfaces to processing his-
tory. Emphasis on applying analytical tech-
niques, such as solid-state NMR, to explore
the thermodynamics and kinetics of growth,
defect formation, and structural modification in-
curred during microelectronics fabrication.
K. K Gleason

10.74J Radiative Transfer (A)

(Same subject as 2.58J)
Prereq.: 10.302 or 2.51
G (2)
3-0-9

Principles of thermal radiations and their ap-
plication to engineering heat transfer
problems. Basic laws of thermal radiation.
Radiative properties of surfaces. Radiant inter-
change among surfaces separated by a
transparent medium. Thermal radiation charac-
teristics of gases and particle clouds. Radiative
interchange through absorbing, emitting, and
scattering media. Application to furnaces, high-
temperatura processing, pyrometry, insulation,
and solar energy
A. F Sarofim, L. R. Glicksman

10.75 Principles of Fuel Conversion (A)
Prereq.: 10.302, 10.37
G (2)
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.
Kinetics, mechanisms, and products of
pyrolysis of solid- and heavy-liquid fuels in
presence of inert and reactive fluids. Ther-
modynamic and chemical equilibrium in multi-
component and multiphase C-H-O systems.
Kinetics and mechanisms of gas reactions with
solid carbon. Diffusion and reaction in porous
solids with transient properties.
J. B. Howard

K
10.792J Proseminar in Manufacturing

(Same subject as 2.890J, 3.80J, 6.943J,
15.792J, 16.23J)
Prereq.: -
G (1, 2)
3-0-3 [P/F)

See description under subject 15.792J.
S. Graves

10.801 Entrepreneurship

Prereq.: -
G (2)
4.0-5

School-Wide Elective Subject. Description
given at end of this chapter on SWE page.
D. R Hoult

1 0,805J Technology, Law,and the Working
Environment (A)

(Same subject as 15.656J, TPP 35J)
Prereq.: -
G (1)
3-0-6

Addresses relationship between technology-re-
lated problems and the law applicable to work
environment. National Labor Relations Act, Oc-
cupational Safety and Health Act. Toxic Sub-
stances Control Act, state worker's
compensation, and suits by workers in the
courts discussed. Problems related to occupa-
tional health and safety, collective bargaining
as a mechanism for altering technology in the
workplace, job alienation, productivity, and the
organization of work addressed. Prior courses
or experience in the environmental, public
health, or law-related areas.
N, A. Ashford, C. Caldart

10.806 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 Hout, H. S. Marcus

10.816 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

School of Chemical
Engineering Practice

10,82 (10.80, 10,81, 10.83) School
of Chemical Engineering Practice -
Albany Station (A)
Prereq.: Permission of Instructor
G (1, 2 S)
0-12-0

Conducted at General Electric Company
plants at their Noryl Plastics Division in Selkirk,
NY, and Silicone Products Division in Water-
ford, NY. Group problem assignments con-
ducted at plant sites involve development of
existing polymer manufacturing processes. Ex-
posure to highly diversified unit operations at
pilot-scale or production levels, including distil-
lation, extraction, filtration, extrusion, and fixed-
and fluidized-bed reactor systems. Credit
granted in lieu of Master's thesis: see
Departmental description on School of Chemi-
cal Engineering Practice in Chapter 7 for
details. Enrollment limited and subject to plant
availability.
T A. Hatton, J. L. Feerer

10.84 (10.85) School of Chemical
Engineering Practice - Midland
Station (A)

Prereq.: Permission of Instructor
G(1,2,8)
0-12-0

Conducted at the research laboratories and
manufacturing facilities of the Dow Chemical
Company in Midland, MI. Group problem as-
signments include process development,
design, simulation and control, technical ser-
vice, and new-product development. Credit
granted in lieu of Master's thesis; see
Departmental description on School of Chemi-
cal Engineering Practice in Chapter 7 for
details. Enrollment limited and subject to plant
availability.
T A. Hatton, J. L. Feerer

10.86 (10.87) School of Chemical
Engineering Practice - Industrial
Station (A)
Prereq.: Permission 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-
product development. Credit granted in lieu of
Master's thesis; see Departmental description
on School of Chemical Engineering Practice in
Chapter 7 for details, Enrollment limited and
subject to plant availability.
T A. Hatton, J. L. Feerer

Chemical Engineering 01D

10.88 (10.89) School of Chemical
Engineering Practice (A)
Prereq.: Permission of Instructor
G (S)
0-12-0

Conducted at Chevron's oil refining,
petrochemicals, and research facilities in Rich-
mond, CA. Group problem assignments in-
clude process improvement and development,
design, environmental control, and process
control as they apply to the petroleum industry.
Credit granted in lieu of a Master's thesis; see
Departmental description on School of Chemi-
cal Engineering Practice in Chapter 7 for
details. Enrollment limited and subject to
facility availability.
T A. Hatton, J. L. Feerer

General

10.90 Experimental Research Problem (A)
Prereq.: Permission of Instructor
G (1 2)
Units arranged

For special and graduate students who wish to
carry out some minor investigation in a par-
ticular field. Subject and hours to fit individual
requirements.
W M. Deen

10.91 Experimental Research Problem

Prereq.: -
U (1, 2)
Units arranged

For undergraduate students who wish to carry
out a special investigation in a particular field.
Topic and hours to fit individual requirements.
C. M. Mohr

10.94 Special Problems In Chemical
Engineering
Prereq.: Permission of Instructor
U (1, 2)
Units arranged

Problem of current interest, varying from year
to year.
R. C. Armstrong

10.95 Special Problems in Chemical
Engineering (A)
Prereq.: Permission of Instructor
G (1 2)
Units arranged

Directed research and study of special chemi-
cal engineering problems.
W M. Deen
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10.971 Seminar in Fluid Mechanics and
Transport Phenomena

Prereq.: Permission of Instructor
G (1, 2)
2-0-4 [P/F]

Seminar series on current research on New-
tonian and non-Newtonian fluid mechanics
and transport phenomena, and applications to
materials processing. Seminars given by guest
speakers and research students.
R. A. Brown, R. C. Armstrong

10.972 Biochemical Engineering Research
Seminar

Prereq.: Permission of Instructor
G (1, 2)
2-0-4 [P/F]

Seminar allows students to present their re-
search programs to other students and staff.
The research topics include fermentation and
enzyme technology, mammalian and animal
cell cultivation, and biological product separa-
tion.
D. 1. C. Wang, C. L. Cooney

10.973 Bloengineering

Prereq.: Permission of Instructor
G (1, 2)
2-0-4 (P/F]

Seminar covering topics related to current re-
search in the application of chemical engineer-
ing principles to biomedical science and
biotechnology.
C. K Co/ton, W M. Dean

10.974 Catalysis and Reaction Engineering

Prereq Permission of Instructor
G (1, 2)
2-0-4 [P/F]

Seminar on research topics and recent
developments in heterogeneous catalysis.
reaction engineering, and related topics. In-
tended primarily for students engaged in re-
search in these areas, but open to students
with background and interest in related areas
such as surface sciences and noncatalytic
reactions.
C. N. Satterfield, J. Wei,
M. Flytzani-Stephanopoulos

10.975 Seminar in Polymer Science and
Engineering (A)

Prereq.: Permission of Instructor
G(1, 2)
2-0-4 (P/F]

Research seminars, presented by students
engaged in thesis work in the field of polymers
and by visiting lecturers from industry and
academia.
R. E. Cohen, E, W Merrill

10.976 Process Synthesis and Control

Prereq.: Permission of Instructor
G (1, 2)
2-0-4 (P/Fl

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.
Relevant topics in mathematics, numerical
methods, and knowledge-based programming
introduced.
M. A. Kramer, L. B. Evans

10.977 Artificial Intelligence in Chemical
and Biochemical Engineering

Prereq.: Permission of Instructor
G (1,2)
3-0-3 (P/F]

Research seminars on the evolving state of
the art in artificial intelligence, and how it af-
fects 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 intel-
ligence necessary.
G. Stephanopoulos

10.978 Seminar in Applied Thermodynamics
and Applied Heat and Mass Transport

Prereq Permission of Instructor
G (1, 2)
2-0-4 [P/F]

Review of current topics in applied and
theoretical thermodynamics and transport.
Subjects include oxidation reactions and salt
solubility in supercntical water; phase equilibria
in gas hydrate/clathrate systems; fundamentai
processes in the thermal spallation of rock;
and applied research problems involving heat
and mass transfer in geological systems for
the recovery of resources and thermal energy.
J- W Tester

10.979 Plasma Processing

Prereq.: Permission of Instructor
G (1, 2)
2-0-4 [P/F)

Advanced topics in plasma processing used in
the fabrication of microelectronics Emphasis
placed on topics of plasma kinetics, gas-solid
interactions, sputtering, and reactor design.
Discussions include current research in the
literature.
H. H. Sawin

10.980 Macrotransport Processes

Prereq.: Permission of Instructor
G (1, 2)
2-0-4 [P/F]

Seminar covering current research topics on
theoretical aspects of transport processes, con-
tinuum mechanics, and statistical mechanics.
Seminars given by graduate and postdoctoral
students, participating faculty, and guest
speakers.
H. Brenner

10.981 Seminar in Colloid and
Interface Science

Prereq.: Permission of Instructor
G (1, 2)
2-0-4 [P/F]

Review of current topics in colloid and inter-
face science. Topics include statistical
mechanics and thermodynamics of micellar
solutions and microemulsions; solubilization of
simple ions, amino acids, and proteins in
reversed micelles; enzymatic reactions in
reversed micelles; phase equilibria in colloidal
systems; interfacial phenomena in colloidal
systems; biomedical aspects of colloidalisys-
tems.
D. Blankschtein, T A. Hatton

10.982 Special Topics in Separation Science

Prereq.: Permission of Instructor
G (1, 2)
2-0-4

Selected topics are to be studied in depth to
give a fundamental grounding for application
to problems in separation science. Possible
topics include electrodynamics and dielectric
phenomena, irreversible thermodynamics,
statistical mechanics.
T A. Hatton

10.983 Reactive Processing of Materials
(New)

Prereq.: Permission of Instructor
G (1. 2)
2-0-4 [P/F]

Advanced topics in synthesis of materials
through processes involving transport
phenomena and chemical reactions. Chemical
vapor deposition, plasma processing, and
chemical vapor infiltration, modeling and ex-
perimental approaches to kinetics of gas
phase and surface reactions, transport
phenomena in complex systems, materials syn-
thesis, and materials characterization. Semi-
nars by graduate students, postdoctoral
associates, participating faculty, and visiting
lecturers.
K. F Jensen

10.984 Biomedical Applications of
Chemical Engineering
(New)

Prereq.: Permission of Instructor
G (1, 2)
2-0-4 [P/F]

Weekly seminar with lectures on current re-
search by graduate students, postdoctoral fel-
lows, and visiting scientists on topics related to
biomedical applications of chemical engineer-
ing. Specific topics include polymeric con-
trolled release technology, extracorporal
reactor design, biomedical polymers, bioen-
gineering aspects of pharmaceuticals, and
biomaterials/tissue and cell interactions.
R. Langer

10.989 Special Topics in Biotechnology

Prereq.: Permission of Instructor
G (1,2)
2-0-4 (P/F]

Research seminars, presented by graduate
students and visitors from industry and
academia, covering a broad range of topics of
current interest in biotechnology. Discussion
focuses on generic questions with potential
biotechnological applications and the quest for
solutions through a coordinated interdiscipli-
nary approach.
G. Stephanopoulos

10.990 Introduction to Chemical
Engineering Research
(New)

Prereq.: -
G (1)
3-0-3 [P/F]

Introduction to research in chemical engineer-
ing by faculty of chemical engineering depart-
ment. Focus is on recent developments and
research projects available to new graduate
students.
R. Brown

10.991 Seminar in Chemical
Engineering (A)

Prereq.. Permission of Instructor
G (1)
2-0-4 (P/F)

10.992 Seminar in Chemical
Engineering (A)

Prereq.: Permission of Instructor
G (2)
2-0-4 [P/F]

For students working on doctoral theses.
R. A. Brown

10.ThG Graduate Thesis (A)

Prereq.: -
G(1,2,S)
Units arranged

Program of graduate research, leading to the
writing of an S.M., Chem.E., Ph.D., or Sc.D.
thesis; to be arranged by the student and ap-
propriate MIT faculty member.
W M. Dean

Chemical Engineering 93D



94D

Course 11 Urban Studies
and Planning

Undergraduate Subjects 11-004 The Professions 11.008J Economic Structure of Cities
Prereq.: - (Revised Unit)
U (1) (Same subject as 14.51J)
2-0-7 Prereq.: 14.01, 14.02, 14.30Acad Year 1990-91: Not offered
Social/psychological appraisal of the world of Acad Year 1991-92: U (1)

Introductory Subjects professionals. Explores professions as socio- 3-0-9 HASS
political constructions which have evolved in
response to societal needs. Attention to issues See description under subject 14.51J.11.001Introduction to Urban Design and of autonomy, claims to expertise, privileged W C. WheatonDevelopment communications, ethics, political legitimation,

Prereq.: - economic and ideological influences and rela- 11.009J Surveillance and SocietyU (1) tions of educational practices and technologi- N3-0-9 cal innovations to the creation and
perpetuation of social support for a profes- (Same subject as STS 077J)Examines both, the structure of the cities and sional enterprise. Prereq.: -

ways that they can be changed. Includes his- M. Kahne U (1)torical forces that have produced cities, 3-0-9 HASS-D/HUM-Dmodels of urban analysis, contemporary 11.005 Urban Social Structure and Process Considers some of the historical, political, so-theory of urban design, and implementation
strategies. A series of core lectures focuses on Prereq.: - cial, ethical, legal, and policy issues aroundstudent work. Speakers present cases, involv- U (2) the collection, analysis, retention, protection,ing current projects, which illustrate the scope 3-0-6 HASS sharing, and use of information about in-and methods of urban design practice. dividuals. Techniques considered: computerG. Hack Sociological analysis dealing primarily with dossiers, biometric devices, microphones,transformations, from the turn of the century to video cameras, electronic monitoring, in-
11.002 Introduction to Public Poliey the present, in the major institutions of urban formers, and undercove' operatives. Attention
Analysis and Government Action society. Contemporary structures, changes, given to issues of r y, privacy, autonomy,AnalysisandGovernmentAction_ and interrelations of ecological and balancing liberty and order.Prereq.: -- demographical bases; age and sex structures; G. T Marx
U (1) stratification, economic, political, educational,
3-1-8 and religious institutions. Examines ethnic and 11.010 Medicine and Its Critics

racial relationships in the US.
Presents major analytic techniques of public G. T Marx Prereq.: -policy analysis: deterministic and probabilistic U (2)models, cost-benefit analysis, decision 11.006J American Society: Values, 2-0-7analysis, linear programming. Class sessions institutions, and Variety Problems of social planning and interventionorganized in order of main tasks of policy
analyst: identifying alternatives, implementa- (Same subject as 17.257J) through the study of the professional behaviortion, evaluation. Compares alternative ap- Prereq.: - of medical personnel. Help-seeking assump-proaches to public policy analysis. U (1) tions and behaviors of their clientele, and so-L. Bacow 3-0-9 HUM-D cial judgments of professional observers andpolitical factions which comprise the world of

Study of American society, including the medicine.
11.003 Planning and Applied Social American value system and factors that shape M. KahneResearch I it; the expression of these values in basic in-
Prereq.: 11.007J, 14.01 stitutions such as government, work, religion, 11.013J American Urban History IU (1) and family; sources of societal differentiation in-
4-0-8 cluding class, gender, race, age, ethnicity, and (Same subject as 21.412J)

region; and current and future social trends Prereq.: -Concerned with these questions: What and scenarios. U (1)theories from the social sciences are ap- G. T Marx 3-0-6 HUM-Dplicable to the design, implementation, or Seminar on the history of institutions and in-evaluation of public policies and programs? 11.007J Politics and Public Policy stitutional change in urban America from rough-How good should such theories be? What stittioalcanginurbaAmricfrorogh-
theories of social science do current public (Same subject as 17.20 1J) ly 1890 to the present. Among the institutionspolicies and programs presume? How good Prereq.: - considered are political machines, policeare these theories? Same subject as 11.507. U (1) departments, schools, courts, hospitals,Consult L Bacow. 3-0-9 HASS-D/HUM-D prisons, welfare departments, and universities.

Focuses on readings and discussions.See description under subject 17.201J. R. M. Fogelson
G. T Marx, M. Lipsky, E. M. Immergut

K.

11-014J American Urban History 11

(Same subject as 21.413J)
Prereq.: -
U (2)
3-0-6 HUM-D

Seminar on the history of selected features of
the physical environment of urban America.
Among the features considered are parks,
cemeteries, tenements, suburbs, zoos,
skyscrapers, department stores, super-
markeN, and factories.
R. M. iPtjelson

11.015J Riots, Strikes, and Conspiracies In
America

(Same subject as 21.394J)
Prereq.: -
U (1)
3-0-9 HASS-D/HUM-D

See description under subject 21.394J.
R. M. Fogelson, P. Maier

Specialized Subjects

11.016 Introduction to Technology and
Environmental Analysis

Prereq,: -
U (2)
3-0-6 HASS

Comparative analysis of technological impacts
on natural resources and the environment.
Case studies of oil drilling, coal mining, power
plant, dam, agricultural, automobile, and ar-
chitectural impacts on national and global air,
water, land, piant, and animal resources and
marine environments. Analytic frameworks in-
clude natural science, economic, political, prob-
lem solving, and design approaches.
L. Bacow

11.017J Learning to Design and Designs
for Learning
(Context Subject)

(Same subject as 21.612J)
Prereq.: -
Acad Year 1990-91: Not offered
Acad Year 1991-92: U (2)
3-6-3 HASS

How generalizable is design knowledge? How
is it acquired? What are the elements, rela-
tions, exemplars, and representations that
guide it? We build a culture of reflection on
questions like these, starting with a few simple
design tasks; then go on to designing in two
specialized fields-mechanical structures and
computer programming. On the basis of our ex-
perience in initial tasks and specialized areas,
we examine similarities and differences in
design processes across media and domains
of expertise.
D. Schon, J. Bamberger

11.122 Environmental Policy and Regulation

Prereq.: -
U (1)
3-0-6 HASS

See description under subject 11.361.
M. Wheeler

11.131 The Urban Neighborhood

Prereq.: -
U (2)
3-0-9 HASS

Covers theories, studies, and policy issues
concerning the urban neighborhood, emphasiz-
ing the role of race and local involvement.
Reviews neighborhood theory from the neigh-
borhood unit to neighborhood territoriality; ex-
amines methods for studying neighborhoods,
including research design and participant ob-
servation. Considers issues such as municipal
decentralization, neighborhood abandonment,
and maintaining public safety in the neighbor-
hood.
J. M. D, Schuster

11.165 Courts and American Society
(Revised Content)
Prereq.: -
U (2)
3-0-9 HASS-D/HUM-D

Analyzes the historical evolution of the courts
in American society. Topics covered include
the debate over judicial activism, the role of
the courts as agents of social change, and the
American proclivity for litigation to resolve both
public and private disputes. Controversies ex-
amined include the abortion decisions, the
school desegrogation cases, and the evolution
of the insanity Jefense.
L. Bacow, M. IWhee/er

Laboratories

11.185J Design with Microclimate

(Same subject as 4.417J)
Prereq.: 8.01, 18.01
U (1)
3-3-6 LAB

See description under subject 4.417J.
T E. Johnson

11.188 Social Research Methods

Prereq.: Permission of instructor
U (2)
3-6-3 LAB

Introduces methods and process of social re-
search. Exolores 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.
J. Ferreira, Jr.

Tutorials, Fieldwork,
and Internships

11UR Undergraduate Research

Prereq.: -
U (1, 2)
Units arranged [P/Fl

Undergraduate research opportunities in
Urban Studies and Planning. For further infor-
mation, consult the Departmental Coordinators.
J. Ferreira, Jr.

11.191 Undergraduate Tutorial in Urban
Studies

Prereq.: -
U (1)
3-0-6

11-192 Undergraduate Tutorial in Urban
Studies

Prereq.: -
U (2)
3-0-6

Reading and discussion of special topics in
urban studies. By arrangement with individual
members of the staff,
L. Bacow

11.193 Preparation for Undergraduate
Thesis

Prereq.: -
U (1, 2)
Units arranged [P/F]

Selects thesis subject, defines method of ap-
proach, and prepares preliminary thesis out-
line. Independent study, supplemented by
frequent individual conference with staff mem-
bers.
L. Bacow

11.194 Special Topics in Urban Studies and
Planning

Prereq.: -
U (1, 2)
Units arranged

11.195 Special Topics in Urban Studies and
Planning

Prereq.: -
U (1, 2)
Units arranged

Small group study of special topics under staff
supervision. For undergraduates wishing to
pursue further study or fieldwork in specialized
areas of urban studies or city and regional
planning not covered in regular subjects of in-
struction.
L. Bacow

U
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11.196 Urban Fieldwork and Internships
Prereq.: -
LI(1, 2)
Units arranged JP/F)
Practical application of city and regional plan-
ning techniques to towns, cities, and regions,
including problems of replanning, redevelop-
ment, and renewal of existing communities, In-
cludes internships, under staff supervision, in
municipal and state agencies and departments
under staff supervision.
L. Bacow

Graduate Subjects

Core and Methods Subjects

11.200 Planning and Institutional Processes
Preeq Permission of Instructor
G0(2)
3-0-9

Basic paradigms and theories of planning prac-
tice. Evaluates historical and current develop-
ments in planning, with special emphasis on
the institutional setting of planning in American
society. Lectures, case studies, and compara-
tive analyses explore the changing roles of the
planner and the key dilemmas in planning prac-
tice. Focuses on strategies of institutional inter-
vention and implementation. Restricted to
first-year M C.P students
D. A. Schon

11.205 Planning Roles and Institutions in
Developing Countries

Prereq.: -
G (1)
4-0-8

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 athics and values amidst conflict-
ing demandR.
B. Sanyal, RA'Gakenheimer

11.210 Political Economy for Planners I
Prereq.: Permission of Instructor
G (1)
4-2-6

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 economic behavior, institutional
analysis of economic power, and Marxian politi-
cal economy. Topics vary (e g , poverty, race,
gender, and class discrimination, changing
urban form, industrial location). Restricted to
first-year M.C.P students.
E. Meldndez

11.216 Writing for Public Policy
and Planning
(Revised Unit)
Prereq.:-
G(1,2)
2-2-4

Strategies for organizing and expressing ideas
in writing. Students draft and redraft projects of
their own choice, while sharpening their aware-
ness of the writing process through exercise
and feedback. Techniques for structuring
analytical presentations, making use of intui-
tion, anticipating reader response, and editing
for academic or professional audiences.
Limited to 15.
L. Dunlap

11.218 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 forma, 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- and
private-sector financial issues.
L. B. Sagalyn

11.220 Quantitative Reasoning and
Statistical Methods for Planning I
Prereq . Permission of Instructor
G (1)
4-2-6

Develops logical, empirically based arguments
using statistical techniques and analytic
methods. Covers elementary statistics, prob-
ability, and other types of quantitative reason-
ing useful for description, estimation,
comparison, and explanation. Emphasizes the
use and limitations of analytical techniques in
planning practice. Restricted to first-year
M.C P. students.
J. M, D. Schuster

11.221 Quantitative Reasoning and
Statistical Methods for Planning 11
Prereq.: 11.220
G (2)
4-2-6

Using the analytical skills developed in 11.220,
this subject extends the statistical techniques
to address topics in modeling and forecasting.
Emphasizes the use and limitation of modeling
in planning practice. Covers techniques of mul-
tiple regression and time series analysis. Uses
data sets from actual planning applications for
examples and problem sets.
L. Wiggins

11.222 Decision Analysis for Planning
Prereq.: 11.220
G (2)
2-2-2

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 ctique of
cases in planning and real estate development
J. Ferreira, Jr.

11.224 Impact Assessment Techniques (A)
Prereq 11.220
G (2)
3-0-6

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 altema-
ives. Includes traffic, fiscal, employment, and
visual impacts.
P . Herr

11.227 Introduction to Computers in Public
Management
(Revised Content)

Prereq.: 11 220
G (1, 2)
2-2-2

Basic understanding of microcomputer uses in
planning and public management. Develop
problem-solving skills using computer-based
tools for "what-if" analyses. Emphasis on con-
structing, running, and interpreting various
analytic models and spatial analyses using
spreadsheets, database management, and
mapping. Introductions to geographic informa-
tion systems and structured programming.
J. Ferreira, Jr.
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Intermediate Methods Subjects

11.230 Workshop in Institutional Analysis

Prereq.: 11.200
G0(2)
4-0-8

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 are ex-
pected to demonstrate ability to work with fun-
damental conceptual frameworks in
institutional theory, primary focus is on applica-
tion of institutional perspectives to practice-re-
lated issues.
D. A. Schon

11.235 Analyzing Projects and
Organizations
Preroq.: -
G (2)
2-4-6

Seminar builds analytic skills in finding as-
sumptions in what organizations say about
themselves and transforming them into
hypotheses for field evaluation: 1) using proxy
indicators where data are poor and time is
short; 2) preparing for, conducting, and inter-
preting interviews; 3) conducting cross-project
and cross-organization comparisons; and 4)
seeing the rationality in seemingly chaotic or-
ganizational and project environments.
Desirable for students preparing for Master's
or Ph.D. theses.
J. Tendler

11.236 Income Distribution and Poverty

Prereq.: 11.210, 11.220, or equivalent
Acad Year 1990-91: Not offered
Acad Year 1991-92:G (1)
2-0-7

Analysis of income distribution and poverty
problems, drawing on material for both
developing countries and the US. Topics in-
clude theories and empirical analysis of size
distributions of income and wealth, questions
of who benefits from economic development,
functional and class distributions, models oi
labor markets, discrimination, and poverty.
L. Taylor

11.252 Legal Issues in the Development
Process

Prereq.: Permission of Instructor
G (1)
3-0-9

Reviews land use law that provides the legal
basis for regulation of the development
process. Includes contracting law, alternative
forms of property ownership, and secured inter-
ests.
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 urban
analysis, contemporary theories of urban
design, implementation strategies. Core lec-
tures supplemented by discussion group focus-
ing on student work. Speakers present cases
involving current projects illustrating the scope
and methods of urban design practice.
G. Hack

11.320 Urban History Research Seminar

Prereq.: -
G (2)
3-0-6

Seminar for graduate students who wish to do
research on the history of urban America in the
19th and 20th centuries. Each student is ex-
pected to write a research paper on a topic of
his or her choice.
R. Fogeson

11.330J Theory of City Form (A)

(Same subject as 4.747J)
Prereq.: 4.736J or 11.001 or 11.301J
G (2)
Units arranged

See description under subject 4.747J.
J. Beinart

11.332J Urban Design (A)

(Same subject as 4.163J)
Prereq.: Permission of Instructor
G (2)
Units arranged

See description under subject 4.163J.
D. Frenchman

11.334 Environmental Pollution: Selected
Problems, Solutions, and Policy
(Revised Content)
Prereq.: -
G0(2)
3-0-6

Specific environmental and public health
problems analyzed from three perspectives:
how contamination and threats to health occur;
what technical solutions exist to minimize
these risks; and whether or not environmental
policies protect against the risks and help
shape solutions to them. Problems to be
analyzed may include pesticides, biotuch-
nologies, aquifer contamination, solid waste,
global warming, and infertility.
P. Hynes

11.335sl 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
design, to focus on developing a realistic
projection of the organization, function, and
form of cities, based on an analysis of contem-
porary trends. Review of historical efforts in
the tradition of predicting urban change.
Analysis of contemporary urban design
projects and proposals. Supplemented by read-
ings and speakers in parallel fields likely to
have impact on urban form, including informa-
tion processing, communications, entertain-
ment.
D. Frenchman

11.336J Site Planning

(Same subject as 4.726J)
Prereq.: Permission of Instructor
G (1)
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.
J. McKellar

11.337J Environmental Design Policy and
Action (A)

(Same subject as 4.746J)
Prereq.: -
G (2)
3-0-6

Seminar on ways that governments influence
the quality of environmental design. Focuses
on the success and failure of methods for
achieving urban design objectives through
various public policy mechanisms: incentives,
standards and regulations, owning and operat-
ing, creation and enforcement of legal rights,
and information-based strategies. Students
complete a research project.
J. de Monchaux, J. M. 0. Schuster

11.338J Design Research Seminar (A)

(Same subject as 4.278J)
Prereq.: -
G (1,2)
2-0-7

An exploration of the understandings and ap-
preciative system implicit in design inquiry,
through the examination of documented ac-
counts of design processes. Includes design
communication, language and notation, prob-
lem-framing and frame-reflection, roles of ex-
amples and metaphors in design, research
programs in careers of master designers, cul-
tural and institutional contexts of design, com-
putational and models of designing.
0. A. Schon, E. Ackermann, W Porter
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11.36 Community Growth and Land Use
Planning (A)
(Revised Unit)

Prereq.: 11.200
G (1)
3-0-9

Seminar and fieldwork on strategies of plan-
ning and control for growth and land use, chief-
ly at the municipal level. Growth and its local
consequences; land use planning approaches;
implementation tools including innovative
zoning, subdivision controls, infrastructure sys-
tems, and fiscal techniques. Projects arranged
with small teams serving municipal clients.
P B. Herr

11.361 Environmental Policy and Regulation
Prereq.: -
G (1)
3-0-6

Analyzes rationales for government interven-
tion to protect the environment. Reviews policy
instruments available to promote environmen-
tal quality, including standards, taxes,
marketable nghts, and liability rules. Same sub-
ject as 11.122.
M. Wheeler

11.362 Environmental Management (A)
Prereq.: 11.361
G(2)
3-0-6

Analyzes national, state, and regional efforts to
plan for the allocation and use of environmen-
tal resources. Discussions focus on strengths
and weaknesses of traditional planning and
regulatory mechanisms. Political obstacles to
plan implementation and strategies for citizens'
participation in environmental policy making
receive special attention. Students prepare in-
depth case studies of reforms and manage-
ment strategies.
L. E Susskind

11.363J Chemicals in the Environment:
Policy and Management (A)
(Same subject as 15.650J, TPP 54J)
Prereq.. -
G(2)
3-0-6

Examines public policy questions concerning
production and disposal of hazardous sub-
stances. Introduction to strategies for risk as-
sessment, risk management, risk
communication, and the privatization of regula-
tion. Through case studies of standard setting,
facility siting, and superfund cleanup efforts,
students loam techniques of policy analysis
and public management as they apply to haz-
ardous substances.
L. E. Susskind, J. R. Ehrenfold. J. D. Nyhart

11.364 International Environmental
Negotiation (A)
(Revised Content)

Prereq.: 11.361, 11.362, 11.550
G (1)
3-0-6

This is the fourth subject in the Environmental
Policy and Planning sequence. Seminar looks
at problems of managing common resources,
difficulties of achieving transboundary pollution
control, and the dilemmas of regional har-
monization of environmental protection stand-
ards (particularly in Europe). At the core of
these problems are issues of how best to struc-
ture international negotiations. Focuses espe-
cially on problems of representation voting,
linkage, and enforcement.
L. E. Susskind

11.365J Coastal Zone Management (A)
(Revised Unit)

(Same subject as 13.98J)
Prereq. Permission of Instructor
G (2)
3-0-6

See description under subject 13.98J.
J. T Kildow

11.366 Comparative Environmental and
Natural Resource Policies

Prereq.. -
Acad Year 1990-91: Not offered
Acad Year 1991-92: G (1)
3-0-6

Comparative analysis of natural resource and
environmental policies in advanced and less-
developed countries Cases include oil, natural
gas, fisheries, water quality, acid rain, and port
management. Analyses explain policy choices
in terms of international and comparative na-
tional, political, and economic factors. Seminar
format including student presentations.
Consult Department Headquarters.

11.367 The Politics of Development (A)
Prereq -
G (2)
4-0-8

Analysis of the politics of development, par-
ticularly around site specific cases. Emphasis
on impacts of development on neighbors and
others, interest-group politics, politics of public
approvals, public-private partnerships, and
training in negotiation skills. Surveys the
broader politics of development on a state and
Federal level, briefly examining the evolution
of tax, transportation, and housing policies.
M. Whee/er

11.380J Urban Transportation Planning (A)
(Revised Unit)
(Same subject as 1.252J)
Prereq.: Permission of Instructor
G (2)
3-0-9

An issues course, with introductory lectures on
urban transport planning process and tech-
nique. Structured writing and discussion on
special concerns: 1) highway and transit
finance needs, 2) roles for urban rail transit, 3)
land development and economic renewal
through transportation, 4) the prospects for
privatization, 5) the problem of suburban
freeway congestion, 6) the infrastucture
finance shortfall.
R. A. Gakenheimer

11.381J Public Transportation Service and
Operations Planning (A)

(Same subject as 1.258J)
Prereq:1 1201J or Permission of Instructor
G (21
3-0 9

See description under subject 1 .258J.
N. H. M. Wilson

11.382J Transit Management (A)
(Same subject as 1.259J)
Prereq 1 .258J or Permission of Instructor
G (1)
3-0-6

See description under subject 1 .259J.
N H. M. Wilson

Community and Regional
Development

11.400 Community Development

Prereq Permission of Instructor
G (1)
2-0-7

Examines successful strategies and some
theories 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

11.401 Organizing for Development and
Developing Organizations (A)
(New)
Prereq.: 11.200
G (2)
3-0-9

What distinguishes better- from worse-perform-
ing community organizations? What deter-
mines an organization's effectiveness,
adaptability, and value to its community? Con-
centrates on organizations based in Boston's
South End, studying how certain of these
came into being, evolved in response to crises,
and are now managing their issues of survival
and adaptation. Begins with the historical back-
ground of the South End and its organizations.
goes on to examine relevant organization
theory, and then concentrates on three main
cases. Students choose a particular topic for
field research and the final sessions are
devoted to discussion of these projects.
M. H King, D. Schon

11.410J Spatial Economics, Urban Markets,
and Public Policy (A)

(Same subject as 1.283J, 14.573J)
Prereq. 14.03
G (1)
3-0-9

See description under subject 14.573J.
W C. Wheaton, J. Rothenberg

11.411J Fiscal Federalism and the Local
Public Sector (A)

(Same subject as 14.574J)
Prereq.: Permission of Instructor
G (2)
3-0-9

See description under subject 14 574J.
W C. Wheaton

11.417J Planning in Socialist Countries (A)
(Revised Content and Unit)

(Same subject as 4.767J)
Prereq.: 11.210
0(2)

A critical survey of the various reforms being
made in economic and physical planning in
socialist countries. Major emphasis given to
those being made in the Union of Soviet
Socialist Republics and the People's Republic
of China.
T Lee, K Polenske

11.420J Housing and Neighborhood
Planning (A)

(Same subject as 4.743J)
Prereq.: 11.200 or 4.144
G (2)
4-0-8

Analysis of housing markets, consumption, in-
vestment, and policy. Techniques of neighbor-
hood planning, including such issues as
analysis of problem definition, program design,
organizational issues, and strategic planning at
the neighborhood level. Case studies of hous-
ing and neighborhood projects.
P. L. Clay

11.421 Housing and Human Services (A)
(New)
Prereq.: 11.454
G (2)

Focuses on how the housing and human ser-
vice systems interact: the conflicts and con-
gruities in practice. Explores ways in which the
differing world views, professional perspec-
tives, and institutional needs of the two sys-
tems play out operationally Part I establishes
the nature of the action frames of these two
systems. Part il applies these insights to par
ticular vulnerable groups: "at risk" households
in transitional housing, the chronically mentally
ill, and the frail elderly
L. C Keyes, M. Rein

11.422J Gender, Social Change, and
Planning

(11 940J)
(Same subject as SP 475J)
Prereq.: -
G(2)
3-0-9

This seminar will draw on comparative case
studies from the US and developing countries
in order to 1) evaluate alternative approaches
to analyzing gender systems and social
change, and 2) examine how a gender-in-
formed analysis can illuminate a range of plan-
ning issues such as housing, employment,
poverty, community development, and the en-
vironment. Open to advanced undergraduates
with consent of the instructor.
G. Hart

11.423 Labor Markets and Employment:
International and Comparative issues
(New)

Prereq.:
G (1)
3-0-9

Alternative theories of the changing organiza-
tion work in different regions of the world
economy. Uses comparative case studies to
examine the connections between labor
arrangements and structural change.
G. Hart

11.431 Real Estate Finance and
Investment (A)
Prereq.: 11.218
G (1)
4-3-8

Concepts and techniques for analyzing finan-
cial decisions in property development and in-
vestment processes, Includes pro forma
analysis, equity valuation, discounted cash
flow analysis, Federal tax analysis, debt and
equity financing alternative, and an introduc-
ton to deal structuring. Considers both private-
and public-sector pe:spectives.
L. Sagalyn

11.433 Market Analysis for Development
Projects (A)

Prereq.: 14.01
G0(2)
4-0-8

Focuses on developing an understanding of
the factors that shape and influence markets
for real property. Includes demographic
analysis, patterns of regional growth, construc-
tion cycles, urban location theory, and model-
ing techniques for predicting demand.
W C. Wheaton

11.434 Structuring Complex Real Estate
Transactions (A)
Prereq.: 11.431, 11.252
G (2)
3-0-6

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.
L. Bacow

11.435 Introduction to Economic
Development Planning in the US (A)
Prereq.: 11.210 or 14.64 or 14.671 or 14.74
G (2)
3-0-6

Theoretical foundations of economic develop-
ment processes in capitalist economies. De-
pendent development and internal colonialism.
History of economic development policy in the
US since the New Deal, Interregional/interna-
tional conflicts over development policy. Criti-
cal assessment of plans for community
economic development, city- or state-level
programs, national policies for "reindustrializa-
tion.*
. Harrison
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11.437 Financing Community Economic
Development
(Revised Content)

Prereq: -
G(2)
3-0-9

Examines roles of capital in the economic
development process, capital access problems
of small, minority, and community-based busi-
nesses, and government and community op-
tions for overcoming these problems. Includes
basics of business planning, finance, and capi-
tal needs; overview of capital markets and capi-
tal market failures; and altemative strategies to
increase investment in low-income com-
munities.
R. Schramm

11.439 Methods of Downtown
Dovelopment (A)

Prereq. -
G(2)
2-0-6

Focuses on public sector roles in stimulating
and managing city development. Examines
changing trends in public-private relationships,
with specific cases drawn mostly from
downtown projects. Analyzes interaction be-
tween government agencies and private
developers in planning, financing, and im-
plementing projects, with attention to political
and economic factors.
B J. Frieden, L. Sagalyn

11.441 Issues in Community Development
Prereq.: Permission of Instructor
G(1)
3-2-4

Centers on current issues in community
development: values, ideology, tactics,
models, and alternative strategies. Seminar for-
mat is organized around students' planning
projects, and focuses primarily on problem
framing from an interdisciplinary perspective.
Designed for the Community Fellows Program;
students working on thesis or community-
based projects admitted by permission.
M. H. King

11.442 Strategies in Community
Development

Prereq.: 11.441
3(2)
3-2-4

Continuation of 11.441. Focuses on ateratve
intervention strategies in community-based
development. Seminar format is organized
around students' planning projects, and
centers on a review of relevant practice in the
field, on formulation of both a detailed interven-
tion strategy, project finding, and effectiveness
evaluation plans. Designed for the Community
Fellows Program; students working on thesis
or community-based projects admitted by per-
mission
MH. King

11.443 Cases In Community
Development (A)
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
prepares 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
analysts.
F S. Jones

11.445 Community Development in Urban
Neighborhoods

Prereq.: Permission of Instructor
G (2)
3-0-6

Politics of community-oriented economic
development, focusing on oppressed groups in
large cities. The problems of increasing politi-
cal and economic power of ghetto residents
Consult M H. King.

11.446 Political Economy of Race and
Ethnicity

Prereq -
G (2)

Examines alternative views on the political
economy of race and ethnicity, history of
colonization and oppression of people of color;
immigration and Latinos in the US economy; in-
stitutions reproducing inequality and persistent
poverty in communities of color; and the role of
public policy in correcting racial and ethnic ine-
quality.
E Meldndez

11.447J Epidemics and Cities
(Same subject as STS 515J)
Prereq. -
G (2)
3-0-9

Treats historical and contemporary issues sur-
rounding epidemics in urban communities. At-
tention given to several major epidemics
throughout history, including: the bubonic
plague, cholera, and syphilis Histoncal
analysis will serve as a perspective, examining
how effectively, efficiently, and humanely three
Amercan cities-San Francisco, New York,
and Philadelphia-are confronting the AIDS
epidemic,
F Jones, K Manning

11.453 Seminar on Research in City
Development and Housing (A)
Prereq.: -
Acad Year 1990-91: Not offered
Acad Year 1991-92:G (1)
3-0-6

Advanced seminar for masters and doctoral
students. Reading and analysis of
monographs and reports that reflect current re-
search issues in housing and city develop-
ment, with emphasis on nonprofit and
public-sector development. Class discussions
of different types of research, the origins of
ideas, implementation of programs, and
evaluation. Each student designs and ex-
ecutes a piece of research that may include
pre-thesis work.
B. J. Frieden, P L. Clay

11.454 Introduction to Housing and
Community Development (A)
Prereq.. -
G (1)
309

Examines central issues in housing policy and
community development as curren":- debated
and as they have emerged historicaly in the
national, state, and local contexts. Provides
the foundation for more detailed work in hous.
ing, finance, production, market analysis, and
policy development. Topics are low-income
housing strategies, homelessness, community
economic development, neighborhood busi-
ness development, and public housing. Cur-
rent efforts to develop a creative national
housing policy for the post-Reagan era provide
the "case study" for the elements under ex-
ploration.
L. C. Keyes

Developing Areas

11.462 Housing Problems, Goals, and
Policies in Developing Countries
Prereq -
G (2)
3-0-9

Focuses on how the definition of housing
problems, requirements, and goals affects
design and management of national policies
and handling of issues related to land taxation,
financing, building processes, self-help,
tenure, and existing stock of housing. Con-
cerned with price and subsidy policy and
linkages between housing and national
development strategies. Examined from
several standpoints, including the paradigms
of themixed economy and of Marxism.
B. Sanyal

I

11.463J Structuring Low-income Housing
Projects in Developing Countries (A)

(Same subject as 4.753J)
Prereq.: Permission of Instructor
G (2)
3-0-9

See description under subject 4.763J.
R. Goetherf

11.464 The Informal Sector and the
Household Economy

Prereq. --

G (2)3-0-9
Examines interrelationships among low-in-
come households, small-scale, income-
generating activities, and the urban economy
in developing countries. Theories of employ-
ment and an analysis of "bazaar economies.
looked at. Reviews policy options for enhanc-
ing the informal sector's contribution to
development. The role of women and the pos-
sibilities of nonmonetary activities explored.
B. Sanyal

11.465J ''ocial Interest Group in Urban
Settlem, j: SIGUS Workshops (A)

(Same subject as 4.755J)
Prereq.: Permission of Instructor
G (2)
Units arranged

See description under subject 4.755J.
R. Goethert, N. Hamdi, R. A. Gakenheimer,
B. Sanyal

11.468 The Implementation of Metropolitan
Planning in Developing Countries

Prereq Permission of instructor
G (2)
3-0-9

Techniques for implementing housing, land
development, and other urban programs. Tools
include regulation, finaicing methods,
programming, design of organizations, use of
"terms of reference." Cases of planning and
decision making; roles of planning in implemen-
tation. Conducted jointly with Harvard
Graduate School of Design.
R. A. Gakenheimer

11.469J Infrastiucture in Developing
Countries (A)

(Same subject as 1.254J)
Prereq.: -
0(1)
3-0-9

Planning for transport, water supply,
sewerage, etc. Summarizes the technologies
but emphasizes the planning process and
decision points within that are important to
planned objectives. Deals with patterns of con-
sumption, strategies of problems analysis,
technology choices, equity questions, pricing,
finance, building viable public-sector institu-
tions, privatization, relationships between tech-
nocrats and politicians, roles of interest groups.
R. A. Gakenheimer

11.470 Political Economy of Development
Projects
Prereq.: -
G (2)
3-0-9

Shows how performance of development
projects and organizations is influenced by 1)
nature of tasks they undertake, together with
2) structure of the economic environment; 3)
political influence and actions of (or lack there-
of) suppliers and other contractors, beneficiary
groups, politicians: 4) contradictions between
building strong organizations and pursuing cer-
tain development goals; and 5) behavior of
donors and the constraints under which they
operate.
J. Tend/er

11.471 Political Economy of Development
Projects: Targeting the Poor

Prereq.: -
G (1)
3-0-9

Covers impacts of various types of projects on
income distribution; difficulties of assuring that
project benefits reach the poor; types of
projects, tasks, and environments that are con-
ducive to equitable outcomes; roles of par-
ticipation in helping organizations (including
co-ops) to reach the poor and carry out
projects more or less effectively; and the ability
of nongovernmental organizations to "do better
than the public sector' at serving the poor.
J. Tendler

11.472 Institutional Perspectives on
Third-World Development (A)
Prereq.: 11.471 or Permission of Instructor
G (2)
2-0-7

Outside researchers present papers on empiri-
cal studies relating to development experience
of the last decade, focusing on the role of the
state and its interactions with those affected by
government policy and programs. Class meets
once a week, with research presentations
every two weeks. Class sessions help stu-
dents conceptualize and carry out research of
an institutional nature, discussing questions
raised by the papers, sometimes with the
presenters there.
J. Tendler

11,481 Regional Economic Accounts,
Theories, and Techniques (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 pro-
gram impact and distribution studies. Uses
problem sets (some microcomput -based) to
illustrate the different accounts, theories, and
techniques
K R. Polenske

11.482 Regional Applications of Economic
Theories (A)
Prereq.: 11.486J
G (1)
3-0-9

Critically examines the use of multiregional ac-
counts and models for regional development
analysis, including applications of economic
base, regional growth, general equilibrium,
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. Polenske

11.483 Theories of Political Economy and
Planning for Developing Countries (A)

Prereq.: 11.486J
G (2)
3-0-9

Seminar covers major analytical frameworks of
theories of political economy for developing
countries, from both the neoclassical and Marx-
ian perspectives. Key literature reviewed in-
cludes theories of growth, dualism, and
psychological/cultural models; theories of im-
perialism, underdevelopment, dependency,
and unequal exchange; growth pole, New Inter-
national Economic Order, self-reliance, and
basic-needs development strategies.
K R. Polenske

11.484 Project Planning and
Implementation in Developing Countries
(Revised Content)
Prereg 11.205
G (2)
3-0-9

Examines techniques and procedures relevant
for project planning and implementation in
developing countries, including project iden-
tification, feasibility analysis, design and im-
plementation monitoring. Techniques to
evaluate economic and distributive effects of
completed or ongoing development projects.
Specific attention given to how institutional set-
ting and other practical influences affect the
use of conventional analytiral tools.
P Smoke
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11.485 Rural Development: Agriculture and
Industry In the Regional Context
Prereq.: -
Acad Year 1990-91: Not offered
Acad Year 1991 -92: G (2)
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, and the prospects for nonagricultural
pursuits in rural areas. Social and political as
well as economic aspects of rural develop-
ment. Considerable student participation, espe-
cially in working with case study materials from
Africa, Latin America, Asia and, occasionally,
from the US or Europe. Consult Department
Headquarters.

11.486J Theories of Economic Development

(Same subject as 14.778J)
Prereq.: 11.210
G (2)
3-0-6

An overview of economists' theories of the
development process: neoclassical, struc-
turalist, and Marxist approaches. Includes na-
tional economic accounting and a sketch of
planning models; long-run theories of growth
and income distribution; short-run macro-
economics and stabilization; global macro-
economics, trade issues, and debt, technology
and industrial strategy; agriculture and the
food system; household economics, regional
economics,
L. J. Taylor

11.487 Public Finance in Developing
Countries (A)

(11.517)
Prereq.: 11.205, 11.210, or Permission of In-
structor
S(1)
3-0-9

Fiscal operations of local and regional govern-
ments and their relationship to central govern-
ments in developing countries examined from
a theoretical and practical perspective. Stand-
ard theories of taxation and public expenditure
reviewed in the context of political, institutional.
and cultural constraints on their application in
developing countries. Emphasis on theories
and techniques required to evaluate systems
of decentralized government and possibilities
for reform.
P Smoke

11.488J Politics, Technology, and
Public Policy in the Middle East (A)
(Same subject as 1.255J, 4.715J, 17558J.
21.485J, STS 509J)
Prereq.: -
G (1)
3-0-9

See description under subject 17558J.
N. Choucri, F Moavenzadeh, K. Keniston,
R. Lewcock

11.489J Technological Development,
Business, and Political Change in the
Middle East (A)

(Same subject as 1 256J, 4 716J, 17.560J)
Prereq . -
G (2)
3-0-9

See description under subject 17,560J.
N. Choucri, F Moavenzadeh, W Porter,
P Khoury, R. Lewcock, L. Trilling

Public Policy and Management

11.505 Seminar on Nonprofit Institutions
and the City (A)

Prereq 11.200 or 11.205 or 11 230
G (1)
2-0-7

Seminar on the nature and roles of nonprofit in-
stitutions. Emphasizes three themes 1) the
theory of nonprofit institutions (why is there a
need for the third 'sector" in addition to the
private and public sectors?), 2) the relation-
ships between nonprofit institutions and the
state, and 3) issues in the management and
operation of nonprofits. Topics vary each year
Students complete a major research project.
J. M. D. Schuster, M. Rein

11.507 Perspectives on the Labor Market
Prereq -

G (1)
2-0-7

Examines the different ways that the modern
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 ex-
amine the interrelation ship between the family.
the state, and the labor market'
M. Rein

11.510 Discourse on Social Policy
Prereq .:-
G (2)
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 underlie dis-
cour:is about controversial issues in each ex-
ample 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

11.521 Computer-Based Analysis for Public
Management I(A)
(Revised Content)

Prereq 11.227
G (2)
3-2-7

11.522 Computer-Based Analysis for Public
Management 11(A)
(Revised Content)

Prereq :11.521
G (1)
3-2-7

Extends the computer and analytic skills
developed in 11.227 to more advanced topics
and problems. Includes advanced database
management concepts and applications of
SQL (Standard Query Language). Computer-
implemented models for improved public
management are studied, including decision
support and geographic systems.
J. Ferreira, Jr.

11.526J Logistical and Transportation
Planning Methods (A)
(Same subject as 1.203J, 6 281J, 13.665J,
15 073J, 16.76J)
Prereq 6.431,.15.075
G (1)
3-0-9

See description under subject 1.203J.
A. / Barnett, R. C. Larson, A. R. Odoni
H N Psaraftis

11.550 Bargaining, Negotiation, and Dispute
Resolution in the Public Sector

Prereq -

G (1)
3-0-6

Investigates social conflict and distributional
disputes in the public sector While theoretical
aspects of conflict are considered, focus is on
the practice of dispute resolution. Com-
parisons between unassisted and assisted
negotiation are reviewed along with the tech-
niques of facilitation, negotiation, and nonbind-
ing arbitration.
L. E. Susskind

11.551 Comparative Studies of Negotiation
and Dispute Resolution (A)
Prereq.: 11 550 or Permission of Instructor
G (1)
3-0-6

Advanced research seminar open only to
qualified graduate students. Focus on cross-
cultural and cross-group analysis of institution-
al barriers to effective dispute resolution.
Students are expected to prepare detailed
comparative case studies.
L. E. Susskind

11.552 Research Seminar on Theory-
Building In Negotiation and Dispute
Resolution (A)F
Prereq.: 11.550 or Permission of Instructor C
G(2)L
3-0-61

Advanced research seminar open only to
qualified graduate students. Focus is on cross-
disciplinary contributions to the theory of
negotiation and dispute resolution. Students
are expected to prepare in-depth theory-build-
ing case studies.I
L. E. Susskind

Doctoral Seminars

11.800 Doctoral Research Paper (A)

Prereq.: Permission of Instructor
G (1,2)
3-0-i;

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 Proseninars (A)

Prereq.: Permission of Instructor
G(1, 2)
Units arranged

Designed primarily for advanced doctoral can-
didates. A selection of Proseminars is offered
each year for groups of students affiliated with
the various research clusters in the Depart-
ment.
D. A. Schon

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,
selected each term for special study. Open to
graduate students with permission of instructor.
D. A. Schon

11.911 Reading Seminar in Urban Studies
and Planning (A)

Prereq.: Permission of InstructorC
G (1)
Units arranged (P/F]F

11.912 Reading Seminar in Urban Studies t
and Planning (A)C

Prereq.: Permission of InstructorI
G (2)
Units arranged (P/F]

Reading and discusson of special topics in
urban studies and planning.
D. A. Schon

11.921, 11.922 Special Seminars In Real
Estate Development (A)

Prereq - -

G(1, 2)
Units arranged

Opportunity for group study by graduate stu-
dents on current topics related to real estate
not otherwise included in the curriculum. Con-
sult J. McKellar.

11.932 Preparation for Thesis (A)

Prereq. -
G (1, 2)
Units arranged [P/F]

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.
D. A Schon

11.941-11.955 Special Studies in Urban
Studies and Planning (A)

Prereq.: -
G0(1, 2)
Units arranged

Small-group study of advanced subjects under
staff supervision. For graduate students wish-
ing to pursue further study in advanced areas
of urban studies and city and regional planning
not covered in regular subjects of instruction.
11.941 is taught P/F.
D. A. Schon

11.956, 11.957 IAP Special Studies in Urban
Studies and Planning (A)

Prereq.: Permission of Instructor
G (IAP)
Units arranged (P/F)

Planned subjects of instruction for use during
IAP only.
D. A. Schon

11.958, 11.959 IAP Special Studies in Urban
Studies and Planning (A)

Prereq.: Permission of Instructor
G (IAP)
Units arranted

Planned subjects of instruction for use during
lAP only
D. A. Schon

11.962 Urban Fieldwork and Internships (A)

Prereq.: Permission of Instructor
G (1, 2)
Units arranged [P/F)

Practical application of planning techniques to
towns, cities, and regions, including problems
of replanning, redevelopment, and renewal of
existing communities. Includes internships,
under staff supervision, in municipal and state
agencies and departments.
D. A. Schon

11.981 Graduate Tutorial

Prereq. -

G (1)
Units arranged

11.982 Graduate Tutorial

Prereq.: -
G (2)
Units arranged

Planned programs of individual instruction. Stu-
dents and faculty members must make ar-
rangements prior to the beginning of the term.
D. A. Schon

........ ..
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Undergraduate Subjects

12.UR Undergraduate Research
Prereq.: -
U (1, 2)
Units arranged (P/FJ

Undergraduate research opportunities in
Earth, Atmospheric, and Planetary Sciences.
Consult D. H. Rothman.

12.ThU Undergraduate Thesis
Prereq : -
U (1, 2)
Units arranged

Program of undergraduate research, leading
to the writing of a thesis; to be arranged by the
student and an appropriate MIT faculty mem-
ber. Consult Department Headquarters.

12.001 Introduction to Geology
(12.01)
Prereq. -
U (2)
3-4-5 SCI DIST

Major rock-forming minerals, rock-forming
processes, and rock types. Geologic structures
and relationships observable in the field.
Geologic time scale, dating of rocks by fossil
and isotopic methods. Sediment movement
and landform development by moving water,
wind, and ice. Crustal processes and evolution
in terms of global plate tectonics. Geologic his-
tory of the continents, with emphasis on North
America. Laboratories on minerals, rocks, fos-
sils, and mapping. Two nonrequired one-day
field trips.
J. B Southard

Earth, Atmospheric,
and Planetary
Sciences

12.002 Introduction to Geophysics
(Revised Content)

(12.107)
Prereq.: 8.02, 18.02
U (1)
3-0-9 SCI DIST

Core curriculum subject in general geophysics.
Structure of the Earth, its composition and
rheology, plate tectonics, earthquakes and
seismic waves, gravity field, heat flux and ther-
mal structure, plates as thermal and chemical
boundary layers, mantle convection, geomag-
netism, and core dynamics. Employs classical
mechanics, electromagnetism, some elemen-
tary differential equations. Suitable for non-
majors seeking general background in
geophysics.
T H. Jordan

12.003 Introduction to Meteorology and
Physical Oceanography
(Revised! Content)

(12.21, 12.811)
Prereq.: 18.02, 8.01
U (1)
3-3-6 SCI DIST

Development of elementary physical concepts
for the atmosphere and oceans such as
hydrostatic and geostrophic balance, dry and
moist thermodynamics, stability and instability,
conservation of circulation and vorticity.
Description of the general circulation of the at-
mosphere and oceans with discussion of
phenomena such as cyclones and anti-
cyclones, hurricanes, thunderstorms in the at-
mosphere; water masses, thermohaline
circulation, eddies and rings in the ocean. A
laboratory will acquaint the student with fun-
damentals of data analysis in meteorology and
oceanography.
K A. Emanuel, P. Malanotte-Rizzoli

12.004 introduction to Planetary Science
(12.131J)
Prereq : 8.02, 13.03
U (2)
3-0-9 SCI DIST

Study of the solar system with emphasis on
physical processes. Topics: satellite and ring
dynamics; tidal evolution and heating; interiors
of the terrestrial planets and gas giants;
dynamic, radiative, and chemical properties of
planetary atmospheres; physics and dynamics v
of comets and asteroids; cratering; formation
of the solar system.
J. Wisdom

12,005 Applications of Continuum
Mechanics to Earth, Atmospheric, and
Planetary Sciences
(New)
Prereq.: 8.02, 18.02, and 18.03
U (2)
3-0-9

Practical applications of the continuum con-
cept for deformation of solids and fluids, em-
phasizing force balance and compatibility.
Stress tensor, infinitesimal and finite strain,
and rotation tensors developed. Constitutive
relations applicable to geological materials, in-
cluding elastic, viscous, brittle, and plastic
deformation. Solutions to classical problems in
geodynamics, physical oceanography, and at-
mospheric sciences.
B. H. Hager

12.010 The Surface of the Earth
Prereq.: 12.001
Acad Year 1990-91: U (2)
Acad Year 1991-92: Not offered
3-0-9

Water, wind, and ice, together with internal
forces, shape the Earth's surface, Examines
processes at work on and just below the sur-
face-weathering, mass wasting, groundwater
flow, rivers, glaciers, and the wind-and their
consequences for the Earth's landscape and
time scales of surficial change. Emphasis is on
process and form, with consideration of
people's interaction with surficial processes.
J. B. Southard

12.016 Introduction to Sedimentology and
Stratigraphy

Prereq.: 12.001
Acad Year 1990-91: Not offered
Acad Year 1991-92: U (2)
3-3-6

Texture of clastic sediments. Sedimentary
minerals. Petrology of siliciclastic r"-.ks.
Modern carbonate depositional environments
and sediments; petrology of carbonate rocks.
Survey of other sedimentary rocks: chert,
ironstone, coal, evaporites. Sedimentary struc-
tures. Diagenesis. Principles and techniques of
interpreting ancient environments. Modern con-
cepts of stratigraphy. Sedimentary basins.
Laboratory work on major rock types using
hand specimens and thin sections. One
weekend field trip.
J. B. Southard, J. P Grotzinger
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12.017 Sedimentology In the Field

Prereq.: 12.016
Aced Year 1990-91: Not offered
Acad Year 1991-92: U (2)
3-6-3

Introduction to techniques of sedimentologic
and stratigraphic field work: examination and
description of sedimentary rocks; description
and measurement of stratigraphic sections;
analysis of vertical succession of facies and
lithologic units. Introductory classroom and
laboratory work early in the semester, followed
by intensive fieldwork during a part of spring
vacation with subsequent data analysis and
cooperative report preparation.
J. B. Southard, J. P Grotzinger

12.018 Origin, Evolution, and Diagenesis of
Carbonate Rocks

Prereq.: 12.016
Acad Year 1990-91: U (1)
Acad Year 1991-92: Not offered
3-3-6

Study of carbonate rocks, including their clas-
sifi'.ation, formative environments and proc-
est es, geological setting, and diagenesis
Geochemistry of carbonate production;
modem environments including tidal flats,
skeletal carbonates, buildups (reefs, etc.), and
deep-water facies; regional stratigraphy and
facies distribution, including platform -to-basin
transitions; models of platform cyclicity;
diagenesis of carbonates, including porosity
development and occlusion; aspects of
dolomitization: evolution of carbonate rocks
through time. One weekend field trip.
J. P. Grotzinger

12.02 Chemistry and Physics of Minerals
and Rocks

Aced Year 1990-91: Not offered
Aced Year 1991-92: U (1)
3-4-5 SCI DIST

Introduces geochemistry, mineralogy, and
petrology. Properties of common rock-forming
minerals: their crystal chemistry, structures,
and stabilities. Evolution of igneous, sedimen-
tary, and metamorphic rocks and of associated
ore deposits. Laboratory work focuses on iden-
tification and paragenesis of the most sig-
nificant minerals and rock types. Two field trips
during laboratory classes.
R. G. Bums

12.03 Structural Geology
Prereq.: 12.001
U (1)
3-3-6

Introduces mechanics of rock deformation. Dis-
cusses and interprets faults, folds, structural
features of igneous and metamorphic rocks,
and superposed deformations. Introduces
regional structural geology and tectonics.
Laboratory includes techniques of structural
analysis, recognition and interpretation of struc-
tures on geologic maps, and construction of in-
terpretive cross sections.
B. C. Burchfiel, K V Hodges

12.051 Field Geology I

Prereq.: 12.02, 12.03
U (1)
2-2-2

Introduces techniques of geological field study.
Several weekend field exercises provide practi-
cal experience in preparation for 12.052.
Presents. in addition, introductory material on
the regional geology of the locale of 12.052.
B. C. Burchfiel, K V Hodges, L. H. Royden

12.052 Field Geology 11

Prereq.: 12.051, 12.03
U (IAP, 2)
0-18-0 LAB

During January, practices methods of modern
geological field study during an intensive four-
week excursion. Exercises include geological
mapping on topographic and photographic
base maps, correlating geochemical and
geophysical field measurements with geology,
examining and sampling a wide variety of
geological features. Following term includes
1) preparation of reports based on field studies
conce'icted during January, and 2) laboratory
analysis of samples, interpretation of geologi-
cal, geophysical, and geochemical data.
B. C. Burchfiel, K V Hodges, L. H. Royden

12.061 Petrology I
Prereq.: 12.02, 3.00, or 5.60
U (1)
3-6-6

Principles of optical mineralogy, emphasizing
use of petrographic microscope for identifica-
tion of minerals in rock-thin sections and
mineral grain mounts. Introduces ther-
modynamics of heterogeneous-phase equi-
libria and its application to experimental and
natural rock systems. Introduces experimental
silicate systems. Surveys igneous rocks, em-
phasizing distribution, composition, mineral as-
sociations, origin, and relationship to tectonic
environment.
T L. Grove

12.062 Petrology Il
Prereq.: 12.061
U (2)
3-6-3

Continuation of 12.061. Introduces mineral
facies concept and graphical representation of
metamorphic mineral associations.
Petrographic examination of metamorphic
rocks in thin section. Interpreting metamorphic
rock paragenesis through application of ex-
perimental petrology to natural rock systems.
Relationship of metamorphic rock associations
to plate tectonic environment.
K V Hodges

12.066 Analysis of Geological Materials

Prereq.: 12.02
U (2)
2-6-4 LAB

Methods for determining the chemical composi-
tion of geologic materials. Analytical tech-
niques include X-ray fluorescence, neutron
activation, atomic absorption, mass
spectrometry, electron microprobe, experimen-
tal petrology, Mossbauer, and other absorption
spectral methods. Laboratory projects utilize
these techniques to solve specific geologic
problems. Limited to 12.
F A. Frey, R. G. Burns, T L. Grove

12.091-12.094 Special Problems

Prereq.: -
U (1, 2)
Units arranged

Reading, laboratory, or fieldwork in Earth, At-
mospheric, and Planetary Sciences. Requires
written report. 12.091 is taught P/F.
Consult Department Headquarters.

12.105 Introduction to Field Geophysics
Prereq.: 18.03
Acad Year 1990-91: Not offered
Acad Year 1991-92: U (1)
3-3-3

Introduces geophysical field techniques and in-
struments. Describes seismic, gravity, mag-
netic, and electrical methods and instruments.
Some local field trips on weekends to test
these techniques. For students with no ex-
perience in field geophysics.
T R. Madden

12.106 Geophysics Field Study
Prereq.: 12.105
U (IAP, 2)
Units arranged

Applies geophysical field techniques and data
interpretation to studying crustal structure and
geological problems. Intensive four-week field
measurements in snow-free area during
January, and interpretation of data during
spring term. Fieldwcerk includes seismic,
gravity, magnetic and electrical measure-
ments, and geologic studies. Data interpreta-
tion includes data reduction and computer
modeling to determine structure and properties
of the field area.
T R. Madden
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12.100 Fundamentals of Modem Geodesy
(Revised Content)

Prereq.: 8.01, 18.02, 18.06

Covers the problems of making measurements
of positions on the surface of the Earth, and
the impact of the structure of the Earth and its
atmosphere on these measurements. Topics
include the principles of space geodetic meas-
urements, applications of estimation theory, at-
mosphenc refraction, the rotation of the Earth,
and the nature of measurement errors. Em-
phasis on quasi-geometric techniques. Statis-
tics, scientific computer programming
background required.
iT A. Herring

12.111 Chaos and Complexity
Prereq.: 1803,8.02
U (1)
3-0-9 SCI DIST

Introduction to the theory and phenomenology
of nonlinear dynamics and chaos in dissipative
systems. Forced and parametric oscillators.
Phase space. Periodic, quasiperiodic, and
apepodic flows. Sensitivity to initial conditions
and strange attractors. Lorenz attractor. Period
doubling, intermittency, and quasiperiodicity.
Universality. Analysis of experimental data:
Fourier transforms, Poincare sections, fractal
dimension, and Lyapunov exponents. Applica-
tions drawn from fluid dynamics, physics,
geophysics, and chemistry
D. H. Rothman

12.114 Astronomy: Solar System
Prereq. -
U (1)
3-0-6 SCI DIST

Introduction to the study of the solar system
(including the latest spacecraft results). Em-
phasis directed toward basic principles rather
than mathematical or physical details, Includes
simple celestial mechanics, terminology of dis-
tances and magnitudes, optical properties of
planets and satellites, planetary geology, inte-
riors of the terrestrial and giant planets, mag-
netic fields, planetary atmospheres, comets
and asteroids, solar physics and the formation
of the solar system
R. P Bnzel

12117J Observational Techniques of
Optical Astronomy

(Same subject as 8.287J)
Prereq.: One subject in Astronomy or
Astrophysics
Acad Year 1990-91: U (1)
Acad Year 1991-92: Not offered
2-4-6 LAB

Fundamental physical and optical principles
used for astronomical measurements at visible
wavelengths and practical methods of
astronomical observations. Topics: astronomi-
cal coordinates, time, geometrical optics, tele-
scopes, photomultipliers and other detectors,
photon counting, signal-to-noise ratios, data
analysis (including least-squares model fitting),
limitations imposed by the Earth's atmosphere
on ontical observations, photography, CCDs
phc Imetry, spectroscopy, and time variability.
Project at Wallace Astrophysical Observatory.
J. L. Elliox

12.118 Advanced Astronomical Techniques
(Revised Content and Unit)
Prereq.: 12.117J or 8.287J, Permission of
Instructor
Acad Year 1990-91: N! offered
Acad Year 199,-92: U (2)
309

Students lea:n advanced astronomical tech-
niques such as image processing of data ob-
tained with charge -coupled device (CCD)
detectors and are responsible for developing
and carrying out a short-term research project.
The primary tool is the IRAF image analysis
software package developed by the National
Optical Astronomical Observatories Regular
seminar meetings introduce image processing
techniques and include discussion of the
progress of research projects Requires a writ-
ten report on the project.
R. P Binzel

12.126J Dynamical Astronomy
(Same subject as 8 293J)
Prereq,: 18.03, 8.03
Acad Year 1990 -91: Not offered
Acad Year 1991-92 U (2)
3-0-9 SCI DIST

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 prob-
lem. Disturbed motion of two bodies; variation
of orbital elements; planetary and satellite
theory: periodic and secular effects; orbital
resonance. Astronomical coordinate systems
and time. Numerical integration of orbits. Maxi-
mum-likelihood estimation of orbital initial con-
ditions and astronomical constants.
Emphasizes throughout applications to actual
problems, both historical and current, rather
than mathematical theory per se.
C. C. Counselman

12.151 Advanced Field Geology I1(A)
Prereq.: 12.02, 12.03, 12.051, 12.052
Acad Year 1990-91: G (1)
Acad Year 1991-92: Not offered
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
specific to the area to be studied in 12.152.
B. C. Burchfiel, K. V Hodges, L. H. Royden

12.152 Advanced Field Geology If (A)
Prereq.: 12.151
Acad Year 1990-91: G (lAP, 2)
Acad Year 1991-92: Not offered
Units arranged

In January, a geological study of a selected
field area is conducted during a four-week ex-
cursion. The following term includes 1)
preparation of maps and report based on field
study conducted in January, and 2) laboratory
analysis of samples.
B. C. Burchfiel, K V Hodges, L. H. Royden

12.20 Global Water Cycle
Prereq.-
U (1)
2-0-4

Comprison between water vapor and carbon
dioxide as greenhouse gases. Clouds and
precipitation as removal processes for
aerosols and gases. Role of water in atmos-
pheric energy budget including radiative trans-
fer by water vapor. Role of the ocean in energy
storage and in climatic fluctuations. Distribu-
tion of terrestrial water. Evaporation and rain-
fall; relationship to atmospheric circulation and
to oceanic salinity patterns. Water balance of
continents and oceans. Use of stable and
radioactive isotopes to determine age and
trace movement Past climate and atmos-
pheric composition deduced from ice cores,
R E. Newell

12.221-12.229 Project Studies in
Oceanography

Prereq : -
U (1, 2)
Units arranged [P/F)

Extended participation in work of a research
group, including independent study of the
literature, direct involvement in group's re-
search (commensurate with student's skills
and preparation), or project work under an in-
dividual faculty member extending over more
than one term. Admission by arrangement with
individual MIT and Woods Hole faculty mem-
bers. Consult Department Headquarters,

12.23 Environmental Chemistry and
Climate Change

Prereq.: 18.03; 5.60 or 10.13
U (1)
3-0-9

introduces the basic relevant principles and
concepts in marine and atmospheric chemistry
and physics, climate dynamics, and
biogeochemistry through an examination of
three current problems in the global environ-
ment: 1) carbon dioxide and climate, 2)
chlorofluorocarbons and ozone, and 3) acid
rain. An introduction to global environmental
science for students in basic sciences and en-
gineering.
R. n. Pnn, E. A. Boyle, P H. Stone

Graduate Subjects

12.ThG Graduate Thesis (A)
Prereq.: -
G (1, 2, S)
Units arranged

Program of graduate research, leading to the
writing of an S.M., Ph.D., or Sc.D. thesis; to be
arranged by the student and an appropriate
MIT faculty member. Consult Department
Headquarters.

12W.THG Graduate Thesis (A)
Prereq'
G (1, 2, S)
Units arranged

Program of graduate research, leading to the
writing of an SM., Ph.D., or Sc.D. thesis; to be
arranged by the student and an appropriate
MIT/WHOI faculty member. For students
registered in MIT/WHOl Joint Program in
Oceanography. Consult Department Head-
quarters.

Geology and Geochemistry

12.301,12.302 Seminar in Geology and
Geochemistry (A)
Prereq.: 12.02
G (1)
2-0-4 [P/F)

Fall seminar on topics of current interest in
geology and geochemistry. Required back-
ground preparation for students taking pro-doc-
toral general examinations in these subjects.
R. G. Bums

12.311 Seminar in Regional Tectonics (A)

Prereq.: -
G (1, 2)
3-0-6 [P/Fl

Applies techniques of tectonic synthesis to
study the roles of particular orogenic belts in
global plate tectonics. Treats different applica-
tions in different terms, so that the subject may
be taken repeatedly to learn the range of
orogenic responses to temporal and spatial
variations of activity at plate boundaries. Per-
mission of instructor required.
. C. Burchfiel, J. P Grotzinger, K V Hodges,

L. H. Royden

12.32 Mechanics of Sedimentary
Processes (A)
Prereq.: Permission of Instructor
Acad Year 1990-91: Not offered
Acad Year 1991-92: G (2)
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; erosion and deposition of cohesive sedi-
ments. Sediment gravity flows; sorting of
sediments by particle size and density, Inter-
pretotion of primary structures and textures in
modem and ancient sedimentary deposits on
the basiL of sediment-transportation
mechanics
J B. Southard

12.33 Petroleum Geology

Prereq.: Permission of Instructor
G (1, 2)
3-0-6 [P/F)

Origin, migration, and accumulation of
petroleum. Geology of major oil-producing
regions of the world. Geological and geophysi-
cal exploration techniques. Other topics of cur-
rent interest. Taught by Crosby Visiting
Professors, Consult Department Headquarters

12.34 Mineral Deposits

Prereq.: Permission of Instructor
G (1, 2)
3-0-6

Geological occur(ence of the principal types of
mineral deporits. Description of important ex-
amples in each category, together with ex-
amination of the ores. Modem hypotheses of
origin of deposits and of metallogenic prov-
inces. Discussion of relationships with plate
margins. Taught by Crosby Visiting Professors.
Consult Department Headquarters.

12.35 Megascoplc Strain Analysis In

Orogenic Belts (A)
Prereq.: 12.03
Acad Year 1990-91: G (1)
Acad Year 1991-92: Not offered
3-0-6

Introduction to modern techniques used to es-
timate the magnitude of strain in orogenic
belts. Emphasiis on megascopic strain
analysis. Includes 1) methods of determining
sense of shear in various structural settings; 2)
the construction of 2D-balanced structural sec-
tions; 3) the construction of 3D structural sec-
tions; and 4) graphical reconstruction of 2D
and 3D sections to pre-deformational con-
figurations.
K V Hodges

12.355 Seminar in Rock Mechanics (A)
Prereq.: -
G (1, 2)
2-0-4 [P/F]

Discussion of current research or advanced
topics in continental tectonics, rock mechanics,
or experimental structural geology.
B Evans

12.36 Sedimentary Basins (A)
Prereq.: 18.03, 12:03
G (2)
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,
structural and sedimentary features, and deep
lithospheric processes. Case studies of
several sedimentary basins of each type.
L. H. Royden, J. P Grotzinger

12.37 Methods and Applications of
Stratigraphic and Sedimentologic
Analysis (A)
Prereq.: 12.016
Acad Year 1990-91: G (1)
Acad Year 1991-92: Not offered
3-3-6

Techniques in stratigraphic correlation. Se-
quence stratigraphy, paleobathymetric
reconstructions, and sea-level fluctuations.
Stratigraphic reconstructions of sedimentary
basins and their interpretation. Origin and inter-
pretation of stratification and other sedimen-
tary structures. Paleoflow interpretation Use of
paleocurrent analysis and sediment
provenance determination in basin analysis.
Backstripping and synthetic modeling of
stratigraphic sequences. One weekend field
trip. Alternate years.
J. P Grotzinger, J. B. Southard
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12.38 Field Investigations of Complex
Depositional Systems (A)
Prereq,: 12.017, 12.018, 12.37
Acad Year 1990-91: G (2)
Acad Year 1991-92: Not offered
3-6-3

In-depth examination of sedimentary deposi-
tional systems utilizing concepts of sequence
stratigraphy, process sedimentology, and com-
pansons with actualistic sedimentologic
models.
. P Grotzinger J. B. Southard

12.385-12.399 Special Problems in
Geology-Geochemistry (A)
Prereq.. -
G(1,2)
Units arranged FiF]

For graduate students desiring to perform spe-
cial investigations, special laboratory work,sor
special fieldwork in geology, petrology, mineral-
ogy or geochem!stry. 12.385 is letter graded.
Stafft(12.385); K V Hodges (12.386); T L.
Grove (12.387); R. G. Burns (12.388); J. M.
Edmond (12.389); FA. Frey (12.390); L. H.
Royden (12.391); C. J. A//egre (12.392); Staff
(12.393); J. P. Grotzinger (12.394); B. C.
Burchfiel (12,395); J. B. Southard (12.396);
E. A. Boyle (I12.397); Staff (12.398, 12 399).

12.40 Global Plate Tectonics (A)
Prereq.: Permission of Instructor
Acad Year 1990-91: G (2)
Acad Year 1991-92: Not offered
3-0-6

First half will cover basic elements of plate tec-
tonics, including sea floor spreading, magnetic
anomalies, and subduction. Second half will
cover implications of plate tectonics for con-
tinental processes, including continental rifting,
continental collision, and mountain building.
Emphasis will be on correlating plate tectonic
and continental processes using specific ex-
amples from around the world.
B. C. Burch fcl, L. H. Royden

12.411 Isotope Geology (A)
Prereq.: 12.02
Acad Year 1990-91: Not offered
Aced Year 1991-92:G (2)
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 fractiona-
tions, techniques, and instrument design.
Consult Department Headquarters.

12.42 Geochemistry of the Transition
Elements (A)
Prereq.: 3.091, 12.02
Acad Year 1990-91: Not offered
Acad Year 1991-92:G (1)
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
Mossbauer, EPR, ESCA, and electronic ab-
sorption spectroscopy of minerals in the earth
and planetary sciences.
R. G. Burns

12.43 Pressure-Temperature-Time
Evolution of Orogenic Belts (A)
Prereq.: 3.01 or 5.60, 12.062, 18.03
G (1)
3-0-6

Multidisciplinary introduction to modern tech-
niques used to analyze burial and uplift his-
tories of metamorphic terrains. Includes 1)
geochronologic systems; 2) closure tempera-
ture theory and the use of geochronologic sys-
tems as thermochronometers; 3)
geothermometry and geobarometry; 4) ther-
modynamic modeling of P-T paths; 5) thermal
structure of orogenic belts, with emphasis on
characteristic length scales and time scales for
thermal events; 6) geophysical analysis of
burial and uplift trajectories for metamorphic
terrains.
K V Hodges, L. H Royden

12.45 Trace-Element Geochemistry (A)
Prereq: 12.07
G (1)
3-0-9

Focuses on element distribution in rocks and
minerals using data obtained from natural and
experimental systems Emphasizes models
describing trace-element partitioning and ap-
plications of trace-element geochemistry to
problems in igneous geology.
F A. Frey

12.46 Geochemical Kinetics (1A)
Prereq.:12.02
Acad Year 1990-91: Not offered
Aced Year 1991-92: G (2)
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.
Consult Department Headquarters.

12.48 Advanced igneous Petrology (A)
Prereq.: 5.60 or 3.00
G (2)
3-3-6

Thermodynamics, experimental phase equi-
libria, and kinetics combined to infer the physi-
cal conditions of igneous rock crystallization
and magma production. Uses results of ex-
perimental studies to constrain processes that
control magma genesis and give rise to the
diversity of igneous rocks. Discusses theoreti-
cal approaches to thermometry-barometry
techniques involving solid/solid and mineral/iq-
uid reactions, kinetic controls on crystallization,
and properties of silicate melts,
T L. Grove

12.490-12.499 Advanced Seminar in
Geology and Geochemistry (A)
Prereq.: Permission of Instructor
G (1, 2)
Units arranged [P/F)

Problems of current interest in geology and
geochemistry. Subject matter varies from term
to term. 12.490 is letter graded.
Staff (12 490); T L. Grove(12.491);
R. G. Burns (12.492); F A. Frey (12493):
Staff (12 494); K. V Hodges (12.495);
J P Grotzinger (12.496); LsH Royden
(12.497), B.C. Burchfiel(12.498);
J. B. Southard (12.499).

Geophysics and Planetary
Physics

12.501 Essentials of Geophysics (A)
Prereq.: 8 02, 18 03
G (1)
4-08

Overview of basic topics in solid-earth
geophysics, such as the Earth's rotation,
processions and wobble, gravity and magnetic
fields, seismology, and thermal structure. For-
mulation of physical priiciples presented in
three 1-hour lectures per week. Current ap-
plications discussed in an additional 1.5-hour
tutorial each week.
M. K McNutt

12.502 Plate Tectonics and Marine
Geophysics (A)
Prereq. 8.03; 18.075 or 18.085
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. Plate
boundary stresses and mantle flow. Applies
these ideas to the evolution of the ocean
basins.
M. K McNutt

I

12.503 Computational Dynamics (A)
(New)

Prereq.: 8.03, 18.06
G (2)
3-0-9

Introduction to computational methods useful
in the study of a wide range of linear and non-
linear dynamical phenomena. Presentation is
problem-oriented: specific phenomena of inter-
est include diffusion, wave propagation, fluid
dynamics, fracture, phase transitions, percola-
tion, and growth. Finite difference and Fourier
methods for the numerical soluton of partial dif-
ferential equations, Wavefield inversion. Op-
timization. Monte Carlo methods. Molecular
dynamics. Cellular automata.
D. H. Rothman

12.505 Geodynamics (A)
Prereq.: 12.008; 18.075 or 18.085
G(1)
3-0-9

Dynamics of deformation and heat transfer
within the crust and mantle Thermal convec-
tion within the Earth's mantle and the driving
mechanism for plate motions. Viscoelastic
rheologies, and the coupling between mantle
convection and crustal deformation. Topics in-
clude constraints on the style of mantle convec-
tion from seismic tomography, geochemistry,
and the geoid; and the application of high
precision space-based geodesy to under-
standing the mechanics of crustal deformation.
B. H. Hager

12.506 Computational Geodynamics (A)

Prereq.: 12.005;:18.075 or 18.085
Acad Year 1990-91: Not offered
Acad Year 1991-92: G (2)
3-0-9

Overview of numerical solution techniques for
geophysical problems. Goal is intelligent use
of computer as a tool for solving problems
posable as a system of partial differential equa-
tions (elasticity, faulting, viscous flow, porous
flow, heat transport). Introduction to boundary
element, finite difference, and finite element
methods. Fmpirical tests for accuracy and con-
vergence Application to proper formation and
solution of problems in geodynamics.
B. H. Hager

12.512 Geoelectricity (A)
Prereq.: 8.03; 18.076 or 18.085
Acad Year 1990-91: Not offered
Acad Year 1991-92: G(2)
3-0-9

Electrical properties of Earth's crust and
mantle and application of electrical measure-
ments to a variety of geological and geophysi-
cal problems, both practical and impractical.
Subject matter includes electrical properties of
porous media and high-temperature conduc-
tion in minerals. Applications include electrical
and electromagnetic measurements to inves-
tigate rock types, mineral emplacements, fluid
flows, earth strains, and mantle temperatures.
Alternate years.
T R. Madden

12.514 Geomagnetlsm (A)

Prereq.: 8.03; 18.076 or 18.085
Aced Year 1990-91:G (2)
Acad Year 1991-92: Not offered
3-0-9

Surveys magnetic and electromagnetic proper-
ties and processes in the Earth's environment.
Plasma environment of Earth's magneto-
sphere and ionosphere and electromagnetic
wave and particle phenomena occurring there-
in. Electric properties of the Earth's interior.
Magnetohydrodynamic origin of magnetic
fields of Earth and other astronomical bodies.
Alternate years.
T R. Madden

12.521 Elements of Selsmology (A)
Prereq.: 18.075 or 18.085
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
propagation in layered media. Seismic-ray
theory and interpretation of travel times. Sur-
face-wave dispersion and layered media. Seis-
micity, earthquake magnitude, moment, and
source properties.
M. N. Toksdz

12.522 Low-Frequency Seismology (A)

Prereq.: 8,06, 18.076
Acad Year 1990-91 G (2)
Acad Year 1991-92: Not offered
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
theory; attenuation Excitation formulae: the in-
verse problem of source structure. Traveling-
wave representation; asymptotic expansions:
surface and body waves. Free oscillations of a
rotating, laterally heterogeneous earth; the in-
verse problem for 3D earth structure.
T H. Jordan

12.523 Seismology Seminar (A)
(Revised Unit)

Prereq. :12.521
G (1,2)
2-1- 6 P/F]

An advanced reading and seminar subject on
topics in seismology and closely related fields,
involving critical analysis of current literature.
T H. Jordan, D. H. Rothman, S. C. Solomon,
M. N. Toksdz

12.524 High-Frequency Seismology (A)

Prereq.: 8.06, 18.076
Acad Year 1990-91: Not offered
Acad Year 199 1-92: 0(2)
3-0-9

Seismological theory and methods based on
high-frequency approximations to transient dis-
placement fields. Elastodynamic equations;
representation theorems; moment-tensor rep-
resentation; radiation patterns. Propagator and
reflectivity methods; WKBJ and Langer ap-
proximations. Ray theory; Frmers Principle;
travel-time curves for spherically symmetric
media. Radon transforms; inversion of travel
times for earth structure; seismic tomography.
T H. Jordan

12.53 Inverse Problems in Geophysics (A)

Prereq.: 18.075 or 18.085
Acad Year 1990-91: Not offered
Acad Year 1991-92: G(1)
3-0-6

Problems of determining physical parameters
of the Earth's interior from surface observation
of wave and potential fields. Iterative methods
and linear analysis of parameter sensitivity and
data-error effects. Stochastic models of
parameter fluctuations. Exact inversion
methods for one-dimensional problems. Migra-
tion and migration-like procedures for inversion
T R. Madden

12.533J Geophysical and Oceanographic
Signal Processing I(A)
(New)
(Same subject as 6.455J, 13.741J)
Prereq.: 2.02 or 6.003, 6.041, 18.075
Acad Year 1990-91:G (1)
Acad Year 1991-92: Not offered
3-0-9

See description under subject 13.741J.
A. B. Baggeroer

12.534J Geophysical and Oceanographic
Signal Processing 11 (A)
(Same subject as 6.456J, 13.742J)
Prereq.: 6.341 or 12.761 or 13.741J or 12.713
Acad Year 1990-91:G (2)
Acad Year 1991-92: Not offered
3-1-8

See description under subject 13.742J.
A. B. Baggeroer
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12.54 Planetary Interiors (A)

Prereq.: 12.002, 18.075
Acad Year 1990-91: Not offered
Acad Year 1991-92: G (2)
3-09

Constitution, evolution, and structure of the in-
tenors of the terrestrial and Jovian planets and
of their satellites. Surface and integrau proper-
ties of the planets and satellites. Gravitational
fields and equilibrium configurations of
planetary bodies. Equations of state of planet-
forming materials. Internal structure of the
planets and satellites. Planetary magnetic
fields. Thermal evolution, convection, and their
relation to surface tectonics.
S. C. Solomon

'2.57 Mechanical Properties of Rocks (A)
Prereq.: 8.03, 18.03
G (2)
3-0-9

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 sliding, and pressure-solution
processes. Resvlts of field petrologic and struc-
tural studies compared to data from experimen-
tal structural geology
B. Evans

12.575 Geological Fluid Mechanics (A)
Prereq: 803,;18.076 or 18.085
G (2)
3-0.9

Treats heat transfer and fluid mechanicsvin the
Earth. Low Reynolds number flows, convec-
tion instability, and double diffusion Non-New-
tonian flows, flow in porous media, and the
interaction of flows with accreting and deform-
ing boundaries. Applications include the flow
under plates, postglacial rebound, diapirism,
and the mantle convection problem.
(Woods Hole Staff): J. A. Whitehead

12.580-12.594 Seminar in Geophysics (A)
Prereq.: -
G0(1, 2)
Units arranged [P/F)

Problems of current interest in geophysics,
subject matter varying from term to term.
12.580 is letter graded.
Staff (12.580, 12.581), B. Evans (12.582), M.
N. Toksdz (12.583); T R. Madden (12.584); M
G. Simmons (12.585). M. K McNutt (12 586);
J. Phipps Morgan (12.587); S. C. Solomon
(12.588); D. H. Rothman (12.589); T H.
Jordan (12.590); TA. Herring (12.59 1) B. H
Hager(12.592); Staf(12.593, 12.594).

12.600-12.614 Special Problems in
Geophysics (A)

Prereq.: -

G 1, 2)
Units arranged (P/F]

For graduate students desiring to perform spe-
cial investigations, special laboratory work, or
special fieldwork in geophysics. 12.600 is letter
graded.
Staff(12.600); B. Evans (12.601); M. N.
Toksdz (12.602); S. C. Solomon (12.603); T R.
Madden (12.604); M. G. Simmons (12.605);
M. K. McNutt (12.606); J. Phipps Morgan
(12.607); T A. Herring (12.608); D. H. Roth-
man (12.609); T H. Jordan (12 610); B. H.
Hager (12.611); Staff (12.612, 12.613, 12.614).

12.615 Solar System Dynamics (A)
P'ereq.: Permission of Instructor
G (1)
3-0-9

Introduction to chaotic behavior in conserva-
tive systems, with examples drawn primarily
from the rotation and orbital dynamiib of
planets and satellites Includes surfaces of sec-
tion, Lyapunov exponents, perturbation theory,
KAM theorem, resonances, onset of chaos,
double pendulum, Henon- Heiles problem,
restricted three-body problem, spin-orbit cou-
pling, orbital resonances, adiabatic invariants,
adiabatic chaos, tidal evolution, capture into
resonance, stability of the solar system.
. Wisdom

12.620J Radar Astronomy, Astrometry, and
Geodesy (A)

(Same subject as 6.662J, 8 931J)
Prereq 6.014 or 8.03, 18075 or 18 085
Acad Year 1990-91: Not offered
Acad Year 1991-92: G (1)
3-0-9

Applies techniques of radio and radar to meas-
urement of the positions, orbital and rotational
motions, surface and atmospheric charac-
teristics, and gravity fields of the planets and
satellites. Observations from spacecraft and
from the ground. Propagation medium effects
Radar equation Ambiguity resolution in active
radar and in passive radio interferometry.
Modulation, signal processing, detection, and
analysis techniques. Radio-wave scattering.
Uses of interferometry in radar mapping
astrometry and geodesy
G. H. Petten gill, C. C Counselman,
0. H. Staelin

12.633 Methods of Planetary Astronomy (A)
Prereq. Permission of Instructor
Acad Year 1990-9 1:0G(2)
Acad Year 1991-92: Not offered
3-0-9

The goal of this course is to prepare students
(with previous observational experience) for
carrying out their own observational programs.
Topics covered: formulating an observing pro-
gram; preparing a proposal for telescope time;
capabilities of instruments and telescopes;
techniques of data analysis, including
astronomical image processing.
J. L. Elliot

12.662 Selected Topics in Planetary
Science (A)

Prereq.: Permission of Instructor
G (1, 2)
3-0-9

In-depth discussion of current and classic
literature on selected topics in planetary
science. Seminar sessions where participants
take turns leading class discussion on the read-
ings. Topics vary from year to year.
R P Binzel, J. L. Elliot, J. Wisdom

12.690 Planetary Science Seminar (A)
Prereq.: Permission of Instructor
Acad Year 1990-91: Not offered
Acad Year 1991-92:G (1)
Units arranged

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:
modern ground-based and in-situ investiga-
tions of comets; relation among recent
astrophysical findings concerning the forma-
tion of stars and the planetary system.
R. P Binzel. J. L. Elliot, J. Wisdom

12.691-12.699 Special Problems in
Planetary Physics (A)
Prereq -..
G (1, 2)
Units arranged [P/F]

For graduate students desiring to perform spe-
cial investigations, special laboratory work, or
special fieldwork in planetary science. 12.691
is letter graded.
Staff (12.691); R. P Binzel (12.692); G. H. Pot-
tangill(12 693); J. Wisdom (12.694); J. L. Elliot
(12.695); C. C. Counselman (12.696); Staff
(12.697, 12.698, 12.699).

Meteorology and Oceanography

12.701 Marine Sediments (A)

Prereq.: 12.001
Aced Year 1990-91: G (2)
Acad Year 1991-92: Not offered
3-0-9

Sedimentary processes and the depositional
record of continental margins and the deep
ocean. Topics include: accumulation of marine
sediments (carbonate, clay, volcanogenic,
authigenic) and the physical and chemical
processes affecting their distribution; benthic
geochemical processes; geochemical cycles
and sediment accumulation; marine stratig-
raphy; physical and acoustic properties of
marine sediments; sediment transport by ad-
vection and down-slope reworking; and ap-
plication of marine sediments to
paleoccanographic studies.
(Woods Hole Staff): W Curry

12.702 Oceanic Volcanology and
Petrology (A)
Prereq.: Permission of Instructor
Acad Year 1990-91: Not offered
Acad Year199,-92: G (1)
3-2-4

Igneous processes occurring within the major
ocean basins. Focuses on current observation-
al data and hypotheses proposed to explain
the observations. Discusses volcanic proc-
esses at spreading centers, tectonics, and vul-
canism along fracture zones, island chains,
Some practical training in data interpretation,
petrography, and mineralogy may be arranged.
(Woods Hole Staf): W Bryan

12.703 Marine Geology (A)
Prereq.: Permission of Instructor
G(2)
3-0-6

Designed to acquaint those with a background
in geology and/or geophysics with the tech-
niques used to study the processes respon-
sible for the evolution, composition, structure,
and morphology of the ocean floor. Includes
structure and processes on passive/active con-
tinental and interoceanic margins and in ocear
basins; tectonic evolution; mid-plate vol-
canism: deformation of sedimentary wedges at
trenches; sedimentary processes; ocean
paleoenvironment.
(Woods Hole Staff): E. Uchupt

12.706 Fossils and Oceans:
Biostratigraphy, Paleobiology, and
Paleoceanography (A)
Prereq.: General and Historical Geology
Acad Year 1990-91: G (2)
Acad Year 1991-92: Not offered
3-2-7

The uses of microfossils in interpreting the
geological history of the oceans and marginal
seas. Major topics cover the nature and inter-
pretation of the microfossil record, stratigraphic
principles, geochronology, taphonomy and
petrogenesis, systematics and species con-
cepts, evolution, paleobiogeography, and
paleoceanography. Associated labs treat the
stratigraphic and evolutionary history of
selected groups in foraminifera, calcareous
nannofossils, radiolaria, and diatoms.
(Wood Hole Staff): W. Berggren

12.711 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
anomalies, gravity, topography, heatflow, seis-
mology, geochronology, and borehole logging.
Laboratory sessions devoted to actual data,
Extensive readings of geophysical literature.
(Woods Hole Staff)- R Stephen, R von Herzen

12.712 Advanced Marine Seismology (A)
Prereq.: 12,711
G (1, 2)
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

12.713 Topics in Geophysical Time-Series
Analysis (A)
Prereq Permission of Instructor
G (1)
3-0-6

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.
Demonstrates application of these techniques
to high-frequency geophysical and
oceanographic phenomena common to the
shallow marine shelf.
(Woods Hole Staff) 0. Aubrey

I
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12.720 Special Problems in Physical
Oceanography at Woods Hole (A)
Prereq.: -
G (1, 2, S)
Units arranged [P/F]

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
G (1, 2, S)
Units arranged [P/F]

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,S)
Units arranged [P/Fl

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
Acad Year 1990-91: 0G (2)
Acad Year 1991 92: Not offered
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 OP cores to infer
changes in temperature and current fild of the
ocean and atmosphere, changes in seawater
chemistry, and to evaluate and constrain
theories of environmental change.
E. A. Boyle

12.741 Marine Geochemistry (A)

Prereq : 5.11 or 3.091, 5.60
G0(2)
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 vs dynamic chemical
models of the ocean. Effect of oceanic circula-
tion on the chemistry illustrated by the C0, sili-
cate, and isotopic distributions. Discusses
authigenic sediments, control of seawater com-
position, geochemical cycles. Emphasizes
development of problems and topics by stu-
dents and oncalculations.
J. M. Edmond



112D Earth, Atmospheric, and Planetary Sciences1

12.742 Marine Chemistry (A)

Prereq.: Permission of Instructor
G (1)
3-09

Introduction to chemical processes operating
in the oceans (i.e., biogeochemical 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, Staff

12.743 Geochemistry of Marine
Sediments (A)

Prereq.: 5 11 or 3.091, 5.60
Acad Year 1990-91: G (1)
Acad Year 1991 -92: Not offered
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
biostratigraphy. Effect of climate fluctuations
on sedimentary processes. Emphasizes mathe-
matical techniques and modeling where ap-
propriate.
E A. Boyle

12.744 Marine Isotope Chemistry (A)
Prereq. 12.742or 12.741
G (2)
3-0-8

Treats important aspects of radionuclides and
stable isotopes as applied to the oceans In-
cludes introduction to radio activity, natural-
series radionuclides (i.e., "'Pb, "Po, Th, U),
artificial radionuclides (i e., "C, H, "'Cs, "Sr,
I" 2 jPu), and systematics of several stable
isotopes (e g, Nd, Sr, C, N, 0).
(Woods Hole Staff): E. Sholkovitz, Staff

12.745 Ore Deposition at Submarine Ridge
Axes (A)

Prereq.: Permission of Instructor
G (1)
3-0-6

Ridge crest hot springs; description of current-
ly active systems. Geologic and tectonic set-
ting and exploration strategies. Hydrothermal
chemistry of sediment-starved and sediment-
covered spreading centers and seamounts.
Thermodynamic modeling of water-rock inter-
actions using E03/6. Description and clas-
sification of ore deposits formed on the sea
floor. Chemical and physical mechanisms of
ore localization. Formation of metalliferous
se.ments.
J. M. Edmond, T S. Bowers

12.746 Marine Organic Geochemistry (A)
Prereq.: -
G (2)
3-0-6

Surveys the remineralization of organic matter
in anoxic marine sediments and the oceanic
water column. Topics include diagenesis of
specific organic compounds, general pathways
of microbial recycling of organic carbon (sul-
fate reduction, methanogenesis, fermentation),
and recycling pathways in the oceanic water
column as demonstrated by sediment trap ex-
periments, Both structural and isotopic aspects
will be covered. Discussion focuses on two or
three studies at select sites. General
knowledge of biochemistry, microbiology, or or-
ganic chemistry is helpful.
(Woods Hole Staff): D. Repeta

12.75112.759 Seminar in Oceanography at
Woods Hole (A)
Prereq.: -
G (1, 2)
Units arranged [P/F]

Topics in marine geology and geophysics,
physical, dynamical, and chemical oceanog-
raphy Content varies from term to term.
12.755 is letter graded.
(Woods Hole Staff)

12.762 Experimental Physical
Oceanography (A)

Prereq . Permission of Instructor
Acad Year 1990-91: G (2)
Acad Year 1991-92: Not offered
3-0-6

Philosophy and design of physical experiments
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 Staff): H. L. Bryden

12.773 Air-Sea Interactions (A)
Prereq .: Permission of Instructor
G (2)
30-6

Concentrates on methods, instruments, and
recent results in the interaction of the atmos-
phere and the ocean on spatial scales less
than 1,000 km and time scales less than
seasonal. Topics emphasized are vertical
fluxes of momentum, heat, and moisture over
the ocean; mixed-layer development; and
parameterization of ocean forcing by synoptic
scale meteorology Examples taken from
recent experiments
(Woods Hole Staff)' J Price

12.781 Dynamics of Shelf Circulation I (A)
Prereq.: 12.800
Acad Year 1990-91: G (2)
Acad Year 1991-92: Not offered
3-0-6

General introduction to the dynamics govem-
ing flow over the continental shelf. An overview
of surface and bottom boundary layer physics.
Simple two-dimensional transient models of
the shelf circulation. Systematic development
of coastal-trapped wave theory.
(Woods Hole Staff): K. Brink, S. Lentz

12.782 Dynamics of Shelf Circulation 11(A)
Prereq.: 12.781
Acad Year 1990-91: G (2)
Acad Year 1991 -92: Not offered
3-0-6

More specialized topics in the dynamics of flow
over the continental shelf, including tides and
mean flows. Emphasis on the relationship be-
tween theory and observations. Instrumenta-
tion and the application of statistical
techniques also covered. Topics covered
depend somewhat on the background and re-
search interests of the students enrolled.
(Woods Hole Staff): S. Lentz, K Brink

12.790 Introduction to Observational
Physical Oceanography (A)
Prereq, Permission of Instructor
G (1)
3-0

An in-roduction to the results and techniques
of observations of the ocean in the context of
its physical properties and dynamical con-
straints. Emphasis on large-scale steady cir-
culation and the time-dependent processes
that contribute to it. Includes the physical set-
ting of the ocean, atmospheric forcing, applica-
tion of conservation laws, description of
wind-driven and thermohaline circulation, eddy
processes, and interpretive techniques.
B Owens, M. Hall

12.791 Ocean Data and Ocean Models (A)
Prereq:18.075 or 18.086
G (1)
3-0-6

12.792 Ocean Data and Ocean Models (A)
Prereq.: 12.791
G (2)
3-0-6

Fundamental methods used for exploring the
information content of observations as they re-
late to theoretical ideas about how the ocean
moves. Begins with Fourier methods, prob-
ability and statistics, sampling, estimation
theory, singular value decomposition, linear in-
verse methods, control methods. Also covers
basic time series methods - spectra,
coherence, z-transforms, linear filters, Kalman
filters and smoothers. Generally directed at
testing models, both analytical and numerical,
against realistic, sparse, noisy observations.
C. /. Wunsch

12.793 Laboratory in Physical
Oceanography (A)
Prereq.: 12.790
G (1)
2-2-6

An introduction to standard data analysis
methods including time series analysis, objec-
tive mapping, empirical orthogonal functions,
and dynamic analysis of hydrographic data.
Emphasis will be on working with data in a
computer laboratory setting using packaged
software. Where appropriate, comparisons
with simple models will be made. Some atten-
tion will be given to the instruments and algo-
rithms used to acquire the data.
(Woods Hole Staff): N. Hogg

12.800 Fluid 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 meteorology and oceanography.
Eulenan and Lagrangian kinematics. Equa-
tions of mass, momentum, and energy in
Eulerian form in rotating frame of reference.
Vorticity and divergence. Scaling and
geostrophic approximation. Potential vorticity.
Rossby waves. Ekman layers Wave motion
and instability Vortex motion.
G. Flier

12.801 Steady Circulation of the Ocean and
Atmosphere (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 that
apply to either fluid and the contrasts between
them. Includes quasi-geostrophy on the bet-'
plane and sphere, Ekman pumping, Hadley/
Ferrel circulations, wind- and thermally driven
ocean circulation models, western-boundary
current dynamics, upwelling systems.
P Malanotte-Rizzoli

12.802 Wave Motions in the Ocean and
Atmosphere (A)
Prereq, 18.350 or 12.800
G (2)
3-0-9

Wave motions in the ocean and atmosphere.
Topics include: ray theory, linear acoustic
waves, surface gravity waves, intemal waves,
shallow water theory, edge waves, Laplace's
tidal equations, Rossby/planetary waves, Kel-
vin waves, equatorial waves, topographic ef -
facts, finite-amplitude effects, wave-wave
interactions. Some discussion of the observa-
tional base, with emphasis on the ocean.
(Woods Hole Staff): D. Chapman

12.803 Theory of the General Circulation of
the Ocean (A)
Prereq.: 12.800, 12.801, 12.802
Acad Year 1990-91: Not offered
Acad Year 1991 92: G (2)
3-0-9

A review of wind-driven, homogeneous, ocean
circulation theory. Quasi-geostrophic layer
models of the circulation. Open and closed
geostrophic contours. Potential vorticity
homogenization. The ventilated thermocline.
Combined ventilated and homogenized circula-
tions. Inter-gyre communication. Buoyancy-
forced circulation. Inertial models of the
equatorial undercurrent. Stommel-Arons
theory for the abyssal circulation. Effects of
topography
(Woods Hole Staff). J. Pedlosky

12.804 Dynamics of the Atmosphere (A)

Prereq.: 12800
G (2)
3-0-9

Review of equations of motion Zonally
averaged budgets of heat, momentum, and
water vapor. Review of historical under-
standing of the maintenance of zonal winds
Symmetric models of the general circulation.
Introduction to waves and eddies in nonrotat-
ing and rotating fluids: specifically internal
gravity waves, tides, Rossby waves, barotropic
and baroclinic instabilities The interaction of
these asymmetric components of atmospheric
motion with the zonally averaged circulation
discussed. Emphasis on specific observed
phenomena.
R. S. Lindzen

12.805 Synoptic Scale Dynamics in the
Atmosphere and Oceans (A)
Prereq.: 12.800
G (1)
3-0-9

Barotropic flow, vorticity conservation Rossby
waves on a beta-plane; Rossby-Haurwitz
waves on the sphere Shallow-water flow,
potential vorticity, quasi-geostrophy.
Geostrophic adjustment. Waves in shallow
water, group velocity. Topographic waves.
Available potential energy, wave energy, wave
activity. Stratified flow. Normal mode structures
in ocean and atmosphere Response to
topographic forcing Wave, mean-flow interac-
tions. Necessary conditions for instability.
Baroclinic, barotropic instability; energetics,
Nonlinear effects. Enstrophy cascade,
geostrophic turtulence.
R. A. Plumb

12.806 Instability and Turbulence In
Geophysical Systems (A)
Prereq.: 12.805
G (2)
3-0-9

Comprehensive introduction to the methodol-
ogy of stability theory as applied to problems
of interest in geophysical fluid dynamics. Em-
phasizes problems governed by quasi-
geostrophic dynamics. Topics in linear theory
include baroclinic-barotropic instability, numeri-
cal methods for eigenvalue problems, Rossby
wave instability, symmetric instability, and solu-
tion of initial-value problems. Nonlinear in.
stability.
(Woods Hole Staff): L. Pratt

12.809 Past and Present Climate

Prereq.: 8.02
U (2)
3-0-9

12.810 Past and Present Climate (A)
Prereq.: 802
G (2)
3-0-9

Properties of climate system. Physics of
climatic fluctuations on time scales from past
century up to 100 million years. Phenomena of
drought, biennial oscillation, Southern Oscilla-
tion and El Niho, and other interannual fluctua-
tions, Review of evidence for global warming.
Role of volcanoes, water vapor, ozone, and
carbon dioxide changes, solar variations, and
surface changes in altering climate.
Reconstruction of ice age climate from ocean-
bed cores, pollen records, isotope ratios in ice
cores. Theories of ice ages. Large-scale
ocean -atmosphere interactions. Suitable for
undergraduate and graduate students with lit-
tIe or no previous background in meteorology
R. E. Newell

12.812 Introduction to Meteorology (A)

Prereq.: 8.02, 18 03
G (1)
3-3-6

A broad introduction to atmospheric science
for graduate students with no prior experience
in meteorology. Description and basic physics
of atmospheric phenomena such as extratropi-
cal cyclones and anticyclones, hurricanes,
thunderstorms, stationary waves, and the
general circulation of the atmosphere.
Laboratory studies acquaint the student with
fundamentals of meteorological data analysis
and forecasting. Development of elementary
physical concepts such as hydrostatic and
geostrophic balance, dry and moist ther-
modynamics, stability and instability, conserva-
tion of circulation, and vorticity and potential
vorticity.
R. M Dole
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12.844 Synoptic Meteorology (A)

Prereq.: 12.812
G (2)
3-3-6

Planetary scale waves: structure and inter-
pretation. Explanations of extratropical
cyclones and anticyclones from polar-front
theory to quasi-geostrophic theory. Fronts and
frontogenesis. Cumulus convection and its in-
teraction with larger scales of motion. Tech-
niques for analyzing meteorological data.
R. M. Dole, K A. Emanuel

12.846 Numerical Modeling in Meteorology
and Oceanography (A)

Prereq, 12802
G(2)
3-0-9

Derives simplified sets of model equations,
primarily by scale analysis. Discusses charac-
teristics of atmospheric and oceanographic mo-
tions relevant to numerical analysis. Studies
principal numerical methods used in geophysi-
cal fluid models. Consistency, convergence,
linear and nonlinear stability Data assimilation
and the problem of meteorological noise.
Draws examples from meteorology and
oceanography, with emphasis on numerical
weather prediction Consult Department Head-
quarters.

12.850 Atmospheric Physics and
Chemistry 1(A)
Prereq 5.61,18.075
G (1)
3-0-9

Introduces atmospheric physics and chemistry
Transfer of solar and thermal radiation and
radiative heating Atmospheric thermal struc-
ture, differential heating, and energy budget.
Physics of clouds and precipitation. Physicalh
dynamical processes in clouds Atmospheric
electricity. Atmospheric chemistry including
kinetics, continuity. transport, and chemical-
radiative-dynamical feedbacks Application to
ozone layer and Antarctic ozone hole
R. G. Prinn, E R. Williams

12.851 Atmospheric Physics and
Chemistry I(A)
Prereq. 12.850
G(2)
3-0-9

Radiative transfer including Mie theory scatter-
ing and non-grey effects. Physics of green-
house effect, chemistry of greenhouse gases
and models for warming. Satellite remote sens-
ing and inversion methods. Principles of
weather radar and application to precipitation
measurements and hydrological stream flow
predictions. Multiple doppler methods for
analysis of convective storm motions.
Microphysics and convective scale dynamics.
Radar probing of clear atmosphere. Polariza-
tion diversity methods and microscale informa-
tion Cloud electrification and lightning.
E. R. Williams, R. G. Prinn

12.861 Topics in Waves and Instability (A)
Prereq.: 12.805;,12802 or 12.804
G (1)
3-0-9

A detailed presentation of selected advanced
topics in waves and instability in the atmos-
phere. Includes wave-mean flow interaction,
the quasi-biennial oscillation, sudden warm-
ings, critical-level behavior, wave overreflec-
tion, nonlinear equilibration, and wave
breaking.
R. S. Lindzen

12.863 Diagnostic Studies of the General
Circulation (A)
Prereq 12801 or 12802 or 12 804
G0(11

Description of diagnostic studies of atmos-
pheric transports and energetics and discus-
sion of their implications for the theory of the
structure and general circulation of the atmos-
phere Discusses the validation and use of
numerical general circulation models as atmos-
pheric analogs,
P H. Stone, R. D. Rosen

12.864 Atmospheric Modeling (A)
Prereq 12801, 12802, or 12 804,12 850
Acad Year 1990-91 Not offered
Acad Year 1991-92 G(2)
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
climate problems.
P H Stone

12.865J Turbulence and Random
Processes in Fluid Mechanics (A)

(Same subject as 16 044J)
Prereq 2 20 or 16.035
G (1)
408

See description under subject 16.044J
M T Landahi, S. E. Wdnal

12.866 Atmospheric Convection (A)
Prereq. 12 800

309

Introduction and theory of dry convection over
isolated heat sources Basic theory of Rayleigh
convection Extensive treatment of the ther
modynamics of moist and cloudy air Observa
tions and dynamics of isolated convective
clouds, turbulence in saturated and partly
saturated mixtures Moist- and dry-convective
boundary layers Organization of moist convec-
tion on larger scales and interaction of convec-
tive ensembles with the large-scale
environment.
K A Emanuel

12.868 Dynamics of the Middle
Atmosphere (A)
(New)
Prereq.: 12.804 or Permission of Instructor
G (2)
3-0-9

Observed characteristics of the stratosphere
and mesosphere. Climatological heat budget.
Wave transport theory. Tides. Gravity waves.
Gravity wave breaking. Traveling planetary
waves. Quasi-stationary ultralong waves;
propagation in winter and impact on the mean
circulation. Potential vorticity diagnostics: wave
breaking. Dynamics of the disturbed polar vor-
tex, warmings." Equatorial waves in the strato-
sphere Theory of the quasi-biennial
oscillation. Transport of trace constituents.
Ozone: observed climatology; production and
loss processes, effects of transport. Ozone
deletion.
R. A. Plumb

12.950-12.959 Seminar in Physical
Oceanography at MIT (A)
Prereq
G (1 2)
Units arranged [P/F]

Topics in marine geophysics, physical, dynami-
cal, and chemical oceanography. Content vary-
ing from term to term. 12.950 is letter graded.
Staff

12.960-12.969 Special Problems in Physical
Oceanography at MIT (A)
Prereq. Permission of Instructor
G (1, 2)
Units arranged [P/F]

Special investigations, special laboratory work,
or special fieldwork in oceanography. 12.960 is
letter graded.
Staff (12 960); G. R. Fer(12.96 1);
P Malanotte-Rizzoli (12.962); C. /. Wunsch
(12.963), Staff (12 964-12.969).

12.980-12.989 Special Problems in
Meteorology (A)
Prereq -
G (1 2)
Units arranged

Reading, consultation, and original investiga-
tions on meteorological problems.
R M Dole (12 980); K A. Emanuel(12981);
M Molina(12 982), R. S. Lindzen(12.983);
R. A. Plumb (12.984), R. E. Nowell (12.985);
R G. Prinn (12 986); P H. Stone (12,987);
P Malanotte-Rizzoli(12.988); E. R. Williams
(12.989).

12.990-12.999 Special Subjects In
Meteorology (A)
Prereq.: -
G (1, 2,S)
Units arranged [P/F]

Organized lecture or laboratory subject on
some aspect of meteorology not normally
covered in the regularly scheduled subjects.
12 990 is letter graded Consult Department
Headquarters.

Course 13

13.UR Undergraduate Research

Prereq.: -
U (1, 2. S)
Units arranged (P/F)

Research in engineering for the ocean environ-
ment, including naval architecture, wave ener-
gy, seakeeping, ocean exploration, ocean
transportation, ocean vehicles, utilization of
resources, marine economics, systems
analysis, marine policy, marine
hydrodynamics, ocean acoustics, ocean struc-
tures, sailing yachts, and some aspects of
marine-related management. Hands-on ex-
perimental re: -arch in modern laboratory
facilities.
D. K.-P Yue

13.00 Introduction to Geometric Modeling
and Computation

Prereq.: 8 01, 18 02
U (1)
3-3-6 SCI DIST

Principles of hydrostatics with application to
ships and floating offshore platforms. Static
response to small disturbances, intact and
damaged stability, floodable length. Mathemati-
cal representation of plane curves and sur-
faces by polynomials and spline functions.
Computer graphical representation of three-
dimensional shapes, including perspective
transformations. Numerical integration and dif-
ferentiation with application to hydrostatics.
Homework projects include writing FORTRAN
programs and using software developed under
Project Athena.
J. E. Kerwin

13.003J Dynamics

(Same subject as 2.03.j)
Prereq.: 2.01, 2.02, 18.03
U (1, 2)
4-0-8

See description under subject 2.03J
J. K. Vandiver, J. H. Williams, Jr.

Ocean Engineering

13.010 Introduction to Ocean Science and
Technology I
(New)
Prereq 8.01, 18 03, 2.20or equivalent
U (1)
309 SClDIST

Ocean technology fundamentals and applica-
tions oriented to interested students, whether
or not they are majoring in the field. The three
fundamental areas covered in 70 % of the sub-
ject effort are oceanography for engineers,
ocean waves and dynamics of objects in the
sea, and underwater acoustics. The remainder
of the subject effort is drvoted to relating the
fundamentals to actual practice through case
studies
J H Migram

13.011 Introduction to Ocean Science and
Technology I
(New)
Prereq 13010
U (1, 2)
2-5-5 LAB

Studies in marine instrumentation and signal
processing. Planning, conducting, and analyz-
ing an experiment in the ocean. Plan
developed by students focuses on what needs
to be measured and why; how results will be
used; design, construction, and acquisition of
equipment; experiment logistics; data acquisi-
tion and analysis; reporting and use of results.
Experiment typically conducted with support of
a research ship. Results are then analyzed,
meaning of the results is assessed, and
reports are prepared and presented.
J. H. Milgram

13.012 Introduction to Naval Architecture

Prereq - -

G (S)
5-5-11

Review/introduction to elementary principles of
naval architecture, mechanics of solids, and
fluid mechanics Ship statics, fairing of lines,
calculations, and drawing of displacement and
other curves, structures, and ship resistance
calculations. Applications to stress distributions
and deformations in rods, shafts, beams, and
other simple structures. Computer methods
and matrix analysis utilized, Hydrostatics, vor-
ticity, potential flows, boundary layers. Primari-
ly for students in Course XIII-A; others
admitted by permission of instructor
T F Ogilvie

13,021 Marine Hydrodynamics I

Prereq.: 1.05 or 2.20

U (1)
4-1-7
The fundamentals of fluid mechanics are
developed in the context of naval architecture
and ocean science and engineering. Transport
theorem and conservation principles. Navier-
Stokes' equation. Dimensional analysis. Ideal
and potential flows. Vorticity and Kelvin's
theorem. Hydrodynamic forces in potential
flow, D'Alembert's paradox, added-mass,
slender-body theory. Viscous flow, laminar and
turbulent boundary layers. Model testing, scal-
ing laws. Application of potential theory to sur-
face waves, energy transport, wave/body
forces. Linearized theory of lifting surfaces. Ex-
perimental project in the towing tank or
propeller tunnel.
D K -P Yue

13.022 Marine Hydrodynamics 11(A)
Prereq. 13.021, 18.075
G (2)
4-0-8

Continuation of 13.021, emphasizing analytical
methods. Ideal flows in two and three dimen-
sions. Ufting-surface theory for steady, un-
steady, and cavitating hydrofoils. Water waves,
loads and motions of bodies in waves, and
ship wave resistance. Hydrodynamics of
slender bodies, maneuvering, strip theory of
ship motions.
J. N. Newman

13.03 Responses of Marine Structures to
Sea Loads (A)
(Revised Content)
Prereq: 18.075, 13.022
G (2)
3-0-6

Hydrodynamic and statistical models describ-
ing the responses of marine structures in ran-
dom seas. Linear wave-body interactions.
Nonlinear wave loads on ships, semisubmers-
ibles, and tension-leg platforms. Effects of
wind and current Linear response statistics.
Gaussian and Rayleigh processes. Extreme
statistics. Stochastic models for nonlinear
responses. Markovian processes and Volterra
Series. Nonstationary responses and memory
effects. Case studies include the slamming of
ships and slow-drift oscillation of compliant
structures.
P 0. Sclavounos

-i
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13.04 Hydrofoils and Propellers (A)

Prereq.: 18.076, 13.021
G (2)
3-0-9

Theory and design of hydrofoil sections; lifting
and thickness problems for sub-cavitating sec-
tions, unsteady flow problems. Computer-
aided design of low drag, cavitation free
sections. Lifting line and lifting surface theory
with applications to hydrofoil craft, rudder, and
control surface design. Propeller lifting line and
lifting surface theory; computer-aided design
of wake adapted propellers, unsteady
propeller thrust and torque. Flow about axialll
symmetric bodies and low-aspect ratio lifting
surfaces. Experimental projects in the variable
pressure water tunnel.
J. E. Kerwin

13.06 Numerical Methods in Marine
Hydrodynamics (A)
Prereq.: 13.021, 13.50,18.075
Acad Year 1990-91: G (2)
Acad Year 1991-92: Not offered
3-0-9

Formulation, methodology, and techniques of
numerical solutiois of potential flow problems.
Rudiments of finite-difference, finite-element,
boundary-integral-equation, and spectral
methods with ilkstrations of applications to
mranne hydrodynamics Emphasizes treatment
of free-surface and open boundaries, charac-
teristics and effectiveness of various ap-
proaches. Projects involve hands-on
development of simple computer programs.
D. K -P Yue

13.07 Free Surface Hydrodynamics (A)
Prereq.: 13.022, 18.076
Acad Year 1990-91: Not offered
Acad Year 1991-92: G (1)
3-0-6

Water wave phenomena pertinent to proolems
in naval architecture and ocean engineering.
Generation, propagation, and diffraction of
plane progressive waves. Exciting and restor-
ing forces on floating and submerged bodies.
Ship waves and wave resistance. Selected
topcs of interest in nonlinear wave propaga-
tion, slender-body theory, or seakeeping
Some background in water waves equivalent
to that covered in 13022 assumed. Alternates
with 13 09.
J. N. Newman

13.09 Potential Flows (A)

Prereq.: 13.022; 18.076
Acad Year 1990-91:G (1)
Acad Year 1991-92: Not offered
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.
Hydrodynamic pressure forces and the added-
mass tensor. Alternates with 13 07.
J. N. Newman

13.10J Introduction to Structural
Mechanics

(Same subject as 2.071J)
Prereq 2.01 or 16.004
U (1)
4-0 8

Selected structural mechanics concepts ap-
plicable to marine and mechanical structures,
with emphasis on beam design and analysis-
Methods of computing deflection, principle of
virtual forces and displacements, energy
methods, and statically indeterminate struc-
tures. Introduces advanced topics in structural
mechanics, such as collision and grounding of
ships.
T Wierzbicki

13.111 Structural Mechanics (A)
Prereq 13 10J
G (2,
3-0-9

Concept of deformation and equilibrium in con-
tinuum mechanics and plate and shell struc-
tures, De'vation of elastic stress-strain
relations for plate and shell elements. Bending
and bucKling of rectangular plates. Nonlinear
geometric effects Post-buckling and ultimate
strength of typical stiffened panels used in
naval architecture. General theory of elastic
shells and axisymmetric shells. Buckling and
crushing strength of cylindrical shells.
T Wierzbicki

13.121 Introduction to Ship Structures (A)
Prereq : 13 10J
G (2)
2-1-6

Ship longitudinal strength and hull primary
stresses Ship structural design concepts Role
of classification societies in structural design
procecs. Design loads. Inertia effects Hull
deflections, exact and approximate methods.
Effect of superstructures and dissimilar
materials on primary strength. Transverse
shear stresses and thermal stresses in the hull
girder. Torsional strength of ships. Effective
breadth. Ship design exercises. Credit not
given for both 13 121 and 13.122
T F Ogilvie

13.122 Ship Structural Analysis and
Design (A)
Prereq.: 13.10J, 13,111
G (2)
3-2-7

Ship longitudinal strength and hull primary
stresses. Ship structural design concepts. Role
of classification societies in structural design
process. Design loads. Inertia effects. Hull
deflections, exact and approximate methods.
Effect of superstructures and dissimilar
matenals on primary strength. Transverse
shear stresses and thermal stresses in the hull
girder. Torsional strength of ships. Effective
breadth. Theory and applications of finite-
element methods. Computer projects using
beam, plane, and plate elements for ship gril-
lages and plates. Credit not given for both
13.121 and 13.122.
T F Ogilvie

13.123 Advanced Analysis and Design of
Ocean Engineering Structures (A)
Prereq 13.111
Acad Year 1990-91: Not offered
Acad Year 1991-92: G (1)
3-3-6

Ocean enginenring structural configurations-
fixed-base platforms, semi-submersibles,
cable and moorings, pipelines, marine risers.
Marine pressure vessels: thick cylindrical and
spherical shell, instability of a thin cylindrical
and spherical shell, penetrations, reinforce-
ments, closures, hatch design, stiffened
cylindrical shells. Tubular joint design. Student
selects a design project using modern com-
puter programs for strength and stability
analysis.
T Wierzbicki

13.131 Plastic Analysis c' Structures (A)
Prereq : 13.111
Acad Year 1990-91: Not offered
Acad Year 1991-92:G (1)
3-0-9

Elastic-plastic and rigid-plastic material
idealization. Yield conditions. Drucker's
stability postulate. Normality, convexity, and
flow rule. Limit analysis theorems. Static plas-
tic collapse of beams, frames, plates, and
shells. Plastic behavior of stiffened panels and
other structures encountered frequently in
ocean engineering and naval architecture.
Theoretical and experimental behavior of
beams, plates, and shells under dynamic
loads. Comparison of first yield vs plastic col-
lapse design concepts. Applications to crash-
worthiness engineering.
T Wierzbicki

Prereq.: 13.111
Acad Year 1990-91: Not offered
Acad Year 1991-92:G (1)
3-0-6

Advanced topics in structural analysis and
design with various contents. Offers students
the possibility to become acquainted with
some of the current research within the Depart-
ment. Includes potential topics such as imper-
fection sensitivity and post-buckling behavior
of shells, plastic buckling of structures,
dynamics and creep buckling of structures,
composite materials, reinforced concrete struc-
tures, behavior of ships and offshore struc-
tures in ice-infested water.
T Wierzbicki

13.14J Structural Mechanics in Nuclear
Power Technology (A)

(Same subject as 1.56J, 2.084J, 22.314J)
Prereq.: Permission of instructor
G (1)
3 0-9

See description under subject 22.314J.
0. Buyukozturk, M. S. Kazimi

13.15 Materials for Ocean Engineering

Prereq.: -
G (2)
3-0-8

Properties of metals used for the construction
of ships and ocean engineering structures.
Microstructures, processing, heat treatment,
service behavior, and failures with special em-
phasis on corrosion resistance of ferrous and
nonferrous metals.
K. Masubuchi

13.1&J Fracture of Structural Materials (A)

(Same subject as 1.591J, 390J)
Prereq.: 1.02 or 13.15
G (1)
3-0-6

See description under subject 3 90J.
K. Masubuchi, F J. McGarry

13,17J Welding Engineering (A)

(Same subject as 3 36J)
Prereq:13.15
G 1.)
3-0-6

Detailed study of processing variables involved
in joining materials by welding, brazing, and ad-
hesive bonding. Synthesis of elementary physi-
cal phenomena such as transient hiat flow,
phase transformations, and dimensional
changes into the complex overall reactions as-
sociated with joining. Testing, inspection, and
properties of finished joints. Laboratory
demonstrations of arc and other welding
processes,
K. Masubuchi

13.132 Advanced Structural Topics (A) 13.18 Case Studies In Welding Design (A)

Prereq.: -
Acad Year 1990-91:G (2)
Aced Year 1991-92: Not offered
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 such as brittle
fracture, fatigue, weld cracking, and distortion.
Through examination of past and current
cases, develops techniques for preventing
these problems by proper selection of
materials, joining processes, and procedu-as
during the design stages.
K Masubuchi

13.21 Ship Power and Propulsion (A)
Prereq.: 2.40
G (1)
3-1-8

Examines ship power and propulsion systems
for commercial and naval ships. Considers
steam, diesel, and gas-turbine power plants,
together with speed reducers and propulsors.
Project study and economic evaluation of the
propulsion system for a commercial or a naval
ship.
A. D. Carmichael

13.25J Thermal Power Engineering

(Same subject as 241J)
Prereq 2 40
U (2)
3-0-9

See description under subject 2 41J.
A. D. Carmichael, E. G. Cravalho

13.26J Design of Thermal Power
Systems (A)

(Sa'ne subject as 2.601J)
Prereq.:2 20, 2 40, 2 51
G (2)
3-0-9

See description under subject 2.601J.
A. 0. Carmichael, L. R. Glicksman

13.39 Analysis of Techniques for
Fabricating Structures (A)
Prereq.: 3 13 or 13 15 or 13.17J
Acad Year 1990-91: Not offered
Acad Year 1991-92: G (2)
2-0-4

Analyzes problems related to fabrication of
structures, such a; ships, aircraft, rockets,
pressure vessels, buildings, and ocean en-
gineering structures by various joining proc-
esses including welding, riveting. ari adhesive
bonding. Discusses problem areas such as
fracture characteristics of welded structures;
residual stress, distortion, and stress relieving;
advanced welding metallurgy; nondestructive
testing of structural welds. Laboratory
demonstrations of some tests.
K. Masubuchi

13,40 introduction to Computer-Aided
Ocean Engineering Design
Prereq.: 2.01, 13.00; 2.20 or 1.60
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 oAculations and internal arrange-
ments.
C. Chryssostomidis

13.411 Methods of Naval Ship-System
Design (A)
Prereq.: 13,012or 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
philosophy and design elements; selection/op-
timization criteria; design trade-offs; analysis of
ship design trends; marginal cost factors.
Design exercises and projects in application of
principles.
B. Tibbitts

13.412 Principles of Naval Ship Design (A)
Prereq.: 13.012 or 13.40, 13.10J or 13.121 or
13.122; 13.21; 13.021
G (1)
3-3-6

Design of surface ship platforms for naval ap-
plications; formal design optimization proce-
dures, mathematical and computer models of
ship design process; engineering and
economic principles governing selection of
dimensions and coefficients; influence of hull
form and dimensions on mobility in calm water
and rough seas; internal subdivisions i-- e fi
cient arrangement and maximum su ,' *ity;
damage stability. Design exricises in ap a
tions of principles.
B. Tibb.ts, R, Celotto

13.413 Projects in Naval Ships Conversion
Design (A)
Prereq.: 13.411, 13.412, 13.21
G(2)
Units arranged

Project studies focus on conversion design of
a naval ship. A new mission requirement is
defined, requiring significant ship modification.
Design plan formulation. Technical aspects ad-
dressed in sufficient detail to demonstrate
feasibility and desirability. Requires formal writ-
ten and verbal reports. Encourages participa-
tion by several students in a single project.
B. ibbitts, R. Celotto
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13.42 Design Principles for Ocean
Vehicles (A)

Prereq.: 13.40 or 13.012; 13.021
G (2)
3-0-9

Linear systems and random processes; ocean
spectra and their selection; short-term and
long-term statistics. Inertia vs drag dominated
flows; seakeeping and sensitivity of seakeep-
ing performance. Maneuvering of surface and
underwater vehicles; equations of motion; mo-
tion stability; control surfaces. Design exer-
cises in application of principles.
M. S. Triantafyllou, C. Chryssostomidis,
M. Grosenbaugh

13.43 Design of Ocean Engineering
Systems (A)

Prereq.: 13.012 or 13.40; 13.1OJ
Acad Year 1990-91: Not offered
Acad Year 1991-92: G (1)
3-0-9

Advanced topics in designing ocean engineer-
ing systems. Wave, current, and wind forces,
statistics of drift forces. Separation, oscillatory
flow around bluff bodies. Vortex-induced vibra-
tions. Galloping and flutter. Cable statics and
dynamics; dynamics and design of multileg
mooring systems. Riser statics and dynamics;
flexible risers; towed arrays. Dynamic position-
ing of vehicles; modeling issues and control
system design. Applications to floating struc-
tures include moored semisubmersibles and
ships, nd tension-leg platforms.
M. S. Triantafy/lou

13.461 Projects in New Construction Naval
Ship Design (A)

Prereq.: 13.411, 13.412, 13.122, 13.21
G (1, 2,.S)
Units arranged

Project studies focus on preliminary deign of
a new naval ship, fulfilling a given set of mis-
sion requirements. Design plan formulation.
System level trade-off studies Emphasizes
achieving a balanced design and total system
integration. Requires formal written and oral
reports. Encourages participation by several
students in a single project extending over two
terms ,
B. Tibbtts, R. Celotto

13.462 Projects In Ocean Engineering
System Design (A)
Prereq.: 13.412 or 1342 or 13.43
or 13.482J
G (1, 2,S)
Units arranged

Determines design criteria for ocean-based
systems such as ships, submersibles, plat-
forms, and their control systems derived from
a set of system mission requirements specified
by the student in consultation with the instruc-
tor. Preparation of preliminary design of sys-
tem fulfilling selected criteria. Students
intending to take 13.462 should plan a two-
term sequence, preferably beginning in the
first term. Participation by several students in a
single project encouraged. Primarily for
graduate btuaents in Ocean Engineering;
others admitted by permission of instructor.
C. Chryssostomidis, M. S. Triantafyllou

13.471J Design and Implementation of
Computer-Aided Engineering Systems (A)

(Same subject as 2 157J)
Prereq.: Permission of Instructor
G (1)
3-2-7

See description under subject 2 157Jr
D. C. Gossard, N. M Patrika/akis

13.472J Computational Geometry (A)
(Same subject as 2.158J)
Prereq. 13.471J
G (2)
3-0-9

Continuation of 13.471J with lectures,
homeworks, and group projects focusing on
advanced research topics Algebraic and ra-
tional polynomial parametric representation
methods Intersections and algebraic
geometry. Sweeps. Blending and parallel sur-
faces. Trimmed patches Solid modeling; CSG,
boundary representation, octrees Variational
geometry and tolerances. Feature repre-
sentation and recognition Finite element dis-
cretizations. Interrogation of geometric models
for design, analysis, and fabrication
N. M. Paoirikalakis, D. C. Gossard

13.481J 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 1630
G (1)
4-0-8

13.482J Multivariable 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. Triantafylou, M. Athans,
K Youcef-Toumi, G. Stephanopoulos,
W Vander Velde

13.49 Maneuvering and Control of Surface
and Underwater Vehicles (A)
Prereq.: 13.42
G (1)
3-0-9

Maneuvering motions of surface and under-
water vehicles. Derivation of equations of mo-
tion, hydrodynamic coefficients. Memory
effects. Unear and nonlinear forms of the equa-
tions of motion. Control surfaces; modeling
and design of control surfaces. Environmental
forces, simulation of a maneuvering vehicle.
Towed vehicles and their motion. Stability of
motion. Principles of multivariable automatic
control, effect of delays. Applications include
autopilots for surface vehicles; towing in open
seas; remotely operated vehicles; and single
point moorings,
M S. Triantafyllou, M Grosenbaugh

13.50 Numerical Methods with Applications
to Marine Problems

Prereq 1803,.2 10
G (1)
3-0-9

Introduces numerical methods useful in the
sclution of engineering problems. Repre-
sentation of numbers on the computer. Round-
off error. Solution of linear systems. Nonlinear
equations. Eigenvalues of dynamical systems.
Singular-value decomposition. Optimization
meithods Fast Fourier Transforms. Differential
equations. Solution of model problems from
ocean engineering by finite-difference, finite-
element, and spectral methods. Assigned com-
puter problems requiring familiarity with
FORTRAN 77
P D. Sclavounos

13.51 Computer Models of Physical and
Engineering Systems

Prereq.: 18 02, 8.01
U (1)
3-0-9 SCI DIST

School-Wide Elective Subject Description
given at end of this chapter on SWE page.
S. Shyam 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
D P Hoult, H. S. Marcus

13.61 Project Management (A)
Prereq.: Permission of Instructor
G (1)
3-0-9

Review of project and development
economics. Project identification and demand
forecast techniques. Study of project design
and planning methods such as network plan-
ning techniques, technological forecasting and
evaluation methods, capital budgeting and
project control, and scheduling techniques.
Technical, operational, economic, and financial
project analyses reviewed. Methods for selec-
tion from among project alternatives dis-
cussed. Study of procurement or contracting
process. Approaches to project supervision,
test, and acceptance.
E. G. Frankel

13.62 Engineering Systems Analysis (A)
Prereq.; Permission of Instructor
G (1)
3-0-6

School-Wide Elective Subject. Description
given at end of this chapter on SWE page.
H. de Neutville, J. P Clark

13.621 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

13.63J Advanced Reliability Analysis and
Risk Assessment (A)

(Same subject as 22.40J)
Prereq.: 22.38, 22.82
Aced Year 1990-91: G (2)
Acad Year 1991-92: Not offered
3-0-9

See description under subject 22.40J.
N. 0. Siu

13.631 Port Planning and Development (A)
Prereq.: Permission of Instructor
G (2)
3-0-9

Port planning and development, including off-
shore and prefabricated ports. Systems en-
gineering study of one or more major port
projects. Approach to planning and develop-
ment of ports based on modem concepts of
systems analysis. Port demand forecasting,
design of port surveys, geotechnical analysis,
port structural design, port and breakwater
layout, port environmental impact analysis,
port project design and management, port
simulation, port financial and economic
analysis.
E. G. Frankel

13.64 Projects in Ocean Systems
Management (A)
Prereq.; Permission of Instructor
G (2)
3-3-6

Group projects based on current or past re-
search in ocean systems management.
Designed to develop students' ability to
analyze problems involving -cean engineering
and economics, operations research, manage-
ment, and policy and the law, and integrate
this information to formulate solutions. Projects
may include ocean-dumping systems, deep-
sea mining systems, and oil spill cleanup sys-
tems. Restricted to Course XIII-B students;
others admitted by permission of instructor-
J. T Kildow, H. S. Marcus, J. 0. Nyhart

13.65 Management of Manufacturing (A)
Prereq : 13 43
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
production, production and inventory schedul-
ing; management information system; or-
ganization of manufacturing plants, planning of
manufacturing, measurement of capacity and
productivity, management of manufacturing-
E. G. Frankel

13.651 Management of Technological
Change in Manufacturing (A)
Prereq: 6041 or 18444 or equivalent; 14.01
or 15.001 or equivalent
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.
Strategic planning, timing, choice, and scale of
technological change. Hierarchical decision
models. Cross-impact analysis. Managing tech-
nological change in manufacturing. Case
studies from manufacturing industries.
E. . Frankel

13.661 Economics of Ocean
Transportation (A)
Prereq.: 14.120 or 15.012
G (1)
2-0-4

Studies the economics of the principal ocean
transportation markets and of resource alloca-
bon to ocean transportation. Structure of the
markets and of the industries involved; barriers
to entry and competition; theory of intemation-
al 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 charterers;
world petroleum transportation network; liner
shipping rate making; impact of maritime
policies and regulations on the industry. Meets
during first half of term.
H. S. Marcus

1 3.665J Logistical and Transportation
Planning Methods (A)

(Same subject as 1.203J, 6.281J, 11.526J,
15.073J, 16 76J)
Prereq.: 6.431, 15.075
G (1)
3 0-9

See description under subject 1 .203J.
A. 1. Barnett, R. C. Larson, A. R. Odoni

13.671 Optimal Design of Engineering
Systems
Prereq: 1.00 or equivalent
U (1)
3-1-8

School-Wide Elective Srijact. Description
given at end of this chapter on SWE page.
R C. Larson, Y Sheffi

13.672 Probabilistic Models in Engineering
Prereq.: 1.03 or 6.041 or 1805
U (2)
3-0-9

School-Wide Elective Subject. Description
given at end of this chapter on SWE page.
A. R. Odoni, R. C Larson

13.673 Optimal Design of Engineering
Systems
Prereq.: 1.00 or equivalent
Acad Year 1990-91: Not offered
Acad Year 1991-92:G (1)
3-1-8

Introduction to mathematical programming for
engineers. A review of unconstrained and con-
strained optimization including Kuhn-Tucker
theory and convexity. Lagrangians and duality
theory, linear programming and the simplex
method, network models, integer and dynamic
programming models. Examples and case
studies taken from engineering problems. Use
of educational computer packages in class
and in home work assignments.
Consult Department Headquarters.

See description under subject 6 233J.
M. S. Triantafyllou. M Athans,
K Youcef- Toumi, G. Stephanopoulos,
W Vander Velde
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13.68 Management of Marine Systems (A)

Prereq.: Permission of Instructor
G (1)
2-0-4

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
facilities, and fishing; description of resources
and constraints involved; impact of trends on
management decisions; analysis of problems
actually existing in the field. Meets during
second half of term.
H. S. Marcus

13.685J Manufacturng/Technology
Interface (A)

(Same subject as 3.565J, 15365J)
Prereq.: Permission of Instructor
G (2)
3-0-6

See description under subject 15,365J
J. M. Utterback

13.69 International Shipping (A)

Prereq. 13.68
G (2)
3-0-6

Explores internal operating, financial, and
marketing issues as well as external market
and technological factnrs that define the inter-
national shipping environment. Includes effect

.world energy pnices and changing trade pat
terns upon demand for shipping; evaluation of
shipping capacity requirements in terms of
capital needs; new ship and terminal tech-
nologies; and effect of changing international
relationships Other students admitted by per-
mission of the instructor.
H. S. Marcus

13.700-13 709 Special Problems in Ocean
Engineeeg

Prereq.: -
U (1, 2, S)
Units arranged

Special reading, study, design, and/or inves-
tigation under supeivision of a qualified mem-
ber of the staff. Topics in ocean engineering,
naval architecture, or marine engineering in-
dividually arranged to suit interests of the stu-
dent. Consult Department Student
Administration Office for subject number that
will be assigned in accordance with the techni-
cal area of the topic selected.
D. K-P Yue

13.710-13.719 Special Problems in Ocean
Engineering (A)

Prereq.: -
G (1, 2, S)
Units arranged

Special reading, study, design, and/or inves-
tigation under supervision of a member of the
staff. Topics in ocean engineering, naval ar-
chitecture, or marine engineering individually
arranged to suit interests of the student. Con-
sult Department Student Administration Office
for subject number that will be assigned by the
Department in accordance with the technical
area of the topic selected.
A. D. Carmichael

13.730-13.739 Seminar in Ocean
Engineering

Prereq.: Permission of Instructor
G (1, 2)
Units arranged

Weekly lectures on new topics in ocean en-
gineering by members of the MIT staff. Consult
Department Student Acministration Office for
subject number assigned in accordance with
the technical area of the topic selected. Con-
sult Department headqua:ters.

13741J Geophysical and Oceanographic
Signal Processing I (A)

(S-ime subject as 6 455J, 12.533J)
Prerq, 2.02 or 6003, 6 041, 18.075
Acad Year 1990-91 G (1)
Acad Year 1991-92 Not offered
3-0-9

Systems and techniques used in
oceanographic data aralysis. Temporal ran.
dom processes, correlation, and spectral
analysis by indirect, DFT, and adaptive
methods. Sonar, rada,, echosounders, and
seismic systems Space/time random proc-
esses, frequency-wave number charac-
terizations, array and spatial processing;
applications in arrays for ambient noise and
passive sonar, surface, and internal waves. Al-
ternate years.
A B. Baggeroar

13.742J Geophysical and Oceanographic
Signal Processing 11 (A)

(Same subject as 6.456J, 12 534J)
Prereq: 6.341 or 12761 or 13 741J or 12.713
Acad Year 1990-91: G (2)
Acad Year 1991-92 Not offered
3-1-8

Advanced topics in time-senes 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
spectral analysis techniques, multichannel
spectral analysis, deconvolution methods, spa-
tial random process characterization and array
processing techniques Includes development
of estimation techniques commonly used in in-
verse problems, Lab utilizes computer im-
plementations of topics covered.
A. B. Bag jeroer

13.76 Introduction to Random Processes In
Ocean Engineering (A)
Prereq.: 18.075 or 18.085 or 18.302
Acad Year 1990-91:G (2)
Acad Year 1991-92: Not offered
3-0-9

Responses of ships and offshore structures to
random forces and motions of the sea. Fun-
damental material covered includes elements
of probability theory and statistics; harmonic
analysis of both deterministic and random
processes; linear systems including those with
frequency-dependent parameters such as
ships in a seaway; and statistics of extreme
forces and motions. Applications include ocean
waves, computer-aided seakeeping analysis,
offshore structures in storms, and estab-
lishment of design criteria on a statistical basis.
J. H. Milgram

13.771 Engineering internship

Prereq.: -
U 1, 2,S)
0-6-0 (P/F]

13.772 Industrial Practice in Ocean
Engineering

Prereq 13.771
U (1, 2.rS)
Units arranged [P/F]

13.774 Advanced Engineering Internship
Prereq.: 13 771
G (1, 2, S)
0-6-0

Enrollment restricted to students registered in
Course XIII-C Program. Provides academic
credit for assignments affiliated with XIII-C Pro-
gram. Students register for 13.771 during their
first and second company assignments, ac-
cumulating a total of 12 units. 13.772 provides
academic credit for the seven-month company
assignment. 13.771 and 13.772 terminate with
the S.B. degree Students register for 13.774
dunng their third and fourth company assign-
ments (after admission to graduate school), ac-
cumulating a total of 12 graduate units. Credit
for above given upon satisfactory completion
of company assignments, receipt of favorable
evaluaan by company supervisor, and receipt
of favoratle evaluation of student's report
about company assignment by faculty advisor.
C. Chryssostomidis

13.78 Entrepreneurship

Prereq.: -

G (2)
4-0-5

School-Wide Elective Subject Description
given at end of this chapter on SWE page.
D. P Houft

13.80J 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 examples and applications of
vibration measurement and analysis, including
vibration isolation and dynamic absorbers,
ships, offshore structures, engines, and rotat-
ing machinery.
J K Vandiver, R. H. Lyon

13.801 Mechanical Vibration

Prereq.: 13.003J
G (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 examples and applications of
vibration measurement and analysis, inclucing
vibration isolation and dynamic absorbers,
ships, offshore structures, engines, and rotat-
ing machinery.
J. K Vandiver

13.814 Principles of Acoustics (A)

(Same subject as 2.060J, 16081J)
Prereq. 13.003J or 2.03J or 16.004, 18.075
G (1)
3-0-9

See description under subject 2,060J.
P. Leehey, R. H. Lyon

13.82J Sound and Structural Vibration (A)

(Same subject as 2.063J)
Prereq.: 2.03J or 16.004, 18.075
G (2)
3-0-9

See description under subject 2.063J.
P Leehey, R. H. Lyon

13.83J Structural Acoustics (A)

(Same subject as 2.067J)
Prereq.: -
Acad Year 1990-91: Not offered
Acad Year 1991-92: G (1)
3-0-9

See description under subject 2.067J.
R. H. Lyon, /. Dyer, A. . Baggeroer

13.851 Fundamentals 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 proper-
ties of the ocean and its boundaries. Analyzes
sonar systems. Absorption in sea water. Trans-
mitting and receiving arrays. Scattering and
reflection. Refraction and propagation loss.
Noise and reverberation. Sonar design prin-
ciples. Applications in charting, navigation, sta-
tion keeping, target detection, fishing,
petroleum exploration, telemetry.
/. Dyer

13.861 Ocean and Seabed Acoustic* I(A)
Prereq.: Permission of Instructor
Acad Year 1990-91: Not offered
Acad Year 1991-92: G (1)
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. Ap-
proximate propagation theories for a horizontal-
ly varying ocean. Reflection and transmission
of sound by a stratified ocean bottom Scatter-
ing from a random sea surface and seafloor. In-
troductory knowledge of Fourier analysis,
probability, and wave propagation necessary.
A. B. Baggeroer, H. Schmidt,
(Woods Hole Staff): G. Frisk

13.862 Ocean and Seabed Acoustics 11(A)
Prereq.: 13.861, Permission of Instructor
Acad Year 1990-91: Not offered
Acad Year 1991-92: G (2)
3-0-9

Continuation of 13.861, treating ray and nor-
mal mode theory in greater depth, and intro-
ducing new topics. Emphasizes 'state-of-
the-art" level in ocean acoustics. Includes ray
theory corrections, coupled normal-mode
theory, adiabatic approximation, continuum
and virtual modes, rough-surface scattering in
mode theory, ray-mode picture connections,
parabolic equation, and perturbative inversions
for both water column and ocean bottom
properties.
(Woods Hole Staff): J. F Lynch

13.863 Ocean Seismo-Acoustloe (A)
Prereq.: 13,861 or Permission of instructor
Aced Year 1990-91:G (1)
Acad Year 1991-92: Not offered
3-0-9

Low-frequency propagaition in ocean environ-
ments with special emphasis on the interaction
of the acoustic field in the water column with
seismic waves in seabed and ice cover. Stress
wave propagation in isotropic elastic solids.
The fluid-solid interface. Fluid-elastic
waveguides. Effects of seismic waves on
ocean sound propagation. Seismic interface
and surface waves in a stratified seabed. Seis-
mic waves in ice cover. Rough surface scatter-
ing of elastic waves. Seismo-acoustic ambient
noise. Anisotropic and porous media.
H. Schmidt

13.871 Wave Scattering by Rough Surfaces
and Randomly Inhomogenous Media (A)
Prereq.: Permission of Instructor
Acad Year 1990-91:G (2)
Acad Year 1991-92: Not offered
3-0-9

An advanced-level subject designed to give
the student working knowledge of current tech-
niques in scattering theory as applied to rough
surfaces and randomly inhomogenous media.
Major application of theory presented is to
ocean acoustics, but can be used in other
acoustic and electromagnetic applications. In-
cludes basics of scattering theory, volume scat-
tering by discrete scatters (aerosols),
scattering by rough surfaces, satellite remote
sensing using rough-surface scattering, and
acoustic scattering from ocean internal waves.
(Woods Hole Staf): J. F Lynch. S. Rajan

13.901 Ocean Engineering Laboratory I
Prereq: 2.20
U (2)
1-5-0 LAB

Experimental projects in the fields of ocean en-
gineering and naval architecture and marine
engineering, conducted at the MIT Ship
Towing Tank and the MIT Variable Pressure
Water Tunnel. Ocean engineering experiments
arranged in order to solve one or more design
problems selected by the instructor.
A. D. Carmichael

13.902 Ocean Engineering Laboratory 1I
Prereq.: 13.901, 13.003J
U (1)
1-5-0 LAB

Experimental projects in the fields of ocean en-
gineering and naval architecture and marine
engineering, conducted at laboratory facilities
in the Department of Ocean Engineering.
Ocean engineering problems arranged in
order to solve one or more design problems
selected by the instructor.
A. D. Carmichael

ocean Engineering 1210
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13.91 The Nuclear Age
(Revised Content)

Prereq.: -
U (2)
3-0-6 HASS

School-Wide Elective Subject. Description
given at end of this chapter on SWE page.
M. M. Miller; P Morrison, G. W Rathjens,
J. P Ruina

13.92 Marine Policy (A)
(Revised Unit)

Prereq.: -
G (1)
3-0-3

Surveys major ocean uses and their as-
sociated policy issues. Demonstrates relation-
ships among uses and the influence of the
scientific, technical, economic, and politi-
cal/legal aspects. Includes govemment/busi-
ness relationships in offshore natural
resources, maritime transportation, and waste
management. Taught first half of term in coor-
dination with 13.94.
J. T Kildow

13.93 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. Rathjens, J. P Ruina

13.94 Law for Ocean Systems (A)
(Revised Unit)

Prereq: 13.92
G0(1)
3-0-3

Legal framework for managing ocean re-
sources and systems, combining public law of
the sea, admiralty, and the US regulatory law.
OCS, tanker, shipping, and environmental
regimes. Law for new ocean technologies.
Questions of jurisdiction and implementation
arising from new economic zones or unilateral
extensions. Principles goveming applicability
of civil and criminal law offshore. Focus on
relationship of law and technology. Taught
second half of term in coordination with 13.92.
J. D. Nyhart

13.961. Proseminar in Technology and
Policy I(A)
(Revised Unit)

(Same subject as TPP 1IJ)
Prereq,: Permission of Instructor
G (1)
3-0-6

See description under subject TPP 11J.
J. T Kildow, R. D. Tabors, R. do Neuville

13.962J Proseminar in Technology and
Policy 11(A)

(Same subject as TPP 12J)
Prereq.: TPP 11 J
G (2)
3-0-6

See uascription under subject TPP 12J.
J. T Kildow, R. 0. Tabors, R. do Neufille

13.963J introduction to Policy Analysis

(Same subject as TPP 102J)
Prereq.: -
G (1)
1-0-2

See description under subject TPP 102J.
J. T Kildow

13.98J Coastal Zone Management (A)
(Revised Unit)

(Same subject as 11.365J)
Prereq.: Permission of Instructor
G (2)
3-0-6

Methods and concepts for balanced manage-
ment of land and water resources in coastal
regions. Includes physical and ecological
coastal processes, implications of the range of
human activities that place demands on the
limited coastal resource base, and institutional
and regulatory framework for coastal manage-
ment systems.
J. T Ki/dow

13.990J Oceanographic Systems I

(Same subject as 1.697J)
Prereq.: -
G (S)
2-4-6

Orientatin sLbject for students entering the
MIT-Woods Hole Oceanographic Institution
program in oceanographic engineering,
Oceanographic experiments of research inter-
est in Cape Cod waters carried through experi-
ment design, instrumentation design,
construction and testing, deployment, data
taking and interpretation of results. Research
teams made up of students in 13.990J and
13.991J together. Participation in summer
seminars at WHOI. Given at Woods Hole
Oceanographic Institution.
(Woods Hole Staff)

13.991J Oceanographic Systems I
(Same subject as 1.698J)
Prereq.: -
G (S)
2-4-6

Continuation of 13.990J during second sum-
mer term in the MIT-WHOI Joint Program in
Oceanographic Engineering. Given at Woods
Hole Oceanographic Institution.
(Woods Hole Staf)

13.998 Principles of Oceanographic
Instrument Systems - Sensors and
Measurements (A)
Prereq.: 2.03J/13.003J, 18.075
Acad Year 1990-91:G (2)
Acad Year 1991-92: Not offered
3-3-6

Introduces theoretical and practical principles
of design of oceanographic sensor systems.
Transducer characteristics for acoustic, cur-
rent, temperature, pressure, electric, magnetic,
gravity, salinity, velocity, heat flow, and optical
devices. Limitations on these devices imposed
by ocean environment. Signal conditioning and
recording; noise, sensitivity, and sampling
limitations; standards. Principles of state-of-the-
art systems being used in physical oceanog-
raphy, geophysics, submersibles, acoustics
discussed in lectures by experts in these
areas. Laboratory project required.
(Woods Hole Staff): N. Brown, Staff

13.999J Special Projects in Oceanographic
Engineering (A)

(Same subject as 1.699J)
Prereq.: Permission of Instructor
G (1, 2, S)
Units arranged

Special problems in oceanographic engineer-
ing, carried out under supervision of members
of the staff of the Woods Hole Oceanographic
Institution. Given at Woods Hole Oceano-
graphic Institution.
(Woods Hole Staff)
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Course 14 Economics

General Economics and 14.02 Principles of Macroeconomics 14.09 Reading Seminar in Economics

T(Revised Unit) Prereq.: 14.04, 14.06
eor Prereq.:-(1

U (1, 2) Units arranged [P/F]
_ 3-0-9 HA SS Reading and discussion of particular topics in
Provides an overview of macroeconomic is- economics. Open to undergraduate students
sues: the determination of output, employ- by arrangement with individual faculty mem-

14.UR Undergraduate Research ment, unemployment, interest rates, and bers. Consult Department Headquarters.
Prereq.: 14.02 inflation. Monetary and fiscal policies are dis- P. Temin
U (1, 2) cussed, as are the public debt and internation-
Units arranged [P/F] al economic issues. Introduces basic models 14.10 Reading Seminar in Economics

of macroeconomics and illustrates principles
Participation in research with an individual with the experience of the US and foreign Prereq.: 14.04, 14.06
faculty member or research group, inde- economies. U (1)
pendent research or study under the guidar- I Term 1: R. Dornbusch Units arranged
of a faculty member. Admission by arrange- Term 2: P R. Krugman Reading and discussion of partcular topics in
ment with individual faculty member. Consult economics. Open to undergraduate students
P. Krugman. 14.03 Applied Microeconomics by arrangement with individual faculty mem-

14.01 Principles of Microeconomics (Revised Unit) bers. Consult Department Headquarters.

(Revised Unit) Prereq.: 14.01

Prereq.: - 3-029 HASS 14.101 Mathematics for Economists
U (1, 2)
3-0-9 HASS Designed for nonmajors who desire further ex- Prereq.; 18.01, 18.02

posure to microeconomics and its applications. G (1)
Introduces microeconomic concepts and Presents basic theory of consumer and 4-0-8
analysis. Supply and demand analysis, producer behavior and welfare analysis at an
theories of the firm and of individual behavior, intermediate level. Emphasizes applications, in- ecnnomc i near algeb ad mnatematical
competition and monopoly, welfare economics. cluding cost-benefit analysis, transportation, econom erics.dmutivaia
Applications to problems of current economic price regulation, research and development, prerequisites for econometrics. Multivariate dif-
policy, and pollution, ferential calculus. Differential equations. Static
Term 1: F Fisher .n polut and dynamic optimization theory.
Term 2: H. Farber J. Harris

14.014J Engineering Aspects of Economic 14.04 Intermediate Microeconomic Theory 14.111J Economics of Project
Analysis Prereq:14.01 Evaluation (A)

U (1)
(Same subject as 1.01J) 4-0-8 (Same subject as 1.148J)
Prereq.: - Prereq.: 14.03
U (2) Basic theory of consumer behavior, production G (2)
3-2-7 HASS and costs, partial equilibrium analysis of pric- 3-0-6

ing in competitive and monopolistic markets,
Credit is not given for both 14.01 and 14.014J general equilibrium, welfare, and externalities. Economic concepts of costs and benefits:
or 1.01J. See description under subject 1.01J. Credit not given for both 14.03 and 14.04. May consumers' and producers surplus; shadow
Consult K. D, Stolzenbach. not count toward HASS Requirement. prices; and valuation of nonmarket costs and

C s K. S on nt d H Rbenefits. Investment criteria and the discount
10 EDeamondmrate: static and dynamic; treatment of risk and

14.015J) Engineering Aspects of Economic uncertainty. Pricing policies and investment
Analysis 14.06 Intermediate Macroeconomic Theory rules. Case studies in developed and under-
(New) Prereq.. 14.02 developed countries.
(Same subject as 16.741J) U (1,2) . Rothenberg
Prereq.: - 4-0-8 HASS
U (2)
3-2-7 HASS Extension of 14.02, applying the basic theoreti-

cal apparatus of open-economy macro-
Credit is not given for both 14.01 and 14.015J economics to policy problems of broad current
or 16.741J. See description under subject interest. Topics vary slightly from year to year.
16.741J. Term 1: S. Fischer
Consult P. P. Belobaba. Term 2: R. Benabou
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14.12 Economic Applications of Game
Theory
(Revised Unit)

Prereq.: 14.01
U (2)
3-0-9 HASS

Analysis of strategic behavior in multi-person
economic settings. Introduction to Nash equi-
librium and its refinements: subgame-perfect
equilibrium and sequential equilibrium. Applica-
tions drawn from labor economics, the
economics of organization, industrial organiza-
tion, international trade, and macroeconomics.
C. Harris

14.121 Microeconomic Theory I (A)
Prereq.: 14.04
G (1)
2-0-4

Individual choice and production, including
competitive markets and monopoly.
0. McFadden

14.122 MIcroeconomic Theory 11 (A)
Prereq 14.04
G (1)
2-0-4

Introduction to game theory, oligopoly, and mo-
nopolistic competition.
R. Gibbons

14.123 Microeconomic Theory iII (A)
Prereq.: 14.04
G (1)
2-0-4

General equilibrium, welfare theory, capital
theory, incomplete markets, second-best
analyses.
0. D. Hart

14.124 Microeconomic Theory IV (A)
Prereq.: 14.04
G (2)
2-0-4

Information economics, externalities, public
goods and incentives. Market equilibria and
contract design.
D. Fudenberg

14.126 Game Theory (A)

Prereq.: 14.122
G (2)
3-0-9

How should economic agents act when their
optimal decisions depend on what they expect
other agents to do? We study various models
of equilibrium, which correspond to different
ways that the agents might make their
decisions, and various kinds of games-static
games, dynamic games, and games of incom-
plete information.
D. Fudenberg

14.127 Economics of Uncertainty (A)

Prereq.: 14.124
G (1)
3-0-9

Individual decision making under uncertainty:
expected and non-expected utility theories; in-
formation structures; search and learning.
Markets under uncertainty: incomplete
markets; stock markets 3nd Modigliani-Miller's
theorem; rational expectations equilibria in
economies with informed traders; markets with
adverse selection.
C. Harris

14.128 Dynamic Programming and
Economic Applications (A)
Prereq.: 14.101
G (1)
3-0-9

Discrete and continuous time optimal control.
Maximum principle, calculus of variations,
dynamic programming. Dynamic consistency.
Contractions, Blackwell's theorem. Stochastic
processes and integrals; Ito calculus Stochas-
tic optimal control, Regulated Brownian mo-
tion. Applications- growth, natural resources,
durable goods, asset pricing, learning, irre-
versibility.
R. Benabou

14.129 Contract Theory (A)

Prereq.: 14.121, 14451
G (2)
3-0-6

Recent developments in contract theory Intro-
duces theory of mechanism design and con-
siders applications to optimal contracting
problems such as auction design, regulation,
nonlinear pricing and labor contracts. Also
covers agency theory and incomplete contract-
ing and some applications.
0. D. Hart

14.141 Disequilibrium Foundations of
Equilibrium Economics (A)
Prereq.: 14.122
Acad Year 1990-91: Not offered
Acad Year 1991-92: G (1)
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 modern theory of
stability in relation to above questions. Half-
term subject. Consult M Fisher

14.146J Rationality (A)
(New)

(Same subject as 9.662J, 17 114J, 24.813J)
Prereq.; Permission of Instructor
G (1)
3-0-9

See description under subject 24.813J,
J. Cohen, D. Fudenberg, J. Higginbotham,
P Horwich, D. Osherson, R. Sta/naker

14.147 Topics In Game Theory (A)

Prereq.: 14.126
Acad Year 1990-91: Not offered
Acad Year 1991-92: G (1)
3-0-9

Advanced course on topics of current research
interest. Possible topics include repeated
games with moral hazard, games played by
automata, learning rules and bounded
rationality in games, and various types of equi-
librium refinements. Consult D. Fudenberg.

14.148 Advanced Topics in Microeconomic
Theory (A)

Prereq.: 14.124
G (1)
Units arranged

14.149 Advanced Topics in Microeconomic
Theory (A)

Prereq.: 14.124
G (2)
Units arranged

Advanced topics in microeconomic theory of
current interest.
R. Benabou, P Diamond

14.193 Seminar: Topics in Economics (A)
Prereq.: 14.121, 14.451
G (1)
Units arranged

14.194 Seminar: Topics in Economics (A)
Prereq : 14.121, 14.451
G (2)
Units arranged

Reading and discussion of special topics in
economics. Open to advanced graduate stu-
dents by arrangement with individual members
of the staff. Consult Department Headquarters.

14.195, 14.196 Reading Seminar in
Economics (A)

Prereq, -14.121

G (1, 2)
Units arranged {P/F]

Reading and discussion of special topics in
economics. Open to advanced graduate stu-
dents by arrangement with individual members
of the staff. Consult Department Headquarters.

14.198,14.199 Teaching Introductory
Economics

Prereq.: -

G (1, 2)
2-0-2 [P/Fj

Required of teaching assistants in introductory
economics (14.01 and 14.02), under super-
vision of the faculty member in charge of the
subject,
14.198: F Fisher, H. Farber
14.199: R. Dornbusch, P R. Krugman

industrial Organization

14.20 Industrial Organization and
Public Policy
(Revised Unit)
Prereq.: 14.01
Acad Year 1990-91: Not offered
Acad Year 1991-92: U (1)
3-0-9 HASS

Analyzes the structure, behavior, and perfor-
mance of industrial markets in the US
economy. Topics include the measurement of
monopoly power, behavior of firms in oligopoly
markets, static and dynamic measures of
market performance, antitrust policy, and
public utility regulation.
Consult P. Temin.

14.21J Health Economics
(Revised Unit)

(Same subject as HST 901J)
Prereq.: 14.01
U (1)
3-0-9 HASS

Applies theoretical and empirical tools of
economics to problems of health and medical
care delivery. Concentrates on selected
problems such as the welfare economics of
"health" as a commodity, hospitals and the ncn-
profit sector, human capital and medical man-
power, and innovation in medicine.
J E. Harris

14.23 Government Regulation of Industry
(Revised Unit)

Prereq.: 14.01
U (1)
3-0-9 HASS

Examines economic rationale for and against
government regulation of prices, entry, product
quality, and production processes in various
US industries. Theoretically and empirically ex-
amines economic effects of current regulatory
practices through case studies.
P. L. Joskow

14.24 Law and Economics
(Revised Unit)

Prereq.: 14.01
U (1)
3-0-9 HASS

Analysis of the role of the legal system in
providing an appropriate framework for market
transactions and in encouraging efficient
resource allocation. Contracts, torts, and
property law emphasized. Cases considered
along with general theory.
0. D. Hart

14.271 Industrial Organization I(A)

Prereq.: 14.04
G (1)
3-0-9

Covers theoretical and empirical work dealing
with the structure, behavior, and performance
of firms and markets and core issues in an-
titrust. Topics include the organization of the
firm, monopoly, price discrimination, oligopoly,
monopolistic competition, product selection,
and advertising. Theoretical and empirical
work are integrated in each area.
P L Joskow, J. Tirole

14.272 Industrial Organization 11(A)

Prereq.: 14.271
o (2)
3-0-9

A continuation of 14.271. Focuses on public
policy issues in industrial organization includ-
ing topics in antitrust policy, natural monopoly
and its regulation, deregulation, public
enterprise, consumer protection, patent and
R a D policies, and the political economy of
regulation. Theoretical and empirical work is in-
tegrated in each area.
P L. Joskow, J. Tirole

14.286J Health Economics Seminar (A)

(Same subject as HST 903J)
Prereq.: 14.04. Permission of Instructor
S(2)
3-0-9

Advanced subject in economics of health-care
sector. Considers selected topics in depth,
such as design and financing of health in-
surance, behavior of nonprofit hospitals, role
of competition in the medical care market,
determinants of technological change, and ef-
fects of government regulations.
J. E. Harris

14.291 Industrial Organization Seminar I (A)

Prereq.: 14.271 or 14.272
G (1)
3-0-6

Theoretical topics in industrial organization.
Depending on the year, focuses on advanced
topics not or little developed in 14.271 or
14.272. Topics studied in previous years in-
clude vertical integration and vertical
restraints, the Coase conjecture, dynamic
market competition, and various aspects of the
regulation of natural monopolies (incentives,
dual ano second sourcing, dynamics, politics
of regulation).
J. Tirole

124D Economics

14.292 Industrial Organization Seminar 11(A)
(Revised Unit)
Prereq.: -
G (1)
2-0-4

Discussion of economic issues as they arise in
actual antitrust cases. Emphasis on cases in
which the Instructor has participated including
(but not limited to) the IBM antitrust cases. Stu-
dents will be expected to construct and
criticize economic testimony in the context of
the facts of an actual case. 14.271 suggested
as a prerequisite but not required.
F M. Fisher

14.293 industrial Organization
Seminar Ii (A)

Prereq.: 14.271
G (1)
3-0-9

Topics in empirical industrial organization re-
search. Designed for students planning to
write empirical theses in industrial organiza-
tion. Recent published and unpublished
papers will be discussed in detail with a focus
on sources and quality of data, hypothesis for-
mation, and hypothesis testing. Students are
expected to discuss and critique the work
examined.
Consue, P L. Joskow.

14.294 Political Economic. Seminar (A)

Prereq.: 14.121, 14.122
G (2)
3-0-6

Political economics is the study of group or col-
lective decision-making processes and the in-
stitutions that evolve to implement them.
Includes collective choice theory, interest
group competition, theories of economic
regulation, legislative behavior, bureaucracy
and behavior of administrative agencies. Both
theoretical and empirical work will be
discussed.
Consult P. L. Joskow.
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Statistics and
Econometrics

14.30 Introduction to Statistical Method
In Economics

Prereq.: 18.02
U (1, 2)
4-0-8 SCI DIST

Self-contained introduction to statistics with
economic applications. Elements of probability
theory, sampling theory, statistical estimation,
regression analysis, and hypothesis testing.
Elementary econometrics and other applica-
tions of statistical tools to economic data. May
not count toward HASS Requirement.
Term 1: 0. Ouah
Term 2. P Ruud

14.31 Econometrics

Prreq. :14.30
U (1, 2)
3-4-5 LAB

Introduces basic econometric techniques, en-
phasizing the application of least squares to
cross section and time series data. Examples
include applications to labor economics,
monetary economics, and financial economics,
Advanced topics covered include two stage
least squares, panel data methods, and limited
dependent variable models. May not count
toward HASS Requirement.
J. Wooldridge

14.381 Statistical Method in Economics (A)
Prereq 18.02
G (1)
4-0-8

Self-contained introduction to probability and
statistics as background for advanced
econometrics, Elements of probability theory;
sampling theory; asymptotic approximations,
decision-theory approach to statistical estima-
tion focusing on regression, hypothesis testing,
and maximum-likelihood methods. Illustrations
from economics and application of these con-
cepts to economic problems.
W Newey

14.382 Econometrics I (A)

Prereq. 14 101, 14.381
G (2)
4-0-t

Specification and estimation of the linear
regression model. Departures from the stand-
ard Gauss-Markov assumptions include
heteroskedasticity, serial correlation, and er.
rors in variables. Advanced topics include
generalized least squares, instrumental vari-
ables, nonlinear regression, and limited de-
pendent variable models. Economic
applications are discussed
W Nowey, P Ruid

14.383 Econometrics 11(A)

Prereq.: 14.382 or Permission of instructor
G (1)
4-0-8

First half covers basic time series methods, in-
cluding distributed lags, serial correlation, and
other dynamic relationships. Second half
covers identification and estimation of linear
and nonlinear simultaneous equations models.
W Newey, J. Wooldridge

14.384 Time Series Analysis (A)

Prereq.: 14.382 or 14.388
G (2)
4-0-8

Theory and app;cation of time series methods
in econometrics, including representation
theorems, decomposition theorems, estimation
with stationary andnronstationary processes,
trending and seasonal processes, nonlinear
models, and method of moments procedures.
D. Quah, J. Wooldridge

14.385 Nonlinear Econometric Analysis (A)
Prereq.: 14.382 or Permission of Instructor
G (2)
4-0-8

Nonlinear econometric models, including es-
timation and identification of nonl-ear simul-
taneous equ:cas models, censored and
truncated specifications and discrete depend-
ent variables. Semiparametric and non-
parametric estimation
D. McFadden. W Newey

14.388 Applied Econometrics (A)
Prereq.: 14.101, 14.381
G (2)
3-0-9

Theory and practice of econometrics The
linear regression model, tests of hypotheses,
generalized least squares, distributed lags,
and simultaneous equations Emphasizes ap-
plications
D. McFadden

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.
Consult D. Quah

14.39 Undergraduate Thesis Seminar

Prereq: 14.04, 1406, 14.31
U (1)
2-0-4

Develops a thesis proposal through critical
reading of current research, review, and writ-
ten commentary on topical literature, individual
reports, and conferences For senior
economics majors. Half-term subject.
T Lemieux

14.391 Workshop In Economic
Research (A)

Prereq.: 14.124, 14.454
G (1)
2-0-10 [P/F)

14.392 Workshop in Economic
Research (A)

Prereq.: 14.124, 14.454
G (2)
2-0-10 (P/Fl

Develops research ability of students through
intensive discussion of dissertation research
as it proceeds, individual or group research
projects, and critical appraisal of current
reported research. Workshops divided into
various fields, depending on interest and size.
Consult Department Headquarters.

For additional related subjects In Statistics,
see:

Civil Engineering: 1.03, 1.06, 1.15,1.151,
1.202, 1.203J, 1.205, and 1.732

Electrical Engineering and Computer
Science:
6.041, 6.231, 6.262, 6.264J, 6.431, 6.432, and
6.435

Management: 15.034, 15.061, 15.065,
15.074, 15.075, 15.076, 15.077J, 15.306, and
15.832

Mathematics: 18.05, 18.175, 18.17718.313,
18.440, 18.441, 18.443, 18.445J, 18.446,
18.448, 18.454, 18.455, 18.456J, 18.458,
18.465, and 18.466

See also: 2.061, 2.845, 5.72, 7.011, 8.044,
8.08, 10.816, 11.220, 11.222, 16.37, 16.371,
17.842, 17.846, 17.850, 22.38, 22.40J, and
HST 191

National Income and
Finance

14.40 Advanced Macroeconomics

Prereq.: 14.06
U (2)
3-0-9 HASS

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
financial relations Monetary history.
D. Quah

14.416J Introduction to Financial
Economics (A)
(Same subject as 15.416J)
Prereq.: 14.121, 14.122
G(12)
3-0-6

See description under subject 15.416J.
J.-L Vila

14.42 Economics of the Environment
(Revised Content and Unit)

Prereq.: 14.01
U (2)
3-0-9 HASS

Pollution as market externalities. Theory of pol-
lution and market breakdown. Optimal environ-
mental/nonenvironmental balance. Modeling
environmental quality. Environmental policy;
social valuation, alternative approaches to op-
timal policy, policy instruments, administrative
barriers. Air and water pollution, hazardous
wastes, international and global pollution. En-
vironmental conflicts with energy devalopment,
growth, and unemployment. Graduate stu-
dents welcome.
J. Rothenberg

14.440J Advanced Financial
Economics (A)

(Same subject as 15.440J)
Prereq.: 15.416J
G(1)
3-0-9

See description under subject 15.440J.
C.-F Huang

14.441J Advanced Financial
Euonomics 11(A)

(Same subject as 15.441J)
Prereq.: 15.416J
G(2)

a 3-0-9

See description under subject 15.441J.
D. Scharfstein, J. Stein

14.442J Advanced Financial Economics Ill
(New)

(Same subject as 15.442J)
Prereq.: 14.382 or 14.388 and 15.440J or Per-
mission of Instructor
G (2)
3-0-9

See description under subject 15.442J.
J. C. Heaton

14.451 Macroeconomic Theory I (A)

Prereq.: 14.06
G (2)
2-0-4

Macroeconomic analysis of general equi-
librium. Financial markets and the money sup-
ply process. Models of asset demand and the
channels of transmission of monetary and fis-
cal policy. Half-term subject.
S. Fischer

14.452 Macroeconomic Theory 11(A)

Prereq.: 14.451
G (2)
2-0-4

Determination of aggregate output, employ-
ment, and prices. Keynes and alternative
theories. The Phillips Curve. Inflation in the
short and long run. The new classical
economics. Half-term subject.
R. Dombusch

14.453 Macroeconomic Theory III (A)

Prereq.: 14.452
G (1)
2-0-4

Consumption and portfolio decisions under un-
certainty. Investment and finance decisions
under uncertainty. Theory and empirical
evidence. Half-term subject.
R Benabou

14.454 Macroeconomic Theory IV (A)

Prereq.: 14.453
G (1)
2-0-4

Recent ideas in macroeconomic theory, espe-
cially those emphasizing possibility of multiple
Pareto-rankable equiibria. Comparison with
more conventional equilibrium models. Em-
phasis on underlying presumptions.
R. M. Solow

14.461 Monetary Economics I (A)

(14.462)
Prereq.: 14.122, 14.452
G (1)
3-0-9

Dynamics of capital accumulation. Role of
money and effects of inflhtion. Existence and
real effects of bubbles. Dynamic behavior
under uncertainty. Dynamic efficiency under
uncertainty. Real business cycles. Sources of
fluctuations Asset pricing.
0. Blanchard

14.462 Monetary Economics 11(A)

(14.463)
Prereq.: 14.461
G (2)
3-0-9

Dynamic behavior of wages and employment
in labor markets, role of contracts, unions, of -
ficiency wages. Pricing and output in the
goods market; pricing under imperfect competi-
tion. Money, interest rates, and credit rationing.
Real rigidities, menu costs, and fluctuations.
Role of policy,
R. Benabou, P. Diamond

14.463 Monetary Economics Ill(A)

(14.464)
Prereq.: 14.462
G (2)
3-0-9

Asset pricing, the volatility of asset prices, the
determination of the term structure of interest
rates, credit markets and financial intermedia-
tion, asset markets, the role of insiders, bub-
bles and fads, the transmission of monetary
policy.
J. Heaton

14.471 Fiscal Economics I (A)

Prereq.: 14.04
G (1)
3-0-9

The study of optimal government policy regard-
ing taxation, income distribution, and expendi-
tures. Topics include public goods,
externalities, dead-weight burden, Ramsey
Problem, and incidence models.
L. Kotlikoff

14.472 Fiscal Economics 11(A)

Prereq.: 14.04
G (2)
3-0-9

Quantitative analysis of economic effects of fis-
cal instruments and fiscal changes. Topics in-
clude Social Security, the corporation income
tax, unemployment insurance, and state and
local public goods. Also explores the impact of
government policies on labor supply and
saving decisions.
J. M. Poterba, P. Diamond

14.474 Advanced Topics in Public
Economics (A)

Prereq.: 14.124
Acad Year 1990-91: Not offered
Acad Year 1991-92: G (2)
2-0-4

Considers issues of current research interest
in public economics. In 1090-91 the focus is
on the design and effects of social insurance
programs. Topics include Social Security,
Medicare and Medicaid, unemployment in-
surance, and other related issues.
Consult J. M. Poterba.

I
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International, Interregional,
and Urban Economics

14.51J Economic Structure of Cities
(Revised Unit)

(Same subject as 11.008J)
Prereq.: 14.01, 14.02, 14.30
Acad Year 1990-91: Not offered
Acad Year 1991-92: U (1)
3-0-9 HASS

Analyzes urban problems in the US using an
economic methodology. Metropolitan growth
and suburbanization, housing markets,
segregation and urban renewal, transportation
systems, ghetto economic development,
municipal finance, and social service provision.
Develops theoretical perspectives primarily
through discussion of policy issues
Consult W. Wheaton.

14.54 International Trade

Prereq: 14.03 or 14.04
U (1)
3-0-9 HASS

Theory of international trade and finance, and
application to current problems such as ex-
change restrictions, economic development,
and foreign aid.
P R. Krugman

14.573J Spatial Economics, Urban Markets,
and Public Policy (A)

(Same subject as 1.283J, 11.410J)
Prereq.: 14.03
G (1)
3-0-9

Economic analysis of location, housing
markets, urban land use, regional develop-
ment, and systems of cities. Particular em-
phasis on the ability of spatial and urban
markets to allocate resources efficiently, and
the role of public-sector intervention.
J. Rothenberg

14.574J Fiscal Federalism and the Local
Public Sector (A)

(Same subject as 11.411J)
Prereq.: Permission of Instructor
G (2)
3-0-9

The role of public goods, services, and in-
frastructure in the operation of metropolitan
areas. The efficient provision and pricing of
such services. State and local taxation and
their effects on resource allocation. Fiscal com-
petition among jurisdictions, and the move-
ment of households and firms in response.
The optimal assignment of responsibility to
levels of govemment.
W C. Whsaton

14.581 International Economics I (A)

Prereq.: 14.04
G (1)
3-0-9

Theory of international trade and applications
in commercial policy.
P R. Krugman

14.582 International Economics 11 (A)
Prereq.: 14.06, 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. Dornbusch

Labor Economics and
Industrial Relations

14.63 Labor in Industrial Society

Prereq. -
U (2)
3-0-9 HASS-DiHUM-D

Offers students a cultural and historical over-
view of the organization of labor in industrial
society from colonial times to the present,
Course materal has been selected to obtain a
broad overview of issues at the workplace
such as changes in the labor force, collective
bargaining, alternative systems of labor-
management relations, comparable worth, and
technology and human resource policy.
Course readings include political and
economic theories, historical surveys, and
case studies of workers and plants.
J. Rebizer

14.64 Labor Economics and Public Policy
(Revised Unit)

Prereq.: 14.01 or Permission of Instructor
U (2)
3-0-9 HASS

Theory and evidence concerning the function-
ing of the labor market. Particular emphasis on
the roles played by government and unions.
Topics include minimum wages, labor market
effects of social insurance and welfare
programs, the collective bargaining relation-
ship, discrimination, and unemployment.
T Lemieux

14.871J Labor Economics I (A)

(Same subject as 15.671J)
Prereq.: 14.64 or 15.663
G (1)
3-0-6

An introduction to labor economics, stressing
various approaches to labor market analysis.
Special attention devoted to theories of worker
motivation and behavior, the structure of labor
markets; the determinants of wage levels and
unemployment, and the historical evolution of
labor market institutions.
T Lemieux, M. Piore

14.672J Labor Economics 11(A)
(Same subject as 15.672J)
Prereq.: 14.04
G (2)
3-0-6

Neoclassical analysis of the labor market and
its institutions. A systematic development of
the theory of labor supply, labor demand, and
human capital theory. Topics discussed also in-
clude theories of wage and employment deter-
mination, turnover, search, unemployment,
equalizing differences, and union behavior.
Particular emphasis on the interaction of
theoretical and empirical modeling.
H. S. Farber, T Lemieux

14.674J International Perspectives on
Industrial Relations and Human Resource
Development (A)

(Same subject as 15.674J, STS 505J)
Prereq.: 14.64 or 15.660 or Permission of In-
structor
G (1)
3-0-6

See description under subject 15.674J.
M. Piore, R. J. Thomas, L. Lynch

14.675J Advanced Topics in Labor
Economics (A)

(Same subject as 15.675J)
Prereq.: 14.672J or Permission of Instructor
G (2)
3-0-9

Provides an introduction to modem theories of
labor market activity. The goals of the course
are (1) to demonstrate the usefulness of these
theories for understanding the operation of
labor markets and interpreting existing empiri-
cal work, and (2) to suggest how these
theories might help guide future investigations.
H. Farber

14.71 Economic History
(Revised Content)

Prereq.: 14.01, 14.02
U (2)
3-0-9 HUM-D

The history of the US from the first settlement
to the Great Depression as an economy
developed under three different region-specific
development strategies: plantation agriculture
of staples for export, import-replacing manufac-
turing, and family farming. This interpretive
framework is used to understand the Civil War
and persisting regional disparities in the post-
bellum economy. The Great Depression as a
macroeconomic event. Oriented toward prob-
lem solving, hypothesis testing, and measure-
ments of productivity growth.
W Rothenberg

14.731 Economic History (A)
Prereq.: 14.04, 14.06
G (1)
3-0-9

A survey of world economic history, designed
to introduce economics graduate students to
the subject matter and methodology of
economic history. Topics chosen to show a
wide variety of historical experience and
illuminate the process of industrialization.
P Temin

14.732 American Economic History (A)

Prereq.; 14.04, 14.06
Acad Year 1990-91: Not offered
Acad Year 1991-92:G (2)
3-0-9

The rise of the US from an agricultural colony
to a manufacturing power. Consideration of
both microeconomic (railroads, slavery, tariffs)
and macroeconomic (banking, the Depression)
topics. Comparison with other economies.
Consult P. Temin.

14.69IJ Research Seminar In Industrial
Relations (A)
(Same subject as 15.691J)
Prereq.: -
G (1)
3-0-6

14.692J Research Seminar in Industrial
Relations (A)

(Same subject as 15.692J)
Prereq.: -
G (2)
3-0-6

See description under subject 15.692J,
Consult R. B. McKersie.

Economic History

Economic Development

14.74 Economic Growth and Development
(Revised Unit)

Prereq.: 14.02
U (1)
3-0-9 HASS

Analysis of the problems of economic growth
and development, both microeconomic and
macroeconomic, including peasant agriculture,
demographic change, urbanization, and inter-
national trade. Considers policy measures to
promote development and growth.
R. S. Eckaus

14.771 Development Economics:
Microeconomic Issues and Policy
Models(A)

Prereq.:14.121, 14.122
G (1)
3-0-9

Agricultural issues: peasant behavior, land
tenancy, factor markets, and factor payments.
Urban employment, rural-urban migration, and
urban bias. National income estimation and
welfare evaluation, social accounting matrices.
Rationale and experience of development plan-
ning, aggregate growth models, multisector
static and dynamic programming models,
general equilibrium models, cost-benefit
analysis.
R. S. Eckaus

14.772 Development Economics:
Macroeconomics and International
Complications (A)

Prereq.: 14.121, 14.451
G (2)
3-0-9

Quantitative study of development patterns.
Macroeconomics of poor countries: stabiliza-
tion policy (orthodox and structuralist ap-
proaches); financial reform; terms-of-trade,
cumulative processes affecting income distribu-
tion, output, and population growth. Trade pat-
terns, international debt, and transnationals.
Orthodox, structuralist, and Marxist theories of
trade and development.
L. J. Taylor

14.778J Theories of Economic
Development
(Same subject as 11.486J)
Prereq.: 11.210
G0(2)
3-0-6

See description under subject 11.486J.
L. J. Taylor

'I

14.780 Alternative Approaches to
Macroeconomic Theory: eDtributdon,
Growth, and Price Formation (A)

Prereq.: 14.04, 14.06
Acad Year 1990-91: Not offered
Acad Year 1991-92: G (2)
3-0-9

Reviews neoclassical and nonneoclassical
(Marxian, Cambridge-style, and other) rules
describing growth and distribution models.
Recent topics in Marxian debate: joint produc-
tion and measurement of surplus, unequal
exchange, falling rate of profit. Cambridge
models: price formation, reswitching, growth.
Structuralist models: underdevelopment,
monetary issues.
L. J. Taylor

14.781J Political Economy 1: Theories of
the State and the Economy (A)

(Same subject as 17.156J)
Prereq.: Permission of Instructor
G (1)
3-0-9

See description under subject 17.156J.
S. Berger, M.Piore

Economics 1290

i



130D Management 1310

Course 15 Management

Managerial Economics 15.012 Applied Macro- and International 15.018 Economics of InternationalEconomics Business (A)
Prereq.: 14.02 Prereq.: 15.012
G (2) G (1, 2)
3-0-6 3-0-6

15.002 Introduction to Applied Macroeconomics, international trade, and Studies key factors shaping the international
Microeconomics finance, emphasizing implications for business economic environment and their implications
Prereq.: - behavior. Macroeconomic topics: business for business. Topics: the causes of exchange-
G (1) cycles and their effects on industries, rate volatility, its effects, and its implications for
2-- [monetary and fiscal policy, inflation and un- business strategy; international lending and2-0-4 (P/F]_employment, long-term economic growth, mac- country risk, emphasizing causes and predic-
Master's tutorial: Introduces basic principles of roeconomic forecasting. International topics: tion of debt crises; international competition, in-
microeconomics and applies them to manage- balance of payments, exchange rates, trade cluding both competitive strategies of firms
ment decision making and analysis of public and specialization, trade policy and internation- and effects of international trade and industrial
policy. Restricted to graduate students in al competition, international lending and invest- policies.
Sloan School of Management. Consult ment, the inteinational debt problem and world K. A. Froot
T. M. Stoker. financial system.

J. J. Rotemberg 15.020 Competition in
15.003 In-duction to Applied Telecommunications (A)
Macroeconomics 15.013 Industrial Economics for Strategic Prereq: 15.011 orequivalent

Prereq: - Decisions (A) G (1)
G (1) Prereq.: 15.011 or equivalent 3-0-6
2-0-4 (P/F] G (1, 2)

3-0-6 Provides f o introduction to the economics and
Master's tutorial: Introduces basic principles of technology of telecommunications markets, in-
macroeconomics and applies them to manage- Applies principles of industrial economics most cluding markets for exchange and information
ment decision making and analysis of public relevant for corporate strategy to analysis of services, cellular radio, long-distance services,
policy. Restricted to graduate students in particular industries. Topics: market structure and both carrier and customer equipment. The
Sloan School of Management. and its determinants; rational strategic be- shifting roles of technology, Federal and state
Consult J. J. Rotemberg. havior in small numbers' situations; strategies government policies, and business strategies

for price and nonprice competition; dynamic in shaping these rapidly changing markets are
15.011 ApplIed Microeconomics pricing, output, and advertising decisions; studied, with particular emphasis .t the roles

entry and entry deterrence; evolution of in- of regulation and competition and the likely
Prereq 14.01 dustries. evolution of technology, public policy, and
G (1) R. S. Pindyck, T M. Stoker market structures over the next decade.
3-0-6 J. A. Hausman

Applies basic principles of microeconomic 15.017 Strategic Uses and Effects of
analysis to management decision making and Government Regulation (A) 15.024 Applied Economics for Managers
analysis of public policy. Cost and production, Prereq.: 15.011 or 14.01 Prereq.: -
utility and demand, competitive and noncom- G (2) G (S)
petitive market behavior. Analyzes pncing and 3-0-6 3-0-6
related policies. Rationales for and effects of
antitrust and government regulation. Government regulation of business activity, the Develops facility with concepts, language, and
T M. Stoker, N. L. Rose strategic uses of regulation by firms, and busi- analysis tools of economics. Covers

ness and market responses to government microeconomics, macroeconomics, and inter-
policies. Discusses principles and problems of national trade and payments. Emphasizes in-
merger and anti-trust policy, financial and tegration of theory, data, and judgment in the
securities regulations, safety and environmen- analysis of corporate decisions and public
tal policies, utility regulation and transportation policy, and in the assessment of changing US
policy. Selected inoustry studies may include and international business environments.
airlines, telecommunications, nuclear power, Restricted to Sloan Fellows.
banking, and biotechnology. H. D. Jacoby
N. L. Rose, R. L. Schmalensee

1

15.034 Applied Econometrics and
Forecasting for Management (A)

Prereq.: 15.061 or 15.075
G (1, 2)
3-0-6

Designed for students interested in applied
econometric methods and business forecast-
ing, Emphasizes problems typically en-
countered in conducting empirical econometric
research, in evaluating results and testing
hypotheses, and in constructing forecasts. Re-
quires term paper. Problem sets involve work-
ing with econometric models and the computer.
7' M. Stoker

15.035 Pricing Strategy (A)

Prereq.: 15.011
Acad Year 1990-91: Not offered
Acad Year 1991-92: G (2)
3-0-6

Draws on research in marketing and
economics to present principles of profitable
oricing and methods of applying them. Topics
include pricing in oligopolies, implications of
cost and demand dynamics, market segmenta-
tion, pricing new products, quantity discounts
and nonlinear pricing, product-line pricing, and
pricing in distribution channels. Antitrust and
other legal issues discussed.
R. S. Pindyck

15.036 Topics in Econometrics for
Management (A)

Prereq.: 15.034, 14.388 or equivalent
Acad Year 1990-91: Not offered
Acad Year 1991-92: G (2)
3-0-6

The subject matter of this course changes
from one year to the next, but is always
focused on econometric and statistical issues
that emerge when doing topical empirical re-
search in economics, finance, marketing
and/or strategy. Topics addressed include es-
timation and inference in discrete or categori-
cal dependent variable models, confirmatory
factor analysis, models with measurement
error and multiple indicators, pooled cross-sec-
tion and time series models, and forecasting
techniques.
T M. Stoker

15.041 Research Seminar In Applied
Economics

Prereq.: Permission of Instructor
Acad Year 1990-91: Not offered
Acad Year 1991-92: 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 T. M. Stoker.

Operations
Research/Statistics

15.053 Introduction to Management Science

Prereq.: 18.02, 18.06
U (1, 2)
4-0-8 SCI DIST

15.058 Applied Mathematical Programming

Prereq.: 18.02, 18.06
G(1)
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, integer, and non-
linear programming. Solving problems by
computer and interpreting the results. 15.058
is more advanced than 15.062 and sustitutes
for it.
R. M. Freund, J. B. Orlin

15.059 Mathematical Programming Models
and Applications (A)

Prereq.: 15.053 or 15.058 or 15.081 or 6.251
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
modeling techniques, including network model-
ing, quadratic programming and applications.
linear programming with uncertainty, and multi-
ple objective programming, with case studies
in production planning, vehicle routing, and
strategic planning
R. M. Freund

15.061 Decision Support Systems I
Prereq.: 18.01
G (1)
3-0-6

Introduces probability and statistical data
analysis, emphasizing applications in manage-
ment. Topics: basic probability, sampling and
data collection, exploratory data analysis, in-
ference and diagnostics for linear regression
models, statistical computing and simulation.
Restricted to graduate students in Sloan
School of Management.
A. L Barnett

15.062 Decision Support Systems il

Prereq.: 15.061
G (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
recommendations. Topics: decision analysis,
simulation, linear programming, integer and
dynamic programming, game theory, and net-
work flows.
R. M. Freund, J. F Shapiro

15.063 Management Decision Support
Models

Prereq.: -
G (S)
3-0-6

Model-based approach to modern managerial
analysis. Introduces various techniques that
support managerial decision making, including
decision analysis, simulation, statistics, and
linear programming. Emphasizes basic under-
standing and evaluation of techniques and
their application, rather than technical exper-
tise. Restricted to Sloan Fellows.
G. R. Bitran

15.064J Engineering Probability and
Statistics (A)

(Same subject as 3.8 1J, 6.430J)
Prereq.: 18.02
G (S)
4-0-8

See description under subject 6.430J.
A. W Drake

15.065 Decision Analysis (A)

Prereq.: -
G (1)
3-0-6

Basic theory of decision making under uncer-
tainty. Topics: decision trees, quantification of
judgments and preferences, the value of infor-
mation, Bayes theorem, the structuring of com-
plex decisions, and multi-attributed utility
theory.
G. M. Kaufman

15.066J System Optimization and Analysis
for Manufacturing (A)

(Same subject as 2.851J, 3.83J)
Prereq.: 18,02
G (S)
4-0-8

Introduction to dynamic systems, control and
mathematical programming. Discrete and con-
tinuous-time linear systems, optimal control
and dynamic programming, linear program-
ming, network flow problems, integer and
quadratic programming, and computer applica-
tions from manufacturing processes and sys-
tems. Restricted ta Leaders for Manufacturing
students.
S. C. Graves, S. S. Gershwin

Management 11
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15.067 Competitive Decision Making (A)
Prereq.: -
G (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,
simulating real competitive business situations,
provides experience in making rapid but calcu-
lated decisions in situations characterized by a
high degree of uncertainty and sophisticated
competitors.
G. M. Kaufman

15.071J Introduction to Stochastic
Processes (A)
(Same subject as 18.445J)
Prereq.: 18.313 or 18.440 or 6.041
G (1, 2)
3-0-9

See description under subject 18.445J.
Term 1: D. Khoshrevisan
Term 2: J. Keison

15.072J Queues: Theory and
Applications (A)

(Same subject as 6 264J)
Prereq.: 6.262 or 6.432or 15.071J
G (2)
3-0-9

See description under subject 6.264J.
J. Ke/son. R. C. Larson

15.073J Logistical and Transportation
Planning Methods (A)
(Same subject as 1,203J, 6.281J, 11.526J,
13.665J, 1676J)
Prereq.: 6.431, 15.075
G (1)
3-0-9

See description under subject 1.203J.
A. /. Barnett, R. C. Larson, A. R. Odoni

15.074 Mathematical Models and Policy
Analysis (A)

Prereq.: 15.061 or 15.075
S(2)
3-0-6

Case-study method exploring strengths and
weaknesses of mathematical models (especial-
ly those related to data analysis) that affect
decision making of legislatures, corporations,
courts, and regulatory agencies. Topics: car-
cinogenic hazards of various substances,
deterrent effect of criminal sanctions, statistical
evidence in job-discrimination proceedings, ef-
fective operation of mass-transit systems.
A. 1. Barnett

15.075 Applied Statistics (A)
Prereq.: 6.041 or 18.440
G(1,2)
3-0-9

Introduces statistical data analysis, concentrat-
ing on techniques used in management and
engineering. Topics: statistical graphics, es.
timation, forecasting, statistical computing;
basics of sampling, quality control, design of
experiments, regression, and diagnostics.
Open to qualified undergraduates spring terms.
R. E Welsch

15.076 Statistical Methodology (A)
Prereq.: Permission of Instructor
G (2)
3-0-9

Designed for Ph.D. students. Topics covered:
elementary data analyses, point and interval
estimation, hypothesis testing, linear regres-
sion, PC-based statistical computation. Differs
from 15.075 in emphasis on derivation of dis-
tribution theory needed to implement estima-
tion and testing. Open to others only by
permission of instructor,
A. L. Venetoulias

15.077J Statistical Modeling (A)
(Same subject as 18 457J)
Prereq. 15075or 18443 or 18.441,18 06
Acad Year 1990-91: Not offered
Acad Year 1991-92 G(2)
3-0-9

Statistical model formulation, fitting, simulation,
and validation. Linear and nonlinear models;
diagnostics, robustness, variable selection,
transformations, updating, forecasting. Logis-
tic, semiparametric, and nonparametric regres-
sion. Applications in engineering and
management with substantial use of statistical
computing systems. Alternate years.
R. E. Welsch

15.078 Statistical Process Control and
Experimental Design (A)
Prereq.: 15 061 or 15075 c,6.431 or 18.441
Acad Year 1990-91 G(2)
Acad Year 1991-92: Not orfered
3-0-9

Intermediate-level introduction to statistical
process control and modern methods of ex-
perimental design, emphasizing applications to
manufacturing processes. Quality improve-
ment procedures, graphical methods for
quality control, design for quality techniques.
Factorial and fractional factorial designs, ran-
domization, blocking, response surface
methodology, and Taguchi methods including
orthogonal arrays, resolution of variation, sig-
nal.to-noise ratios and alternative approaches
Alternate years
R E. Welsch

Network models for industrial logistics sys-
tems, transportation systems, communication
systems, and other applications. Emphasizes
a rigorous treatment of algorithms and their ef-
ficiency-algorithms for shortest routes, maxi-
mum flows, minimum cost flows, traffic
equilibrium, and network design. Implementa-
tion issues.
T L Magnanti, J B. Or/in

15.083 Combinatorial Optimization (A)
Prereq 15.081 or Permission of Instructor
G (1)
3- 0-6

Devoted to a theoretical and rigorous treat-
ment of topics in integer programming and
combinatorial optimization. Topics in com-
binatorial optimization include matching theory,
matroid theory, computational complexity,
design and analysis of heuristics. Topics in in-
teger programming include formulations,
branch and bound, Lagrangean techniques,
cutting plane algorithms, group theoretic ap-
proaches, and Benders's decomposition.
J. B. Orlin, J. F Shapiro

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
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1 5.079J Applied Multivarlate Methods (A)
(New)
(Same subject as 18.456J)
Prereq.: 18.06, 15.075 or 18.441 or 18.443
G (2)
3-0-9

See description under subject 18.456J.
R. E Welsch, P J. Huber

15.081 Introduction to Mathematical
Programming (A)

Prereq.: 18.06
G (1)
3 0-9

Introduction to mathemai-" optimization em-
phasizing both methodology and the underly-
ing mathematical structures. The classical
theory of linear programming is covered as
well as some of the recent advances in the
field. Topics include the simplex method,
duality theory, sensitivity analysis, networks,
decomposition, integer programming,
polyhedral geometry, polyhedral com-
binatorics, the ellipsoid method, and interior
point algorithms for linear programming.
D. Bertsimas

15.082 Network Optimization (A)

Prereq.. 15081
3 (2)
30-9

15.089 Workshop In Operations Research

Prereq.: Permission of Instructor
G (1, 2)
Units arranged

Presentations by faculty, students, and guest
speakers of ongoing research related to cur-
rent issues in operations research. Typical
topics: reports of research projects, proposed
or in progress; and informal discussions of
recent literature dealing with subjects of spe-
cial interest to participants. Primarily for doc-
toral students. Consult R. M. Freund.

15.099 Special Seminar In Operations
Research (A)
Prereq.: 15.081
G (1, 2)
Units arranged

Doctoral student seminar covering current
topics related to operations research not other-
wise included in curriculum.
T L. Magnanti

For additional related subjects in Statistics,
see:

Civil Engineering: 1.03, 1.06, 1.15, 1.151,
1.202,11.205, and 1.732

Electrical Engineering and Computer
Science: 6.041, 6.231, 6.262, 6.264J, 6.431,
6.432, and 6.435

Economics: 14.30, 14.31, 14.381, 14.382,
14.383,14.384, 14.385, and 14.388

Management: 15.034, 15.306, and 15.832

Mathematics: 18.05,18.175,18.177, 18.313,
18.440,18.441, 18.443, 18.445J, 18.446,
18.448,10.454, 18.455, 18.456J, 18.458,
18.465, and 18.466

See also: 2.061, 2.845, 5.72, 7.011, 8.044,
8.08, 10.816, 11.220, 11.222, 16.37, 16.371,
17.842,17.846,17.850, 22.38, 22,40J, and
HST 191

Health Care Management

15.1361 Health Technology (A)

(Same subject as HST 920J)
Prereq.: -
G (2)
3-0-6

Research seminar in the development, evalua-
tion, and dissemination of medical tech-
nologies and practices. Strategies for
management of basic and applied biomedical
research. Communication channels for re-
search results among researchers and from re-
searchers to users. Analytic methods for
evaluation of efficacy and social impact. Ex-
amines factors influencing commercial develop-
ment of new health technology.
Information: S. N. Finklestein.

15.141 Comparative Health Systems (A)

Prereq.: -
G (1)
3-0-6

Examines major issues facing health systems
in the US and selected other countries from a
variety of perspectives, including those of the
physician, the manager, and the policy analyst.
Considers cost, quality, access, and technol-
ogy trade-offs as they affect government
policy. Information: S, N. Finklestein.

15.149 Special Studies in Health
Management (A)
Prereq.: Permission of Instructor
G (1,2)
Units arranged

For graduate students who desire to do ad-
vanced work or research on a health manage-
ment problem not specifically covered
elsewhere. Readings, conferences, fieldwork,
and reports. Information: S. N. Finklestein.

International Management

15.215 International Dimensions of
Management
Prereq : -
G (2)
3-0-6

Theory and practice of international business,
emphasizing strategy selection and implemen-
tation in response to the changing international
environment. Examines some of the distinctive
management problems that anse in internation-
al firms.
D. E. Westney

15.221 International Business
Management (A)
Prereq; -
G (1, 2)
3-0-6

Basic course on the international dimensions
of management. Examines the changing pat-
terns of international business, environmental
factors (state, comparative advantage, in-
dustry) and the strategic tasks of the firm, and
the challenges involved in managing across
borders.
R. M. Locke

15.222 Strategy in a Global Context (A)
Prereq.: 15.221 or Permission of Instructor
G (2)
3-0-6

About corporate strategies that are successful
against international competitors. Develops
sense of how individual multinational
enterprises succeed. Emphasizes organization-
strategy match, and a general management
framework that allows conside.ration of
strategic and organizational choices in multina-
tional firms. Consult D. R Lessard.

15.223 Business-Government Relations in
a Changing International Economy (A)
Prereq.: 15.221
G (2)
3-0-6

Provides an introduction to the cross-national
study of the business-government relations in
advanced industrial democracies. Attention is
given to competing theoretical perspectives
and different national patterns of business-
government relations. How both are changing
in today's competitive and interdependent
world is explored by examining the reorganiza-
tion of various industries from a cross-national
perspective.
R. M. Locke

15.227 International Technology
Transfer (A)
Prereq.: -
G (2)
3-0-6

This course focuses on the transborder move-
ment of technology, highlighting the role of the
multinational firm as the chief purveyor of inter-
national technology flows. Particular emphasis
is given to the forces that facilitate and con-
strain international technology transfer (e.g.,
export controls), along with discussion of the
varying perspectives of the suppliers and
recipients of technology. Consult D. R. Lessard.

15.229 Special Seminar in International
Management (A)
Prereq.: 15.221
G (1, 2)
Units arranged

Opportunity for group study by graduate stu-
dents on current topics related to international
business not otherwise included in curriculum.
0. R, Lessard
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15.232 The Firm and the Business
Environment In Japan (A)

Prereq.: -
G (1)
3-0-6

Examines how Japanese firms and their busi-
ness environments have been viewed from
Western management perspectives; the na-
ture of the Japanese business environment
(financial, political, human, technological, so-
cial, and cultural resources); and the internal
organization and strategic processes of
Japanese firms,
D. E. Westney

15.233J Problems of Advanced Industrial
Societies (A)

(15.333J)
(Same subject as 17.166J, STS 506J)
Proreq.: 17.156J or 15.221
Acad Year 1990-91: Not offered
Acad Year 1991-92:G (2)
3-0-9

See description under subject 17.166J.
R. M. Locke

History and Environment

15.268 Choice Points: Readings on the
Exercise of Power and Responsibility (A)
Prereq.: Permission of Instructor
G0(2)
3-0-6 [P/F]

Studies managerial power and responsibility.
Examines conflicts between power and moral
responsibility and the contexts for choice in
dealing with a number of such problems Read-
ings are principally "classics" used to illustrate
several enduring such issues. Restricted to
Sloan Fellows.
A. J Siegel

I
Communication

15.279 Management Communication for
Undergraduates

Prereq.: -
U (2)
3-0-6

Seminar designed for Management Science
majors to develop writing and speaking skills
necessary for managers. Students learn com-
munication principles, strategies, and methods
through discussions, exercises, examples, and
cases. A variety of written and oral assign-
ments, in class and in video lab. A major proj-
ect yields an original report designed to satisfy
Phase i of the Institute Writing Requirement.
D. R. Breakstone

15.280 Communication for Managers
Prereq.: -
S(1)
2-0-4

Writing and speaking skills necessary to a
career in management Students polish com-
munication strategies and methods through
discussion of principles, examples, and cases.
Many short written and oral assignments,
some based on material from other subects.
Restricted to first-year Sican School of
Management graduate students.
J. Yates, 0 R Breakslone, A.H Go/den

15.281 Advanced Managerial
Communication (A)

Prereq 15.280
G (2)
3-0-6

Builds on managerial writing and speaking
skills developed in 15 280. Introduces more ad-
vanced oral and interpersonal communication
skills important to managers, including running
and contributing productively to meetings, lis-
tening, and being interviewed. Includes a long
report and long oral presentation for a busi-
ness audience, generally in conjunction with
an outside project for another subject
J Yates

Organization Studies

15.301 Managerial Psychology Laboratory
Prereq.: -

U (1, 2)
2-6-4 LAB

Core subject for students majoring in manage-
ment science. Surveys individual and social
psychology and organization theory inter-
preted in the context of the managerial environ-
ment. Laboratory involves projects of an
applied nature in behavioral science. Em-
phasizes use of behavioral science research
methods to test hypotheses concerning or-
ganizational behavior
T J. Allen, J. S. Carroll

15.304 Complex Organizations

Prereq 15301
U (2)
3-0-6

Examines structures, processes, values, and
working practices of various forms of social or-
ganization. Sociological and anthropological
writings provide framework for describing
deviancy, controlritual, authority, decision
making, and socialization in organizational set-
tings. Combines field observations, interviews,
and participation in a given social organization,
with readings drawn from the ethnographic
literature on culture and subculture in America.
Information:J. Van Maanen,

15.306 Behavioral Science Research
Methods

Prereq -
U (1)
30-9

Introduces methods of behavioral science re-
search. General strategy of behavioral re-
search (quantitative vs qualitative analysis,
hypothesis formulation) and research design
(purposes, variance control, control of ex-
traneous variables, use of control groups, ran-
domized designs, factorial designs). Specific
techniques of various designs (questionnaire
construction, sampling, interviews, systematic
observation). Organization and development
of research project Meets with 15.347. Infor-
mation: J S Carroll

15.310 Managerial Psychology
(New)

Prereq -
3 (12)
3-0-6

Surveys individual and social psychology and
organization theory interpreted in the context
of the managerial environment. Shares lec-
tures with 15.301, with a separate recitation re-
quired. Equivalent of 15.311 intended for
non-Course XV stucents.
T J. Allen

Examines individual managerial behavior with
emphasis on cognitive processes in judgment
and choice. Includes judgment under uncer-
tainty, biases and corrective procedures, risk
perception, models of judgment and choice,
decision aids, and problem structuring tech-
niques.
J. S. Carroll

15.313 Interpersonal Dynamics and
the Management of Groups (A)

Prereq: 15.301 or 15.311 or Permission of In-
structor
G(2)
3-0-6

Examines basic concepts of how people relate
to each other and how groups work from both
a psychological and sociological perspective.
Through lectures, discussion, roleplays,
videotaping, group exercises, and written as-
signments, students learn not only the con-
cepts but also how to improve their own
communication and group membership skills.
Topics include performance appraisal, negotia-
tion, team decision making and meeting
management.
D. L. Ancona

15.314 Organization Design (A)

Prereq.: 15.301 or 15.311 or Permission of In-
structor
G0(2)
3-0-6

Examines the character and characteristics of
effective organizations. Includes designing or-
ganization structures, managing change, or-
ganization environment relationships. Classes
use lectures, seminars, practice cases, films,
and some team projects.
R. J. Thomas

15.315 Planning and Managing Change (A)15.311 Managerial Behavior in
Organizations

Prereq.: -
G (1, 2)
3-0-6

Examines interpersonal and human side of
both public and private enterprise. Emphasizes
managerial applications of social-science con-
cepts and research findings. Uses experiential
learning modes and case analyses, as well as
lectures and discussions- Class materials
cover both micro concerns (ie idividuals
and small groups), and macro issues (i.e., or-
ganizational interrelations, culture, and learn-
ing). Primarily for first-year Sloan master's
students in fall term, others only by permission
of instructor.
J. S. Carroll

15.312 Managerial Decision Making (A)

Prereq.: 15.301 or 15,311 or Permission of In-
structor
G (1)
3-0-6

Management 1350

Prereq.: One subject in Organizational Psychol-
ogy and Permission of Instructor
G (2)
3-0-3

Basic models and tools used to analyze any
change problem in human systems. Applica-
tion of these models and tools to actual
change projects chosen by members of the
class, to be completed during the subject.
Group as well as individual projects, and week-
ly papers on progress. Models and tools drawn
from organization development theory. Primari-
ly for Master's students and Sloan Fellows.
Limited to 40.
E. H. Schein

15.317 Comparative Study of
Organizations (A)

Prereq.: Permission of Instructor
Acad Year 1990-91:G (2)
Acad Year 1991-92: Not offered
3-0-6

Examines management of organizations and
organizational processes ia various parts of
the world. Special focus on highly industrial-
ized societies. Designed for advanced
master's and doctoral students. Alternate year
subject.
D. E. Westney

15.322 Organizational Psychology and
Sociology (A)

Prereq . Permission of Instructor
G (1)
3-0-6 [P/Fl

Analyzes-through lectures, discussions, and
class exercises-management of human
resources in industry Restricted to Sloan Fel-
lows.
J. Van Maanen

15.341 Individuals, Groups, and
Organizations (A)
(Revised Unit)

Prereq.: -
G (1)
3-0-9

Develops basic concepts for understanding in-
dividual, group, and organizational 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. Primarily for
doctoral candidates in the Sloan School of
Management.
D. L. Ancona

15.342 Organizations and Environments (A)

Prereq.: Permission of Instructor
G(2)
3-0-6

Focuses on the organization in interaction with
its environment, organizational populations/or-
ganizational fields and their evolution over
time, and the micro-macro linkage. Draws on
organization theory, organizational sociology,
economic theories of the firm, and theories of
social change. Emphasizes the application of
these theories in the context of business or-
ganizations and management research.
Primarily for doctoral candidates in the Sloan
School of Management.
R. J. Thomas

15.345 Doctoral Seminar in Organization
Studies I(A)
Prereq.: Permission of Instructor
G (1)
2-0-7

15.346 Doctoral Seminar in Organization
Studies 11(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,
theories, and research methods serve as
locus for the seminar.hRestricted to doctoral
candidates. Information: J. S. Carroll.

15.347 Doctoral Seminar in Research
Methods I(A)
Prereq.: Permission of Instructor
G (1)
4-0-8

Introduces the process of social research, em-
phasizing the conceptualization of research
choices to maximize validity, relevance, and
benefit-costs comparisons. Includes research
design (experiments, quasi-experiments) and
specific measurement techniques (quesion-
naires, interviews, observation).
J. S. Carroll

15.348 Doctoral Seminar In Research
Methods 11(A)

Prereq.: 15.347 or Permission of Instructor
Acad Year 1990-91: Not offered
Acad Year 1991-92:G (2)
4-0-8 [P/F]

Practice of social science research. Students
learn to handle research problems through in-
tensive analysis of published research papers,
a series of written exercises, and group term
projects based on a common database
provided for the class. Emphasizes logic of
data analysis and role of conceptualization in
the research process.
L. L. Bailyn
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9 Personal Issues in the Management
man Resources (A)

q.: -
Year 1990-91: Not offered
Year 1991-92: G (2)

Explores assumptions underlying organization-
al career procedures and consequences of
these procedures for employees. Considers im-
plications of changes in individual lifestyles
and in values surrounding work and success
on management of human resources in or-
ganizations.
L L, Bailyn

Management of
and Innovation

Technology

15.351 Introduction to Technological
Innovation Management (A)
Prereq. -

G (1,.2)
3-0-6

Introduction to the sources of technological in-
novation, economics of innovation, protection
of innovation rights, communication of techni-
cal information, capturing benefit from innova-
tion, organizing to manage the innovation
process, cooperation in the innovation
process, new ventures.
E. A. von Hippe, S. Schrader

15.353 Managing Technology
(New)

Prereq. -

S(1)
3-0-6

Successful origination, development, im-
plementation, and diffusion of product and
process innovations in industry. Effective or-
ganization and management of the technologi-
cal change process (marketing, R&D,
engineering, and manufacturing) in new ven
tures, multidivisional and multinational
enterprises. Economics of innovation, protec-
tion of innovation rights, capturing the benefits
of innovation. Restricted to Management of
Technology Program students.
J. M. Utterback

Management 137D

15.373J Survey of Emerging
Technologies (A)
(New)

(Same subject as 6.944J)
Prereq.: Permission of Instructor
G (1)
2-0-4

15.355 Managing Technological
Innovation (A)

Prereq.: -
G (1)
2-0-4

Managerial perspectives on development and
consequences of technological innovations in
product and manufacturing process. ksues
relating to managing scientists and engineers
as individuals, in teams, and in large organiza-
tions. Interfaces between R&D function and
marketing and production. Technology plan-
ning and strategy approaches, including new
venture structurt * for business development
and diversification. Restricted to Sloan Fellows.
E. B. Roberts

15.361 Managing Professionals (A)
Prereq.: -
G (1,S)
3-0-6

Examines human side of management of
professionals through application of behavioral
science research findings Topics: supervis-
ing/motivating professional employees: career
orientations; effective conflict management;
group creativity/decision making; managing
product teams; group aging; critical roles for in-
novation; organizational structure/communica-
tion Emphasizes professional individuals and
groups. (Summer term is restricted to mem-
bers of the Management of Technology Pro-
gram.)
R Katz. D. L Ancona

15.363 Managing Technological Change in
Manufacturing (A)
(New)

Prereq -
G (2)
3-0-6

Explores problems in choosing, developing,
and introducing new technology in the
manufacturing firm Extensive use of case
studies Topics: operational and organizational
issues in development and ramp-up of new
products and processes; problem solving and
learning during ramp-up; strategic issues in-
cluding project selection, role of the manufac-
turing engineer, and strategic alliances for
technology and production. Permission of the
instructor is required for undergraduate and
out-of-course students,
M. J Tyre

15.365J Manufacturing/Technology
Interface (A)

(Same subject as 3.565J, 13.685J)
Prereq.: Permission of Instructor
G (2)
3-0-6

Focus on the management of process innova-
tion. Economic and other influences on
manufacturing process change. Interactions
between research, development, and engineer-
ing activities, and manufacturing operations.
Transfer of new product developments into
manufacturing
J. M. Utterback

15.367 Market/Technology Interface (A)
(Revised Unit)

Prereq.: 15.810or 15812 or 15.814
G (2)
3-0-6

User role in new product innovation; efficient
linking of user and manufacturer new product
development efforts; market research tech-
niques for novel industrial products and for
"lead" user identification,
E. A. von Hippel

15.368J Cases and Issues in Technological
Businesses (A)

(Same subject as 6.942J)
Prereq.: -
G (2)
3-0-6

See description under subject 6.942J.
Ti H. Lee

15.369 Corporate Strategies for
Managing Research, Development, and
Engineering (A)

Prereq.; 15.351 or 15.355 or 15.361; Permis-
sion of Instructor
G (2)
2-0-7

Strategic issues in managing research,
development, and engineering. Focus upon
linkages between internal and external
sources of technology for major new business
development. Examination of aliances, joint
ventures, acquisitions, and venture capital in-
vestments as alternative approaches. Outside
speakers supplement faculty lectures. Inde-
pendent study and preparation of student term
reports.
E. B. Roberts, S. Schrader

15.370 Strategic Management of
Technology (A)
(New)

Prereq.: --
G (1)
3-0-6

The concepts and techniques of strategic
management, taking the perspective of the
general manager responsible for the long-term
health of the enterprise. Strategy formulation
and the management of strategic processes.
The use of technology for competitive ad-
vantage; the interaction of technology with
other strategic variables. Case studies supple-
mented by readings and news items.
Restricted to students in Management of Tech-
nology Program
M. J. Tyre

15.376 Project Management (A)
(New)
Prereq.: Permission of Instructor
G(1)
3-0-3

Review of project and development
economics. Project identification and demand
forecast techniques. Study of project design
and planning methods such as network plan-
ning techniques technological forecasting and
evaluation methods, capital budgeting and
project control, and scheduling techniques-
Technical, operational, economic, and financial
project analyses reviewed. Methods for selec-
tion from among project alternatives dis-
cussed. Study of procurement contracting
process. Approaches to project suporvision,
test, and acceptance. Meets first half of
semester.
E. G. Frankel

15.377 R & D Process: Communications
and Organization (A)
(New)

Provides students with the opportunity to ex-
amine, in depth, the recent progress in a
select number of technical fields such as
electronic materials and devices, computation,
computer integrated manufacturing, and
genetic engineering, which have important im-
plications for a wide variety of industries. Dis-
cussion of the current status of leading-edge
research in each field and of the potential im-
plications of technical advances on industrial
practices in the near future. Primarily for stu-
dents in the Management of Technology Pro-
gram.
M. A. Rappa, T H. Lee

15.374 Assessment of Emerging
Technologies (A)
(New)

Examines the fundamental processes of re-
search and development. Contrasts basic
science with technology. Presents recent re-
search on the structuring of organizations to
accomplish research and development goals.
Looks at factors influencing technical com-
munication patterns and technology transfer.
Meets second half of semester.
T J. Allen

15.379 Seminar in Management of
Technology (A)
(Revised Unit)
Prereq 15371
G (1)
3-0-3

Current practices and issues in the Manage-
ment of Technology are analyzed and dis-
cussed by experienced leaders from industry
and government. Examines different ap-
proaches to managing the technology function
within a broad organizational context, in semi-
nar discussions and in the field. Restricted to
Management of Technology Program students
R A. Samuel

Finance

15.411 Financial Management (A)
Prereq :15511,15024,15.063
G (1)
3-0-6
Surveys what an organization invests in and
how much it invests, where and how funds for
investment are obtained, and how financial in-
stitutions 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. Information: S. C.
Myers.

15.412 Financial Management 11(A)
Prereq.: 15.501 or 15.515
G (1, 2)
4-0-8

Surveys and analyzes financial problems
facing managers, including theoretical introduc-
tion to financial institutions, financial instru-
ments, and capital markets, Topics: functions
and operations of capital markets, theory of of-
ficient markets, portfolio and valuation theory,
capital budgeting and investment decision
making, firm's cost of capital, long-term financ-
ing instruments and financing decisions,
dividend policy and capital structure. Primarily
for students not concentrating in finance.
Information. A. W. Lo.

15.413 Topics in Corporate Financial
Management (A)
Prereq 15.410 or 15.411 or 15.412
G (1, 2)
3-0-6

Extends and applies topics and concepts
covered in 15.411 and 15.412. Covers finan-
cial planning, leasing and project financing,
mergers, pensions, and new approaches to
corporate investment and financing decisions.
P Asquith

15.415 Finance Theory (A)
Prereq.: 15.011, 15.515
G (1, 2)
6-0-9

Core theory of capital markets and corporate
finance. Topics: functions and operations of
capital markets, analysis of consumption-
investment decisions of investors, diversifica-
tion and portfolio selection, valuation theory
and equilibrium pricing of risky assets, theory
of efficient markets, and investment and financ-
ing decisions of firms. Theoretical foundation
for further study and practical applications. Re-
quired for students concentrating in finance.
C Huang

L

Prereq:15.311 or 15 351 or 15.361
G (1)
3-0-3

Prereq.: 15.371
G (2)
3-0-6

Examines the fundamental processes underly-
ing the emergence of new fields of technology
and discusses the skills necessary for anticipat-
ing and assessing the potential of new tech-
nologies while in the early phases of
development, well in advance of market entry.
Methods based on quostionnaire surveys, ex-
pert panels, patents, and publications are ex-
amined, among other assessment techniques.
M. A. Rappa

15.375 New Enterprises (A)

Prereq.: Permission of Instructor
G (1, 2)
2-1-6

Covers the process of conceptualizing, plan-
ning, and starting a new enterprise. Topics in-
clude the entrepreneur, the business
opportunity, legal issues, entrepreneurial
ethics, the business plan, the founding team,
and e'eking funds. Each student develops a
deLied business plan for a start-up.
E. S. Roberts, E. A. von Hippel
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15.416J introduction to Financial
Economics (A)

(Same subject as 14.416J)
Prereq.: 14.121, 14.122
G (1, 2)
3-0-6

Foundations of modem financial economics;
individuals' consumption and portfolio
decisions under uncertainty and implications
for the valuation of securities. Topics include:
expected utility theory; stochastic dominance;
portfolio frontiers; mutual fund separation;
asset pricing model; arbitrage pricing theory;
Arrow-Debreu economies; dynamic spanning;
options; rational expectations; financial signal-
ing. Primarily for doctoral students in account-
ing, economics, and finance.
J L. Vila

i1.432 Capital Markets and Financial
Institutions (A)
Prereq.: 15.415
G (2)
3 0-6

Role and functioning of the capital and money
markets as a device for the allocation of re-
sources, the channeling of investable funds,
and the reallocation of risk. Function of finan-
cial intermediaries operating in these markets.
Information.. C. Myers-

15.433 Security Prices (A)
Prereq. 15415
G (1)
3-0-6

Studies behavior of security prices and
returns. Empirical work on efficient markets
hypothesis and capital asset pricing models.
Applications to portfolio management and cor-
porate finance Requires empirical term project.
A. W Lo

15.434 Capital Investment Decisions (A)
Prereq 15.415
G (2)
3-0-6

Theory and practice of capital investment
decisions. Approaches to estimating risk and
adjusting for it. Applications of option pricing
and new approaches to valuation. Managerial
incentive problems in investment decisions.
The market for corporate control. Bankruptcy
Financial auctions.
D. Scharstein, J. Stein

15.435 Corporate Financing Decisions (A)
Prereq.: 15.415
G (1, 2)
3-0-6

Theory and practice of corporate financing
decisions. Empirical work on debt and dividend
policy; agency cost and signaling models;
issue procedures and investment banking;
leasing, project financing, convertible
securities.
S. C. Myers

15.436 international Financial Markets (A)
Prereq.; 15.012, 15.415
G (1, 2)
3-0-6

Analysis of financial markets and instruments
in context of globalization. Exchange rate
determination; statistical properties of ex-
change rate behavior; asset pricing and asset
allocation in face of volatile real exchange
rates, cross-border taxes and barriers and dif-
ferent consumption preferbnces. Intemational
portfolio management; Treasury risk manage-
ment and performance measurement. Curren-
cy futures, options and swaps; selected topics
in the management and regulation of interna-
tional financial service firms.
J. Wang

15.437 Options and Futures Markets (A)
Prereq . 15415
G (1, 2)
3-0-6

Develops option pricing theory Applies theory
to valuation of put and call options, loan
guarantees, and corporate liabilities Empirical
tests of the models and investment strategies.
Futures markets, emphasizing financial futures
and their uses.
J C Cox

15.438 Investment Banking and Markets (A)
Prereq. 15.415
G ()
30-6

Surveys the investment banking industry and
the financial markets and intermediaries dealt
with by the industry Description of trading and
hedging techniques. Analysis of new financial
innovations and analytical techniques.
F J Fabozzi

15.439 International Corporate Finance (A)
Prereq. 15.415, 15.436, or Permission of In-
structor
G (2)
3-0-6

Theory and practice of investment, financing,
contracting, and risk management decisions of
firms operating internationally, with emphasis
on interactions of financial considerations with
operating strategy and tactics. Implications of
fluctuating exchange rates, differing fiscal
regimes, distorted and segmented capital
markets, and cross-border risks for corporate
decisions.
0. R. Lessard

Accounting15.440J Advanced Financial
Economics I(A)
(Same subject as 14.440J)
Prereq.: 15.416J
G (1)
3-0-9

Covers advanced topics in the theory of finan-
cial markqts with a focus on continuous time
models. Topics include multiperiod securities
markets and martingales; pricing of contingent
securities such as options; optimal consump-
tion and portfolio problems of an individual;
dynamic equilibrium theory and the Intertem-
poral Capital Asset Pricing Model; and 'arm
structure of interest rates. This subject is
primarily for doctoral students in accounting,
economics, and finance.
C. -F Huang

15.441J Advanced Financial
Economics 11(A)

(Same subject as 14.441J)
Prereq.: 15416J
G (2)
3 -0-9

Surveys selected topics in current advanced re-
search in corporate finance. Primary focus is
upon problems of information and game theory
as they apply to corporate financing decisions,
market micro-structures (including the
takeover markets), the design of efficient and
optimal financial contracts, organization and
accounting structure design, and asset valua-
tion. This subject is primarily for doctoral stu-
dents in accounting, economics, and finance.
D. Scharfstein, J. Stein

15.442J Advanced Financial
Economics Ill (A)
(Now)

(Same subject as 14.442J)
Prereq.: 14.382 or 14.388 and 15.440J or Per-
mission of Instructor
G (2)
3-0-9

Surveys topics in empirical finance with an em-
phasis on capital markets. Topics include es-
timation and testing of the intertemporal
Capital Asset Pricing Model; empirical term
structure models; estimation of diffusion
processes with eplications in finance; mean
reversion in asset markets; and general time
series econometric methods. This subject is
primarily for doctoral students in accounting,
economics, and finance. Some econometric
background is assumed.
J C. Heaton

15.449 Special Seminar in Finance (A)
Prereq.: 15410 or 15.412 or 15.415
G (1, 2)
Units arranged

Opportunity for group study by graduate stu-
dents oil current topics related to finance not
otherwise included in curriculum.
F J. Fabozzi

15.501 introductory Financial Accounting_

Prereq.: -
U (1, 2)
3-0-6

Introduces basic concepts and techniques of
collecting, processing, and reporting financial
information generated by a business. Em-
phasizes basic financial accounting concepts
and methods of financial analysis.
U. Ronnen

15.511 Financial and Management
Accounting

Prereq.: -
G ()
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 inormation (especially
managers) rather than the preparer (the ac-
countant). Restricted to Sloan Fellows. Infor-
mation: P. Healy.

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. Ex-
amines financial valuation issues in account-
ing. Introduces methods of financial analyses,
with goal of enabling students to understand
and use corporate financial statements.
Restricted to Sloan School of Management
graduate students.
PHealy, R. Bhushan

15.516 Introductory Financial Accounting
(A except XV)
Prereq.: Permission of Instructor
G (1, 2)
3-0-6

Meets with 15.501.
U. Ronnen

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.
Principles of measurement. Develops
framework for assessing behavioral dimen-
sions of control system design; impact of dif-
feren managerial styl.as on motivation and
performance in an organization.
K. Verma

15.525 Corporate Financial Accounting (A)
Prereq,: 15.501 or 15.511 or 15515 or 15.516
G (1, 2)
3-0-6

Examination of corporate financial accounting
policy, fundamental issues, and emerging
shifts in the financial accounting area. Ad-
vanced analysis and interpretation of financial
statements and pronouncements of various
agencies concerned with financial accounting
(FASB, SEC, etc.).
U. Ronnen

15.532 Planning and Control Systems (A)
Prereq.: 15.501 or 15.515 or 15516
Acad Year 1990-91: Not offered
Acad Year 1991-92: 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
strategic development and operating perfor-
mance. Goal formation and direction setting,
long-range planning, budgeting and monitoring
systems. Design of responsibility accounting
systems in relation to strategy; problems of
multidimensional measurement. Coordination
of responsibility centers and transfer pricing
mechanisms. Content of 15521 relevant but
not required Information: P Healy-

15.535 Financial Statement Analysis (A)
Prereq.: 15.515, 15.410 or 15.411 or 15.412 or
15.415
G (1, 2)
3-0-6

Techniques for financial statement analysis
and uses of analysis in a decision-making con-
text. Applications include lending decisions,
risk analysis, and equity valuation for merger
and divestiture purposes. 15.525 recom-
mended.
P Healy

15.539 Special Seminar in Accounting
and Control (A)
Prereq.: 15.515
G (1, 2)
Units arranged

Designed primarily for doctoral students in ac-
counting and related fields. The reading list
consists of accounting research papers. The
objective of the course is to introduce research
topics, methodologies, and developments in
accounting.
R. Bhushan

Information Technologies

(formerly Management
Information Systems)

15.560 Decision Support Systems I

Prereq; -

G (1)
2-0-4

Introductory concepts in computer hardware,
software, and management information sys-
tems. Familiarization with and use of computer
resources and software. Restricted to
graduate students in Sloan School of Manage-
ment
C. F Kemerer, T W Malone, S. E. Madnick

15.562 Principles of Information
Technology (A)
Prereq.: 15.560 or programming experience
G (1, 2)
30-6

Introductory examination of issues related to ef-
fective use of computer-based information sys-
tems in organizations. Topics: strategic uses of
information technology, frameworks for analyz-
ing need for information systems, designing
and implementing systems for effective use,
management of the information system life
cycle. Limited enrollment.
W J. Orlikowsk, J. F Rockart

15.564 Information Technology I (A)

Prereq.: 1.00 or 2.10 or 6.001 or 15.560 or
programming experience
G (1,2)
4-0-8
Intense coverage of modem information tech-
nology and its operational and strategic ap-
plications. Technology topics include computer
architecture; 1st-, 2nd-, 3rd-, and 4th-genera-
tion programming languages; translators and
compilers; table processing; searching and
sorting; database systems; and operating sys-
tems. Student projects, using machine lan-
guage, assembly language, C programming
language, SQL database language, and the
UNIX Shell command language.
S. E. Madnick, R. Davis, Y R. Wang
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15.565 Information Technology 11 (A)

Prereq.: 15.564
G (1, 2)
3-0-6

Provides background in and a framework for in.
tegrating the concepts essential to analysis
and development of computer-based informa-
tion systems: data management software tech-
niques, computer-based design aids, and
concepts relevant to managing information as
a corporate asset. Develops students' under-
standing of computer technology to enable its
use in new and creative ways in an organiza-
tion and use of actual management informa-
tion systems
S. E Madnick, Y R. Wang

15.568 Management of Information
Systems (A)

Prereq.: 15.564, 15.565
G (1.,2)
3-0-6

Concepts, frameworks, tools, techniques, and
processes that assist management in its inter-
action with and direction of computer-based in-
formation systems today. Discusses major
transaction processing systems of the firm, as
well as those systems used primarily for
managerial information. Emphasizes
managerial point of view and organizational is
sues involved in managing a firm's information
resources
J F Rockari, T W Malone, J. C. Henderson

15.569 Advanced Decision Support
Systems (A)

Prereq.: 15 564 or 15.565
G (1, 2)
3-0-6

Focuses on issues and techniques involved in
development of computer-based systems
designed to support managers decision-
making and problem-solving processes.
Topics: assessment of the technology avail-
able, and discussion of the design and im-
plementation of such systems in ongoing
organizations. Lectures, cases, projects, and
analysis of existing decision support systems.
C. F Kamerer

15.571 Advanced Computer Systems (A)
Prereq. 15.564
G (2)
3-0-6

Detailed analysis of workstation/PC and main-
frame OSs, which are viewed as providers of
service and managers of resources. Histoncal
discussion of issues and trends with implemen-
tation of multiprogramming, virtual storage,
multiprocessing, networking, open systems,
and UNIX* as specific examples. Attention to
management of technology and technologists
throughout the term. A month-long case study
toward end of term assesses the real-world
consequences of technologies, Some program-
ming background assumed. Large amourt of
reading required
R. A MacKinnon

15.574 Theoretical Foundations for
Information Technology (A)
Prereq.: 15.560 or programming experience
G (1)
3-0-6

Presents a theoretical background for many im-
portant topics in information technology such
as efficiency of algorithms, computer perdor-
mance evaluation, computer communications,
parallel processing, and database manage-
ment systems. Theoretical foundations are
drawn from areas such as combinatorics,
queuing theory, concurrency control, theorem
proving, and Petri nets Primarily for doctoral
students.
S. E Madnick

15.575 Theoretical Foundation for the
Management of Information Technology (A)
Prereq.: 15 564 or equivalent
G (2)
3-0-6

Builds upon relevant theoretical perspectives
such as transaction cost theory, organizational
theories and theories of change management
to examine major issues in the management of
information technology. Research literature is
used both to explore the application of these
theories and to illustrate alternative research
methodologies used in the development and
testing of these theories. Primarily for doctoral
students
J. C. Henderson. C. F Kemerer

15.578 Communications and Connectivity
Among Information Systems (A)
Prereq 15.560 or equivalent
G (2)
30-6

Explores critical issues of communications and
connectivity among information systems from
strategic, organizational, and technical
perspectives Strategic connectivity: competi-
tive forces, interlinked value chains, motivating
strategic alliances. Physical connectivity.
software, hardware, protocols of local-area
and wide-area communications networks. Logi-
cal connectivity: distributed databases, object-
oriented systems, semantic reconciliation,
Organizational connectivity: loosely coupled or-
ganizations, development of stardards
S E Madnick

16.579 Special Seminar in Information
Technology (A)

Prereq : 15.564
G (1, 2)
Units arranged

Opportunity for group study by graduate stu-
dents on current topics related to information
technology not otherwise included in cur-
riculum.
S E. Madnick

15.581 Information Systems and Law (A)

Prereq : Permission of Instructor
G (2)
3-0-6

Examines interlocking technological and legal
issues that arise in the operation of computer-
based information systems in society. Em-
phasizes, in class discussions and in term
projects, interdisciplinary definition, analysis,
and solution of specific problems. Continuing
effort toward improving and integrating techni-
cal, social, and legal concepts of information.
Topics: protection of privacy and of proprietary
rights in software, computer crime, computer
ethics, jurimetrics.
J. A. Meldman

15,599 Workshop in Information Technology
Prereq.: Permission of Instructor
G (1, 2)
Units arranged

Presentations by faculty, doctoral students,
and guest speakers of ongoing research relat-
ing to current issues in information technology,
as well as discussions of key research papers
in the field Specific topics determined by the
interest of participants and by new and impor-
tant directions in information technology. Back-
ground readings and active participation by
students expected. Primarily for doctoral stu.
dents
S. E Madnick, C. F Kemerer

Law

15.601 The American Legal System
Prereq 14.01 or 1402 or equivalent
U (1)
3-06 HASS

Meets with 15.611,
.'. A. Meidman

15.611 The American Legal System (A)

Prereq 1401 or 1402 or equivalent
G (1)
3 0-6

General intensive introduction to law and the
American legal system. Analyzes components
and operation of the legal process in context of
specific legal problems. Examines judicial
reasoning and development of legal doctrine,
Topics: torts, contracts, criminal and constitu-
tional law, trial procedure and evidence, ad-
ministrative law, scope of the judicial process,
and the relationships between state and
irederal law Extensive reading of casie law
together with textual materials and legal es-
says
J. A. Meldman

15.615 The Manager's Legal Function (A)

Prereq.: -
G (1, 2)
3-0-9

Provides a basic understanding of legal issues
that corporations meet during their existence.
Follows one firm throughout its life-from birth
to bankruptcy, first as a breakaway from an es-
tablished high-tech firm, then proceeding
through initial funding efforts, establishment of
its capital and corporate structure, and through
problems in labor, trade secrets, contracts and
antitrust, product liability, and resolution of
transnational and domestic business disputes.
J D. Nyhart, J. A. Lachman

15.635 International Law and Regulatory
Order (A)

Prereq..
G (2)
30-6

Jurisdiction, sources, and nature of internation-
al law Issues basic to private-sector
managers, including international economic
law, extension of US domestic regulatory
policies beyond US territory, and the problems
of obtaining consistency among nations'
regulation of transborder business. Emer-
gence of international regulation of transporta-
tion, communications, trade, ocean use,
finance, food and health standards, and multi-
national corporatons.
J. . Nyhart

15.640 Seminar on Government-Business
Relations (A)

Prereq -

G (2)
3-0-6

Emphasizes process through which law is
made at congressional, executive, and ad-
ministrative agency levels, and defines key
points at which business executives can shape
legislation and policy. Discusses ways to
resolve conflicts between government and
business. Weekly sessions divided between
outside speakers from both sectors and class
room materials and discussion. Requires term
paper Meets with 15.645.
J D. Nyhart

15.645 Government and the Management of
Technology (A)

Prereq.: -
G (2)
3-0-6

The changing role of government in shaping
and directing the management of technology
in the civilian sector of the economy. Principal
themes- rationales, processes, and
mechanisms of government involvement;
promotion and regulation of technological
development and use by government; and in-
dustrial policy in the US and other countries. Il-
lustrative case studies: protection of individual
property, R&D policy, environmental regula-
tion, administrative law. Meets with 15.640.
J D. Nyhart

15.649 Special Seminar in Law (A)

Prereq -
G (1, 2)
Units arranged

Opportunity for group study by graduate stu-
dents on current topics related to law not other-
wise included in curriculum.
J. D. Nyhart, J. A. Lachman

15.650.J Chemicals in the Environment:
Policy and Management (A)

(Same subject as 11.363J., TPP 54J)
Prereq
G (2)
3-0-6

See description under subject 11 .363J.
J. 0. Nyhart, J. R. Ehrenfeld, L. E. Susskind

15.655J Law, Technology, and Public
Policy (A)
(New)

(Same subject as 3 576J, TPP 32J)
Prereq -
G (2)
3-0-6

See description under subject TPP 32J.
N. A. Ashford, C. Caldart

15.656J Technology, Law, and the Working
Environment (A)
(New)

(Same subject as 10.805J, TPP 35J)
Prereq -
G (1)
3-0-6

See description under subject 10.805J.
N. A. Ashford, C. Caldart

See also 15.581.

Industrial Relations and
Human Resource
Management

15.660 Industrial Relations and Human
Resource Management

Prereq.: -
G (2)
2-0-4

15.662 lndustr'al Relations and Human
Resource Management (A)
Prereq.: -
G (S)
3-0-6

15.663 Collective Bargaining and
Employment Policies

Prereq.: -
G (1)
3-0-6

Introduces industrial relations and human
resource management at level of the firm. Ex-
plores role of firm in its larger industnal rela-
tions systems. Examines effects of the
environment on human resource management
strategies. Assesses strategies against their of-
fets on the firm, its employees, labor organiza-
tions, and public policies. Uses collective
bargaining game to demonstrate dynamics of
negotiations and conflict resolutions. 15.660
restricted to Sloan School of Management
graduate students. 15,662 restricted to Sloan
Fellows. Coverage in 15662 and 15.663
deeper and more extensive.
15.660 T A. Kochan
15.662: R. B. McKersie
15663: T A.Kochan

15.664 Management of Human
Resources (A)

Prereq.: -
G (1)
2-0-7

Seminar covering various topics in labor
economics and human resources. Topics in-
clude career patterns in organizations, public
employment policy, impact of technical
change, discrimination and affirmative action,
wage determination, training policy, and
unionization
P Osterman
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15.665 Power and Negotiation (A)

Prereq.: -
G (1)
3-0-6

Provides understanding of the theory and
processes of negotiation as practiced in a
variety of settings. Designod for relevance to
the broad spectrum of bargaining problems
faced by the manager and professional. Allows
students opportunity to develop negotiation
skills experientially and to understand negotia-
tion in useful analytical frameworks. Em-
phasizes simulations, exercises, role playing,
and cases.
R. B. McKersie, M. P. Rowe

15.666 Negotiation and Conflict
Management (A)

Prereq.: Permission of Instructor
G (2)
3-0-6

Explores theory and processes of negotiation
within an employment context. Covers conflict
management as a first party and as a third
party (third-party skills include helping others
deal directly with their conflicts, mediation, in-
vestigation, arbitration, helping the system it-
self to change as a result of a dispute). Special
cases: abrasiveness, dangerousness, mean-
ness, whistleblowing, ethics. Simulations of dif-
ficult situations: hiring, firing, drug use, etc.
Complementary to 15.665.
M. P Rowe

15.671J Labor Economics I (A)
(Same subject as 14.671J)
Prereq. 14.64 or 15.663
G (1)
3-0-6

See description under subject 14 671J.
T Lemieux, M. J Piore

15.672J Labor Economics 11(A)

(Same subject as 14.672J)
Prereq.:14.04
G (2)
3-0-6

See description under subject 14 672J,
H. S. Farber, T Lemieux

15.674J International Perspectives on
Industrial Relations and Human
Resource Development (A)

(Same subject as 14.674J, STS 505J)
Prereq.: 14 I or 15.660 or Permission of In-
structor
G (1)
3-0-6

International and comparative analysis of in-
dustrial relations systems and systems of
human resource development. Concentrates
on an examination of selected issues involving
the nature and functions of labor and manage-
ment organization in different contexts, role of
the state in establishing procedures and shap-
ing the substance of industrial relations,
employment structure in the context of com-
parative systems of human resource develop-
ment, worker participation in management,
and other topics.
M. J. Piore, R. J. Thomas, L. M. Lynch

15.675J Advanced Topics in Labor
Economics (A)

(Same subject as 14 675J)
Prereq 15 672J or Permission of Instructor
G (2)
3-0 9

See description under subject 14 675J.
H. Farber

15.676 Industrial Relations Theory and
Research Seminar (A)
Prereq.: Permission of Instructor
G (2)
20-7

Historical evolution and assessment of re-
search in industrial relations Introduces doc-
toral students to the field and explores where
their research interests fit within the broader
field First part compares the normative as-
sumptions, theories, and methodologies used
by economists, historians, sociologists,
psychologists, and legal scholars from the lat-
ter 19th century to the present. Final portion
explores strategies for advancing research on
topics of current interest to participants.
T A. Kochan

15.691J Research Seminar in Industrial
Relations (A)

(Same subject as 14 691J)
Prereq.: -
G (1)
3-0-6

15.692J Research Seminar in Industrial
Relations (A)

(Same subject as 14 692J)
Prereq
G (2)
3-0-6

Discusses important areas for research in in-
dustrial relations, frameworks for research, re-
search techniques, and methodological
problems. Centered mainly on staff research
and the thesis research of advanced graduate
students and invited guests Information: R .B
McKersie

15.699 Special Seminar in industrial
Relations (A)

Prereq.: 15.660 or 15.662 or 15.663
G (1, 2)
Units arranged

Opportunity for group study by graduate stu-
dents on current topics related to industrial
relations and human resource management
not otherwise included in curriculum.
T A. Kochan

Operations Management

15.760 Introduction to Operations
Management

Prereq.: 15.061, 15.062
G (2)
2-0-4

15.761 Operations Management (A)
Prereq. 15.053or 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 im-
provement of manufacturing and service opera-
tions. Includes process analysis, project
analysis, forecasting, materials management,
production planning and scheduling, quality
management, computer-aided manufacturing
technologies, capacity and facilities peinning,
and operations strategy. 15.760 restricted to
graduate students in Sloan School of Manage-
ment. Coverage is deeper and more extensive
in 15.761.
S. D Eppinger, K T Ulrich, L M. Wein

15.763 The Practice of Operations
Management (A)

Prereq: 15:760 or 15.761
G (1)
3-0-6

Provides an opportunity to learn how to diag-
nose complex problems, structure relevant
solutions to them, and deal with issues of im-
plementing the solutions. Case analyses and
projects in local manufacturing and service or-
ganizations extend understanding of and
ability to deal with operating management
situations. Emphasizes integrative approach,
using methodologies drawn from operations re-
search, management information systems,
and organization design.
S. C. Graves, A. Balakrishnan

15.764 The Theory of Operations
Management (A)
Prereq.: 15.081 or 6.251, 6.431, 15.761
G (2)
3-0-6

Focus on theoretical work for studying opera-
tons planning and control problems. Topics
vary from year to year, and will include inven-
tory theory, sequencing theory, aggregate
production planning, production scheduling,
multistage production/distribution systems, per-
formance evaluation, and flexible manufactur-
ing systems.
A. Balakrishnan

15.768 Operations Management in the
Service Industry (A)
Prereq.: Permission of Instructor
G(1)
3-0-6

Explores the difference between service and
manufacturing operations, and the degree of
distinct management skills and tools required.
Analyzes cases selected from variety of ser-
vice operations. Guest speakers from specific
service industries discuss essence of manag-
ing those operations.
G. R. Bitran

15.769 Manufacturing Policy (A)

Prereq 15.760or 15.761 or Permission of In-
structor
G(1, 2)
3-0-6

Provides framework for analyzing strategic is-
sues in manufacturing. Analyzes relationships
between manufacturing managers and their
suppliers, customers, competitors, superiors,
and hourly workers. Also covers the interface
between manufacturing and marketing, en-
gineering, quality, purchasing, finance, and ac-
counting. Devotes a moderate amount of time
to how the Japanese do it.
C. H. Fine

15.770J Transportation and Logistics
Analysis (A)

(Same subject as 1.208J)
Prereq.: Permission of Instructor
Acad Year 1990-9 1: G (2)
Acad Year 1991 -92: Not offered
3-0-6

See description under subject 1.208J.
S. C. Graves, Y Sheffi
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15.778 Service Industry Operations (A)

Prereq.: Permission of Instructor
G (1)
2-0-4

Examines the special problems of designing,
producing, and delivering services (as op-
posed to physical goods) and explores the dif-
ferent management tasks faced in various
types of service firms. The primary (though not
exclusive) focus of the course is on operations
management, including the relationship be-
tween operating decisions and company
strategy. Restricted to Sloan Fellows.
G. R. Bitran

15.779 Manufacturing Management (A)

Prereq.: Permission of Instructor
G (1)
2-0-4

Provides framework for analyzing strategic is-
sues in manufacturing. Analyzes relationships
between manufacturing managers and their
suppliers, customers, competitors, superiors,
and hourly workers Also covers the interface
between manufacturing and marketing, en-
gineering, quality, purchasing, finance, and ac-
counting. Devotes a moderate amount of time
to how the Japanese do it. Similar in content to
15.769 Restricted to Sloan Fellows.
C. H. Fine

15.783 Product Design in Manufacturing
Management (A)
(New)

Prereqa 15760 or 15761 or 2.73 or 2.7 3 1 or
Permission of Instructor
G (2)
3-0-6

This class addresses the role of product
design in the manufacturing firm. The subject
uses cases, hands-on exercises, readings,
and guest speakers to investigate topics includ-
ing quality improvement and design-for-produc-
tion. Emphasis is placed on the total product
delivery system consisting of marketing,
product engineering, and production.
Familiarity with basic engineering concepts is
assumed. Students with a strong career inter-
est in product design and production are espe-
cially encouraged to enroll.
S. D. Eppinger, K T Ulrich

15.785 Thesis Projects in Design for
Manufacturability

Prereq.: -
Acad Year 1990-91: Not offered
AcadYear 1991-92.G(1)
2-1-3

Seminar introduces students to thesis projects
which involve the redesign of products for in-
dustrial clients. Sloan School master's stu-
dents and mechanical engineering seniors
work together in teams to investigate the
project situations and identify thesis topics. In-
dividual thesis proposals are presented at the
end of the fall semester, and the thesis re-
search is completed in the spring semester.
S. D. Eppinger

15.792J Prosominar in Manufacturing

(Same subject as 2.890J, 3.80J, 6.943J,
10.792J, 1623J)
Prereq.: -
G (1, 2)
3-0-3 JP/F]

Provides an integrative forum and experience
for students, faculty, and companies affiliated
with the Leaders for Manufacturing (LFM) Pro-
gram. The seminar covers a set of integrative
manufacturing topics or issues, and includes
presentations by LFM faculty and guest
speakers. Examples of topics: Total Quality,
Design for Manufacturability, Systems Ap-
proach, Improvement of Development Cycle,
CIM, and Performance Measurement. Presen-
tation of research projects done by LFM stu-
dents. Primarily for LFM Fellows.
T H. Lee, S. C. Graves

15.794 Research Project in
Manufacturing (A)
Prereq.-
G (S,1)
Units arranged

A special projects course designed for Leaders
for Manufacturing (LFM) students in conjunc-
tion with on-site projects at LFM partner com-
panies. Student teams work on
faculty-supervised research projects that deal
with a specific aspect of manufacturing. Stu-
dents are required to summarize their work in
the context of understanding organization,
team-work, and task management. Completion
of projects is the basis for joint theses in
management and engineering.
0. B. Rosenfield

15.795 Seminar in Operations
Management (A)

Prereq.: 15.760 or 15.761
G (1, 2)
3-0-6

Topics vary from year to year. Typical ex-
amples from past years- manufacturing
strategy, managing quality improvement.
C. H. Fine

15.799 Workshop in Operations
Management

Prereq.- Permission of Instructor
G (1, 2)
Units arranged

Presentations by faculty, doctoral students,
and guest speakers of ongoing research relat-
ing to current issues in operations manage-
ment. Topics: reports of research projects
(proposed or in progress) and informal discus-
sions of recent literature dealing with subjects
of special interest to participants. Primarily for
doctoral students. Consult S. C. Graves.
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15.824 Marketing Communications (A)
Prereq.: 15.810or15.812
G (1)
3-0-6

15.810 Introduction to Marketing

Prereq.: 15.061, 15.062
G (2)
2-0-4

Introduces concepts and skills needed to
manage the marketing function. Topics:
marketing strategy, competitive analysis, con-
sumer behavior, new product development,
marketing research, and the marketing mix
advertising, promotion, personal selling, dis-
tribution, and pricing. Lectures, cases, and
problem sets. Class meets three times per
week for half the term. Primarily for graduate
students in Sloan School of Management.
Others please note 15.812.
J. D. C. Little, J. R. Hauser

15.811 Strategic Marketing (A)

Prereq.: 15.063, 15.511
G (1)
3-0-6

An examination of the marketing process from
the perspective of the general manager, with
particular emphasis on customer behavior, the
development and marketing of new products,
and the special challenges of the global
marketplace. Restricted to Sloan Fellows.
S. H. Star

15.812 Marketing Management (A)
Prereq.: 15.061 or 6.041 or 14.30 or 18.05
G (1)
3-0-6

Similar content to 15.810, but coverage is
deeper and more extensive. Primarily for non-
Sloan School graduate students and under-
graduate students.
W J. Quails

15.814 Marketing Management (A)
Prereq.: 15.061 or equivalent
G (1)
3-0-6

Similar in content to 15.812 but with a technol-
ogy focus. Restricted to Management of Tech-
nology students.
W Chu

15.820 Advanced Marketing
Management (A)

Prereq.: 15.810 or 15.812
G (2)
2-0-4

Concentrates on advanced topics in market-
ing. Guest speakers, case studies, and team
participation in marketing strategy game.
Primarily for Sloan School of Management
graduate students; others admitted by permis-
sion of instructor.
J. R. Hauser

Focuses on issues involved in the manage-
ment of advertising and promotion strategy.
Familiarizes students with concepts and tech-
niques relevant to the planning and control of
marketing communication campaigns. Lec-
tures, guest speakers, case discussions,
projects.
F Leclerc

15.825 Marketing Models (A)
Prereq.: 15.810, 15.812, or Permission of in-
structor

0(1)
3-0-6

Basic modeling approaches. Models for
specific decision areas: price, promotion, ad-
vertising, distribution, and sales force. Integra-
tive models; the marketing mix, new products.
Emphasizes decision support systems.
W Chu

15.826 Industrial Marketing (A)_
Prereq.: 15.810 or 15.812
S(1)
3-0-6

Focuses on the marketing of products and ser-
vices to organizational consumers. Em-
phasizes the implementation of specific
decision areas of price, sales force, distribu-
tion, and promotion for the industrial marketing
system.
W J. Qualls

15.828 New Product Development (A)
Prereq.: 15.810 or 15.812
G0(2)
3-0-6

Identifies new market opportunities. Designs
"core benefits" of a new product having high
potential. Designs physical product and market-
ing mix to fulfill the *core benefits.* Testing,
launching, and managing the new product.
Develops theory, measurement, and models to
manage this process. Requires term project.
B. Wernerfelt

15.832 Measurement for Management (A)
Prereq.: 15.061
G0(1)
3-0-6

Familiarizes students with methods for collect-
ing, analyzing, and interpreting data relevant
to the managerial decision-making process.
Surveys design, sampling, questionnaire
design, focus groups, experimentation, scal-
ing, and data analysis. Focuses on measure-
ment of perceptions, attitudes, and
preferences. Lectures, guest speakers.
projects.
F Leclerc

Marketing

System Dynamics

15.852 Principles of Dynamic Systems I
Prereq.: -
U (1)
3-0-9 SCI DIST

15.872 Principles of Dynamio Systems I (A)
Prereq.: -
G (1)
3-0-9

Introductory course in system dynamics, a
powerful computer simulation technique for
modeling physical, human, and other systems.
Aids in the analysis of complex issuesssuch as
technological change, AIDS, corporate
strategy, ecological change, economic turmoil,
and student burnout. Lan to deal with situa-
tions where policies are defeated by unan-
ticipated reactions and side effects.
Emphasizes a mix of computer models, role-
playing games, and case studies. Hands-on
experience with a variety of computer simula-
ton models and software.
J. 0. Sterman

Management 145D
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15.874 Marketing Strategy (A)
Prervq.: 15.810 or 15.812
G (2)
3-0-6

Examines marketing aspects of strategy for-
mulation. Studies market phenomena that are
foundations of strategy. Analyzes management
science models for brand, product line,
strategic-business unit, and corporate market-
ing strategy. Lectures, cases, guest speakers.
G. L. Urban

15.838 Research Seminar In Marketing (A)
Prereq.: 15.810 or 15.812
G (1, 2)
3-0-6

Seminar on current marketing literature and
current research interests of faculty and stu-
dents. Topics such as the game theory, com-
petitive strategy, marketing experimentation,
and the development of marketing models.
Consult B. Wemerfelt.

15.839 Workshop in Marketing
Prereq.: Permission of Instructor
G (1, 2)
Units arranged [P/FJ

Presentations by faculty, doctoral students,
and guest speakers of ongoing research relat-
ing to current issues in marketing. Topics:
reports of research projects (proposed or in
progress) and informal discussions of recent
literature dealing with subjects of special inter-
est to participants. Primarily for doctoral stu-
dents.
W J. Qualls

-I

15.873 Principles of Dynamic Systems 11(A)
Prereq.: 15.872 or 15.874
Acad Year 1990-91: Not offered
Acad Year 1991-92:G (2)
3-0-9

Continues philosophy and methods of 15.872,
with purpose of expanding students' ability to
build computer simulation models and analyze
behavior arising from complex dynamic feed-
back systems. Topics: translating qualitative
observations on real systems into quantitative
models; methods for relating system structure
to system behavior; common errors in model
construction and policy design. Alternate years.
J. D. Sterman

15.874 System Dynamics for Business
Policy (A)
Prereq.: -
G (1, 2)
3-0-9

Why do so many business strategies fail? Intro-
duction to system dynamics modeling applied
to corporate strategy. Uses a mixture of simula-
tion models, role-playing games, and case
studies to develop principles for successful
management of complex strategies in a
dynamic world. Case studies of successful
strategy design using system dynamics. Con-
siders strategic issues such as business
cycles, market growth and stagnationsthe dif-
fusion of new technologies, the misuse of
forecasts, and the rationality of managerial
decision making.
J. D. Sterman

15.875 Applications of System
Dynamics (A)

Prereq.: 15.872 or 15.874
Acad Year 1990-91: G0(1)
Acad Year 1991-92: Not offered
3-0-6

Project-based subject, applying methods of
system dynamics to real corporate problems.
Class divided into groups that act as consult-
ants to local corporations. Meetings with cor-
porate managers and staff to obtain
information for model construction; instructor
provides advice and guidance on model for-
mulation and testing. Final report on work
done and recommendations. Alternate years.
J. D. Sterman

15.878 Economic Dynamics (A)
Prereq.: 15.872 or 15.874
Acad Year 1990-91: Not offered
Acad Year 1991-92:G (1)
3-0-6

Introduces system dynamics modeling of
economic systems, focusing on the dynamics
of modem industrial economies. Combines lec-
tures, exercises, and a term project on subject
of student's choice. Topics: economic cycles,
inflation and unemployment, periods of depres-
sion, capital investment and monetary policy,
and resource depletion. Alternate years.
J. D. Sterman

Corporate Strategy and
Policy

15.930 Strategic Management

Prereq.: -
G (1)
2-0-4

15.931 Strategic Management (A)
Prereq.: -

G (1)
3-0-6

Deals with approaches to strategic manage-
ment problems affecting all facets of the
enterprise. Discussions, cases, field studies,
and readings trace strategy practice, methodol-
ogy, and theory. Focus on both strategic for-
mulation and implementation. 15.930 useful as
a broad introduction to the corporate strategy
field and is restricted to Sloan School of
Management graduate students. Coverage is
deeper and more extensive in 15.931 and is
restricted to Sloan Fellows.
15.930: M. A. Cusumano, R M. Henderson,
M. S. Scott Morton, M. J. Tyre,
N. Venkatraman
15.931: A. C. Hax

15.932 Technology Strategy (A)
Prereq.: 15.930 or 15.931 or Permission of In-
structor
G (2)
3-0-6

Considers key aspects of the emerging tech-
nology-strategy relationship in the large cor-

poration from different perspectives, including
the individual firm, an entire industry, the in-
dustrial policy of a nation, cross-country com-
parisons, and cross-industry comparisons.
Uses conceptual readings, empirical studies,
case studies, student field studies, and invited
outsid. speakers. Information: J. Utterback.

15.933 Advanced Strategic Management (A)
Prereq.: 15.930 or 15.931 or Permission of In-
structor
G (2)
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.
Course emphasizes a technological and global
outlook since this orientation highlights sig-
nificant emerging trends in strategic manage-
ment.
A. C. Hax

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. Venkatraman

15.936 Applied Corporate Analysis (A)
Prereq.: 15.412or 15.415, 15.761, 15.812
G (1)
3-0-6

Provides practice in identifying important
management issues, making reasoned judg-
ments about priorities, and defending choice of
issues 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. Uiited to 20.
W F Pounds

15.937 Game-Theoretic Strategic
Management (A)
Prereq.: 15.011
G(2)
3-0-6

Develops fundamental concepts relating to
strategic interactions in static and dynamic set-
tings, emphasizing the role of reputation forma-
tion, asymmetric information, bluffing,
signaling, incentives, and adverse selection.
The game-theoretic approach is applied to
case studies illustrating implicit collusion, entry
deterrence, takeovers, collective bargaining,
and executive compensation, among others.
G. Saloner

15.938 Economics for Technology
Strategy (A)
(New)

Prereq.: 15.011 or equivalent
G0(1)
3-0-6
Introduces students to the core concepts of
the economics of technological change and
their application to the formulation of technol-
ogy strategy. Topics include investment in re-

search as a function of market structure, firm
size, technical history, and organizational
capability; optimal licensing policies; joint ven-
tures; and theories of diffusion and adoption.
R. M. Henderson
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15.939 Advanced Topics In Policy and
Strategy (A)
Prereq.: 15.930 or 15.931
G (1, 2)
Units arranged

Directed research and study of advanced
topics in corporate policy and strategy, as well
as public policy relating to the private sector.
Primarily for doctoral students in Management;
others admitted by permission of instructor.
Information: N. Venkatraman.

15.941 Managing the Development
Effort (A)

Prereq.: 11.431 or 15.410 or 15.412 or 15.415
G (2)
3-0-6

Case studies of real estate development com-
panies illustrate management theory and con-
cepts Course topics include: strategic
planning, organization design, styles and skills,
delegation, motivation and rewards, learning,
information technology, and ethics. Students
are required to participate in field projects.
G. Schuck

Special Studies

15.UR Undergraduate Research in
Management

Prereq.: -
U (1, 2)
Units arranged [P/F]

15.950 Undergraduate Studies in
Management
(New)

Prereq.: -
U (1, 2)
Units arranged

Participation in the work of a research group
which includes such activities as independent
study of the literature, direct involvement in the
groups research (commensurate with the
student's skills and preparation), or project
work under an individual faculty member ex-
tending over more than one term. Admission
by arrangement with individual faculty mem-
ber. Students wanting a letter grade should
register under 15 950.
A. Balakrishnan

15.951 Special Studies in Management

Prereq.: -
U (1, 2)
Units arranged

Special tutorial arrangement with a faculty
member for guided reading, research,
laboratory, or teaching experience.
J. A. Meldnan

15.952-15.959 Special Seminars in
Management

Prereq.: -
U (1, 2)
Units arranged

Opportunity for group study by undergraduate
students on current topics related to manage-
ment not otherwise included in curriculum.
Consult Undergraduate Program Head-
quarters.

15.961 Special Studies in Management (A)
Prereq.: -
G (1,2)
Units arranged

For graduate students who desire to do ad-
vanced work or to carry out some special in-
vestigation of a management problem not
specifically covered elsewhere and not qualify-
ing as a thesis. Readings, conferences,
laboratory and fieldwork, and reports. Consult
Department Headquarters.

15.962-15.969 Special Seminars in
Management (A)

Prereq.: -
G(1, 2)
Units arranged

15.970 Special Seminar in Management (A)
(New)

Prereq.: -
G (1,2, IAP, S)
Units arranged [P/F]

Opportunity for group study by graduate stu-
dents on current topics related to management
not otherwise included in curriculum. Consult
Department Headquarters.

15972J Technology, Productivity, and
Industrial Competition
(15.970J)
(Same subject as 17.172J, 22.843J, STS 511J)
Prereq.: Permission of instructor
Acad Year 1990-91: G (2)
Acad Year 1991-92: Not offered
3-0-9

See description under subject 22.843J.
R. K Lester

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
managerial philosophies, practical problems of
management, and personal career paths, and
enables students to develop skill in careful lis-
tening and the art of asking questions.
Restricted to Sloan School of Management
graduate students.
D. A. Weber

15.978 Seminar In Management (A)

Prereq.: 15.511
G (1)
3-0-6

Fundamental economic, financial, organization-
al, and administrative relationships analyzed
and discussed by experienced leaders in busi-
ness, labor, and public administration. Ex-
amines managerial philosophies and practices
in the field and in seminar discussions.
Restricted to Sloan Fellows.
A. F White

147D

Course 16 Aeronautics and
Astronautics

16.UR Undergraduate Research 16.003 Unified Engineering Il 16.008 Computer Models of Physical and
Prereq.: - Prereq.: 16.001, 16.002 Engineering Systems
U (1, 2) U (2) Prereq.: 18.02, 8.01
Units arranged [P/F] 4-2-6 U (1)

Undergraduate research opportunities in 16.004 Unified Engineering IV 3-0-9 SCI DIST
aeronautics and astronautics. For further infor- Prereq.: 16.001, 16002 School-Wide Elective Subject. Description
mation, contact W. R. Markey, Departmental U (2) given at end of this chapter on SWE page.
Coordinator. 4-1-7 S. Shyam Sunder

16.001 Unified Engineering 1 16.003: Requires simultaneous registration 16.02 Aerodynamics
with 16.004. 16.004: Presents sound, basic

Prereq.: 8.01, 18.03 concepts, principles, and methods of engineer- Prereq.: 16.004 or 2.20 or 1.05
U (1) ing, emphasizing unified presentation of dis- U (1, 2)
4-2-6 SCI DIST ciplines, by application to high-technology 4-0-8
16.002 Unified Engineering 1l devices and aerospace systems. Topics: Kinematics and dynamics of fluids indynamics of rigid and deformable bodies; cen-
Prerq 8.0,18.0s ter of mass, rigid body motion, inertia tensor, aerodynamic applications. vorticity, circulation,
U (1) second law of thermodynamics, entropy, irre- Biot-Savart induction. Lift, drag, thrust, and the
4-1-7 versibility; high-speed flow, shock waves, momentum theorem. Energy conservation.

stresses in fluids, heat transfer; interaction be- Boundary layers, skin friction, heat transfer. Un-
16.001: Requires simultaneous registration tween component devices, signal flow feed- steady flow. Supersonic aerodynamics.
with 16.002. 16.002: Presents principles and back, and stability in control. Applications Methods of characteristics. Distribution of sin-
methods of engineering in a format of lecture, include strain energy and principles in struc- gularities. Interference and images. Panel
recitation, and design. Basic disciplines tural analysis, failure modes in structuresfrac- methods. Airfoils, Kutta condition. Wings, per-
presented with the unifying themes: forces and turefatigue, plasticity; beams, plates, shafts formance, subsonic flow. Turbulence, separa-
their interaction with solids and fluids; energy ture'ift'e, platicty;beams, plates tion and stall.
and energy transfer; systems control and infor- airfoil theory, flow over bodies, channel flow J. E McCune, S. Eidnall
mation handling. Topics: mechanics of solids thermal conversion, aircraft and rocket en-
and fluids, forces, stresses, geometry of mo- gines. Techniques presented for analysis and 16.025 Numerical Fluid Dynamics (A)ion, conservation of mass and momentum, optimization of systems. Experiments inic Prereq.: 16.02 or 16.06, 18.075or 18.085properties of solids and fluids; principles of mechais strength of materials, subsonic
measurement and control; temperature, ther- an ic f r or 18.086
modynaic properties, and states. First law of kets and turbo G (1)
thermodynamics; conservation of energy Ap- machinery; system dynamics and control, 3-0-9pticationsnincludecparticletdynamics;nstress and analog simulation of control system. Designplications include particle dynamics; stress and and evaluation of an aircraft or spacecraft com- Modeling and solution of flow field partial dif-strain in simple structures; low-speed flow; lift, ponent. ferential equations by discretization (finite dif-
aerospace systems. Laboratory exposure to E. F Crawley, R. J. Hansman, W M. Hollister, ference) methods. Physical concepts and
empirical methods in engineering; illustration J. L. Kerrebrock, J. E. McCune, H. Y Wachman descriptions for viscous/inviscid, one-/two-
of principles and practice. Design of a typical dimensional, steady/unsteady incompressible
aircraft or spacecraft element. Provides a 16.005 Introduction to Aerospace and compressible flow. Numerical sirmulation
sound basis for a wide variety of careers in en Engineering topics include accuracy, stability, convergence,
gineering. -iterative, and time-evolution techniques. Ap-
E. Crawley, R. J. Hansman, W.Hollister Prereq. - plications to extemal and intemal flows. Com-E. C e, R. Y achman U (2) puter assignments.J. E. McCune, H. Y Wachman3-1-5 J. R. Baron, M. B. Giles

Presents a broad view of steps involved in
developing aerospace systems from prelimi-
nary design to production. Drafting techniques,
weight estimation, aerodynamic analysis, con-
trol, structural design, cost estimating,
manufacturing processes, certification, and ser-
vice engineering discussed in the context of an
aerospace vehicle that each student designs.
Recommended for freshmen.
M. Drela
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16.026 Advanced Computational Fluid
Dynamics (A)

Prereq.: 16.025 or 2.274
G (2)
3-0-9

Computational methods for compressible invis-
cid and viscous flow. Euler and Navier-Stokes
equations in general nonurthogonal, cur-
vilinear coordinates, using finite-difference,
finite-volume, and finite-element methods.
Coordinate system generation. Draws applica-
tions from internal and external flow problems
in aerospace vehicles. Assignments requiring
use of digital computer.
M. B. Giles

16.028 Special Topics in Computational
Fluid Dynamics (A)
Prereq.: 16.026
G (1)
1-0-2

A seminar for students specializing in computa-
tional fluid dynamics. Topics vary with interests
of the class, but are drawn from emerging dis-
cretization techniques (finite-volume, spectral,
vortex methods), boundary condition treat-
ment, solution methods (direct solvers, multi-
grid, Alternating Direction Implicit), advanced
computer architecture, and CFD applications.
M. B. Giles

16.035 Fluid Mechanics (A)

Prereq.: 16.02 or 16.06, 18.075 or 18.085
G (1)
4-0-8

Prepares students for graduate study in fluid
mechanics and aerodynamics, and for some of
its applications in science and engineering. Dis-
cusses the basic concepts of continuous fluid
mechanics and how they underlie the proper-
ties of particular flow fields, such as potential
and rotational constant density inviscid and vis-
cous flows, Shows applications to flow past air-
foils 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, M. T Landahl

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 con-
cepts from 16.02. Laminar and
turbulent-boundary layers. Transition and
separation criteria. High-lift wing-flap systems.
Subsonic cruise aerodynamics for wing-body-
tail configurations. Other examples and topics
drawn from the current and previous years'
16.84 design projects.
M. Dre/a

16.041 Aerodynamics of Viscous FluIds-
Boundary-Layer Approximation (A)
Prereq.: 16.035
G (2)
3-0-9

Boundary layers as rational approximations to
the solutions of exact equations of fluid mo-
tion. Physical parameters influencing laminar
and turbulent aerodynamic flows and transi-
tion. Effects of compressibility and heat con-
duction. Influence of boundary layers on outer
potential flow and appropriate numerical solu-
tion techniques. Numerical exercises require
familiarity with FORTRAN or similar language.
M. Drela

16.044J Turbulence and Random
Processes in Fluid Mechanics (A)
(Same subject as 12.865J)
Prereq.: 2.20 or 16.035
G (1)
4-0-8

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 tur-
bulence, turbulent boundary layers. Methods
of observation, measurement, and analysis.
Discusses problems of current interest.
M. T Landah, S. E. Widnall

16.051 Supersonic and Hypersonic
Gas Dynamics (A)
Prereq.: 16.035
G (2)
4-0-8

Fundamental concepts and modeling for super-
sonic/hypersonic flight. Equations of motion
and boundary conditions for perfect and real
gases and for real fluid mechanics. Governing
parameters for energy levels, scales, and
limits for continuum flow. Strong shock waves,
blasts, and self similarity. Hypersonic small-dis-
turbance theory, blunt bodies, shear, entropy,
and boundary layers. Viscous-inviscid interac-
tions; real gas contributions. Approximate and
numerical methods.
J. R. Baron, M. T Landah, L. Trilling

16.052 Real Gas Dynamics (A)
Prereq.: Permission of Instructor
G (1)
3-0-9

Gas behavior appropriate to motion at high
speed and energy. Equilibrium-limit gas model-
ing. Relaxation coupling of fluid mechanics
with translational, chemical, plasma, and radia-
tive phenomena. Wave propagation, disper-
sion, shocks, similarity, surface-interface
coupling. Applications of approximate and
numerical methods to flight vehicles, test
facilities, and gas-dynamic lasers.
J. R. Baron

16.055 Unsteady Fluid Mechanics (A)
Prereq.: 16.035
Acad Year 1990-91: Not offered
Acad Year 1991-92: G (1)
3-0-9

Fluid mechanics of fixed airfoils, wings, bodies,
and cascades in unsteady potential flows; or
moving airfoils, wings, bodies, and cascades in
a uniform stream. Methods (analytical and
numerical) for predicting the pressure on un-
steadily moving bodes in subsonic, transonic,
and supersonic flow. A limited discussion of vis-
cous effects, boundary layers, aerodynamic
noise generation, flow instability, and separa-
tion introduced where appropriate. Alternate
years.
M. T Landahl

16.056 Special Topics in Unsteady
Separated Flows (A)
Prereq.: 16.035, 16.041
Acad Year 1990-91: G (1)
Acad Year 1991-92: Not offered
3-0-9
Develops understanding of basic phenomena
underlying the physics of unsteady separated
flows. Based upon a wide review of experimen-
tal, theoretical, and CFD results. Topics in-
clude steady 2-D separation, dynamic stall,
diffuser stall, vortex shedding, unsteady flows
in turbo machinery, leading-edge vortices, and
vortex bursting. Alternate years.
M. B. Giles

16.06 Molecular Gas Dynamics of Space
and Reentry

Prereq.: 16.004 or 2.40 with either 2.20 or 1.05
U (1)
4-0-8

Elements of gas dynamics relevant to orbiting
flight and atmospheric entry of space vehicles.
Molecular and convective effects. Drag and
heat transfer. Discussion is based on kinetic
theory of gases and on statistical mechanics.
Leads to understanding of real gas effects, in-
cluding rates of dissociation and ionization,
and radiative heat transfer. Gas-surface inter-
actions. Application to performance of space
vehicles.
H. Y Wachman, D. E. Hastings

16.065 Spacecraft-Environmental
Interaction (A)
Prereq.: Permission of Instructor
Acad Year 1990-91:G (2)
Acad Year 1991-92: Not offered
3-0-9

Reviews fundamentals of plasma physics and
rarefied gas dynamics appropriate to the iono-
sphere/magnetosphere. Spacecraft charging
at geostationary orbit; absolute and differential
charging; methods of control, such as electron
beams and plasma guns. Environmental inter-
actions at low-earth orbit; neutral gas flow,
Alfven wings. Topics of current interest, high-
voltage large-space structures in low-earth
orbit, atomic oxygen effects, electrodynamics
of tethers; wave generation by the space sta-
tion charging in polar orbit, thruster jet-
spacecraft interactions. Alternate years.
D. E. Hastings, H. Y Wachman

16.07 Aerodynamics of Wings and
Bodies (A)
Prereq.: 16.035;:18.075 or 18.085
Acad vear 1990-91: Not offered
Acad Year 199 1-92: G (2)
3-0-9

Aerodynamic loading on wings and bodies. Lift
vs 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
methods. Area rule. Wing-body combinations.
Separation and stall. Transonic flow. Alternate
years.
J. E. McCune

16.081J Principles of Acoustics (A)

(Same subject as 2.060J, 13.81J)
Prereq.: 2.03J or 16.004, 18.075
G (1)
3-0-9

See description under subject 2.060J.
P Leehey, R. H. Lyon

16.10 Applied Aerodynamics
(New)
Prereq.: 16.02
U (2)
3-0-6

Hands-on experience in estimating
aerodynamic parameters. Emphasis on under-
standing the underlying physical processes as-
sociated with aircraft performance, stability,
and handling qualities, and their relation to
aerodynamic parameters.
E. E. Covert

16.15 Applied Analytical Dynamics

Prereq.: 16.004 or equivalent
Acad Year 1990-91:G (1
Acad Year 1991-92: Not offered
3-0-9

Reviews fundamental concepts in dynamics of
mechanical systems. Treats kinematics in
some depth, including recursive kinematics of
tree-connected multibody structures. Intro-
duces selected methods of analytical
dynamics; Alembert's principle and its
generalizations, Lagrange's equations (for con-
strained and unconstrained systems),
Hamilton's equations. The syllabus is driven by
application to examples; robot manipulators,
multibody spacecraft (both rigid and flexible
bodies), nonholonomically constrained sys-
tems such as a unicycle. The focus is on en-
gineering modeling rather than theoretical
rigor. Alternate years.
A. H. von Flotow

16.16 Introduction to Flight Vehicle
Dynamics
Prereq.: 16.004 or 1.05 or 2.20; 18.03
U (1)
3-0-9

Theory of flight; airfoils, lift, drag, and applied
aerodynamics. Root locus, and similar control
techniques. Airplane performance, engine char-
acteristics. Introduces stability and control of
airplanes. Equations of motion. Static stability,
neutral points, and maneuver points. Effect of
CG movement. Linearized equations of motion
and stability derivatives. Characteristic lon-
gitudinal and lateral motions. Elements of han-
dling qualities. Effects of variation of
aerodynamic 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 applied aerodynamics. Wing,
fuselage, and tail contributions. Power, com-
pressibility, and aeroelastic effects. Modern ap-
proach to aircraft stability and control. Motion
along steep trajectories, reentry dynamics, and
stability of a shuttle vehicle. Human pilot
models and autopilots. Variable flight condi-
tions. VTOL transition. Sensitivity to parameter
variations in variable systems. Motion at high
angle-of-attack, roll coupling, and other non-
linear flight regimes.
R. V Ramnath

16.18 Spacecraft Dynamics and Control (A)
Prereq.: 16.004, 16.30
Acad Year 1990-91: Not offered
Acad Year 1991-92: G (2)
3-0-9

Reviews rigid body kinematics and dynamics
for small and large rotations. Reviews attitude
sensors and actuators and the attitude
guidance and control problem. Open-loop
stability analyses are developed for a variety of
equilibrium conditions; spinners, dual spinners,
gravity gradient equilibria. Active control is ap-
plied to the same examples: bang-bang con-
trol for thrusters, linear multivariable control for
coupled roll/yaw motion, active nutation damp-
ing. Effects of fuel slosh and structural
flexibility covered briefly.
A. H. von Flotow

16.20 Structural Mechanics

Prereq.: 16.004 or 2.01
U (1, 2)
5-0-7

Applies solid mechanics to analysis of high-
technology structures. Plane stress, plane
strain problems. Bending, shear, torsion of
rods, and thin-wall beams. Introduces energi
principles and computer-oriented structural
analysis, such as matrix and finite-element
methods. Applications to statically indeter-
minate structures and solid continua. Buckling
of column and stability phenomena. Theories
and modes of structural failure. Principles in
optimal structural design.
J. Dugundji

16.21 Plates, Stability, and
Thermoelasticity (A)
Prereq.: 16.20
Acad Year 1990-91: Not offered
Acad Year 199 1-92: 0 (2)
3-0-9

Analyzes anisotropic plates typical of
laminated 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. Alternate years.
J. Dugundji, E. F Crawley

16.22 Shell Structures (A)
Prereq.: 16.20
Acad Year 1990-9 1: G (2)
Acad Year 1991 -92: Not offered
3-0-9

Elements of tensor analysis. General formula-
tion of elasticity in curvilinear coordinates. Intro-
duction to differential geometry. Development
of shell equations in tensor form. Membrane
behavior of thin shells. Bending behavior of
thin shells. Shallow shells, shells of revolution,
edge zones. Alternate years.
Information: J. Dugundji.
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1623J Proseminar In Manufacturing
(Same subject as 2.890J, 3.80J, 6.943J,
10.792J,15.792J)
Prereq.: -
G(1, 2)
3-0-3 [P/F]

See description under subject 15.792J.
T H. Lee, S. C. Graves, M. J. Graves

16.251 Structural Design for Longevity (A)
Prereq.: 16.20
G (2)
3-0-9

Longevity is the most difficult of all the struc-
tural integrity requirements for aerospace
vehicles. Examines the many aspects of lon-
gevity such as frequency of loads, fatigue of
materials, growth of cracks, safe-life
philosophy, fail-safe philosophy, damage
tolerance, stress concentrations, scatter fac-
tors, testing. Introduces linear elastic fracture
mechanics and its use. Emphasizes applica-
tion of theory to practice. A portion devoted to
study of case histories.
P A. Lagace

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
mechanics and continuum mechanics, as-
sumed displacement and assumed stress
models. Tools in numerical analyses, interpola-
bon, and integration. Problems treated include
plane stress and plane strain, plate bending
and three-dimensional solids. Emphasizes
practical ways of constructing and assembling
the element matrices and methods of solving
large systems of algebraic equations by
modem computers. Students required to carry
out actual solutions using the digital computer.
M. J. Graves

16.291 Manufacturing with Advanced
Composite Materials
Prereq.: -
U (1)
1-3-2

Introduces the various methods used to
manufacture parts made of advanced com-
posite materials. Revolves around laboratory
sessions in the Technology Laboratory for Ad-
vanced Composites. Students gain hands-on
experience by using various laboratory tech-
niques to fabricate and test graphite/epoxy
specimens. Lectures supplement laboratory
sessions with background information on the
nature of composites, curing, composite
machining, secondary bonding, and the testing
of composites.
J. Dugundji

16.292 Mechanics of Filamentary
Composite Materials (A)
Prereq.: 16.20
G (2)
3-0-9

Studies the behavior of filamentary composite
materials composed of boron, graphite, glass,
and Kevar fibers embedded in a matrix.
Material properties of fibers and matrices.
Micromechanics, anisotropic elasticity, tensor
notation, and Classical Laminated Plate
Theory. Also includes failure analysis, buck-
ling, sandwich construction, thermal and mois-
ture stresses, and interlaminar stresses.
Design concepts and cost-effective applica-
tions.
M. J. Graves

16.293 Advanced Topics in Flamentary
Composite Materials (A)
Prereq: 16.292 or Permission of Instructor
Acad Year 1990-91: Not offered
Acad Year 1991-92: G (1)
3-0-9

Generalized study of the anisotropic properties
of composite laminates Failure modes, frac-
ture theories/correlations, damage tolerance,
fatigue, interlaminar stresses, environmental ef-
facts. Reviews current problems in the applica-
tions of composite materials in the aerospace
and automotive industry. Guest lecturers share
their experiences.
P A. Lagace, J. Dugundji, M. J. Graves

16.294 Manufacturing with Filamentary
Composites
(New)
Prereq.: -
U (IAP)
0-3-0

Introduces the various methods used to
manufacture parts made of filamentary com-
posite materials. Hands-on experience fabricat-
ing graphite/epoxy specimens. Background
information on the nature of composites,
curing, composite machining, secondary bond-
ing, and the testing of composites.
M. J. Graves

16.30 Principles of Automatic Control
Prereq.: 18.03, 16.004
U (1, 2)
3-1-8

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

16.311J Dynamics of Nonlinear Systems (A)
(Same subject as 2.156J, 6.243J)
Prereq.: 18.100, 18.06; 6.233J or 6.241
Acad Year 1990-91:G (2)
Acad Year 1991 -92: Not offered
3-0-9

See description under subject 6.243J.
J. L. Wyatt, Jr., M. Dahleh, R. Ramnath,
N. Hogan

16.312 Principles of Optimal Control (A)
Prereq.: 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 feed-
back control, time-optimal control, and others.
Dynamic programming, numerical techniques.
Optimal estimation and control in the presence
of uncertainties.
L Valavani

16.33 Computer Control of Dynamic
Systems (A)
Prereq.: 16.30
G (1)
3-0-9

Elements of linear discrete-time system theory:
state description. stability, z-transform
analysis, controllability, observability, canonical
forms. Analyzes linear discrete-time control
systems: stability, root locus, frequency
response. Synthesis of state feedback com-
puter control systems: stability improvement,
deadbeat controllers, minimum quadratic cost
optimal regulators. Control of systems with in-
complete state measurements: observers,
properties of observer-regulator computer con-
trollers.
S. R. Hall

16.331 Introduction to Space Robotics (A)
Prereq.: -
Acad Year 1990-91: G (2)
Acad Year 1991-92: Not offered
3-0-9

Introduces the theory of robot analysis and
control, with particular focus on unique aspects
of space robots. Subjects covered will include
reference frame manipulation, kinematics
dynamics, trajectory and task planning, and
robot position and force control. Kinematic
analysis will be presented according to the
Denavit-Hartenberg conventions. Dynamic con-
trol techniques will include collocated and
model-based methods. Knowledge of basic
dynamics and linear and vector algebra will be
assumed.
H. L. Alexander

16.34 Advanced Control of Flight
Vehicles (A)
Prereq.: 16.30
Acad Year 1990-91:G (2)
Acad Year 1991 -92: Not offered
3-0-9

Application of design techniques and principles
to advanced control systems for air and space
vehicles. Review of nondimensional equations
of motion. Classical and modem control tech-
niques applied to flight vehicle stabilization.
Time and frequency domain analysis of control
system performance. Models for pilot-in-the-
loop control. Prediction and validation of
vehicle handling qualities. Introduction to digi-
tal control techniques. Control system design
to meet mission requirements, including robust-
ness criteria. Adaptive control and display
design.
S. R. Hall

16.341J Multivarlable Control Systems I (A)

(Same subject as 2.154J, 6.233J, 10.28J,
13.481J)
Prereq.: 2.14 or 6.302 or 10.35 or 16.30
G (1)
4-0-8

See description under subject 6.233J.
M. Athans, G. Stephanopoulos,
M. S. Tnantafrllou, W E. Vander Velde,
K Youcef-Toumni

16.342J Multivariable Control Systems 11(A)

(Same subject as 2.155J, 6.234J, 10.29J,
1 3.482J)
Prereq.: 16.341J
G (2)
4-0-8

Sac description under subject 6.234J.
M. Athan, G. Stephanopoulos,
M. S. Triantafyllou, W E Vander Velde,
K Youcef-Toumi

16.351J Ouantitative 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, C. Wall, L. S. Frishkopf,
R. W Mann

16.352J Sensory-Neural Systems (A)

(Same subject as 6.532J)
Prereq.: Permission of Instructor
Acad Year 1990-91: Not offered
Aced Year 1991-92: G(1)
3-0-9

See description under subject 6.532J.
L. S. Frishkopf

16.353J Human Factors Engineering (A)
(Revised Content)

(Same subject as 2.181J)
Prereq.: 16.30 or 2.14
G (1)
3-0-9

Accidents associated with 'human error" often
reflect the failure to recognize human factors
in the design stage. Reviews sensory, motor,
and cognitive performance characteristics and
derives human engineering design criteria. Ap-
plications emphasize piloted aircraft and space
vehicles and treat the human/vehicle interface
from an engineering point of view. The
operator is considered as controller and
monitor of automation. Laboratory demonstra-
tions and term project. Open to seniors.
L. R. Young, T B. Sheridan

16.356J Biomedical Signal and Image
Processing (A)

(Same subject as 6.555J, HST 582J)
Prereq.: 6.003 or 2.02 or 18.085
G (2)
3-6-3

See description under subject HST 582J.
W M. Siebert, B. Delgutte, P Albrecht,
D. Rowell

16.359 Bloengineering Journal Article
Seminar
Prereq.: -
G (1, 2)
0-2-0

Each term, the class selects a new set of
professional journal articles on bioengineering
topics of current research interest. Some
papers are chosen because of particular con-
tent, others are selected because they illus-
trate important points of methodology. Each
week, one student leads the discussion,
evaluating the strengths, weaknesses, and im-
portance of each paper. Subject may be
repeated for credit a maximum of four terms.
Letter grade given in the last term applies to all
accumulated units of 16.359.
L. R. Young

16.36 Flight Simulation (A)

Prereq.: 18.03, 16.30 or 6.003 or 2.14

S(2)
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. Prin-
ciples of vision relevant to out-the-window
displays. Implementation of CRT, model board,
and point light source displays. Cockpit motion
requirements, motion washout, artificial con-
trol, and feel and high-g cuing devices. Stu-
dents participate in actual simulator problems
in the lab. Assumes familiarity with FORTRAN
programming.
L. R. Young, W M. Hollister

16.37 Statistical Problems In Automatio
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 vari-
ables and processes. Extensive treatment of
random processes in linear systems, using
both transfer function and state-space descrip-
tions. Design of optimum filters according to
Wiener and Kalman.
W E. Vander Velde

16.371 Estimation and Control of
Stochastic Processes (A)

Prereq.: 16.37
G(2)
3-0-9

Brief review of stochastic process fundamen-
tals; some stochastic realization theory,
Bayesian estimation. Linear filtering and
smoothing; linear prediction. Kalman filter (dis-
crete and continuous time). implementation is-
sues; filter stability, steady-state properties,
sensitivity to modeling errors, sensors. Numeri-
cal robustness; square root formulations. Ex-
tended Kalman filter, Gaussian second-order
filter; convergence analysis. Adaptive filters.
L. Valavani

16.372 Nonlinear System Design
Methods (A)
(New)
Prereq.: 16.30 or 2.14 or 6.302; 18.075
G (1)
3-0-9

Basic concepts are covered succinctly, without
rigorous proofs, which are covered at optional
recitation hours arranged separately. Main em-
phasis on nonlinear design techniques. These
include describing function methods, statistical
linearization, input-output linearization
methods, sliding mode control and nonlinear
loop operator recovery, stability based designs
(Lyapunov/hyperstability) and adaptive control,
perturbation methods, and multiple time scale
methods. Bifurcation and catastrophe theory
are also addressed.
L. Valavani, R. Ramnath
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16.375 Adaptive Control (A)

Prereq.: 16.342J
Acad Year 1990-91: Not offered
Acad Year 1991-92: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);
deadbeat 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. Valavani

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,
temperature, pressure, and acoustic sensing.
S. Ezekiel

16.382 Lasers and Optics for
Applications 11(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 spon-
taneous emission, and line-broadening
mechanisms. Steady-state and transient be-
havior of lasers. Survey of gas, liquid, solid,
and semiconductor lasers. Nonlinear optics.
Modulation and deflection of light. Harmonic
generation and mixing. Laser spectroscopic
techniques, with emphasis on specie identifica-
tion and resolution,
S. Ezekiel

16.39 Algorithms for Function Minimization
and Optimal Control (A)
Prereq.: 18.076 or 18.085
Acad Year 1990-91: Not offered
Acad Year 1991-92: G (1)
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, and dynamic program-
ming. Considers unconstrained and con-
strained problems. Compares the complexity
and performance of different optimum-seeking
algorithms.
H. L. Alexander

16.40 Principles of Flight Guidance

Prereq.: 16.30 or 6.302
U(2)
3-1-8

Introduces navigation and guidance of flight
vehicles. Basic concepts of position and
velocity determination, using celestial, inertial,
and radio techniques. Guidance strategy for
aircraft 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.
S. R. Hall

16.46 Astrodynamics I (A)

Prereq.: 18.03
G (1)
3-1-8

Fundamentals of astrodynamics; the two-body
orbital initial-value and boundary-value
problems with applications to space vehicle
navigation and guidance for planetary explora-
tion. Topics: orbital mechanics, Kepler's prob-
lem, universal orbital variables, Lambert's
problem, recursive algorithms, Lagrange's ex-
pansion theorem, hypergeometric functions,
Bessel functions, continued fractions and
quaternions. Selected applications from the
Apollo and Space Shuttle programs.
R. H. Batin

16.47 Astrodynamics 11(A)

Prereq.: 16.46
G (2)
3-1-8

Fundamentals of space vehicle guidance with
applications for both powered flight and mid-
course maneuvers; fundamentals of space
vehicle navigation emphasizing self-contained
methods and statistical analysis. Topics:
precision orbit determination methods, varia-
tion of parameters, linearized and explicit tech-
niques for targeting, state-space methods,
maximum-likelihood estimates, numerical in-
tegration, elliptic integrals, Legendre functions,
hodograph analysis and application of op-
timization principles.
R. H. Battin

16 491 Selected Topics In Celestial
Mechanics (A)
Prereq.: 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
canonical 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 ar-
tificial satellites, including the effects of atmos-
pheric drag.
J. P. Vinti

16.492 Selected Topics in Celestial
Mechanics (A)
Prereq.: 16.491
G (2)
3-0-9

Brouwer-Von Zeipel method and method of Ue
transforms, with applications to the orbits of ar-
tificial satellites and lunar orbiters. Separable
problems, including the spheroidal method,
Staeckel systems, and effects of general
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)
3-1-8

Velocity requirements for orbital and inter-
planetary flight. Available velocity increments
and staging. Treats rocket systems involving
liquid, solid, and hybrid propellants, with refer-
ence to nozzle flows, thermochemistry, real
gas effects, losses and heat transfer, structural
constraints, propellant feed, and combustion.
Simple vehicle optimization. Laboratory
demonstrations.
0. E. Hastings

16.531 Space Propulsion and Power
Generation (A)

Prereq.: 16.53, 8.03
G (2)
3-0-9

Reviews rocket propulsion fundamentals. Dis-
cusses advanced thruster concepts from
airbreathing boosters to electric propulsion. Uq-
uid rocket pressurization schemes. Physics
and engineering of small thrusters for station-
keeping and attitude control. Methods and con-
cepts for electric power generation in space;
photovoltaic, solar, thermal, and nuclear sys-
tems; and various conversion schemes. Power
transmission and reception.
M. Martinez-Sanchez, D. E. Hastings
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16.54 Aircraft Engines and Gas Turbine.
Prereq.: 16.004
U (2)
3-1-8

Performance and characteristics of aircraft en-
gines and industrial gas turbines, as deter-
mined by thermodynamic and fluid mechanic
behavior of components: inlets, compressors,
combustors, turbines, nozzles. Discusses
various engine types, including turbojet, tur-
bofan, and turboprop. Limitations imposed by
material properties and stresses. Emphasizes
future design trends, including reduction noise,
pollutant formation, fuel consumption, and
weight.
A. H. Epstein

16.541 Aircraft Turbine Engines (A)
Prereq.: 16.54
G (1)
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 tur-
bomachinery and in complete engines.
Operational limitations and instabilities. Stress
and associated temperature limits and in-
fluence of blade cooling techniques on tur-
bines.
A. H. Epstein

16.543 Internal Flow. In Turbomachines (A)
Prereq.: 16.035 or 2.25
Acad Year 1990-91: G (2)
Acad Year 1991-92: Not offered
3-0-9

General features of internal flows with applica-
tion to compressors and turbines. Fundamen-
tal concepts of rotational flows, inherent
unsteadiness of turbomachines, boundary
layers, wakes, and losses in turbomachines.
Axisymmetric swirling flows, blade element
theory, streamline curvature computations. Ef-
fects of viscosity and compressibility in internal
flows. Secondary flows. Flow instabilities in tur-
bomachines. Recent developments and ex-
perimental information. Alternate years.
C. S. Tan

16.544 Hypersonic Alrbreathing Propulsion
Prereq.: 16.02 or equivalent, 16.54 or 16.53;
16.051 or 2.271 recommended, but not
required
G (1)
3-0-9

A first-year graduate course on fundamentals
of high speed airbreathing engines. The essen-
tial fluid mechanics is first reviewed, and the
course proceeds to the simple cycle and one-
dimensional analysis of Ramjets with subsonic
or supersonic combustors. Chemical kinetics,
jet mixing, and effects of heat addition to a
high speed flow are then considered. Other
topics include viscous effects, boundary layer
separation, and cooling effects and require-
ments. Finally, integration with the airframe,
trajectory constraint, and mission analysis are
also included.
M. Martinez-Sanchez

16.55 Ionized Gses. (A)
Prereq.: 8.211
Acad Year 1990-91: G (1)
Acad Year 1991-92: Not offered
3-0-9

Properties and behavior of low-temperature
plasmas for magnetohydrodynamics, therm-
ionic energy conversion, plasma propulsion,
gas lasers. Equilibrium of ionized gases: ener-
gy states, statistical mechanics, and equi-
librium. Kinetic theory: motion of charged
particles, distribution function, collisions, char-
acteristic lengths and times, cross-sections,
transport properties. Gas surface interactions:
thermionic emission, sheaths, probe theory.
Radiation in plasmas, diagnostics. Alternate
years.
M. Martinez-Sanchez

16.56 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 ex-
changers. Mufflers and duct-liner technology.
K. U. Ingard

16.60 Advanced Special Project (A)

Prereq.: -
G (1, 2, S)
Units arranged

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.: -
G (1, 2)
Units arranged

1&.602 Advanced Special Subject
(Revised Unit)
Prereq.: -
G (1, 2)
Units arranged

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)
Units arranged

Study or laboratory project work of under-
graduate level by qualified students. Topics
selected in consultation with the instructor.
W R. Markey

16.606 Selected Topics in Aeronautics and
Astronautics

Prereq.: -
U (1, 2)
Units arranged

Study at the undergraduate level by qualified
students. Topics selected in consultation with
the instructor.
W R. Markey

16.608J Biomedical Instrumentation
Electronics

(Same subject as 2.781J, HST 570J)
Prereq.: Permission of Instructor
G (S)
6-6-6

See description under subject HST 570J.
D. Rowell, S. K. Burns

16,61 Microprocessor Architecture,
Interfacing, and Control

Prereq.: 6.071 or 6.002; 2.10 or equivalent
U (1, 2)
2-6-4

Fundamentals of microprocessor applications
to real-time control functions. Register and bus
structures, number representation, brief over-
view of assembly-language and mixed-lan-
guage programming. Parallel and serial
interfaces, timing and interrupts, analog-to-
digital and digital-to-analog conversions, use
of floating point processors. Sampling theory,
analog and digital filtering, elements of digital
control system design. Subject organized
around a sequence of laboratory exercises,
leading up to real-time control of proportional
and "bang-bang" systems.
H. L. Alexander

I ii
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16.621 Experimental Projects I

Prereq.: 16.004
U (1, 2)
1-1-1

Introduces laboratory experimental tech-
niques. Principles of reliable measurements.
Laboratory safety. Instruction in effective report
writing and oral presentation. Selection and
detailed planning of an individual research
project, includir'g design of components or
equipment. Preparation of a detailed proposal
for the selected project carried through to com-
pletion under 16.622.
H. L. Alexander

16.622 Experimental Projects I1

Prereq.: 16.621
U (1, 2)
1-7-4 LAB

Helps student gain practical insight and im-
proved understanding of engineering ex-
perimentation through design and execution of
project experiments. Building upon work in

16.621, student constructs and tests equip-
ment, makes systematic experimental meas-
urements 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.
H. L. Alexander

16.64 Flight Measurement Laboratory

Prereq.: 16.002
U (2)
2-2-2

Opportunity to see aeronautical theory applied
in real-world environment of flight. Students as-
sist in design and execution of simple engineer-
ing flight experiments in l1;;-. aircraft. Typical
investigations include determination of stability
derivatives, verification of performance
specifications, and measurement of navigation
system characteristics. Limited to students in
Aeronautics and Astronautics.
Information: W. M. Hollister.

16.65 Measurement, instrumentation, and
Computers (A)

Prereq.: 16.02, 16.20, 6.071
Acad Year 1990-91: Not offered
Acad Year 1991-92: G (2)
3-0-9

Foundation for experimentation in
aerodynamics and structural mechanics, in-
cluding sensor selection, analogue signal
processing, and computer data acquisition.
Emphasizes physical system constraints and
the practical aspects of experimentation. Alter-
nate years.
A. H. Epstein

16.672 Entrepreneurship

Prereq.: -
G (2)
4-0-6

School-Wide Elective Subject. Description
given at end of this chapter on SWE page.
D. P Hoult

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. Rings

16.704J Seminar in Air Transportation
Analysis and Planning

(Same subject as 1.233J)
Prereq.: -
G (1)
1-0-5

A review of current issues facing the airline in-
dustry in operational, economic, financial,
regulatory, and institutional areas. Seminars
are presented on alternate weeks by leading
speakers from airlines, aircraft manufactumers,
major airports, regulatory agencies, and nation-
al and international aviation organizations.
Preparatory lectures precede each seminar.
Opportunity for students to conduct studies on
particular topics, with readings guided by staff,
Term paper required.
C. 0. Cary, 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; sur-
veillance, including NAS and ARTS; navigation
subsystem technology; aircraft guidance and
control; communications; collision avoidance
systems; sequencing and spacing in terminal
areas; future directions and development; criti-
cal discussion of past proposals and of prob-
able future problem areas. Requires term
paper.
R. W Simpson

16.74 Air Transportation Economics (A)

Prereq.: -
G (1)
3-0-6

Introduces fundamental concepts for the
economic analysis of airline systems. Con-
trasts basic models of the operation of air
transport markets with neoclassical
microeconomic models. Defines market sys-
tems for air transport service, and develops a
theory for pricing, demand, costs, and supply
for regulated and unregulated, domestic and in-
ternational markets. Presents market models
for equilibria in isolated markets and over a net-
work of markets.
R. W Simpson, P. P Belobaba

16.741J Engineering Aspects of Economic
Analysis
(New)

(Same subject as 14.015J)
Prereq.: -
U (2)
3-2-7 HASS

Same subject as 14.01, with additional recita-
tion sections scheduled for Aeronautics and
Astronautics majors to relate the concepts
covered in lectures to engineering problems
and applications. Credit is not given for both
14.01 and 14.015J or 16.741J.
Consult P. P. Belobaba.

16.75 Airline Management (A)
(Revised Contont and Unit)

Prerea .74
G (2)
3-0-6

Overview of airline management problems
focusing on current issues. Development of
planning models and data analysis tools, with
emphasis on the interactions between diverse
components of airline operations, including
fleet planning, demand forecasting, overbook-
ing, yield management, scheduling, and route
network design Students participate in a com-
petiive airline management simulation game
as part of the subject requirements.
P P Belobaba

16.752J international Air Transportation

(Same subject as 17.334J)
Prereq.: -
G (1)
3-0-6

Emphasizes political aspects of intemational
air transport. Topics: international civil aircraft
industry; types of airline ownership; charac-
teristics 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

Aeronautics and Astronautics 1651

16.76J Logistical and Transportation
Planning Methods (A)

(Same subject as 1.203J, 6.281J, 11.526J,
13.665J, 15.073J)
Prereq.: 6.431, 15.075
G (1)
3-0-9

See description under subject 1.203J.
A. R. Odoni, A. 1. Barnett, R. C. Larson

16.77 Flight Transportation Operations
Analysis (A)

Prereq.: 15.081
G (2)
3-0-6

Studies application of linear programming and
network flow thgory to operational problems in
flight transportation systems. Reviews graph
theory. Network flow theory. Integer program-
ming and branch and bound methods.
Dynamic programming. Reviews implementa-
tion of computerized mathematical program-
ming systems. Applies the theory to
scheduling, aircraft and crew routing, timetable
optimization, passenger traffic flow, flight plan-
ning, etc. Students use computer to solve
large-scale problems and for term project.
R. W Simpson

16.781J Planning and Design of Airport
Systems (A)

(Same subject as 1.231 J)
Prereq.: Permission of Instructor
Acad Year 1990-91:G (2)
Aced Year 1991-92: Not offered
3-0-6

See description under subject 1.231J.
A. R. Odoni, R. de Neufville

16.784 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.
J. P Clark

16.793 Probabilistic Models In Engineering

Prereq.: 1.03 or 6.041 or 18.05
U (2)
3-0-9

School-Wide Elective Subject. Description
given at end of this chapter on SWE page.
A. R. Odoni, R. C. Larson

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

16.00 Industrial Practice

Prereq.: -
U (1, 2)
0-8-0 [P/F]

Seven months of engineering practice, carried
out by the cooperative students at the plants of
organizations participating in the cooperative
program.
M. J. Graves

16.801 Engineering Internship

Prereq.: -
U (S)
0-6-0 [P/Fl

A summer of work experience as part of the
Engineering Internship Program. Students
register for this subject twice, receiving the
grade "J" for the first registration. Two work as-
signmentu 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
G(1,2,S)
0-6-0 [P/F]

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 Vld&

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 ma:Keting, finance,
manufacturing, qualky, wxplored with emphasis
on the management process. Special attention
given to the role of technical staff in the acquisi-
tion of new business and long-range planning.
Seminar format based on current industrial
practice.
J. Yamron

16.84 Flight Vehicle Engineering

Prereq.: Permission of Instructor
U (1)
2-3-7

Design of an atmospheri, WEiht vehicle to satis-
fy stated performnice, stability, and control re-
quirements. Emphasizes individual initiative,
application of fundamental principles, and the
compromises inherent in the engineering
design process. Enrollment restricted to
seniors in Course XVI who have satisfactorily
completed all other Departmental require-
ments for the S.B. degree, or by permission ro
instructor.
M. Drela

16.86 Space Systems Engineering

Prereq.: Permission of Instructor
U (2)
4-0-8

Design of a complete space system, including
systems analysis, trajectory analysis, entry
dynamics, propulsion and power systems,
structural design, avionics, thermal and en-
vironmental control, human factors, support
systems, weight and cost estimates. Students
participate in teams, each responsible for an in-
tegrated vehicle design, providing experience
in project organization and interaction between
disciplines. Enrollment is restricted to seniors
in Course XVI who have satisfactorily com-
pleted all other Departmental requirements for
the S.B. degree, or by permission of instructor.
J. F Shea

16.851 Satellite Engineering (A)

Prereq.: Permission of Instructor
G (2)
3-0-9

Fundamentals of satellite engineering design.
Studies orbital environment. Analyzes
problems of station keeping, attitude control,
communications, power generation, structural
design, thermal balance, and subsystem in-
tegration. Considers trade-offs among weight,
efficiency, cost, and reliability. Discusses
choice of design parameters, such as size,
weight, power levels, temperature limits, fre-
quency, bandwidth. Examples taken from cur-
rent satellite systems.
W M. Hollister
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16.852 Spacecraft and Aircraft
Instrumentation (A)
Prereq.: 6.071, 8.03
Acad Year 1990-91: G (1)
Aced Year 1991 -92: Not offered
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 com-
munications; spacecraft attitude determination
by stellar, solar, and horizon sensing; remote
sensing by radiometry, spectrometry, and inter-
ferometry; air data systems; and radio naviga-
tion. Also, review of basic electromagnetic
theory and antenna design. Discussion of
design considerations for flight. Alternate years.
R. J. Hansman

16.86 Engineering Design Workshop
(New)

Prereq.: -
U (IAP)
2-4-0 [P/Fj

Gives students (mostly freshmen) a first look
at the design process. Students in teams
design and make prototypes of useful devices
(e.g., fire alarm, wheelchair lift, solar heat unit).
L. Trilling

16.87 VTOL Aircraft (A)

Prereq.: 16.02
Acad Year 1990-91: Not offered
Acad Year 1991-92: G (1)
3-0-6

An analytical discussion of the fundamental
performance, stability, and control charac-
teristics of vertical take-off and landing aircraft,
including helicopters and ducted fan, rotor-
propeller, jet vectored-lift, and jet vertical-lift
aircraft. Altemate years.
Information: R. W. Simpson,

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 su-
perposition and direct numerical integration
techniques. Self-excited vibrations, dynamic
stability. Wave propagation concepts. See
2.032 and consult advisor.
A. H. von Flo'ow

16.92 Advanced Aeroelasticity (A)

Prereq.: 16.004, 16.91
Acad Year 1990-91: Not offered
Acad Year 1991-92: G (2)
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 in-
stabilities of simple and complex structures.
Similarity lows and wind-tunnel modeling.
Responses to gusts and random excitation.
Derivation of unsteady airloads. Simple non-
linear aeroelastic behavior. Alternate years.
J. Dugundji, E. F Crawley

16.93 Dynamics of Controlled Structures (A)

Prereq.: 16.91, 16.341J
Acad Year 1990-91:G (2)
Acad Year 1991-92: Not offered
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 non-
linear effects. Mode shape-wave duality in
structures. Approximate and continuum model-
ing. Formulations of controllers for reduced-
order models. Control-structure interaction and
spillover. System identification. Deployment
and assembly dynamics. Alternate years.
E. F Crawley

16.94 Advanced Structural Dynamics (A)

Prereq.: 16.91
G (1)
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
responses; permanent deformation. Impact
and propagation of both elastic and inelastic
stress waves in solids. Wave propagatior and
scattering in structural networks and in peri-
odic structures. Mechanical filtering. Forced
and parametric excitation. Alternate years.
Information: J. Dugundji-

16.991 Aeronautics and Astronautics
Seminars

Prereq.: -
U (1, 2)
2-0-0 [P/F]

Speakers from campus and industry discuss
current activities and advances in aeronautics
and astronautics. Restricted to Course XVI stu-
dents.
W R. Markey

16.992 Seminar

Prereq.: -
G (1, 2)
2-0-0 (P/F]

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 ond of this chapter on SWE page.
D. P Houlft, H. S. Marcus

16.994 The Nuclear Age
(Revised Content)

Prereq.: -
U (2)
3-0-6 HASS

School-Wide Elective Subject. Description
given at end of this chapter on SWE page.
M. M. Miller, P Morrison, G. W Rathjens,
J. P Ruina

16.995 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 Rathens, J. P Ruina

16.996J Ethical Issues In the Work Life of
Engineers and Scientists
(Context Subject)

(Same subject as 2.95J, STS 061J, TPP 09J)
Prereq.: Permission of Instructor
U (2)
4-0-8 HASS

Prepares students to recognize ethical
problems that commonly arise in the work
place, and to find, evaluate, use, and
strengthen institutional supports for acting on
ethical concems. Lectures survey issues and
practices in various institutional and discipli-
nary contexts. Students develop ethics
scenarios on issues of their choosing and ex-
plore them with representatives of corpora-
bons, universities, etc., at which students
might work or study. Open to seniors, graduate
students, or by permission of instructor.
C. Whitbeck. S. Bird, 1. Paul, L. Trilling

16.ThG Graduate Thesis (A)

Prereq.: -
G (1, 2,S)
Units arranged

Program of graduate research, leading to an
SM., 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

Course 17

Political Philosophy!
Social Theory

17.104J Philosophies of Social Science (A)

(Same subject as 24.625J)
Prereq.: Permission of Instructor
G (2)
3-0-9

Addresses philosophical issues arising in con-
temporary social scientific research practice. Is-
sues of explanation and understanding, the
justification of theories and arguments, objec-
tivity and commitment in political research.
J. Cohen

17.105J Political Philosophy

(Same subject as 24.233J)
Prereq.: One Philosophy Distribution subject
Acad Year 1990-91: Not offered
Acad Year 1991-92: U (1)
3-0-9 HASS

17.106J Political Philosophy (A)

(Same subject as 24.611J)
Prereq.: One Modern Political Philosophy
subject
Acad Year 1990-91: Not offered
Acad Year 1991-92:G (1)
3-0-9

A comparison of the differing conceptions of
political order in the works of Locke, Hobbes,
Rousseau, and selected contemporary
theorists. Topics relating to the justification and
implications of property, including the
psychological and political implications, recent
challenges to liberal conceptions of property,
and the different exclusionary bases and im-
plications of these claims. Consideration of
whether property rights can score as a suffi-
ciently general ground for inclusionary political
institutions or practices.
U. Mehta

Political Science

17.107 Introduction to Political Theory:
Individual and Community
Prereq.: -
Acad Year 1990-91: Not offered
Acad Year 1991-92: U (1)
3-0-6 HUM-D

Basic introduction to the study of politics, focus-
ing on selected works in classical, medieval,
and early modem political thought. The claims
to freedom of the individual as they encounter
demands of the community for order, justice,
and obedience. Extent to which political
society is justified in shaping the lives and con-
sciousness of its members. Foundations of
political authority. Readings include Plato, Aris-
totle, Locke, and Hobbes.
U. Mehta

17.109J Philosophy of Law

(Same subject as 24.235J)
Prereq.: One Philosophy subject
Acad Year 1990-91: Not offered
Acad Year 1991-92: U (1)
3-0-9 HASS

See description under subject 24.235J.
D. Brink

17.110 New Currents in Social Theory (A)
Prereq.: -
G (1)
3-0-9

The course begins by discussing some classi-
cal debates in social theory, e.g., the sources
on instability in slave systems and the notion
of a determinate logic of social progress. The
second part reconsiders these debates in light
of contemporary social scientific and historical
research. The third part uses the results of the
first two segments to address several contem-
porary debates in social theory, e.g., the role of
moral sentiments in explaining political action
and the plausibility of evolutionary explana-
tions of social change.
C. F Sabel

17.111 Modern Social Theory
Prereq.: -
Acad Year 1990-91: Not offered
Acad Year 1991-92: U (1)
3-0-9 HASS

17.112 Modern Social Theory (A)
Prereq.: -
Acad Year 1990-91: Not offered
Acad Year 1991-92:G (1)
3-0-9

This seminar studies selected writings of
Tocqueville, Marx, Weber, and Durkheim. It
focuses on three broad issues: (1) In trying to
understand social/political change, what are
the significant social nexuses for these
theorists; (2) the explanatory accounts that
these theorists give of "major" historical
changes (e.g., feudalism to capitalism, aris-
tocracy to democracy, "traditional" to "rational"
societies); (3) the theoretical and explanatory
significance of non-Western societies and
"marginal" groups in the work of these
theorists. Graduate students are expected to
pursue the subject at greater depth through
reading and individual research. Meets with
17.111.
U. Mehta

17.113J Classics in Political Philosophy

(Same subject as 24.09J)
Prereq.: -
U (1)
3-0-9 HASS-D/HUM-D

See description under subject 24.09J.
U. Mehta

17.114J Rationality (A)
(New)

(Same subject as 9.662J, 14.146J, 24.813J)
Prereq.: Permission of Instructor
G (1)
3-0-9

See description under subject 24.813J.
J. Cohen, D. Fudenberg, J. Higginbotham, P
Horwich, D. Osherson, R. Stalnaker

17.115J Justice

(Same subject as 24.04J)
Prereq.: -
U (2)
3-0-9 HASS-D/HUM-D

See description under subject 24.04J.
J. Cohen
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Political Economy

17.154J Politics of Industrialization (A)

(Same subject as STS 504J)
Prereq.: Permission of Instructor
G (2)
3-0-9

Focuses on the way the pace and direction of
economic development depend upon the out-
comes of historical struggles for justice and the
control of resources: politics in the broadest
sense. Shows how both the industrial structure
of mass-production capitalism and the defini-
tion of the interests of groups that occupy
places in that structure cannot be understood
without reference to these struggles.
C. F Sabel

17.156J Political Economy I: Theories of
the State and the Economy (A)
(Same subject as 14.781J)
Prereq.: Permission of Instructor
S(1)
3-0-9

Critical analysis of liberal, neoclassical, and
Marxist perspectives on modern society. Alter-
native theories of economic growth, historical
change, the state, classes, and ideology.
S. Berger, M. J. Piore

17.158 Political Economy of West
Europe (A)

Prereq.: 17.534 or 17.156J
Acad Year 1990-91: Not offered
Acad Year 1991-92: 0 (2)
3-0-6

Examines role of European states in postwar
period of rapid economic growth and current
crisis. Includes analysis of different state tradi-
tions ("etatist," liberal, authoritarian); govern-
ment's role in decline of some economies and
rise of others; why and where Keynesianism,
indicative planning, and state enterprises were
introduced; alternative conceptions of contem-
porary economic problems (new international
division of labor? too few producers? oil
shock?); and of policies to deal with them (in-
dustrial policy? monetarism? protectionism?).
S. Berger

17.162 States in History and Theory (A)
Prereq. -
G(1)
3-0-9

Aims to familiarize students with the archetypal
forms of the modem state and with debates
regarding its true nature. Also intended to
allow American students of social science to
understand foreign students' often unspoken
presuppositions about politics, and vice versa.
Explores the link between the study of policy
as defined in American social science and the
study of political economy as defined else-
where. Examines politically pressing problems
regarding the reorganization of the welfare
state in the OECD countries.
C. F Sabel

17.164 Labor and Politics (A)

Prereq.: -
G (2)
3-0-9

The evolution of the American labor movement
from its colonial beginning to the present. The
artisan tradition; populism and the cooperative
commonwealth; craft unionism; socialism; the
welfare capitalism of the 1920s; the sources of
protest in the 1930s and the limited transforma-
tion of the American industrial relations sys-
tem; industrial pluralism and postwar
prosperity; the breakdown of the postwar sys-
tem and efforts, rooted in the unrealized oppor-
tunities of labor's traditions, tu reestablish the
institutional security of the labor movement.
C. F Sabel

17.166 Problems of Advanced Industrial
Societie (A)
(Same subject as 15.233J, STS 506J)
Prereq.: 17156J
Acad Year 1990-91: Not offered
Acad Year 1991-92: G (2)
3-0-9

Analyzes selected comparative political
economy issues, Includes industrial relations
systems, international competitiveness, train-
ing and skills, structural change, and new tech-
nologies. Focus on industrial adjustment in
light of changing patterns of international com-
petition. Open to qualified undergraduates by
permission of instructor. Alternate years.
R. M. Locke

17.167 Political Economy of Asia
Prereq.: -
U (1)
3-0-9 HASS

17.168 Political Economy of Asia (A)
Prereq.: -
G (1)
3-0-9

Comparative analyses of economic and politi-
cal developments of India, China, Japan, and
Korea-Taiwan-Singapore. Focuses on the
politics of economic planning, relationships be-
tween policy and performance, political and so-
cial consequences of different developmental
approaches, and Asian economics in global
perspective. Meets with 17.167.
L. W Pye

17.170 The Political Economy of
International Migration (A)
Prereq.: -
G (2)
3-0-9

Explores the political causes and conse-
quences of population movements across inter-
national boundaries and within states. Detailed
examination of the following: political effects of
urban migration, political behavior of political
refugees, consequences of internal population
movements in multiethnic societies, economic
and political impact of migrants on the receiv-
ing country, effects of migration on the country
of origin. Draws case materials from contem-
porary Asia, Africa, and Latin America.
M. Weiner

17.172J Technology, Productivity, and
Industrial Competition

(Same subject as 15.972J, 22.843J, STS 511J)
Prereq.: Permission of Instructor
Acad Year 1990-9 1:0G(2)
Acad Year 1991-92: Not offered
3-0-9

See description under subject 22.843J.
R. K Lester

17.174J The State and the Economy
in Europe, 1929-1951
(Now)

(Same subject as 21.362J)
Prereq.: -
G (1)
3-0-9

Explores in international and comparative
perspective the development of state interven-
tion in the economy across three watersheds
- responses to the Great Depression, rearma-
ment and war mobilization, and post-war
reconstruction - with a view to explaining the
origins of the "long prosperity" of the 1950s
and 1960s, and differences in national pat-
terns and growth rates. Themes include
monetary and financial policy, economic plan-
ning, wartime controls, nationalizations, and
business-labor-state relations.
D. Forsyth

See also 17.422.

Political Soience 1OD

American Politics/
Public Policy

Public Policy

17.201J Politics and Public Policy

(Same subject as 11.007J)
Prereq.: -
U (1)
3-0-9 HASS-D/HUM-D

Introduction to political aspects of public policy.
Considers philosophical rationales for govern-
ment action and the evolution of public policy
in America; the policy-making process; basic
strategies of public policy, including markets,
government regulation, mass persuasion; and
ways of analyzing the impacts of public
policies-social indicators, cost/benefit
analysis, evaluation of distributive equity, and
unintended consequences.
E. M. Immergut, M. Lipsky, G. T. Marx

17.202 Theories of Public Policy (A)
Prereq.: -
G (1)
3-0-9

Analyzes the effects of political structures on
public policies from conceptualization to enact-
ment and implementation. Topics include nor-
mative theories of state intervention;
interest-group/government relations; the ef-
fects of scale and arenas; bureaucracy and
complex organizations; comparative public
policy. Students apply theoretical issues to a
policy topic of their choice.
E. M. immergut

17.203 Political Science Laboratory

Prereq.: -
U (1)
3-5-4 LAB

Introduces students to the conduct of political
research using quantitative methodologies.
The methods are examined in the context of
specific political research activities like public
opinion surveys, voting behavior, Congres-
sional behavior, comparisons of political
processes in different countries, and the
evaluation of public policies. Students par-
ticipate in joint class projects and conduct in-
dividual projects. May not count toward HASS
Requirement.
P. H. Lemieux

17.208 The Welfare State In Comparative,
Historical Perspective (A)
Prereq.: -
Acad Year 1990-91: Not offered
Acad Year 1991-92:G (2)
3-0-9
Introduces recent debates on the welfare
state, both as they concern specific social
policies and as they treat the welfare state qua
state. Ranging from convergence theory to the
new institutionalism, these approaches are as-
sessed in the light of a series of case studies
that include workmen's compensation, full
employment, and health policy. Issues ad-
dressed: How can one define "the welfare
state"? What are the dimensions of com-
parison across nations (mainly Western
Europe and North America)? What makes the
US case exceptional? As a political entity, how
is the welfare state unique?
E. M. Immergut

17.220J The Policy-Making Process (A)

(Same subject as TPP 22J)
Prereq.: Permission of Instructor
G (2)
3-0-9

Analyzes the political process by which issues
arise, and the public policies that are formu-
lated, contested, determined, implemented,
and evaluated. Treats the role of mass activity
(includirg protest politics), professional exper-
tise, elites, the media, and public officials in
the stages of the policy process. Weighs the
relationship between popular and program-
matic responsiveness and distributive conse-
quences of policy.
M. Lipsky

17.222 Public Policy, Privatization, and the
Tools of Government

Prereq.: -
G (1)
3-0-9

Analyzes the political and policy implications of
delivering policy through public, private, and
nonprofit organizations. Starting from a theory
of social assignments, examines implications
of utilizing bureaucracy, professionalism,
markets, quasi-markets, regulation, and volun-
tary organizations to achieve public purposes.
Treats theoretical justifications and available
empirical evidence for the different approaches.
M. Lipsky

American Politics

17.241 Introduction to the American
Political Process

Prereq.: -
U (1, 2)
3-0-9 HASS-D/HUM-D

Studies functioning of the American national
governmental system, emphasizing the
theoretical and historical background of the
Constitution, the Congress, the President, and
the Judiciary. Particular attention devoted to dif-
fusion of power in national government, role of
the political party, and how institutions of na-
tional government help fulfill the goals of a just
and democratic society.
C. Stewart, R. M. Valelly

17.242 The International Sources of
Domestic American Politics (A)
Prereq.: Permission of Instructor
Acad Year 1990-91:G (2)
Acad Year 1991-92: Not offered
3-0-9

Examines the impact of geopolitical conflict
and of the international economy on domestic
American politics and policy making from the
antebellum era to the present, with emphasis
on the period after World War 11. Special atten-
tion paid to links between foreign policy and
foreign economic policy and change and con-
tinuity in the organization of the legislative-ex-
ecutive system, interest group politics, political
entrepreneurship, party politics, the organiza-
tion of the media, and elite and citizen at-
titudes toward constitutionalism and social
democracy.
R. M. Valelly

17.244 The Politics of Spending
and Taxing (A)
Prereq.: Permission of Instructor
Acad Year 1990-91: Not offered
Acad Year 1991-92: G(2)
3-0-9

In recent years, the toughest questions in
American politics have centered on economic
questions: how much to tax, how much to
spend, and how much to allocate to specific
governmental programs. Students analyze the
political processes involved in making these
three decisions, by focusing on topics such as
how voters, parties, and interest groups in-
fluence spending and taxing choices;
budgetary politics within Congress, the
bureaucracy, and the institutional presidency;
the politics of budgetary reforms; and the
problems of developing a coherent budgetary
policy in a democracy.
C. Stewart

-'-I



160D Political Science

17.245 The Supreme Court and
Constitutional Law
Prereq.: -
U (1)
3-0-9 HASS

An interpretation of constitutional rights,
processes, and concepts of limited govern-
ment, in light of Supreme Court decisions and
executive and legislative initiatives.
M. A. Burnham

17.247J Women and Children in the Legal
Process
(New)

(Same subject as SP 496J)
Prereq.: -
U (2)
3-0-9 HASS

1 7.248J Women and Children in the Legal
Process
(New)

(Same subject as SP 497J)
Prereq.: -
G (2)
3-0-9

Relies on caselaw, legal esays, and other
materials to expose students to the fluid politi-
cal discourses surrounding the rights of
women and children. Topics covered include
the abortion debate in the context of the move-
ments to reform abortion laws from the 1960s
through the present; the constitutional stand-
ard of review in gender cases; the special treat-
ment/equal protection debate; parental and
family rights; the clash between maternal and
fetal rights; the feminist debate over pomog-
raphy; the development of abuse law; and the
judicial treatment of juveniles as offenders and
as persons in need of care and protection.
Graduate students are expected to pursue the
subject in greater depth through readings and
individual research projects.
M. Burnham

17.249 Electoral Politics in the US
Prereq.: 17.241
U (1)
3-0-6 HASS

Analyzes political parties and their role in
decision making in the political system.
Primary attention to the American party sys-
tem, national party organization, presidential
nominating conventions, electoral strategies,
and especially the dynamics of American
voting behavior. Comparison with parties and
electoral behavior in other political systems,
especially those of Western Europe. Attention
to extremist political movements and the be-
havior of electorates under acute stress. Con-
fult Department Headquarters.

17.250 Theories of the American State (A)
Prereq.: Permission of Instructor
Acad Year 1990-91: Not offered
Acad Year 1991-92: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
society? Considers such questions, and ad-
dresses a recent and growing literature, includ
ing Skowronek, Skocpol, and others. Contrasts
are drawn with pluralist and "rational choice"
understandings of "the state."Open to under-
graduates by permission of the instructor.
R. M. Valelly

17.251 Congress and the American
Political System

Prereq.: 17.241, 17.201, or Permission of In-
structor
U (1)
3-0-9 HASS
17.252 Congress and the American
Political System (A)
Prereq.: Permission of Instructor
G (1)
3-0-9

Focuses on both the internal processes of the
House and Senate and on the place of Con-
gress in the American political system. Atten-
tion to committee behavior, leadership
patterns, and informal organization. Considers
relations between Congress and other
branches of government, as well as relations
between the two houses of Congress itself.
Graduate students are expected to pursue the
subject at greater depth through reading and
individual research. Meets with 17.251.
C. Stewart

17.253 American Political Economy
Prereq.: 17.241
Acad Year 1990-91: Not offered
Acad Year 1991-92: U (2)
3-0-9 HASS

17.254 American Political Economy (A)
Prereq.: 17.241
Acad Year 1990-91: Not offered
Acad Year 1991-92: G (2)
3-0-9

Over time, what have been the key ways in
which governmental institutions have regu-
lated the national economy and the social ef-
fects of the economy's operation? With what
consequences for democracy and for political
competition for power? Special attention paid
to political-party and interest-group systems,
state structure, and state capacity. Graduate
students pursue the subject in greater depth.
Meets with 17.253.
R. M. Valelly

17.256 Topics in American Political
Economy (A)
Prereq.: 17.241
G (2)
3-0-9

Overview of the field as a whole for students
without a special background. Considers classi-
cal and modem texts representing several in-
fluential but sharply contrasting approaches.
Divergent methodological presuppositions and
attitudes toward key terms such as
"economics," "politics," and "history' in later
works of these traditions are highlighted. Major
American political institutions and processes
are highlighted in the context of American politi-
cal economy. Consult Department Head-
quarters.

17.257J American Society: Values,
Institutions, and Variety

(Same subject as 11.006J)
Prereq.: -
U (1)
3-0-9 HUM-D

See description under subject 11.006J.
G. T Marx

17.258 Politics of Race and Ethnicity
in America (A)
Prereq.: Permission of Instructor
Acad Year 1990-91: Not offered
Acad Year 1991-92: G (1)
3-0-9

17.259 Politics of Race and Ethnicity
In America

Prereq.: -
Acad Year 1990-91: Not offered
Acad Year 1991-92: U (1)
3-0-9 HASS

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

I
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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. Ex-
amines American political culture, federalism,
American party system, representation and
public policy, and major institutional com-
ponents of the national policy process. Atten-
tion to contemporary and comparative
research on American politics and govem-
ment. Discussion also includes some refer-
ence to the explicit and implicit theoretical
assumptions of such work, as well as critiques
of these assumptions.
C. Stewart, R. M. Valelly

17.261 Congress and the Policy Process

Prereq.: 17.251 or Permission of Instructor
U (2)
3-0-9 HASS

17.262 Congress and the Policy
Process (A)
Prereq.: Permission of Instructor
G0(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 Dynamics of Electoral Politics (A)
Prereq.: 17.241 or equivalent
G (2)
3-0-9

Analyzes mass 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 properties, both
quantitative and nonquantitative. Some com-
parative analysis of electoral dynamics and
theories of electoral politics in other Western
political systems. Attention to American voting
behavior since 1960.
P H. Lemieux

17.265 Congressional Elections

Prereq.: -
Acad Year 1990-91: Not offered
Aced Year 1991-92: U (1)
3-0-9 HASS

Examines both the dynamics of congressional
elections themselves, as well as the normative
and policy consequence of electoral politics. In-
cludes candidate recruitment; campaign
strategy; contributions; the role of parties;
voters' behavior; 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

Prereq.: -
U (1)
3-0-9 HASS

The US President as constitutional executive;
sharer of governing authority with Congress
and the courts; party leader; chief manager of
executive agencies; foreign policy leader; and
focus for national political, economic, and so-
cial aspirations. Is the modern office of the
President compatible with democratic tradi-
tions and the traditional rule of law? Consult
Department Headquarters.

17.270 Evolution of American Politic (A)
Prereq.: -
G (1)
3-0-9

17.271 Evolution of American Politics

Prereq.: 17.241
U (1)
3-0-6 HASS

Provides students with historical background
for understanding growth and change in
American national political structures and
processes to their present state. Orients the
approach 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 per-
formance. Emphasizes developments in the
20th century. Graduate students are expected
to pursue the subject at greater depth through
reading and individual research. Meets with
17.270.
R. M. Valely

17.272 Mass Political Organization (A)
Prereq.: -
G (2)
3-0-9

Why do people join mass political organiza-
tions such as social movements, interest
groups, and urban political machines? What
accounts for their continued participation and
for the ultimate success or failure of these or-
ganizations? These questions are explored in
light of competing theories of mass participa-
tion and organizational dynamics. How do
mass political organizations balance needs of
members with competing demands associated
with effectiveness?
M. Lipsky

See also 17.702, 17.704J.

Science, Technology, and
Policy

17.301 Science, Technology, and Public
Policy

Prereq.: -
U (1)
3-0-6 HASS

17.302 Science, Technology, and
Public Policy (A)
Prereq.: -
G (1)
3-0-9

Examines the impacts of science and technol-
ogy on governmental institutions and proc-
esses. Includes extent to which science and
technology have transformed fundamental
political institutions and relationships, role of
scientists and engineers in political decision
making, societal mechanisms for reaching
decisions on controversial technological is-
sues, and impact of science and technology
on foreign policy and international political
relationships. Graduate students are expected
to pursue the subject at greater depth through
reading and individual research. Meets with
17.301.
E B. Skolnikoff

17.306J Special Topics In Science,
Technology, and Public Policy (A)

(Same subject as STS 503J)
Prereq.: Permission of Instructor
G0(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. Topics likely for 1990-91 in-
clude climate change, scientific choice, and
changing sources of support for academic re-
search. Student papers are presented in the
latter part of semester. Intended to provide an
overview of the general interaction of science,
technology, and government.
E B. Skolnikoff, C. Kaysen
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17.322 Seminar In Sysematic Policy
Analysis and Technology Assessment (A)
Prereq.:14.01,14.02
Acad Year 1990-91: Not offered
Acad Year1991-92: G (2)
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
programs, and communications. Open to un-
dergraduates by permission of instructor only.
G. W Rathjens

17.328 Science and Technology In
International Affairs (A)
Prereq.: 17.302 or Permission of Instructor
G (2)
3-0-9

Examines the generic relationship between
science and technology and central aspects of
intemational affairs, including economic struc-
ture, security relationships, and global
dangers. Explores process of interaction, the
nature of changes in the international political
system, and implications for national and inter-
national government. Undergraduates may be
admitted with permission of the instructor.
E. B. Skolnikoff

17.332 Public Policy and Climate
Change (A)
(New)

Prereq.: Permission of Instructor
G (2)
3-0-9

Examines the many public dimensions of the
threat of climate change, starting from the
scientific and technological understanding of
the phenomenon, through alternatives of
mitigation and adaptation. Particular attention
given to the political setting in which national
policies are considered, and the implications
for international institutions and regimes. Facul-
ty from other departments participate for por-
tions of the subject.
E. B. Skonikoff

17.334J International Air Transportation
(Same subject as 16.752J)
Prereq.: -
G (1)
3-0-6

See description under subject 16.752J.
B. R. Gidwitz

International Relations/Arms
Control and Defense Studies

International Relations and
Foreign Policy

17.403 American Foreign Policy Ina
Changing World

Prereq.: -
U (1)
3-0-9 HASS-D/HUM-D

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; Vietnam and its consequences;
security redefined; interdependence; the policy
process.
L. P Bloomfield

17.405 Seminar in Middle Eastern Politics
Prereq.: -
Acad Year 1990-91: Not offered
Acad Year 199 1-92: U (2)
3-0-6 HASS
17.406 Seminar in Middle Eastern
Politics (A)
Prereq.: Permission of Instructor
Acad Year 1990-91: Not offered
Acad Year 1991-92: G (2)
3-0-9

Divided into three parts: 1) domestic and
regional 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-Israeli conflict, the Iran-Iraq war, and their
interaction with energy problems. Lectures, dis-
cussions, and a paper or a take-home ex-
amination. Graduate students are expected to
pursue the subject at greater depth through
reading and individual research. Meets with
17.405.
N. Choucri

17.407 International Relations:
War and Peace

Prereq.: 17.403
U (2)
3-0-6 HASS

Analyzes the study of real and potential inter-
national systems. Topics: international warfare,
the impact of technology on war and the arms
race, the balance of power, classical and
modem imperialisms; regional and universal in-
ternational organizations. View of alternative fu-
tures examined for developed and developing
worlds. Previous study of international rela-
tions expected.
K. A. Oye

17.420 Theories of International
Relations (A)
Prereq.: Permission of Instructor
G0(2)
3-0-9

Critical analysis of contending theories of inter-
national relations. Focus is on alternative
paradigms, world views, and middle-range
theories, including political realism, idealism,
systems theory, lateral pressure theory, Marx-
ism, and altemative theories from non-
Western, non-major-power perspectives.
Discussion of connections between theories of
international relations and changes in interna-
tional politics and relations. Open to under-
graduates by permission of instructor.
H. R. Alker, Jr.

17.422 International Political Economy (A)
Prereq.: Permission of Instructor
G (1)
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 neoclassical
economics, Marxist and neo-Mancist theories,
lateral pressure, dependency views, and struc-
tural views of power relations. Examines politi-
cal and economic dimensions of international
trade, capital flows, foreign investment, and
select issues in foreign economic policy.
Reviews the evolution of international
economic institutions and attendant political im-
plications.
N. Choucri

17.428 US Foreign Policy-Past, Present,
Future (A)
Prereq.: Permission of Instructor
G (1)
3-0-9

Critical analysis of US foreign policy in the con-
text of past tendencies and future possibilities.
Roots of US policy; origins of the Cold War;
security redefined; special emphasis on the
policy process. Open to advanced under-
graduates by permission of instructor only.
L. P. Bloomfield

17.438 Research Seminar on African
Foreign Relations and Development (A)
Prereq.: Permission of Instructor
Acad Year 1990-91: Not offered
Acad Year 1991-92:G(1)
3-0-9

Application to Africa of the more general
predominant approaches and analytical con-
structs in international relations and foreign
policy studies. Special topics concerning
African international relations, including foreign
policy processes, African international or-
ganizations, and African participation in multi-
lateral organizations. Regional integration and
international investment institutions.
W R. Johnson

Defense and Arms Control
Studies

17.460 Defense Politics (A)
Prereq.: -
G (1)
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 Innovation in Military Organizations
(New)
Prereq.: -
G (1)
3-0-9

Explores the origins, rate, and impact of in-
novations in military organizations, doctrine,
and weapons. Emphasis on organization
theory approaches. Comparisons with non-
military and non-US experience included.
B. Posen, H. M. Sapolsky

17.465 The Nuclear Age
Rievised Content)
Prereq.: -

U (2)
3-0-6 HASS

Engineering School-Wide Elective Subject.
Description given at end of this chapter on
SWE page.
M. M. Miller, P Morrison, G. W. Rathjens,
J. P Ruina

17.466 Seminar In Arms Control
and Defense Policy (A)
Prereq.: 17.486. 17.490, 17.464
G (1)
3-0-6

Assessment of post-World War 11 arms control
efforts and major issues in defense policy. Em-
phasis on current issues. Topics, varying from
year to year, treated in some detail. Considera-
tion of technical questions, political questions,
economic and military impact. Examples:
START and space-based ballisticamissile
defense.
G. W Rathjens, J. P Ruina

17.468 Foundations of Security Studies (A)

Prereq.: -
G(2)
3-0-9
Aims to develop a working knowledge of the
theories and conceptual frameworks that form
the intellectual basis of security studies as an
academic discipline. Particular emphasis on
balance of power theory, crganization theory,
civil-military relations, and the relationship be-
tween war and politics. The reading list in-
cludes Jervis, Schelling, Waltz, Blainey, von
Clausewitz, Brodie, Allison, Steinbruner, and
Huntington. Students write a seminar paper in
which theoretical insights are systematically ap-
plied to a current security issue.
B. Posen

17.469 Military Forces and Foreign Policy
Prereq.: -
Acad Year 1990-91: Not offered

Acad Year 1991-92: U (1)
3-0-6 HASS
17.470 Military Forces and Foreign
Policy (A)

Pre req.: -
Aced Year 1990-91: Not offered
Acad Year 199 1-92: G(1)
3-0-9

A comparative examination of US and Soviet
defense policies, foreign policies, and the use
of their military forces in the postwar period.
Analyzes 20 historical cases involving deter-
rence of central war, coercive diplomacy, crisis
management, and limited intervention. Dis-
cusses implications fcr 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

17.471 American National Security Policy
(New)
Prereq.: -
U (1)
3-0-9 HASS

introduces the student to the problems and is-
sues confronting American national security
and the process by which American national
security policy is formulated. The nature of the
international system (post-World War II), the
theoretical requirements for deterrence and
defense, and alternative strategies for im-
plementing American national security policy
are discussed. The roles of the President, Na-
tional Security Council, Department of
Defense and armed services, the Congress,
and public opinion in formulating national
security policy are examined.
S. M. Meyer

17.474 Comparative Defense
Management (A)
Prereq.: -
G0(2)
3-0-9

Examines the management issues in the or-
ganization, equipping, and direction of military
forces. Of particular interest is the weapon ac-
quisition process-Its politics, administration,
and effects. Comparisons made with
European, Israeli, and Soviet experience.
H. M. Sapolsky

17.476J Analysis of Strategic Nuclear
Forces (A)
(Same subject as STS 516J)
Prereq.: -
G (1)
3-0-9

Introduces the assessment of strategic nuclear
forces. Emphasizes the development of force
requirements and methods for analyzing alter-
native force postures in terms of missions, ef-
fectiveness, and cost. The history of the
US-Soviet strategic competition provides the
backdrop against which the evolution of
nuclear strategy and forces is considered.
T Postal

17.477J Technology and Policy of Strategic
Weapons Systems
(New)

(Same subject as STS 076J)
Prereq.: -

U (2)
3-0-9 HASS

See description under subject STS 076J.
T Postal

17.479J Technology, Politics, and the Arms
Race
(New)

(Same subject as STS 079J)
Prereq.: -
U (2)
3-0-9 HASS

17.480J Technology, Politics, and the Arms
Race
(New)

(Same subject as STS 519J)
Prereq.: -
G (2)
3-0-9

See description under subject STS 519J.
C. Kaysen, T Postol

Politloal Science 163D
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17.482 US General-Purpose Forces (A)
Prereq.:
G (2)
3-0-9

17.483 US General-Purpose Forces
Prereq.:
U (2)
3-0-9 HASS

Based on the concept of Grand Strategy as a
system of interconnected political and military
means and ends. Topics covered include US
grand strategy, the organization of the US
military, the defense budget, ground forces,
tactical air forces, naval forces, power projec-
tion forces, and the control of escalation. Par-
ticular episodes of military history that offer
insights into current conventional forces issues
examined. Graduate students are expected to
pursue the subject at greater depth through
reading and individual research. Meets with
17.482.
B. Posen

17.484 Comparative Grand Strategy and
Militar y Doctrine (A)

Peq.: -
Acad Year 1990-91: Not offered
Acad Year 1991-92: G (1)
3-0-9

A comparative study of the grand strategies
and rmaitary doctrines of the great powers in
Europe (Britain, France, Germany, and Rus-
sia) from the late 19th to the mid-20th century
Examines strategic developments in the years
preceding and during World Wars I and i.
What factors have exerted the greatest in-
fluence on national strategies? How may the
quality of a grand strategy be judged? What
consequences seem to follow from grand
strategies of different types? Open to under-
graduates with permission of instructor.
B. Posen

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
Acad Year 1990-91: Not offered
Acad Year 1991-92: U (2)
3-0-6 HASS

17.488 Quantitative Approaches to Defense
Problems (A)
Prereq.: 17.486, 17.465 or 17.842
Acad Year 1990-91: Not offered
Acad Year 1991-92: G (2)
3-0-6

Systems analysis of policy choices in the
defense/arms control area. Consideration of
cost and benefit criteria. Analytical approaches
and critique of applications.
G. W Rathjens

17.490 Soviet Defense Policy and
Planning (A)

Prereq.: -
Acad Year 1990-91: Not offered
Acad Year 1991-92: G (1)
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

17492 Research Seminar in Soviet
Security Studies (A)
Prereq.: 17.490
G (1,2)
3-0-9

An advanced seminar that examines historical
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

MBFR negotiations; development of new
weapons systems (SS-20, Pershing 2, Cruise
Missile); differing West European and US es-
timates of the USSR and their policy results
(credits, technology transfer, and arms control
negotiations); the INF treaty, the energy crisis,
foreign trade, and US-West European differ-
ences on Middle Eastern policy. Consult
Department Headquarters.

See also 17.301, 17.302, 17.328, 17.403,
17.405, 17.406, 17.407, 17.420,17.428.

Comparative Politics/
Political Development/
Communist Studies

Theories and Research Methods

17.512 Theories of Political
Development (A)
Prereq.: Permission of Instructor
Acad Year 1990-91: Not offered
Acad Year 1991-92: G (1)
3-0-9

Studies analytical models of the political
process in transitional societies. Systematic ex-
amination of factors influencing political be-
havior in changing societies; functions of
politics in such societies. Open to qualified un-
dergraduates.
L. W Pye

17.520 Comparative Politics of Business-
Government Relations (A)
Prereq.: Permission of Instructor
Acad Year 1990-91: Not offered
Acad Year 1991-92: G (1)
3-0-9

Seminar provides an introduction to the cross-
national study of business-government rela-
tions, emphasizing competing theoretical
perspectives and with attention to experiences
of selected industrialized countries. Examines
how and why governments are in business, as
well as the influence businesses exert on
governmental decision making. Central ques-
tions include historical impact of business on
national economies, political origins of state
enterprises, and implications of business-
government relations for democratic theory.
R. J. Samuels

See also 17.154J, 17.156J.

Advanced Industrial Societies

17.534 Domestic Politics of Western
Europe (A)
Prereq.: Permission of Instructor
Acad Year 1990-91: G (2)
Acad Year 1991-92: Not offered
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 The Political Economy of Japanese
Organizations
(New)
Prereq.:.-
G (1)
3-0-9

A look at the interrelations of market forces
and soclo-political values and institutions in
Japanese economic life - specifically in the or-
ganization of work, employment, education
and training, capital markets, inter-firm trading
relations, industrial associations, and organiza-
tions for the promotion of research and
development. Particular emphasis on the role
of the state in regulation, coordination, and ac-
tivist promotion.
R. Dare

17.539 Politics and Policy In Contemporary
Japan

Prereq.: -
U (2)
3-0-6 HASS

17.540 Politics and Policy In Contemporary
Japan (A)
Prereq.: Permission of Instructor
G (2)
3-0-9

Analyzes contemporary Japanese politics,
focusing primarily upon the post-World War 11
period, Includes examination of the dominant
approaches to Japanese politics and society,
the structure of the party system, the role of
political opposition, the policy process, foreign
affairs, and interest groups. Attention to
defense, foreign, industrial, social, energy,
technology policy processes. Graduate stu-
dents are expected to pursue the subject at
greater depth through reading and class
presentations. Meets with 17.539.
R. J. Samuels

See also 17.154J, 17.156J, 17.158,17.164,
17.1 66J.

Developing Countries

17.543 Political Change in Latin America

Prereq.: -
Acad Year 1990-91: Not offered
Acad Year 1991-92: U (1)
3-0-9 HUM-D

Introduction to the dynamics of political
change in Latin America today. Emphasis on
the conflict between democracy and
authoritarianism, the relationship between
economic and political change, and the
process of empowerment of excluded social
groups. Special attention to the Central
American conflict, international debt, the en-
vironment, and the role of women.
J. A. Fox

17.545 Political Change In South Asia:
India, Pakistan, Bangladesh, and
Afghanistan
Prereq.: -
U (2)
3-0-9 HASS

17.546 Political Change in South Asia:
India, Pakistan, Bangladesh, and
Afghanistan (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, lin-
guistic, religious, tribal, and class forces; the
electoral process; the political determinants
and consequences of development policies;
and the changing involvement of external
powers. Attention to issues of national integra-
tion, political legitimacy, and political participa-
tion. Graduate students are expected to
pursue the subject at greater depth through
reading and individual research. Meets with
17.545
M. Weiner

17.547 Chinese Politics

Prereq.: -
U (2)
3-0-6 HASS

17.548 Chinese Politics (A)
(Revised Unit)
Prereq.: Permission of Instructor
G (2)
3-0-9

Analyzes contemporary Chinese politics, both
pre-Communist and Communist. Focus on the
process of modernization and political develop-
ment of Chinese civilization. Graduate stu-
dents are expected to pursue the subject at
greater depth through reading and individual
research. Meets with 17.547.
L. W Pye

17.558J Politics, Technology, and Public
Policy in the Middle East (A)

(Same subject as 1.255J, 4.715J, 11.488J,
21.485J, STS 509J)
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 in-
stitutions. Changing environment of internation-
al business is explored, as are patterns of
investments in the region. Provides students
with interdisciplinary approach to development
in the Middle East. Open to undergraduates
with permission of instructor.
N. Choucri, F Moavenzadeh, K. Keniston;
P S. Khoury, W Porter, L. Trilling

17.559J Technologlcal Development,
Business, and Political Change in the
Middle East
(Context Subject)

(Same subject as 1.25J, STS 020J)
Prereq.: -
U (2)
3-0-9

17.560J Technological Development,
Business, and Political Change In the
Middle East (A)

(Same subject as 1.256J, 4.716J, 11.489J)
Prereq.: -
G (2)
3-0-9

Employs historical and contemporary perspec-
tives to analyze the role of religion and politics
in shaping socioeconomic and technological
development in the Middle East. Emphasis is
on the role of the technological change in con-
temporary development (and comparisons
with other regions). Examines institutional
changes within states and throughout the
region for lie management of socioeconomic
and technological change. Focuses on three
broad dimensions of statehood: population,
resources, and technology. Examines their in-
terdependence and the impact of their flows
across national boundaries (i.e., population,
migration, technology transfer, and energy
resources). Graduate students are expected to
pursue the subject at greater depth through
reading and individual research. 17.559J may
not count toward HASS Requirement.
N. Choucri, F Moavenzadeh, K Keniston,
L. Trilling, W Porter

17.561J Modern Egypt and Iran: Islam and
Politics in Historical Perspective

(1 7.562J)
(Same subject as 21.484J)
Prereq.: -
U (2)
3-0-9 HASS

Open to graduate students. See description
under subject 21.484J.
Consult Department Headquarters.

17.564J War, Society, and the Problems
of Reconstruction in Lebanon
(New)

(Same subject as 21.486J)
Prereq.:-
G (2)
3-0-9

See description under subject 21.486J.
P S. Khoury, S. Khalaf

I
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17.573 Political Dimensions of African
Civilizations over the Centuries
(New)
Prereq.: -
U (1)
3-0-9 HASS-D/HUM-D

Considers political systems, ideas, and pat-
tems from the ancient Egyptian empire to the
present, with concern for the distinctly African
characteristics of the peoples and cultures of
these systems throughout the continent. Ex-
plores the political ideas, behaviors, structures,
and experiences that are widespread
throughout and generally reflective of Africa.
Examines African artifacts and mythology,
literature and folklore, and indigenous histori-
cal texts, as well as scholarly texts from
around the world and throughout the ages.
W R. Johnson

17.574 Research Sermnar on African
Development (A)

(17.522)
Prereq.: Permission of Instructor
G (1)
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 in-
tegration, international investment institutions.
W R. Johnson

17.575 introduction to Contemporary
African Politics
(New)

Prereq.: -
U (2)
3-0-9 HASS

Consideration of the general characteristics of
African state structures and political processes
and institutions, as well as of the careers and
programs of particular leaders and of policy is-
sues of widespread significance in Africa
today. Case studies of several African
countries and leaders.
W R. Johnson

17.576 Politics of Development and
Underdevelopment in Africa (A)

Prereq.: -
Acad Year 1990-91: Not offered
Aced Year 1991-92:G (2)
3-0-9

Analyzes development issues and policies in a
variety of African countries and includes a con-
sideration of the nature and functioning of the
political systems in these states, their interac-
tion with international organizations, and multi-
national corporations. Emphasizes policies
being pursued by the government to promote
economics and social development. Includes
role of governmental and voluntary organiza-
tions. Considers major theoretical literature on
development relevant to Africa.
W R. Johnson

17.577 The Politics of Change in the Third
World

Prereq.: -
U (2)
3-0-9 HASS-D/HUM-D

Introduction to the politics of the Third World
development process, focusing on ideas,
choices, structures, and constraints. Emphasis
on the central role of governments in charting
development paths, as well as the multiple
forces for change which emerge from below.
Practical policy problems dealt with include
hunger, the environment, health, population,
urbanization, technology transfer, and foreign
aid. The subject utilizes a variety of perspec-
tives on change and a mixture of resources
and teaching approaches, including guest lec-
tures and video material.
W R. Johnson

17.587J Central American Society

(Same subject as 21.521J)
Prereq.: -
U (1)
3-0-6 HASS

See description under subject 21 521J.
J. E. Jackson

17.590 Research Seminar on Latin
American Politics

Prereq.: -
Acad Year 1990-91: Not offered
Acad Year 1991-92: G (2)
3-0-9

For students planning research in Latin
America, and for students who seek to incor-
porate Latin American cases in comparative
frameworks. Discussion of current work in the
field, with emphasis on sources, methodology,
and strategies for testing theory. Presentation
of students' research projects as appropriate.
J. A. Fox

See also 17.168, 17.170, 17.406, 17.438.

Communist Studies

17.601 Communism, Revolution, and
Reform: Lenin to Gorbachev
Prereq.: -
U (2)
3-0-9 HASS-D/HUM-D

Explores the ideological and political evolution
of communism, or "state socialism,* from the
Russian Revolution to the radical reforms of
the 1980s. Organized around four topics: (1)
Leninism, as a brand of Marxist ideology and
an experiment in revolutionary practice; (2) the
Stalinist dictatorship and command economy;
(3) export of the Soviet system to Eastern
Europe; (4) the struggle for reform in com-
munist countries. What are the roots of the
contemporary crisis of communism? Are cur-
rent reform programs likely to provide solu-
tions?
D. L. M. Blackmer, E. Wood

17.602 Continuity and Change in Soviet
Politics (A)

Prereq.: -
G (1)
3-0-9

17.603 Continuity and Change in Soviet
Politics

Prereq.: 17.601 or equivalent
U (1)
3-0-9 HASS

Analysis of the nature and evolution of the
Soviet political system from 1917 to the
present. Major themes include the relationship
between ideology and action; the changing
role of the Communist Party; linkages between
economics and politics; the impact of social
forces on politics (peasants, working class,
managers, intelligentsia); and the dilemmas of
reform. Graduate students are expected to pur-
sue the subject at greater depth through read-
ing and individual research. Meets with 17.602.
D. L. M. Blackmer

17.604 Topics in Soviet Foreign
Policy (A)

Prereq.: -
G (1)
3-0-9

Treats contemporary Soviet foreign policy by
regional areas, not chronologically. After a very
brief historical background, the course is
divided into three areas: poiicy toward the
West (and Japan), policy toward other com-
munist states and parties (centering on Sino-
Soviet relations), and policy toward the Third
World. A substantial paper or a take-home ex-
amination. Open to undergraduates with the
permission of the instructor.
H. Adomeit

17.606 The Politics of Communist States
and Parties In Eastern and Western
Europe (A)

Prereq.: -
G (2)
3-0-9

Primarily an analysis of the domestic problems
and foreign relations of the Communist states
of East Europe since World War 11, followed by
a survey of the domestic and foreign policies
of the major West European Communist par-
ties. Open to qualified undergraduates. Con-
sult Department Headquarters.
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17.609J Seminar in the Historical and
Political Evolution of the Soviet Union

(Same subject as 21.378J, STS 025J)
Prereq.: Permission of Instructor
Acad Year 1990-91: Not offered
Acad Year 199 1-92: U (2)
3-0-6 HASS

17.610J Seminar in the Historical and
Political Evolution of the Soviet Union

(Same subject as STS 106J)
Prereq.: Permission of instructor
Acad Year 1990-91: Not offered
Aced Year 1991-92: G(2)
3-0-9

Meets with undergraduate subjects 17609J,
21.378J, and STS 025J. Graduate students
are expected to pursue the subject at greater
depth through reading and individual research.
See description under subject 21.378J.
L. R. Graham

17.612 The Soviet Political System (A)

Prereq.: 17.602 or equivalent
G(2)
3-0-9

Research seminar on the Soviet political sys-
tem since Stalin's death, with special em-
phasis on the Gorbachev period. Three main
objectives: 1) evaluation of competing inter-
pretations of Soviet politics, including efforts to
apply to the Soviet Union concepts derived
from the study of other political systems; 2)
analysis of major issues in contemporary
Soviet politics; 3) student research.
0. L. M. Blackmer

17.614J Russian Science and Society

(Same subject as STS 103J)
Prereq.: -
G (2)
3-0-9

See description under subject STS 103J.
L. R. Graham

17.618 The Theory and Practice of Decision
Making in the USSR (A)

Prereq. : -
G (2)
3-0-9

Explores the leading theories of decision
making and their application to contemporary
Soviet policy formulation and implementation.
Beyond rational choice and strategic planning,
bureaucratic, organizational, and other con-
tending frameworks are examined. Cases in-
clude defense, foreign policy, and economic
and industrial policies. Previous study of
Soviet politics and institutions is expected.
S. M. Meyer

Political Communication/
Political Behavior

17.702 Political Behavior and Americar
Politics (A)
Prereq.: -
G (1)
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 under-
graduates. Consult Department Headquarters.

17.704J Political Psychology and
Behavior (A)

(Same subject as STS 508J)
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 Keniston

17.726 Political Culture (A)
Prereq.: Permission of Instructor
G (2)
3-0-9

Analyzes the psychological and attitudinal
baser, of politics. Special emphasis on
socialization patterns, styles of politics, and
elite operational codes. Open to qualified un-
dergraduates.
L. W Pye

See also 17.257J, 17.264, 17.814,

Polimetrics/Models and
Methods

17.803 Arguments and Debates

Prereq.: -
U (1)
2-1-9 HASS

Examines the fallacies and logics of a variety
of recent liberal, radical, and conservative
political arguments. Introduces the student to
the "informal logic" characteristic of legal, politi-
cal, and moral argument. The laboratory in-
cludes debating exercises and logical and
computerized analysis of various political argu-
ments.
H. R. Alker, Jr.

17.814 Research Methods in Political
Behavior (A)
Prereq.: 17.842 or equivalent
Acad Year 1990-91: Not offered
Aced Year 1991-92: 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 com-
munications. Includes survey design and
analysis, experimental research, content
analysis, and field research.
P H. Lemieux

17.816 Field Research Methods In
Comparative Politics and Political
Development (A)
Prereq.: Permission of Instructor
G (1)
2-2-8

Introduces a variety of approaches and
methods for conducting research in Western
Europe and developing countries, including
elite interviewing, participant observation, case
studies, cross-cultural survey research, and
documentary research, Attention to concep-
tual, practical, and ethical issues of conducting
research abroad, e.g., the role of language in
social research, the limits and uses of official
sources, and ethical responsibilities of social
scientists. Not open to first-year graduate stu-
dents.
M. Weiner

See also 17.490.
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17.820 Quantitative Methods In American
Polities (A)
Prereq.: -
Aced Year 1990-91: Not offered
Acad Year 1991-92:G (2)
2-2-8

Examines major quantitative research tech-
niques used by political scientists to inves-
igate American mass political and institutional
behavior. Substantive topics covered include
the specification and examination of voting
and opinion models, models of legislative be-
havior, and budgetary decision making.
C. Stewart

17.823 Conflict and Its Resolution
Prereq.: 17.203
U (2)
3-0-9 HASS

17.824 Conflict and Its Resolution (A)
Prereq.: 17.842
G (2)
3-0-9

Focus is on different, empirically oriented ap-
proaches to international conflict and its resolu-
tion. Topics include the sources,
instrumentalities, and modalities of conflict,
and the ways in which conflict is negotiated,
managed, or resolved. Both the research con-
ceptualization (its theoretical and paradigmatic
roots), research design (including the con-
tinuum from experimental to quasi-experimen-
tal to nonexperimental options), and the
methodological implementation of various em-
pirical studies are reviewed. Graduate stu-
dents are expected to pursue the subject at
greater depth through reading and individual
research. Meets with 17.423.
H. R. Alker, Jr.

17.842 Quantitative Research in Political
Science and Public Policy (A)
Prereq.: -
G (1)
3-0-9

An introduction to the application of elemen-
tary statistics to political analysis. A basic
literacy subject, teaching the student how to
read and interpret the quantitative literature in
various subfields of political science and public
policy. Students develop elementary statistical
computation skills and loam to use a statistical
computing package.
P H. Lemeux

17.846 Multivariate Political Analysis (A)
Prereq.: 17.203 or 17.842 or equivalent
G (2)
2-2-8

Focus on multivariate data analysis proce-
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

L

17.848 Complex Models of Social
Systems (A)
Prereq.: 6.001 or 17.842
G0(1)
Units arranged

Research seminar focuses on complex models
of socio-political processes. Emphasis is on
political reasoning processes and institutional
histories. Discusses models from biological, lin-
guistic, logical, semiotical, and artificial intel-
ligence traditions.
H. R. Alker, Jr.

17.850 Advanced Topics In Statistical
Modeling (A)
Prereq.: 17.846
S(2)
3-0-6

Focuses on selected topics in statistical model-
ing and data-based simulation, including
ARIMA models, intervention analysis, analyti-
cal vs numeric l techniques of dynamic
analysis, nonlinear estimation methods. Em-
phasizes political science applications. Open
to undergraduates by permission of instructor.
Consult Department Headquarters.

See also 17.322, 17.487, 17.488.

General Subjects

17.UR Undergraduate Research
Prereq.: -
U (1, 2)
Units arranged [P/F]

Undergraduate research opportunities in Politi-
cal Science in theoretical and applied re-
search. For further information, contact the
Departmental Coordinator.
S. Berger

17.901 Political Science Internship and
Research

Prereq.: -
U (1. 2)
Units arranged

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.
M. Lipsky

17.905-17.911 Reading Seminar in Social
Science

Prereq.: -
U (1, 2)
Units arranged

Reading and discussion of special topics in the
fields of social science. Open to advanced un-
dergraduates by arrangement with individual
staff members. 17.909 is taught P/F.
S. Berger

17.913 Pro-thesis Reading Seminar
Prereq.: -
U (1, 2)
3-0-6 [P/F]

Intensive reading on topics of interest to stu-
dents preparing for senior thesis under
guidance of thesis supervisor. A written paper
required, forming a substantial part of the
senior thesis.
S. Berger

17.915 Junior Colloquium In Political
Science and Public Affairs
Prereq.: Two Political Science subjects or
Permission of Instructor
U (2)
2-0-10 HASS

Seminar identifies, explores contributions of
political science to critical issues in US and
world affairs. Designed to help departmental
majors and minors understand the way politi-
cal scientists choose and ask questions and
seek answers to those questions. Topics in-
clude ethnicity and politics, technology and
policy, industrial policy, international political
economy, wars today, and regional powers.
R. Samuels

17.ThU Undergraduate Political Science
Thesis

Prereq.: -
U (1, 2)
Units arranged

Program of undergraduate research, leading
to the writing of an S.B. thesis. To be arranged
by the student under approved supervision.
S. Berger

17.950-17.960 Reading Seminar in Social
Science (A)

Prereq.: Permission of Instructor
G (1, 2)
Units arranged

Reading and discussion of special topics in the
fields of social science. Open to advanced
graduate students by arrangement with in-
dividual staff members. 17.959 is taught P/F.
S. Berger

17.ThG Graduate Political Science
Thesis (A)
Prereq.: Permission of Instructor
G (1, 2)
Units arranged

Program of graduate research and writing of
thesis; to be arranged by the student with su-
pervising committee.
S. Berger
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18.UR Undergraduate Research

Prereq.: -
U (1, 2)
Units arranged [P/F]

Undergraduate research opportunities in math-
ematics. Permission required in advance to
register for this subject. For further information,
consult the Departmental Coordinator.
A. Nadim

18.01 Calculus

Prereq.: -
U (1,2)
5-0-7

Differentiation and integration of functions of
one variable, with applications. Concepts of
function, limits, and continuity. Differentiation
rules, application to graphing, rates, ap-
proximations, and extremum problems. Mean-
value theorem. Definite and indefinite
integration. Fundamental theorem of calculus.
Applications of integration to geometry and
science. Elementary functions. Techniques of
integration. Approximation of definite integrals,
improper integrals, and I'H6pitals rule.
FR Peterson

18.011 Calculus

Prereq.: Assumes substantial prior knowledge
of calculus
i.5(1)
6-0-7

Calculus of one variable, emphasizing applica-
tions. Quick review of differentiation, followed
by intensive study of integration and infinite
series, including, as time permits, special
topics selected from: perturbation and iteration
procedures, stability, summation techniques,
asymptotics, numerical analysis, and other
techniques. Practice in mathematical formula-
tion of scientific problems and approximate
methods of solution.
0. J. Benney

ICourse 18

18.012 Calculus with Theory
Prereq.: -
U (1)
5-0-7

Covers the same material as 18.01, but ata
deeper ard more rigorous level. Emphasizes
careful reasoning and understanding of proofs.
Assumes knowledge of elementary calculus.
Topics: axioms for the real numbers; the
Riemann integral: limits, theorems on con-
tinuous functions; derivatives of functions of
one variable; the fundamental theorems of cal-
culus; Taylor's theorem; infinite series, power
series, rigorous treatment of the elementary
functions.
0. McDoniel

18.02 Calculus

Prereq.: 18.01 or 18.011 or 18.012
U (1, 2)
5-0-7
Calculus of several variables. Vector algebra in
3-space, determinants, matrices. Vector-
valued functions of one variable, space mo-
tion. Scalar functions of several variables:
partial differentiation, gradient, approximation
techniques. Multiple integrals with applications.
Vector fields, line and surface integrals, exact
differentials, Green's theorem, Divergence
Theorem, Stokes's Theorem Additional topics:
linear algebra (term 1), infinite series (term 2).
Term 1: H. Rogers, Jr.
Term 2: H. Cheng

18.021 Calculus

Prereq.: 18.01 or 18.011
U (1, 2)
5-0-7

Continues 18.011 Calculus of several vari-
ables. Vector algebra, analytic geometry,
planetary motion, orbit stability, pa. uial differen-
tiation, functions of several variables. Taylor
series, extremal problems, linear programming
examples, numerical methods, multiple in-
tegrals, approximate and asymptotic methods
of evaluation, applications, vector calculus,
gradient, curi, theorems of Stokes, Green, and
Gauss, conservation laws, fluid motion.
Term 1: H. P Greenspan
Term 2: A. Nadim

18.022 Calculus with Theory
Prereq.: 18.012
U (2)
5-0-7

Continues 18.012. Parallel to 18.02, but at a
deeper level, emphasizing creful reasoning
and understanding of proofs. Considerable em-
phasis on linear algebra and vector integral cal-
culus.
D. McDoniel

18.03 Differential Equations

Prereq.: 18.02 or 18.021 or 18.012
U (1, 2, S)
4-0-8 SCI DIST

Examples of initial-value problems in science
and engineering associated with single equa-
tions and systems of first-order equations.
Methods of solution include graphical construc-
tions, series, Laplace transforms, matrices,
numerical integration and the phase plane. Em-
phasizes formulation of natural phenomena in
terms of differential equations and interpreta-
tion of the solutions.
Term 1: D. Jerison, Z Zhou
Term 2: A. P Mattuck

18.032 Differential Equations
(Now)

Prereq.: 18.02 or 18.021 or 11.012
U (2)
4-0-8 SCI DIST

Covers essentially the same material as 18.03
with more emphasis on theory. First order
equations, separation, initial value problems.
Systems, linear equations, Independence of
solutions, undetermined coefficients. Singular
points and periodic orbits for planar systems.
Information: D. S. Jerison,

18.04 Complex Variables with Applications

Prereq.: 18.03 or 18.032
U (1, 2)
4-0-8

Complex algebra and functions; analytiolty;
contour integration, Cauchy's theorem; sin-
gularities, Taylor and Laurent series; residues,
evaluation of integrals; multivalued functions,
potential theory in two dimensions; Fourier
analysis and Laplace transforms. 18.04 and
18.075 may not both be taken for credit.
Term 1: S. H. Strogatr
Term 2: A. Toomre
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18.05 Introduction to Probability and
Statistics
Prereq.: 18.01 or 18.011 or 18.012
U (1, 2)
4-0-8 SCI DIST

Elementary introduction, with applications to
the life sciences. Descriptive statistics. Rela-
tive frequency. Probability models. Coi-
binatorics. Binomial, geometric,
hypergeometric, and Poisson experiments.
Random variables.nEstimation. Hypothesis test-
ing. Confidence regions. Normal distribution
methods.
Term 1: R. M. Dudley
Term 2: W Olbricht

18.06 Unear Algebra
Prereq.: 18.02 or 18.021 or 18.022
U (1, 2,S)
4-0-8 SCI DIST

Basic subject on matrix theory and linear al-
gebra, emphasizing topics useful in other dis-
ciplines, including systems of equations, vector
spaces, determinants, eigenvalues, similarity,
positive definite matrices. Applications to
Gauss elimination with pivoting, least-squares
approximations, stability of differential equa-
tions, linear programming, and game theory.
Compared with 18.710, more emphasis on
matrix calculations and applications. Informa-
tion: G. Strang.

18.063 Introduction to Algebraic Systems
Prereq.: 18.02 or 18.021 or 18.022
U (1)
4-0-8 SCI DIST

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. Information: A. P. Mattuck.

18.075 Advanced Calculus for Engineers
(A except i, VI, VIII, XII, XIII, XVf, XVIII, XXII)
Prereq.: 18.03 or 18.032
G (1, 2, S)
3-0-9

Functions of a complex variable, calculus uf
residues. Ordinary differential equations; in-
tegration by power series; Bessel and
Legendre functions. Expansion in series of or-
thogonal functions, including Fourier senes.
18.075 and 18.04 may not both be taken for
credit. Information: D. S. Jenson.

18.076 Advanced Calculus for Engineers
(A except I, VI, XVI, XVIII, XXII)
Prereq.: 18.075
G (1, 2,S)
3-0-9

Prereq.: 18.03 or 18.032
G (1, 2, S)
3-0-9

Review of linear algebra, applications to net-
works, structures, and estimation, Lagrange
multipliers, differential equations of equilibrium,
Laplaces equation and potential flow,
boundary-value problems, minimum principles
and calculus of variations, Fourier series, dis-
crete Fourier transform, convolution, applica-
tions.
Term 1: G. Strang
Term 2: S. H. Strogatz

18.086 Mathematical Methods for
Engineers 11(A)
Prereq.: 18.03 or 18.032
G (1, 2, S)
3-0-9

Scientific computing: Fast Fourier Transform,
firite differences, finite elements, spectral
mothod, numerical linear algebra. Complex
variables and applications. Initial-value
problems: stability or chaos in ordinary differen-
tial equations, wave equation vs heat equa-
tion, conservation laws and shocks, dissipation
and dispersion. Optimization: network flows,
linear programming, simplex vs Karmarkar. In
formation: G. Strang.

18.089 Review of Mathematics

Prereq.: -
G (S)
Units arranged

Reviews calculus and differential equations.
Primarily for students in Course XiIl-A. Degree
credit allowed only in special circumstances. In-
formation: D .S Jerison.

18.091 Calculus Workshop
(New)

Prereq.: Permission of Instructor
U (1)
Units arranged [P/F]

Workshop presenting material supplementing
18.01. Limited enrollment. Information: D. S.
Jenson.

Analysis

Vectoranalysis: orthogonal curvilinear coor-
dinates. Calculus of variations. Solution of clas-
sical partial differential equations of
mathematical physics, including applications of
conformalmapping and the Laplace transfor-
mation. Information0 D. .Jerison.

18.085 Mathematical Methods for
Engineers I(A)

18.092 Calculus Workshop
(New)
Prereq.: Permission of Instructor
U (2)
Units arranged (P/F]

Workshop presenting material supplementing
18.02. Limited enrollment. Information: D. S.
Jerison.

18.093 Tutoring in Mathematics
Prereq.: 18.02 or 18.021 or 18.022
U (1,2)
Units arranged [P/F]

For undergraduates who are teaching mathe-
matics recitation. Limited enrollment, based on
positions available. Permission must be
secured in advance to register for this subject.
Information: D. S. Jerison.

18.097 Writing Mathematics

Prereq.: 18.02, 18.03
U (1, 2)
3-0-3

Seminar on writing mathematics, designed to
help math majors satisfy Phase 1I of the In-
stitute Writing Requirement. For majors with lit-
tie or no experience in technical writing.
Mathematical content geared to
sophomore/junior level. A satisfactory final
paper may be submitted to fulfill Phase 11 of
the Writing Requirement. In-class hours will
vary from term to term. Information: S
Kleiman.

18.098 Mathematics Lecture Series
(New)
Prereq.: 18.01 or equivalent
U (IAP)
2-0-4 [P/F]

Ten lectures by mathematics faculty members
on interesting topics from both classical and
modern mathematics. All lectures accessible to
students with calculu, background and an in-
terest in mathematics. At each lecture, reading
and exercises are assigned. Students prepare
these for discussion in a weekly problem ses-
sion. May be repeated for credit. Information:
M. Haiman.

18.099 Independent Activities
Prereq.: -
U (1, lAP, 2)
Units arranged

For undergraduates desiring credit for studies
during IAP or for special individual reading on
an undergraduate level during the regular
terms. Specific programs and credit arranged
in consultation with individual faculty members
and subject to departmental approval.
J. R. Munkres

......... . ... .......

18.100 Analysis I (A except XVIII)
Prereq.: 18.03 or 18.032
U (1,2)
3-0-9

Two options offered, both covering fundamen-
tals of mathematical analysis: convergence of
sequences and series, continuity, differen-
tiability, Riemann integral, sequences and
series of functions, uniformity, interchange of
limit operations. Both options show the utility of
abstract concepts and teach understanding
and construction of proofs. Option A chooses
less abstract definitions and proofs, and gives
applications where possible. Option Bis more
abstract and for students with more mathemati-
cal maturity. Places greater emphasis on point-
set topology. Information: R. B. Melrose.

18.101 Analysis Il (A except XVIII)

Prereq.: 18.100;:18.701 or 18.710
U (1)
3-0-9

Continues 18.100, in the direction of manifolds
and global analysis. Differentiable maps, in-
verse and implicit function theorems, n-dimen-
sional Riemann integral, change of variables in
multiple integrals, manifolds, differential forms,
n-dimensional version of Stokes' theorem.
18.901 helpful but not required.
J. R. Munkres

18.103 Fourier Analysis-Theory and
Applications (A except XVIII)
Prereq.: 18.100
U (2)
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 integrals.
E. Getzler

18.104 Seminar in Analysis
Prereq.: 18.100
Acad Year 1990-91: Not offered
Acad Year 1991-92: U (1)
3-0-9

Seminar for mathematics majors. Students
present and discuss the subject matter, taken
from current journals or books. Topics vary
from year to year. Information: R. B. Melrose.

18.115 Functions of a Complex Variable (A)
Prereq.: 18.100
G (1)
3-0-9

Exponential and trigonometric functions,
Cauchy integral formula, holomorphic and
meromorphic functions. Infinite series and
products, the gamma function. Harmonic func-
tions, conformal mapping, Dirichlet's problem.
S. Helgason

18.116 Topics In Complex Variables (A)

Prereq.: 18.115
G (2)
3-0-9

Topics vary from year to year; may be
repeated for credit. Typical topics: introduction
to Riemann Surface Theory, function-theoretic
and geometric approaches to Teichm~ller
theory.
S. K. eung

18.117 Topics In Several Complex
Variables (A)
Prereq.: 18.115,18.125
Acd Year 1990-91: Not offered
Acad Year 1991-92: G(2)
3-0-9

Pseudoconvex domains and plurisubharmonic
functions. Complete metrics and inversion of
the Laplacian. Existence and approximation
theorems for holomorphic functions via L2-
estimates for the 5-operator.
R. B. Melrose

18.125 Measure and Integration (A)
Prereq.: 18.100
G (1)
3-0-9

Basic set theory and general topology (review
and extension). General theory of Lebesgue in-
tegration. The basic theorems of Tonelli-Fubini,
Radon-Nikodym, Riesz-Fischer, et al.; Banach,
LP and Hilbert spaces.
R. M. Dudley

18.126 Functional Analysis (A)

Prereq.: 18.125
G (2)
3-0-9
General theory of Hilbert and Banach spaces.
Examples, including Sobolev spaces and LP.
The Fourier transform. Boundedness and com-
pactness of operators. Spectral theory for self-
adjoint operators. Applications to linear partial
differential equations.
Z Zhou

18.128 Geometric Measure Theory (A)
Prereq.: 18.125
G (2)
3-0-9

Hausdorff measure, rectifiable sets, structure
theory, and the co-area formula.
D. W Stroock
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18.135 Geometric Analysis (A)
Prereq.: 18.125
Acad Year 1990-91: Not offered
Acad Year 1991-92: G (2)
3-0-9

Harmonic analysis on Rn. Spherical harmonics.
Non-Euclidean Fourier analysis. Paley-Wiener
type theorems, group-theoretic potential
theory. Eigenfunctions, entire functionals, and
hyperfunctions. Radon transforms and applica-
tons.
S. Helgason

18.152 Introduction to Differential
Equations
Prereq.: 18.100
Acad Year 1990-91: U (2)
Acad Year 1991-92: Not offered
3-0-9

Cauchy problem for ordinary differential equa-
tions. Integration of vector fields in the plane.
The wave equation and Riemann function.
Dirichlet problem for Laplace's operator.
Information: R. B. Melrose.

18.155 Distributions and Differential
Equations (A)
Prereq.: 18.103
G (1)
3-0-9

Treats the basic theory of distributions with ap-
plications to linear partial differential equations.
Fourier transform, temperate distributions,
Sobolev spaces, and constant coefficient
operators. Convolution, fundamental solutions,
and the Malgrange-Ehrenpreis theorem.
H. Smith

18.156 Introduction to Microlocal
Analysis (A)
Prereq.: 18.155, 18.965
Acad Year 1990-91:G (1)
Acad Year 1991-92: Not offered
3-0-9

Examines singularities of distributions. Distribu-
tions singular across a submanifold, singular
points of ordinary differential equations, non-
characteristic boundary-value problems. Pseu-
dodifferential operators, regularity of elliptic
differential operators, wavefront set, and
microdistributions. Darboux's theorem. Hamil-
ton-Jacobi theory, the Maslov bundle. Lagran-

gian distributions, Fourier integral operators,and the Cauchy problem for hyperbolic equa-
tions.
R. B. Melrose
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18.157 Partial Differential Equations (A)
Prereq.: 18.155, 18.156
Acad Year 1990-91: Not offered
Acad Year 1991-92: G (2)
3-0-9

Examines general classes of operators and
problems in the theory of linear partial differen-
tial operators. Boundary-value problems for el-
liptic operators, hypoelliptic operators with
double characteristics. Operators of real pnn-
cipal type. Uniqueness for the Cauchy prob-
lem. Spectral theory. Information: R. B.
Melrose.

18.158 Topics in Differential Equations (A)
Prereq.: 18.125
Acad Year 1990-91:G (2)
Acad Year 1991-92: Not offered
3-0-9

Content varies from year to year; may be
repeated for credit. Topics: Rings of pseudodif-
ferential operators on manifolds with corners,
singular limits in geometric problems.
R. S. Melrose

18.175 Theory of Probability (A)
Prereq.: 18.125
G-(2)
3-0-9

Ergodic theorems, laws of large numbers, con-
vergence of probability measures, central limit
theorems stochastic processes, Brownian mo-
tion, ma-tingales, strong Markov properties.
R. M. Dudley

18.177 Stochastic Processes (A)
Prereq.: 18.175
Acad Year 1990-91: Not offered
Acad Year 1991-92: G(1)
3-0-9

Topics in stochastic processes, such as Gaus-
sian, Markov, diffusion and empirical proc-
esses. Content varies from year to year; may
be repeated for credit.
D. W Stroock

18.199 Graduate Analysis Seminar (A)
Prereq.: Permission of Instructor
G0(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)
Prereq.: Permission of Instructor
Acad Year 1990-91: Not offered
Aced Year 1991-92:G (2)
3-0-9

Topics vary from year to year; may be
repeated for credit.
L M. Singer

18.248 String Theory (A)
Prereq.: Permission of Instructor
G (1)
3-0-9

Topics include representation theory of infinite
dimensional algebras of geometric origin, semi-
infinite cohomology, differential equations on
modular spaces, braid and TeichmUller group
representations. Some familiarity with elemen-
tary algebraic geometry or representation
theory is helpful. Topics vary from year to year:
may be repeated for credit.
A. A. Beiinson

18.276 Mathematical Methods in
Physics (A)
Prereq.: -
G (2)
3-0-9

Recent developments in physics requre math-
ematical techniques not usually covered in
standard graduate subjects; e.g., Kaehlerian
geometry, Kad-Moody algebras, TeichmUller
theory, and the theory of Bieberbach groups.
Topic for 1990-91: spectral problems as-
sociated with periodic lattices in Rn and applica-
tions to solid state physics. Topics for following
terms: string theory, Yang-Mills and the topol-
ogy of four-manifolds. Content varies from
year to year; may be repeated for credit.
V W. Guillemin

18.284 Introduction to Functions of a
Complex Variable (A except XVIII)
Prereq.: 18.03 or 18.032
U (1)
3-0-9

A deeper and more extensive treatment of
complex variables than 18.04, with more chal-
lenging problems. Mathematical rigor is, how-
ever, not stressed. Branch points and branch
cuts. Cauchy's theorem, singularities,
residues, contour integrals, conformal map-
ping. Schwarz-Christoffel transformation,
analytic continuation, harmonic function, the
Mittag-Leffler theorem.
H. Cheng

18.295J General Relativity (A)
(Same subject as 8.962J)
Prereq.: 18.06, 8.06, 8.312
G (2)
3-0-9

The physical background and mathematical
formulation of the general theory of relativity.
Begins with tensor calculus, differential forms,
and Riemannian geometry. Extensive discus-
sion of stellar and black hole solutions.
Finishes with the Penrose process, black hole
thermodynamics, and some cosmology.
N. P Warner

Applied Mathematics

18.301 Introduction to Physical
Mathematics I
Prereq.: 18.03 or 18.032
U (1)
3-0-9

Discussion of mathematical techniques
motivated by and applied to scientific
problems. Particle mechanics and differential
equations. Random walk and diffusion equa-
tion. Stability analysis. Linearization. Perturba-
tion theory, regular, Poincar6, multiple scales.
Phase plane, energy methods, limit cycles. Flo-
quet theory. Separation of variables, heat and
Laplace's equation. Orthogonal expansion.
Fourier analysis. 18.04 or 18.284 helpful.
R. R. Rosales

18.302 Introduction to Physical
Mathematics I
Prereq.: 18.301; 18.04or 18.284
U(2)
3-0-9

Formulation and classification of partial dif-
ferential equations of mathematical physics
and continuum mechanics. Solution of the lat-
ter equations by separation of variables,
Gree.Vs functions, integral transform methods,
and perturbation techniques. Sturm-Uouville
eigenvalue problems. Special functions. Varia-
tional problems.
R. R. Rosales

18.305 Methods of Applied
Mathematics I(A)
Prereq.: 18.04 or 18.075 or 18.284 or 18.302
G0(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 ordinary differential and
difference equations; asymptotic evaluation of
integrals; regular and singular perturbation
methods; boundary-layer techniques; WKB
method; multiple scales. Term 2: partial dif-
ferential equations; transform methods; charac-
teristics, initial and boundary-value problems;
Green's functions; singular perturbation
problems; nonlinear wave propagation.
18.305: A. Nadim
18.306: H. Cheng

18.307 Methods of Applied
Mathematics ilI (A)
Prereq.: 18.04 or 18.075 or 18.284 or 18.302
Acad Year 1990-91: Not offered
Acad Year 1991-92: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 theoram); the Hilbert Problem
and singular integral equations of Cauchy
type; Wiener-Hopf Method and partial differen-
tial equations; Wiener-Hopf Method and in-
tegral equations; group theory.
Information: H. Cheng.

18.308 Wave Motion (A)
Prereq.: 18.305
G (2)
3-0-9

Topics selected from the following: geometrical
optics, linear and weakly nonlinear. The par-
ticle-wave duality. Geometrical shock
dynamics. Modulation theory; formal point of
view, the average Lagrangian, group velocity,
wave action, and average conservation laws.
Multiple phases, small divisor problem,
resonant interactions, integro-differential equa-
tions. Inverse Scattering Transform, solitons,
small dispersion limit. May be repeated for
credit.
R. R. Rosales

18.310 Principles of Applied Mathematics

Prereq.: 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 program-
ming.
D. J. Kleitman

18.311 Principles of Applied Mathematics

Prereq.: 18.03 or 18.032
U (2)
3-0-9

Introductory survey of fundamental concepts in
applied mathematics: propagation, stability,
equilibrium, optimization. This independent
half of the complete sequence emphasizes the
ideas and topics that relate to a "continuous"
mathematical approach: diffusion, waves, in-
stabilities, characteristics, and first-order par-
tial differential equations, with applications to
traffic problems, fluid flow, and other problems
in classical mathematical physics.
A. Toomre

18.313 Probability

Prereq.: 18.02 or 18.021 or 18.022
U (2)
4-0-8 SCI DIST

Development of theory and applications of
probabilistic concepts for scientists and en-
gineers. Emphasizes formulation and solution
of probabilistic problems by the algebra of ran-
dom variables. Topics: sample space, Bemoulli
and Poisson processes, uniform process,
generating functions and Laplace transforms,
discrete and continuous-parameter Markov
chains. Introduces the Central Limit Theorem
and the foundations of probability. 18.313 and
18.440 may not both be taken for credit.
G.-C. Rota

18.314 Combinatorial Analysis
Prereq.: 18.02 or 18.021 or 18.022
U (2)
3-0-9

Combinatorial problems and methods for their
solution. Emphasizes problems of enumera-
tion, generating function techniques, and con-
struction of bijections. Additional topics drawn
from graph theory, matchings and network
flows, partial orders, permutation groups and
Polya theory. Prior experience with abstraction
and proofs required.
R. P Stanley

18.315 Combinatorial Theory (A)
Prereq.: Permission of Instructor
G0(1)
3-0-9
Content varies from year to year; may be
repeated for credit. Topics in the past have in-
cluded enumeration, generating functions, par-
tially ordered sets, Mobius functions, incidence
geometries matroids, matching theory, Ram-
sey theory, graphs.
G.-C. Rota

18.316 Seminar in Combinatorics (A)
Prereq.: Permission of Instructor
G (2)
3-0-9

Content varies from year to year; may be
repeated for credit. Readings from current re-
search papers in combinatorics. Topic to be
chosen and presented by the class.
D. J. Kleitman

18.318 Topics In Combinatorics (A)
Prereq.: Permission of Instructor
G (2)
3-0-9

Content varies from year to year; may be
repeated for credit. 1990-1991: Topics chosen
from applications of algebra to combinatorics;
matroids; umbral calculus.
G.-C. Rota

18.325 Topics In Applied Mathematics (A)
Prereq.: -
G (1)
3-0-9

Nonlinear oscillations and chaos, with applica-
tions to physics, engineering, and biology. Em-
phasizes analytical methods and concrete
examples. Students solve difference and dif-
ferential equations on the computer. Topics:
phase plane; bifurcation theory; Lyapunov
stability theory; nonlinear oscillators; coupled
oscillators in biology and physics; chaos:
iterated mappings; period doubling; Lorenz
model; driven pendulum; Melnikov's method;
fractal basin boundaries. Permission of instruc-
tor required for undergraduates.
S. H. Strogatz

19 k3 0 Introduction to Numerical Analysis

Presq.: 18.03 or 18.032

U (2)
3-0-9
Introduces basic techniques for efficient solu-
tion of numerical problems in science and en-
gineering. Root finding, integration, function
approximations, differential equations, direct
and iterative methods in matrix theory, analysis
of numerical stability.
D. S. Henningson

18.335 Numerical Methods of Applied
Mathematics I(A)
Prereq.: 18.06
G0(1)
3-0-9

18.336 Numerical Methods of Applied
Mathematics N0(A)
Prereq.: 18.302
G (2)
3-0-9

Advanced introduction to theory and applica-
tion of numerical methods. Term 1: Fundamen-
tal methods for various problems including
linear equations, quadrature, nonlinear equa-
tions, matrix eigenva."ies, Fourier transforms,
and ordinary differential equations. Term 2:
numerical solution of differential equations,
especially of time-dependent partial differential
equations by finite -difference and spectral
methods, together with the associated theory
of accuracy, stability, and convergence.
18.335 A. Toomre
18.336 L. Van Dommelen
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18.337 Topics In Numerical Analysis (A)

Prereq.: Permission of instructor
Acad Year 1990-91: Not offered
Acad Year 1991-92:G (1)
3-0-9

Reading and problem solving on a topic in
numerical analysis not normally covered by
18.335 or 18.336, to be agreed upon by stu-
dents and instructor. Possibilities include: op-
timization and nonlinear equations,
approximation theory, sparse matrices, parallel
algorithms, boundary-value problems, finite-
element methods, numerical methods in com-
plex analysis. Topic varies from term to term;
may be repeated for credit.
L. N. Trefethen

18.350 Experiments in Fluid Mechanics

Prereq.: Permission of Instructor
Acac Year 1990-91: Not offered
Acad Year 1991-92: U (2)
3-6-3

A "got your hands wet" approach to fluid
mechanics for the theoretically inclined in
which students, assisted by laboratory staff,
set up and carry out a number of exploratory
and diagnostic experiments. These fairly
simple demonstrations of basic fluid processes
and phenomena are designed to motivate fur-
ther study by providing the intuition and ex.
perience that underlie theoretical models,
approximations, and analyses. Enrollment is
limited.
H. P Greenspan

18.354 Fluid Mechanics

Prereq.: 18.04 or 18075 or 18.302
U (1)
3-0-9

18.355 Fluid Mechanics (A)

Prereq.: 18.354
G (2)
3-0-9

A study of the basic concepts of fluid
dynamics: conservation laws of mass, momen-
tum, and energy; equation of state; vorticity
and circulation theorems; boundary-layer
theory; instability and transition; waves; com-
pressible flows and shocks; convection. Multi-
phase fluids, and other selected topics of
current research interest.
18.354: D. S. Henningson
18.355: W. V R. Malkus

18.356 Rotating Fluids (A)

Prereq.: 18.305, 18.354
G (2)
3-0-9

General theory of rotating fluids; transient
flows; effects of viscosity, stratification, com-
pressibility and nonlinear interactions; wave
motion and stability theory; multiphase flows
and centrifugal separation of mixtures. Applica-
tion to laboratory, technological, and geophysi-
cal problems.
H. P Greenspan

18.357 Seminar in Fluid Dynamics (A)

Prereq.: 18.355
Acad Year 1990-91: Not offered
Acad Year 1991-92: G (1)
3-0-9

Nonlinear phenomena in fluid flow, especially
stability and wave mechanics. Current topics
of research interest. Emphasis varies from
year to year. May be repeated for credit.
D. J. Benney

18.358 Hydrodynamic Stability and
Turbulence (A)

Prereq.: 18.354
Acad Year 1990-91: Not offered
Acad Year 1991-92: G (1)
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 tur-
bulence. Statistical stability and the turbulent
transport of heat and momentum. Properties of
convection and shear turbulence.
W V R. Malkus

18.359 Hydrodynamics of Fluid-Particle
Systems (A)

Prereq.: 18.354
G (1)
3-0-9

Hydrodynamics of liquids containing particles,
droplets, or bubbles. Topics drawn from the fol-
lowing list: motion of particles and droplets in
Stokes flow, translational and rotational
Brownian motion, rheology of suspensions,
gravitational and centrifugal sedimentation,
multiphase flow theory and mixture models,
coarse graining methods, macromolecular
hydrodynamics and viscoelasticity, colloidal
and interfacial phenomena.
A. Nadimn

18.375 Dynamics of Galaxies (A)

Prereq.: 8,06; 18.076 or 18.302
Acad Year 1990-91: Not offered
Acad Year 1991-92: G (2)
3-0-9

Types and main properties of galaxies. Orbits,
equilibria, and instabilities of large aggregates
of stars. Wave mechanics in disks: density
waves, swing amplification, global modes,
resonances, bars; bending waves, forced
warps. Evolution of groups: tidal encounters,
orbital decay, mergers, refueling the central en-
gines. Effects of dark halos.
A. Toomre

18.395 Group Theory with Applications to
Physics (A)

Prereq.: 18.302 or 18.305 or 8.321
G (1)
3-0-9

Selection of topics from the theory of finite
groups, Lie groups, and group repre-
sentations, presented with some applications
to quantum mechanics and particle physics.
D. Z Freedman

18.396 Topics in Theoretical Physics (A)

Prereq.: 8.20, 6.017
Acad Year 1990-91: Not offered
Acad Year 1991-92: G (2)
3-0-9

Emphasizes major points of theoretical
physics. For students who want to understand
fully the fundamentals, not just to know for-
mulae and terminology. No advanced back-
ground beyond quantum mechanics and
special relativity required. Topics include: ac-
tion principle in classical mechanics, classical
fields, symmetry and groups, canonical quan-
tization, path integrals, gauge field theories,
quantum electrodynamics, quantum
chromodynamics, weak interaction and the
Weinberg-Salam model, renormalization, and
the theory of gravitation.
H. Cheng

Theoretical Computer
Science

18.400J Automata, Computability, and
Complexity

(Same subject as 6.045J)
Prereq.: 18.063 or 18.310
U (2)
4-0-8

See description under subject 6.045J.
N. A. Lynch

18.404J Theory of Computation
(A except XVIII)

(Same subject as 6.840J)
Prereq.: 18.063 or 18.310
U (1)
4-0-8

A more extensive and theoretical treatment of
the material in 6.045J/18.400J, emphasizing
computability and computational complexity
theory. Regular and context-free languages.
Decidable and undecidable problems,
reducibility, recursive function theory, Kol-
mogorov complexity. Time and spare
measures on computation, completeness,
hierarchy theorems, inherently complex
problems.
M. Sipser

18.405J Advanced Complexity Theory (A)

(Same subject as 6.841J)
Prereq.: 6.840J/1 8.404J
G (2)
3-0-9

Current research topics in computational com-
plexity theory. Nondeterministic, alternating,
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. Karchmer

18.406 Concrete Complexity Theory (A)
(New)

Prereq.: 18.404J/6.840J
Acad Year 1990-91:G (1)
Acad Year 1991 -92: Not offered
3-0-9

A combinatorial treatment of complexity theory
through concrete models of computation.
Topics include communication complexity,
decision trees, branching programs, algebraic
computation, time-space tradeoffs, random-
ness as a resource. Alternate years.
M. Karchmer

18.409 Topics In Theoretical Computer
Science (A)

Prereq.: Permission of Instructor
Acad Year 1990-91: Not offered
Acad Year 1991-92:G (2)
3-0-9

Study of an area of current interest in theoreti-
cal computer science. Topic varies from term
to term; may be repeated for credit. Informa-
tion: F. T. Leighton.

18.410J Introduction to Algorithms

(Same subject as 6.046J)
Prereq.: 6.001; 18.063 or 18.310
U (1, 2)
4-0-8

See description under subject 6.046J.
C. E. Leiserson

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/
18.4 1OJ. Topics: Data structures, sorting, selec-
tion, hashing. Solving recurrences. Upper and
lower bounds. Dynamic programming. Divide
and conquer. Graph algorithms: spanning
trees, matching, shortest paths, max flow.
Matrix operations. Fast Fourier'transform. In-
teger and polynomial arithmetic. Permutation
group membership. Primality testing. Linear
programming. Parallel algorithms.
R. L Rivest

18.415J Advanced Algorithms (A)
(Same subject as 6.854J)
Prereq.: 18.414J/6.851J; 18.06 or 18.710
G (1)
3-0-9

Continuation of 18.414J/6.851J, emphasizing
fundamental algorithms and advanced
methods of algorithmic design and analysis.
Advanced graph algorithms (matching, net-
work flow, and the traveling salesman
problems). Linear programming. Basis reduc-
tion, integer programming, polynomial fac-
torization, diophantine approximation.
M. Goemans

18.419 Seminar in Theoretical Computer
Science (A)

Prereq.: Permission of Instructor
G (2)
3-0-9

A seminar on advanced topics in theoretical
computer science. Current literature presented
by students and instructors with a view toward
preparing students for research in theoretical
computer science, and for developing tho skills
needed to present such results effectively. May
be repeated for credit.
M. Sipser

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
Acad Year 1990-91: U (2)
Acad Year 1991-92: Not offered
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, in-
tegral lattices. factorization of polynomials over
the rationals, simultaneous diophantine ap-
proximations, solving binary quadratic and
cubic modular equations, application to public-
key cryptography. Information: H. Rogers, Jr.

18.423J Computability, Logic, and
Programming
(Same subject as 6 044J)
Prereq.: 18.063 or 18.310
Aced Year 1990-91: Not offered
Acad Year 1991-92: U (1)
3-0-9

See description under subject 6.044J.
A. R. Meyer

18.425J Cryptography and
Cryptanalysis (A)

(Same subject as 6.875J)
Prereq.: 6.046J/18.410J or 6.851J/18.414J or
6.047J/1 8.421 J
G (2)
3-0-9

See description under subject 6.875J.
S. Micali

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. Goldwasser

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/1 8.404J
Acad Year 1990-91: Not offered
Acad Year 1991-92: G (2)
3-0-9

See description under subject 6.830J.
A. R. Meyer

18.428J Machine Learning (A)
(Same subject as 6.858J)
Prereq.: 6.034; 6.041 or 6.045 (or
equivalents)
G (1)
3-0-9

See description under subject 6.858J.
R. L. Rivest

18.431J Graph Algorithms

(Same subject as 6.048J)
Prereq.: 18.310 or 18.314 or 18.063
Acad Year 1990-91: Not offered
Acad Year 1991-92: U (1)
3-0-9

Emphasizes the design and analysis of effi
cient algorithms for graph theoretic problems.
Includes fast algorithms for minimum spanning
trees, shortest paths, network flow, vertex and
edge connectivity, maximum cardinality match-
ing, planarity testing, distributed and parallel al-
gorithms. Alternate years.
B. Awarbuch, C. E. Leiserson

18.433 Combinatorial Optimization and
Unear Programming

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. Unear 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.
M. Goemans

k

m
ar. 1



r
18.43J Theory of Parallel and VLSI
Computation (A)
(Same subject as 6.848J)
Prereq.: 6.046J/18.410J or 6.851J/18414J
G0(1)
3-0-9

Introduces parallel computation and very large
scale Integration. Design and analysis of sys-
tolic algorithms for routing, sorting, arithmetic,
and graph problems on arrays, trees, hyper-
cubes, and other fixed-connection networks.
Network transformations, broadcast simula-
tion, retiming. Packet routing and nonblocking
networks. Mathematical models of hardware.
Lower bounds, P-completeness, area-time
trade-offs. Layout, placement, routing. 3D
models, volume/area universal networks, fat-
trees. Parallel programming on a connection
machine. Survey of other parallel architectures.
F T Leighton

18.436J Advanced Parallel and VLSI
Computation (A)

(Same subject as 6.849J)
Prereq.: 18.435J/6.848J
Acad Year 1990-91: G(2)
Acad Year 1991-92: Not offered
3-0-9

Advanced topics in theory of parallel computa-
tion and very large scale integration. Parallel
matching and related graph problems.
Methods for removing randomness from algo-
rithms. Automatic parallelization of straight-line
code. AKS, columnsort, and universality. Pack-
et routing. Fault tolerance. Network embed-
ding problems. Network simulations. Current
research topics. Alternate years.
F T Leighton, C. E. Leiserson

18.437J Distributed Algorithms (A)
(Same subject as 6.852J)
Prereq.: -
Acad Year 1990-91:G (1)
Acad Year 1991-92: Not offered
3-0-9

See description under subject 6.852J.
N. Lynch

18.438J Distributed Network Protocols and
Graph Algorithms

(Same subject as 6.855J)
Prereq.: 18.410J/6.046J
G (2)
3-0-9

Design and analysis of efficient distributed al-
gorithms in communication networks, with em-
phasis on graph algorithms methods. Models
of communication networks: static, dynamic,
synchronous, asynchronous. Complexity
measures and trade-offs between them. Effi-
cient simulations of stronger models by weaker
models. Graph algorithms. Routing with com-
pact tables. On-line algorithms; resource
management, mobile users communication,
deadlock resolution, etc. Protocols in dynamic
networks. May be repeated for credit.
B. Awerbuch

Applied Mathematics:
Statistics

18.440 Probability and Random Variables
Prereq.: 18.02 or 18.021 or 18.022
U (1, 2)
4-0-8 SCI DIST

Topics in applications. Probability spaces, ran-
dom variables, distribution functions, expected
value. Binomial, geometric, hypergeometric,
Poisson distributions. Uniform, exponential,
normal, gamma and beta distributions. Mean,
variance, moments, and generating functions.
Conditional probability, Bayes theorem, joint
distributions, and distributions of transformed
random variables. Tchebychev irquality, law
of large numbers, and central limit theorem.
Multivariate normal distribution, covariances
and correlation. Applications to statistics and
decision theory. 18.440 and 18.313 may not
both be taken for credit.
D. W Stroock

18.441 Statistical Inference (A except XVIII)
Prereq.: 6.041 or 18.440 or 18.313
U (2)
3-0-9
Introduces statistical inference. Decision
theory, hypothesis testing, point and interval
estimation. Bayesian methods, maximum-
likelihood and likelihood-ratio tests. Chi-square
goodness of fit tests. Comparison of popula-
tions by parametric and nonparametric
methods. 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.
D. Khoshnevisan

18.443 Statistics for Applications
(A except XVIII)
Prereq.: 18.440 or 18.313 or 6.041
U (1)
3-0-9

A broad treatment of statistics, concentrating
on specific statistical techniques used in
science and industry. Topics: hypothesis test-
ing and estimation. Chi-square goodness of fit,
regression, correlation, time-series analysis,
analysis of variance and experimental design.
Treatment more oriented toward application
and less toward theory than 18.441.
W Obricht

18.445J Introduction to Stochastic
Processes (A)

(Same subject as 15.071J)
Prereq.: 18.313 or 18.440 or 6.041
G (1, 2)
3-0-9

Introduces the theory and application of
stochastic processes. Empirical phenomena
for which stochastic processes provide
models. Markov-chains. Markov processes.
Renewal theory. Semi-Markov processes.
Queueing theory and Brownian motion.
Term 1: 0. Khoshnevisan
Term 2: J. Keilson

18.446 Applied Time-Series Analysis (A)
Prereq.: 18.441 or 18.443 or 15.075
G (2)
3-0-9

Statistical techniques commonly used to
analyze time-series data. Topics: estimation of
trends and seasonal adjustment, stationary
series-autocorrelation and spectrum. Estima-
tion and interpretation of spectra. ARIMA
models and fitting them to data. Analysis of
bivariate series-cross correlation and cross
spectrum. Emphasizes learning techniques by
using them on actual data.
P J. Huber

18.448 The Analysis of Categorical Data (A)
Prereq.:18.441 or 18.443 or 15.075

0(1)
3-0-9

Theory and application of log-linear models to
multiway contingency tables and other data
sets where the dependent variable is categori-
cal. Topics: the Poisson distribution, one-way,
two-way, and multiway frequency tables, logit
regression, and maximum-likelihood estima-
tion and computations.
W Olbricht

18.454 Sampling, Simulation, and
Monte Cado (A)
Prereq.: 18.440 or 18.313 or 6.041
G (1)
3-0-9

Introduction to principles and techniques of
sampling for the purpose of a survey. Includes
simple random sampling, stratified sampling,
systematic sampling, and cluster sampling. Dis-
cussion of statistical background of Monte
Carlo methods and simulation-prominent
parts of experimental mathematics with wide
applicability. Includes variance reduction, con-
ditional Monte Carlo, control variates, antithetic
vanates, regression methods, Monte Carlo op.
timization, application to statistical inference
problems.
D. Khoshnevisan
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18.455 Analysis of Variance and Design of
Experiments (A)
Prereq.: 18.06, 18.441 or 18.443 or 15.075
Acad Year 1990-91: Not offered
Acad Year 1991-92:G (1)
3-0-9

Detailed presentation and use of the classical
models of analyses of variance (ANOVA): one-
way classification, two-way classifications,
block designs, nested designs, latin squares.
Factorial designs. Estimation. Tests of
hypothesis, simultaneous confidence intervals.
Presentation of regression, and analysis of
covariance (ANOCOVA). Properties of the mul-
tivariate normal and related distributions, linear

models, general linear hypothesis.sFinally, ef-
fect of departure from assumptions and non-
parametric analogs of ANOVA.
Information: P. J. Huber.

18.456J Applied Multivarlate Methods (A)

(Same subject as 15.079J)
Prereq.: 18.06, 18.441 or 18.443 or 15.075
G (2)
3-0-9

Theory and application of commonly used tech-
niques involving multivariate data. Attention
devoted to specific applications, and to com-
putational facilities for applying the methods.
Selects topics from the following: multivariate
regression, discriminate analysis, and pattern
classification. Cluster analysis, factor analysis,
and principal components. Multidimensional
scale analysis. Contingency tables.
P J. Huber, R. E. Welsch

18.457J Statistical Modeling (A)

(Same subject as 15.077J)
Prereq.: 18.06, 18.441 or 18.443 or 15.075
Acad Year 1990-91: Not offered
Acad Year 1991-92:G (2)
3-0-9
See description under subject 15.077J.
R. E. Welsch

18.458 Robust Statistics and
Nonparametric Methods (A)
Prereq.: 18.440, 18.441 or 18.443 or 15.075

G (2)
3-0-9
Overview of robust statistical theory, including
asymptotic minimax, infinitesimal (bounded-
influence) aspects, robust covariances, and
robust regression. Nonparametric methods
that give useful and valid results under a very
wide class of underlying distributions - par-
ticularly useful for social scientists and
biologists. Topics: Wilcoxon test, sign test,
Wilcoxon-Mann-Whitney test, U-statistics
theorems, optimal linear rank tests, Kruskal-
Wallis test, rerandomization tests. Information:
P. J. Huber.

18.465 Topics In Statistics (A)
Prereq.: Permission of Instructor
G (1)
3-0-9

Topics for 1990-91 include data types and
structures; model formulation, fitting, simula-
tion, and validation. Linear and nonlinear
models: interpolation, forecasting, diagnostics,
robustness, variable selection. Smoothing,
data transformations, logistic and non-
parametric regression.
P. J. Huber

18.466 Mathematical Statistics (A)

Prereq.: Permission of Instructor
Acad Year 1990-91: Not offered
Acad Year 199 1-92: G(2)
3-0-9

Decision theory, estimation, confidence inter-
vals, hypothesis testing. Introduces large
sample theory. Asymptotic efficiency of alterna-
tive statistical procedures. Sequential analysis,
empirical Bayes methods. May be repeated for
credit. Information: P. J. Huber.

For additional related subjects In Statistics,
see:

Civil Engineering: 1.03, 1.06, 1.15,1.151,
1.202,11.205, and 1.732

Electrical Engineering and Computer
Science: 6.041,56.231, 6.262, 6.264J, 6.431,
6.432, and 6.435

Economics: 14.30, 14.31, 14.381, 14.382,
14.383, 14.384, 14.385, and 14.388

Management: 15.034,15.061, 15.065,
15.074,1 m075,15076, 15.077J, 15.306, and
15.832

Mathematics: 18.05, 18.175, 18.177, and
18.313

See also: 2.061, 2.845, 5.72, 7.011, 8.044,
8.08, 10.816, 11.220, 11.222, 16.37, 16.371,
17.842, 17.846, 17.850, 22.38, 22.40J, and
HST 191

18.504 Seminar in Logic
Prereq.: -
U (1)
3-0-9

Seminar for mathematics majors. Students
present and discuss the subject matter taken
from current journals or books. Topics vary
from year to year. Topic for 1990-91: Godel
completeness and incompleteness theorems.
S. D. Friedman

18.510 Introduction to Mathematical Logic
and Set Theory

Prereq.: -
Acd Year 1990-91: U (2)
Acad Year 1991-92: Not offered
3-0-9

Propositional and predicate logic. Elementary
model theory: completeness, compactness,
and Lowenheim-Skolem theorems. Gddel in-
completeness theorem. Zermelo-Fraenkel set
theory. Ordinals and cardinals. Axiom of choice
and transfinite induction. Constructible sets.
This subject introduces logic and set theory as
a foundation for mathematics, and is especial-
ly recommended to students enrolled in
theoretical mathematics subjects. 18.510 and
18.511 are offered in alternate years; they may
not both be taken for credit.
S. D. Friedman

18.511 Introduction to Mathematical Logic
and Recursion Theory
Prereq.: -
Acad Year 1990-91: Not offered
Acad Year 1991-92: U (1)
3-0-9

Propositional and predicate logic. Elementary
model theory: completeness, compactness,
and Lowenheim-Skolem theorems. Elemen-
tary recursion theory: enumeration and recur-

sion theorems. Post's Problem. Godelincompleteness theorem. 18.511 and 18.5 10are offered in alternate years; they may not
both be taken for credit. Information: S. D.
Friedman.
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18.815 Mathematical Logic (A)
Prereq.: Permission of Instructor
S(1)
3-0-9

18.516 Mathematical Logic (A)
Prereq.: Permission of Instructor
G (2)
3-0-9

First-order logic. Compactness and
uhtraproducts. Lowenheim-Skolem theorems
and categoncity. Quantifier elimination. Recur-
sively enumerable sets and definability in arith-
metic. Incompleteness and undecidability.
Consistency and cut-elimination. Zermelo-
Fraenkel set theory. Reflection principles and
absoluteness. The constructible universe.
Forcing.
E. Hrushovski

18.535 Graduate Logic Seminar (A)
Prereq.: Permission of Instructor
G (2)
3-0-9

Students report on fundamental papers in
mathematical logic. Open to all graduate stu-
dents with an interest in logic. Topics vary from
year to year. May be repeated for credit.
S. D. Fiedman

18.565 Recursion Theory (A)
Prereq.: 18.516
G(2)
3-0-9

Topics in recursion theory chosen from priority
arguments, hyperarithmetic theory, ordinal
recursion, E-recursion, theory of projective
sets. Permission of instructor required for
those not having 18.516.
G. E. Sacks

18.575 Model Theory (A)
Prereq.: 18.516
Acad Year 1990-91: Not offered
Acad Year 1991-92: G t)
3-0-9

Topics in model theory chosen from stability
theory, O-minimal structures, model-theoretic
algebra, models of arithmetic. Permission of in-
structor required for those not having 18.516.
Information: S. D .Friedman.

18.585 Set Theory (A)

Prereq.: 18.516
G0(1)
3-0-9

Topics in set theory chosen from large car-
dinals, combinatorial set theory, forcing,
descriptive set theory, fine structure theory.
Permission of instructor required for those not
having 18.516.
S. D. Friedman

18.595 Seminar on Current Topics in
Logic (A)
Prereq.: 18.516
G (1, 2)
3-0-9

Analysis of results of current interest in logic.
Students present recent developments in the
field for general discussion. Uses formal and in-
formal sources. Topics vary from year to year;
may be repeated for credit.
Term 1: G. E. Sacks
Term 2: S. D. Friedman

18.597 Universal Algebra (A)
Prereq.: Permission of Instructor
Acad Year 1990-91: Not offered
Acad Year 199 1-92: G (2)
3-0-9

Topics vary from year to year; may be
repeated for credit. Properties shared by al-
gebraic structures, introduction to category
theory, Hopf algebras, tensor algebras, super-
symmetric algebras, classical invariant theory,
equational logic, word problems.
G.-C. Rota

Algebra and Number
Theory

18.701 Algebra I
Prereq.: 18.02 or 18021 or 18.022
U (1)
3-0-9

18.702 Algebra 1

Prereq,: 18.701
U (2)
3-0-9

More extensive and theoretical than the
18.710-18.703 sequence. Experience with
linear equations and matrices helpful. First
term: group theory, geometry, and linear al-
gebra. Second term: rings and fields-ideals,
polynomial rings, factorization, modules, Jor-
dan form for matrices, extension fields, Galois
theory.
M. Artin

Basic topics in commutative algebra, with a
brief introduction to categorical ideas and
homological algebra. Modules, localization,
noetherian rings, finiteness properties, dimen-
sion theory.
G. Lusztig

18.706 Noncommutative Algebra (A)
Prereq.: 18.705
G (2)
3-0-9

Topics in noncommutative algebra, selected
from such areas as representations of finite
groups and enveloping algebras.
G. Luszfig

18.710 Abstract Unear Algebra
Prereq.: 18.02 or 18.021 or 18.022
U (1)
3-0-9 SCI DIST

An algebraic treatment of linear algebra, includ-
ing vector spaces, systems of linear equations,
bases, linear independence, matrices, deter-
minants, eigenvalues, inner products, quad-
ratic forms, and canonical forms of matrices.
Compared with 18.06, more emphasis on
theory and proofs, less on matrix calculations
and applications.
H. R. Miller

18.703 Modern Algebra

Prereq.: 18.02 or 18.021 or 18.022
U (2)
3-0-9 SCI DIST

A one-term treatment, covering the traditional
algebra topice that have found greatest ap-
plication in science and engineering as well as
in mathematics: group theory, emphasizing
finite groups; ring theory, including Ideals,
unique factorization In polynomial and
Euclidean rings; field theory, including proper-
ties and applications of finite fields. 18.710 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. P Stanley

18.704 Seminar In Algebra and Number
Theory
Prereq.: 18. 702 or 18.703
Acad Year 1990-91: U (1)
Acad Year 1991-92: Not offered
3-0-9

18.711 Game Theory
Prereq.: -
Acad Year 1990-91: Not offered
Acad Year 1991-92: U (1)
3-0-9

Two-person combinatorial games. Finding win-
ning moves in such games as Nim, Hackon-
bush, and Dots-and-Boxes. Analysis of
positions. Algorithmic and algebraic strategies
for reduction of positions. Study of impartial
games. Matrix games, continuous games,
ArrowsTheorem. No formal prerequisite, but
students should be familiar with elements of
linear algebra.
N. C. Ankeny

18.715 Topics in Homological Algebra (A)
Prereq.: 18.705
G (2)
3-0-9

Content varies from year to year; may be
repeated for credit. Topics selected from such
areas as cohomology of groups and Lie al-
gebras, K-theory, higher algebraic K-theory,
homotopy groups of spheres.
M. J. Hopkins

18.725 Algebraic C ,- metry (A)
Ptareq.: 18.705
Acad Year 1990-91:G (1)
Acad Year 1991-92: Not offered
3-0-9

Introduces algebraic geometry. Centered
around the basic techniques of the subject, in-
cluding the theory of schemes, sheaf cohomol-
ogy, and the Riemann-Roch theorem for
curves.
S. L. Kleiman

18.727 Topics in Algebraic Geometry (A)
Prereq.: 18.725
G (1)
3-0-9

Topics vary from year to year; may be
repeated for credit. Topics for 1990-1991:
Hodge theory. Variations of Hodge structures.
Moduli spaces of representations of fundamen-
tal groups of algebraic varieties. Yang-Mills
equations on algebraic varieties. Hodge D-
modules.
A. A. Beilinson

18.735 Topics in Algebra (A)
Prereq.: 18.702 or 18.703
G (1, 2)
3-0-9

Topics vary from year to year; may be
repeated for credit. Topic for term 1: introduc-
tion to Hopf algebras. Topic for term 2: Hecke
algebras and quantum groups.
Term 1: V. Kad
Term 2: G. Lusntig

18.737 Unear Algebraic Groups (A)
Prereq.: 18.705
Acad Year 1990-91: Not offered
Acad Year 1991-92:G (1)
3-0-9

Introduces the classification of affine groups
over an algebraically closed field via their rep-
resentations as groups of invertible matrices.
D. A. Vogan

18.745 Introduction to Ue Algebras (A)
Prereq.: 18.701 or 18.703
G (1)
3-0-9

Emphasizes theory of Lie algebras and al-
gebraic aspects of Ue theory. Structure of
finite-dimensional Lie algebras; Engel and Lie
theorems, Cartan subalgebras, Cartan criteria.
Structure and classification of semi-simple Lie
algebras. Weyl and Levi theorems. Finite-
dimensional representations of semi-simple
Lie algebras, Weyl character formula. Verma
modules.
D. A. Vogan

18.747 Infinite-dimensional Lie Algebras (A)
Prereq.: 18.745
Acad Year 1990-91: Not offered
Acad Year 1991-92:G (2)
3-0-9

Highest-weight representations of infinite-
dimensional Lie algebras. Character formulas
and combinatorics. Connections to the theory
of theta functions and modular forms. Infinite
wedge representation and algebraic curves.
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. Information: D. A. Vogan.

18.755 Introduction to U. Groups (A)
Prereq.: 18.100, 18.710
G (1)
3-0-9

A general introduction to Lie groups. The role
of Lie groups in mathematics and physics. Cor-
respondence with Lie algebras. Homogeneous
spaces. Adjoint representation. Invariant dif-
ferential forms and cohomology. Compact Ue
groups. Structure of Lie algebras.
B. Kostant

18.756 Analysis on Lie Groups (A)
Prereq.: 18.755
Acad Year 1990-91:G (2)
Acad Year 1991-92: Not offered
3-0-9

Semi-simple Lie groups and symmetric
spaces. Topics in function theory on symmetric
spaces, such as Fourier analysis and Radon
transform, invariant differential operators and
potential theory. Emphasizes connections with
classical analysis and representation theory.
S. Helgason

18.757 Representations of Ue Groups (A)
Prereq.: 18.755
G (1)
3-0-9

An introduction to the representation theory of
compact Us groups.
D. A. Vogan

18.758 Representations of Ue Groups (A)

Prereq.: 18.757
Acad Year 1990-91:G (2)
Acad Year 1991-92: Not offered
3-0-9

Introduction to unitary representations of semi-
simple Lie groups: compact groups and the
Borel-Weil theorem; parabolic induction; Zuck-
erman construction; unipotent representations.
0. A. Vogan

18.769 Topics In Ue Theory (A)

Prereq.: Permission of Instructor
Acad Year 1990-91: Not offered
Acad Year 1991-92: G(2)
3-0-9

Topics vary from year to year; may be
repeated for credit. Information: D. A. Vogan.

18.775 Algebraic Number Theory (A)
Prereq.: 18.705
Acad Year 1990-91:G (1)
Acad Year 1991-92: Not offered
3-0-9

18.776 Algebraic Number Theory (A)
Prereq.: 18.775
Acad Year 1990-91:G (2)
Acad Year 1991-92: Not offered
3-0-9

Basic algebraic number theory. Algebraic num-
ber fields. Ideals, class numbers, units. Intro-
duction to class field theory. Zeta functions.
Values at special points. Other topics as time
pormits.
18.775: R. D. MacPherson
18.776: H. Grundman

18.781 Theory of Numbers

Prereq.: 18.701 or 18.703
Acad Year 1990-91: U (1)
Acad Year 1991-92: Not offered
3-0-9

Primes, congruences, and arithmetic functions.
Kronecker's theorem, the geometry of num-
bers. Quadratic forms and quadratic number
fields.
N. C. Ankeny

Seminar for mathematics majors. Students
present and discuss the subject matter, taken
from current joumals or books. Topics may
vary from year to year.
D. McDoniel

18.705 Commutative Algebra (A)
Prereq.: 18.701-18.702 or 18.710-18.703
G (1)
3-0-9
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18.785 Analytic Number Theory (A)

Proreq.: 18.115
Acad Year 1990-91: Not offered
Acad Year 1991-92:G (1)
3-0-9

Zeta functions for number fields. The prime
ideal theorem. Analytic proofs of the finiteness
of the class-number, the unit theorem, and dis-
criminant bounds. Abelian characters and L-
functions. The Chebatorev density theorem.
Results based on various Riemann
hypotheses including Artin's primitive root con-
jecture. Information: H. M. Stark.

18.786 Topics in Number Theory (A)

Prereq.: Permission of Instructor
G0(1)
3-0-9

Topics vary from year to year; may be
repeated for credit. Information: R. B. Melrose.

Topology and Geometry

18.901 Introduction to Topology
(A except XVIII)

Prereq.: 18. 100
U (1, 2)
3-0 9

Introduces topology, covering topics fundamen-
tal to modem analysis and geometry. Topologi-
cal spaces, connectedness, compactness,
continuous functions, separation axioms, func-
tion spaces. Metrization theorems, the
Tychonoff theorem. Topological groups.
Term 1: N. Minami
Term 2: F P. Peterson

18.904 Seminar in Topology

Prereq.: 18.901
U (2)
3-0-9

Seminar for mathematics majors. Students
present and discuss the subject matter, taken
from current joumals or books. Topics may
vary from year to year. 1990-91: introduction to
algebraic topology. Covers fundamental group,
covering spaces, Van Kampen theorem and
applications to knot theory, classification of
compact surfaces and separation theorems in
the plane.
F P Peterson

18.905 Algebraic Topology (A)

Prereq.: 18.702 or 18.705; 18.901
G0(1)
3-0-9

18.906 Algebraic Topology (A)

Prereq.: 18.905
G (2)
3-0-9

Fundamental group, covering spaces, simpli-
cial homology, simplicial approximation
manifolds. Homology and cohomology of
topological spaces, universal coefficient
theorem, plus additional topics to be chosen
by the instructor.
J. R. Munkres

18.915 Graduate Topology Seminar (A)

Prereq.: 18.906
G (1)
3-0-21

Study and discussion of important original
papers in the various parts of algebraic and dif-
ferential topology. Open to all students who
have had 18.906 or the equivalent, not only
prospective topologists.
D. M. Kan

18.917 Advanced Topology (A)

Prereq.: 18.906
G0(2)
3-0-9

Content varying from term to term, so that
graduate students taking the subject in succes-
sive 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,
cobordism theory.
H. R. Miller

18.945 Geometry and Topology of Singular
Spaces (A)

Prereq.: 18.705 or 18.905 or 18.965
Acad Year 1990-91: Not offered
Acad Year 1991-92:G (2)
3-0-9

Examples of singular spaces: Schubert
varieties, toric varieties, compactifications of lo-
cally symmetric spaces. Techniques for study-
ing singular spaces: stratifications, intersection
homology, D-modules, mixed Hodge theory.
Topics vary from year to year; may be
repeated for credit.
R. 0. MacPherson

18.950 Elementary Differential Geometry
and Differential Topology
(Revised Content)

Prereq.: 18.100
U (1)
3-0-9

A sample of some of the theorems of modem
differential geometry and differential topology,
Typical topics - differential geometry: Rieman-
nian manifolds, vector bundles. Differential
topology: vector fields, Stokes's theorem, de-
gree, Euler number. De Rham cohomology
and characteristic classes.
L. M. Singer

18.965 Geometry of Manifolds (A)

Prereq.: 18.101
G0(1)
3-0-9

18.966 Geometry of Manifolds (A)

Prereq.: 18.965
G0(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 and
complex geometry.
V W. Guillemin

18.969 Topics In Geometry (A)

Prereq.: 18.965
G0(2)
3-0-9

Content varies from year to year; may be
repeated for credit. Typical topics: heat ker-
nels, Dirac operators, the index theorem,
operator algebras and geometry, cyclic homol-
ogy, equivariant differential forms.
E. Getzler

18.994 Seminar in Geometry

Prereq.: -
U (2)
3-0-9

Seminar for mathematics majors. Students
present and discuss the subject matter, taken
from current journals or books. Topics may
vary from year to year. 1990-91: study of sur-
faces and Gauss curvature. More advanced
topics according to interests of students.
R. D. MacPherson

18.999 Mathematical Reading

Prereq.: -
G (1, 2, S)
Units arranged

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

181D

Course 20 Program in Applied
Biological Sciences

20.904 Teaching Experience In Applied
Biological Sciences (A)

Prereq.: Permission of Instructor
G (1, 2)
2-0-4

For qualified graduate students interested in
teaching. Tutorial 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)
Units arranged

Detailed discussion of selected topics of cur-
rent interest. Classwork in various fields not
covered by regular subjects.
Staff

20.941 Research Problems (A)

Prereq.: -
G (1)
Units arranged

20.942 Research P ablems (A)

Prereq.: -
G (2)
Units arranged

Directed research in the field of applied biologi-
cal sciences.
Staff

20.ThP Thesis Proposal (A)

Prereq.: -
G (1, 2)
0-24-0 [P/F)

Thesis proposal research and presentation to
the Thesis Committee.
Staff

20.ThG Graduate Thesis (A)

Prereq.: -
G (1, 2)
Units arranged

Program of graduate research, leading to the
writing of an SM. or Ph.D. thesis; to be ar-
ranged by the student and appropriate MIT
faculty member.
S. R. Tannenbaum

4
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21.UR Research In Humanities

Prereq.: -
U (1,2)
Units arranged [P/F]

Individual participation in an ongoing research
project. For students in the Undergraduate Re-
search Opportunities Program. Consult P. S.
Khoury.

21.ThT Humanities Pro-Thesis Tutorial

Prereq.: As specified for particular field
U (1, 2)
1-0-5

Definition of and early-stage work on thesis
project leading to 21.ThU Undergraduate
Thesis in Humanities. Taken during the first
term of the student's two-term commitment to
the thesis project. Student works closely with
an individual faculty tutor. Required for all stu-
dents in Courses XXI, XXI-E, and XXI-S for
whom the thesis is a degree requirement.
P S. Khoury

21.ThU Undergraduate Thesis In Humanities
Prereq.: 21.ThT
U (1, 2)
Units arranged

Completion of work on the senior major thesis
under supervision of a faculty tutor. Includes
oral presentation of thesis progress early in the
term, assembling and revising the final text,
and meeting at the close with a committee of
faculty evaluators to discuss the successes
and limitations of the project. Required for
most students in Courses XXI, XXI-E, and
XXI-S (see degree requirements in specific
fields).
P. S. Khouy

Literature

The subjects listed below are arranged in
three graduated categories or tiers:
1) Introductory subjects (21.001-21.010),
focused on major literary texts grouped in
broad historical and generic sequences, all
carrying HASS Distribution credit.
2) Intermediate subjects (21.021-21.120),
some carrying HASS Distribution credit
and some limited to students who have al-
ready taken one literature course. Inter-
mediate subjects explore literary forms in
greater depth and center on historical
periods, literary themes, or genres. Stu-
dents are encouraged to consult Individual
instructors about prerequisite require-
ments.
3) Seminars (21.171-21.177), restricted to
students who have taken at least two pre.
vious subjects In literature. Enrollment In
seminars is strictly limited to a maximum
of 12 students.

A supplement to this catalogue, available
from the Humanities Department offices, of-
fers more detailed descriptions of all litera-
ture subjects and includes specific
Information about required texts, writing as-
signments, and examinations.

Introductory Subjects

21.001 Great Books 1: Homer to Dante
Prereq.: -
U (1, 2)
3-0-9 HASS-D/HUM-D

Studies a broad range of texts essential to un-
derstanding the two great sources of modern
conceptions of the world and humanity's place
within it: the ancient world of Greece and
Rome and the Judeo-Christian world that chal-
lenged and absorbed it. Stresses appreciation
and analysis of literary, philosophical, and
religious texts which came to represent the
common cultural possession of our own ctl-
ture. Readings include Homer, Sophocles, Aris-
tode, Plato, Thucydides, Virgil, Lucretius, St.
Augustine, and Dante. Enrollment may be
limited.
D. M. Halperin, . Tayler

21.002 Great Books ii: Renaissance to
Modernity

Prereq.: -
U (1,2)
3-0-9 HASS-D/HUM-D

Complementary to 21.001. A broad survey of
texts-literary, philosophical, and sociologi-
ca-studied to trace the growth of secular
humanism, the loss of a supematural perspec-
tive upon human events, and changing concep-
tions of individuality and social and communal
purpose. Stresses appreciation and analysis of
texts that came to represent the common cul-
tural possession of our time. Readings from
Machiavelli, Shakespeare, Cervantes, Milton,
Descartes, Rousseau, Kant, Jane Austen, Dos-
toevsky, and Nietzsche. Enrollment may be
limited.
L. Galdieri

21.003 Introduction to Fiction

Prereq.: -
U (1, 2)
3-0-9 HASS-D/HUM-D

Introduces prose narrative, both short stories
and the novel, Emphasizes literary structure,
social and historical context, the relations be-
tween fiction and its audience, the shaping
force of race and gender. Syllabus varies from
section to section but always includes works
by Austen, Hawthorne, Tolstoy, Kafka, and Vir-
ginia Woolf. Enrollment may be limited.
J. Hildebidle, L. Kampf

21.004 Major Poets

Prereq.: -
U (1.2)
3-0-9 HASS-D/HUM-D

Emphasis on analytic reading of poetry. Focus
on nature and development of major poetic
forms in Anglo-American literature, with some
attention to other national and cultural tradi-
tions. Typical syllabus includes Shakespeare,
Pope, Coleridge, Wordsworth, Dickinson,
Frost, Bishop, and Rich. Enrollment may be
limited.
S. J. Tapscott, C. G. Wolff
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21.005J Introduction to Dramatic Art

(Same subject as 21.701J)
Prereq.: -
U (1, 2)
3-0-9 HASS-D/HUM-D

A study of the history of theater art and prac-
tice from its origins to the modem period, in-
cluding its development In non-Western
cultures. Special attention to the relationship
between theater and the intellectual, social,
and political currents of Its time. Readings in-
clude representative critical theory and descrip-
tion as well as major playscripts. Enrollment
may be limited.
A. Brody, T C. Theoharis

21.006 American Uterature

Prereq.: -
U (1,2)
3-0-9 HASS-D/HUM-D

Studies the national literature and emerging so-
cial values of the United States. After ground-
ing our discussion in issues from 17th-century
texts, we move through novels, essays, films,
and poems from the mid-19th to the mid-20th
centuries, focusing on efforts to define an
American identity amidst cultural diversity, and
on alternate visions of America. Readings in
the works of such writers as Emerson, Whit-
man, Thoreau, Melville, Frederick Douglass,
Dickinson, and Wharton. Enrollment may be
limited.
J. Hildebide,l. Tayler, C. G. Wolff

21.008 The Bible

Prereq.: -
U (1, 2)
3-0-9 HASS-D/HUM-D

An introduction to major Biblical texts including
Genesis, Exodus, Job, the prophetic and his-
toric books of the Old Testament, and the
Gospels and Epistles. Stresses the place of
the Bible as foundation text for central
religious, ethical, political, and cosmological
thinking. Comparative readings in related tradi-
tions, ancient, Near Eastern, and Middle East.
em. Investigation of the Bible as influence in
later narrative, philosophic, and artistic tradi-
tons. Enrollment may be limited.
R. E. Jones

21.000 Shakespeare

Prereq.: -
U (1, 2)
3-19 HASS-D/HUM-D

Close study of the major comedies, histories,
and tragedies in the context of Renaissance
thought, Elizabethan theatre, and the political
and social setting of Shakespeare's age. Lec-
tures and class discussions each week supple-
mented by occasional reading of scenes and
attendance at live or filmed performances. En-
rollment may be limited.
R S. Donaldson; M. Fuller, L. Galdier

21.011 The Film Experience
Prereq.: -
U (1, 2)
3-0-9 HASS-D/HUM-D

An Introduction to narrative film, emphasizing
the unique properties of the movie house and
the motion-picture camera, the historical evolu-
tion of the film medium, and the Intrinsic artistic
qualities of individual films. Syllabus includes
such directors as Griffith, Chaplin, Renoir,
Ford, Hitchcock, De Sica or Antonioni, others.
Enrollment may be limited.
D. Thorbum, H. Jenkins

21.012 Forms of Western Narrative
(New)
Prereq.: -
U (2)
3-0-9 HASS-D/HUM-D

Major narrative texts from diverse Western cul-
tures, beginning with Homer and concluding
with at least one film. Emphasis on literary and
cultural Issues: on the artistic significance of
the chosen texts and on their identity as
anthropological artifacts whose conventions
and assumptions are rooted in particular
times, places, and technologies. Syllabus
varies, but always includes a sampling of
popular culture (folk tales, ballads) as well as
at least three of the following landmark narra-
tives: the Iliad or the Odyssey, Don Quixote.
Anna Karenina, Ulysses, a silent film by
Chaplin, Griffith, or Eisenstein. Enrollment may
be limited.
D. Thorburn

Intermediate Subjects

Genres and Themes

21.021 Comedy

Prereq.: -
U (1, 2)
3-0-9 HASS-D/HUM-D

Surveys a range of comic texts from different
media, the cultures that produced them, and
various theories of comedy. Authors and direc-
tors studied include Aristophanes, Plautus or
Terence, Shakespeare, Molibre, Austen,
Joseph Heller, Chaplin, and Keaton. Enroll-
ment may be limited.
H. Jenkins

21.022 Tragedy

Prereq.: -
U (1)
3-0-9 HUM-D

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. Theoharis

-I

21.030 Popular Narrative: Horror and the
Supernatural
Prereq.: One subject In literature
U (2)
3-0-9 HASS

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 the private eye as a distinctive
mythology of modem urban life. May be
repeated once for credit, with permission of in-
structor.
H. Jenkins

21.032J American Television: A Cultural
History

(Same subject as STS 052J)
Prereq.: One subject in literature
U (2)
3-0-9 HASS

Tolevision's evolution as a system of story tell-
ing and myth making, studied from
anthropological, literary, and cinematic
perspectives. Centers on prime-time commer-
cial broadcasting but also examines the
medium's technological and economic history
as well as the theoretical perspectives from
which scholars and policymakes have per-
ceived our television system. Much required
viewing as well as readings in media theory
and cultural interpretation.
D. Thorbum

21.033 Major Film Directors

Prereq.: One subject in literature
Acad Year 1990-91: Not offered
Acad Year 1991-92: U (2)
4-2-6 HASS

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, Renoi:, Mizoguchi, Fellini. May be
repeated for credit by permission of instructor.
P. S. Donaldson

21.034 Science Fiction
(New)
Prereq.: -
U (1)
3-0-9 HASS

Traces the history of science fiction as a
generic tradition in literature, media, and
popular culture. Considers formalIdeological
and cultural approaches to the analysis and In-
terpretation of science fiction texts.
H. Jenkins
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21.035J Film and Literature

(Same subject as 24.209J)
Prereq.: One subject in literature or one
philosophy subject
U (1)
3-0-9 HASS

See description under subject 24.209J.
Singer

21.041J Women In Literature

(Same subject as SP 436J)
Prereq.: One subject in literature
Acad Year 1990-91: Net offered
Aced Year 1991-92: U (1)
3-0-9 HASS

Women in literature and women's literature.
We consider not only the representation of
women in literary texts but the impact of
gender on the construction of texts: how do
women inhabit the literary world and how do
they 'write'it. Emphasis on English and
American texts of the 19th and 20th centuries,
by wnters such as Jewett, Browning, Wharton,
Mansfield, Leasing, Marshall, Brooks.
RPerry

21.044J New World Literature

(Same subject as 21.298J)
Prereq.: -
U (2)
3-0-9 HASS-D/HUM-D

Studies in comparative patterns of develop-
ment in the diverse American traditions of
literature, race, gender, and cultural identity.
Works by writers in the US (e.g., slave narra-
tives, Whitman, Hawthorne, Faulkner, Black
Elk, Hong Kingston, Morrison), Latin America
(slave texts, Darlo, Neruda, Borges, Corthzar,
Puig, Alegria, Allende), Canada (Davies, At-
wood), and the Caribbean (Walcott, Naipaul).
Enrollment may be limited.
M. Fuller

21.045 Forms of Desire: Lesbian and Gay
Literature
(New)
Prereq.: One subject in literature or Permission
of Instructor
U (2)
3-0-9 HASS

A history of the emergence of a conscious
literature by/about lesbians and gay men.
Charts the changes in the representation of
lesbian/gay identity in Europe and America
during the last hundred years; samples con-
temporary work from Asia, Africa, and South
America; examines relations between
sexuality, race, and class; explores the inter-
section of ideology and textual pleasure. Read-
ings to include high literature - short stories,
poetry, novels - as well as pulp fiction, por-
nography, drama, film, memoirs, rock lyrics,
cartoons, personal testimony.
D. M. Halperin

21.048 Darwin and Design
Prereq.: -
U (1)
3-0-9 HASS-D/HUM-D

In Origin of Species, Darwin provided a model
for understanding the existence of objects and
systems manifesting evidence of design
without positing a designer, of purpose and
mechanism without intelligent agency. Texts
deal with pro-Darwinian and later treatment of
this topic within literature and speculative
thought since the 18th century, with some at-
tention to the modem study of feedback
mechanism" in artificial intelligence. Readings
in Hume, Voltaire, Malthus, Darwin, Butler,
Hardy, H. . Wells, and Freud. Enrollment
may be limited.
A. C. Kibel, J. Paradis

21.049 The End of Nature
(New)
Prereq.: -
U (2)
3-0-9 HASS-D/HUM-D

History of ideas about the relation of human
culture to the natural environment. Examina-
tion of three notions: nature as a habitation for
mankind, nature as indifferent, nature as adver-
sary. Consideration of the idea that nature is a
source of ethical judgment. Texts are both
literary and nonliterary, narrative and discur-
sive. Authors include Plato, Aristotle, Virgil,
Shakespeare, Francis Bacon, Diderot, Swift,
Rousseau, Malthus, Thoreau, Melville, and
Faulkner. Enrollment may be limited.
A. C. Kibel, J. Paradis

Periods of World Literature

21,060 Medieval Literature

Prereq.: One subject in literature
U (2)
3-0-9 HASS

Introduces literature of the Middle Ages, con-
centrating on such central writers and works
as St. Augustine, The Song of Roland,
Beowulf, Dante, Chrbtien de Troyes, Chaucer,
and the Pearl-Poet. Secondary reading on the
social context of medieval literature. Discus-
sion, short papers.
L. Galdien

21.063 Renaissance Uterature
Prereq.: One subject in literature
U (1)
3-0-9 HASS

In alternate years, readings are organized
around specific topics (Magic and the Arts of
Government, Renaissance Self-Fashioning,
Families and Fortunes) or genres (lyric, 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.
M. Fuller

21.070 Eighteenth-Century Literature

Prereq.: One subject in literature
U (1)
3-0-9 HASS

Introduces England's Augustan age through
representative authors and literary forms. Em-
phasizes these cultural issues: commercializa-
tion of art, city vs country, rise of the middle
class, travel and exploration, romantic love
and marriage, growth of capitalism, party
politics, gender stereotypes. Background read-
ings, lectures, slide-shows, group discussion.
Authors include Addison and Steele, Defoe,
Swift, Astell, Pope, Montagu, Richardson,
Fielding, Johnson.
R. Goldberg

21.071 Major English Novels
Prereq.: One subject in literature
U (1)
3-0-9 HASS

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, Stem, Austen, the Brontes, Dickens,
Hardy, Lawrence, Joyce, and Doris Lessing.
Historical and critical background readings
regularly assigned. Discussion, several papers.
R. Goldberg

21.075 Irish Literature

Prereq.: One subject in literaure
U (2)
3-0-9 HASS

Studies in the literature and history of Ireland,
with special attention to periods of significant
social readjustment (the Famine, the Great
Migration, the Easter Uprising, the Civil War,
the Troubles). Emphasis on the political and
comic visions of Irish experience. Readings in
works by such writers as W. B. Yeats, John
Synge, Augusta Gregory, James Joyce,
Samuel Beckett, Bernadette Devlin.
J. Hildebidle

21.076 Romantic Poetry
Prereq.: One subject in literature
U (1)
3-0-9 HASS

Close readings of the major British Romantic
poets (Blake, Wordsworth, Coleridge, Byron,
Scott, Bums, Shelley, Keats), with some atten-
tion to their literary and historical context. Dis.
cussion and several short papers.
/. Tay/er

21.078 Major European Novels

Prereq.: -
Acad Year 1990-91: Not offered
Acad Year 1991-92: U (2)
3-0-9 HASS

A study of changing narrative forms in the 19th-
century European novel. The changing for-
tunes 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. Information: P. S. Donaldson.

21.060 Dostoevsky, Tolstoy, Chekhov:
Russia and the Modem Age
Prereq.: -
Acad Year 1990-91: Not offered
Acad Year 1991-92: U (2)
3-0-9 HASS

Studies of artistic vision in modernizing Russia.
Analyses of Notes from the Underground, The
Gambler, The Possessed, Anna Karenina,
Death of Ivan llych, Hadji Murat, Three Sisters,
and shorter works. Discussion, with reference
to critical and biographical materials, of the
relation of artistic works to society, culture, and
historical change.
R. E. Mackaster

21.081 Reading Victorian Culture

Prereq.: One subject in literature
U (2)
3-0-9 HASS

An introduction to the culture of 19th-century
Britain through a variety of texts, emphasizing
the continuities between literature and other
modes of discourse. A core list of works of
major authors like Tennyson and George Eliot
will be discussed in the context of journalism,
scientific writing, travel literature, and related
genres; visual materials will be introduced
where relevant. Readings will also be con-
nected by a common theme, such as nature or
imperialism, which may vary from year to year.
J. Paradis, H. Ritvo

21.085 Twentieth-Century Fiction

Prereq.: One subject in literature
Acad Year 1990-91: Not offered
Acad Year 1991-92: U (1)
3-0-9 HASS

Tradition and innovation in representative fic-
tion of the early modem period. Recurring
themes: the role of the artist in the modern
period, the representation of psychological and
sexual experience, the virtues (and defects) of
the aggressively experimental character of so
many modem books. Works by such writers as
Conrad, lKipling, Isaac Babel, Kafka, James,
Lawrence, Mann, Proust, Ford Madox Ford,
Joyce, Woolf, Faulkner, and Nabokov.
D. Thorburn

21.086 Twentleth-Century Drama

Prereq.: One subject in literature
U (1)
3-0-9 HASS

Reading and discussion of major modemr
plays (and some films) from Ibsen through
Beckett and beyond. Features works by such
authors as Shaw, Chekhov, Pirandello, Odets,
lonesco, Brecht, O'Neill, Pinter, Mrozek, Stop-
pard, Kaufman and Hart, and Mamet.
T C. Theoharis

21.087 Modernist Poetry
Prereq.: One subject in literature
U (1)
3-0-9 HASS

Studies important trends in modem thought
and sensibility as reflected in the poetry of the
20th century. Readings center on Yeats, Eliot,
Williams, Stevens, and Frost, with some con-
sideration of such later figures as Roethke,
Moore, Auden, Berryman, Wilbur, Larkin,
Lowell, and Bishop.
S. J. Tapscott

21,088 Contemporary Uterature

Prereq.: One subject in literature
U (2)
3-0-9 HASS

Fiction, drama, poetry, and film, mostly of the
1960s, 1970s, and 1980s. Focus on a wide
range of themes, as well as on experiments
with literary and theatrical technique. Readings
in such figures as Beckett, Heller, Pinter,
Weiss, Rich, Lessing, Walter, Solzhenitsyn,
O'Neill, Pynchon, Nabokov, Momaday, Bellow.
Format: informal lectures, much discussion,
several short papers.
S. J. Tapscott

American Literature

See also 21.006.

21.101 The American Novel

Prereq.: -
U (1)
3-0-9 HUM-D

Works by major American novelists, usually
beginning with Hawthorne or Melville and con-
cluding with a contemporary novelist. Major
emphasis on reading novels as literary texts,
but attention as well to historical, intellectual,
and political contexts. The syllabus varies from
term to term, but many of the following writers
are represented: Hawthorne, Melville, Twain,
Cather, Wharton, James, Hemingway,
Fitzgerald, Faulkner.J. Hildebidle

21.104 Race and Identity in American
Uterature

Prereq.: -
U (2)
3-0-9 HASS

The quest for Identity in the writing of
America's racial and ethnic minorities. Em-
phasis on the writers' problematic relation to
the dominant values and traditions of the
majority culture. Readings in Douglass,
DuBois, Twain, Melville, Ellison, Wright, Mal-
colm X, Walker, Hurston, others. Discussion,
occasional brief lecture.
information: P. S. Donaldson.

21.105 American Voices

Prereq.: -
Aced Year 1990-91: Not offered
Acad Year 1991-92: U (1)
3-0-9 HASS

Considers a variety of North Americans at-
tempting to define the dream of success.
Materials: "high literature," folktales, slave nar-
ratives, blues, films, songs, jokes, Indian narra-
tives, oral history. Reading and listening
include selections from the works of Benjamin
Franklin, Miguel Piiero, Alice Walker, Black
Elk, slave and immigrant narratives, Studs
Terkel, Maxine Hong Kingston. Restricted to
25 students.
L. Kampf

21.112 American Authors

Prereq.: One subject in literature
U (2)
3-0-9 HASS

Examines in detail the works of three or four
American authors. Through close readings of
poetry, novels, or plays, addresses such is-
sues as literary influence, cultural diversity, the
writer's career. Typically, readings include
works by such writers as Twain, Melville, Dick-
inson, Cabell, Chopin, O'Neill, Faulkner,
Baldwin, Frost. Format: Lecture-discussion,
papers.
C. G. WOlf

21.114 Sports and Physical Training

(21.914)
Prereq.: Permission of Instructor
Acad Year 1990-91: Not offered
Acad Year 1991-92: U (2)
3-0-6 HASS

Social function of sports and physical training
in modem times, especially in the United
States. Readings, films, discussions. Group re-
search projects. Limited enrollment.
L. Kampf

I
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21.120 Ameroan Themes

Prereq.: One subject in literature
Acad Year 1990-91: Not offered
Aced Year 1991-92: U (1)
3-0-9 HASS

Examines unifying themes in American culture
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.
C. G. WOlf

Seminars

21.171 Uterary Interpretation

Prereq.: Two subjects in literature
U (2)
3-0-9 HASS

Introduces practice and theory of literary
criticism. Seminar focuses on topics such as
the history of critical methods and techniques,
and the continuity of certain subjects in literary
history. Limited to 12. Topic for 1990-91: Narra-
tive theory and practice.
A. C. Kibel

21.172 Studies in Fiction

Prereq.: Two subjects in literature
U (1)
3-0-9 HASS

Intensive study of a range of texts by a single
author or by a limited group of novelists whose
achievements are mutually illuminating. Some
attention to narrative theory, and biographical
and cultural backgrounds. Term paper based
on seminar presentations, Topic for 1990-91:
Four major novels by women since World War
II: Harriet Amo, The Dollmaker; Dors Lessing,
The Golden Notebook; Elsa Morante, History
(A Novel); Toni Morrison, Beloved. Meets with
SP 437. Limited to 12.
L. Kampf

21.173 Studies in Drama

Prereq.: Two subjects in literature
U (1)
3-0-9 HASS

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. Topic for 1990-91:
Shakespeare: Contemporary Perspectives.
Limited to 12.
P S. Donaldson
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21.174 Studies in Poetry

Prereq.: Two subjects in literature
U (1, 2)
3-0-9 HASS

Extensive reading of works of a few major
poets. Emphasizes the evolution of each
poet's work and the questions of poetic in-
fluence and literary tradition.
Topics for 1990-91: Term 1: Dickinson and
Frost. Term 2, Section 1: Contemporary
Women Poets. Section 2: Words and Music.
Limited to 12.
Term 1: CG. Wolff
Term 2:SJ. Tapscott (Section 1),
E. Harris, L. Tayer (Section 2)

21.175 Major Authors

Prereq.: Two subjects in literature
U (1, 2)
3-0-9 HASS

Close study of a limited group of writers.
Topics for 1990-91: Term 1: Conrad, Joyce,
Woolf, and Nabokov: Four Moderns. Term 2:
Hemingway in Context Limited to 12.
Term 1: 0. Thorburn
Term 2: W B. Watson

21.176 Studies in Film and Media

Prereq.: Two subjects in literature
U (1, 2)
3-0-9 HASS

Intensive study of films of a particular period or
genre, or films by a single director. Topics for
1990-91: Term 1: TBA. Term 2: The American
Musical Film. Limited to 12.
Term 1 Staff
Term 2: E. B. Turk

21.177 Problems in Cultural Interpretation
Prereq.: Two subjects in literature
U (1, 2)
3-0-92HASS

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. Topics for 1990-91: Term 1:
Russian Literature. Term 2: Great Books in
Oriental Culture. Limited to 12.
Term 1: R. Szulkin
Term 2: K. Hong

21.198, 21.199 Special Topics In Literature

Prereq.: Two subjects in literature
U (1, 2)
Units arranged

Open to qualified students who wish to pursue
special studies or projects with members of the
Literature faculty. Before registering for this
subject, students must secure the approval of
the Literature faculty chairman. HASS credit
for Special Topics subjects awarded only by in-
dividual petitions to the Committee on Cur-
ricula. Normal maximum is 6 units; to count
toward HASS Requirement, 9 units are re-
quired. Exceptional 9-unit projects occasionally
approved.
P S. Donaldson

Foreign Languages and
Literatures

The subjects listed below Include language
and literature coursee given in French, Ger-
man, Japanese, Russian, Spanish, and
World Literature In Translation. A variety of
literature subjects given in the orIginal lan-
guage as well as some given In English
offer HASS Distribution credit.

HASS-D Language Option: Because the In-
stitute regards competence In foreign lan-
guage as a fundamental value, students
may substitute one language subject at
level Ill or IV (i.e., 21.203, 21.204, 21.233,
21.234, 21.252, 21.253, 21.263, 21.24,
21 .277, or 21.278) fer one HASS-D subject.
Of the two remaining HASS-D subjects, one
must be taken from categories 4 or 5 and
the other from one of the remaining
categories. Students selecting this lan-
guage option may not choose a second dis-
tribution subject taught in the same foreign
language or literature.

For guidelines on World Literature In Trans-
lation, come to the Foreign Languages and
Literatures Office, 14N-305.
All foreign language subjects -IV are open
to graduate students for credit.
For subjects In English as a Second Lan-
guage, see 21.326-21.340.

French

The indication of prerequisites for specific
French offerings does not apply to stu-
dents who have already accomplished the
equivalent work. For further placement ad-
vice, attend the French Placement Session
or consult with a field advisor in French.

Fundamental Language Subjects

All fundamental language subjects are con-
ducted in French.

21.201 French I

Prereq.: -
U (1, 2)
4-0-8 HASS

Introduction to French language and culture.
Emphasis on the acquisition of vocabulary and
grammatical concepts through active com-
munication, Immediate exposure to authentic
French via video sources and printed material
for developing cultural awareness as well as
linguistic proficiency. Coordinated language
lab program.
G. Furstenberg

21.202 French 11

Prereq.: French I
U(1,2)
4-0-8 HASS

Continuation of French 1. Further development
of linguistic proficiency through active com-
munication. Expansion of vocabulary and com-
pletion of the basics of French grammar.
Continued exposure to culturally authentic
audio and video materials in the classroom
and the language lab. Study of French poetry
and short literary texts. Increased practice in
writing.
G. Furstenberg

21.203 French Ill
(Revised Content)

Prereq.: French I
U (1, 2)
4-0-8 HASS-D Language Option

Review and expanded study of selected
aspects of French grammar and usage.
Detailed study and analysis of three films by
Truffaut, which portray the evolution of a char-
acter from childhood to adulthood. Discussions
focus on the character's relationship to such
basic institutions as family, school, marriage,
and state. Related cultural readings and
videotapes. Study of a play by 20th-century
playwright Anouilh. Discussions center on the
issue of identity. Weekly practice in composi-
tion. Daily exercises in self-expression, com-
munication, and vocabulary enrichment.
A. Cormanski

21.204 French IV

Prereq.: French Ill
U (1, 2)
4-0-8 HASS-D Language Option

Final subject in French language sequence.
Prepares students for intermediate subjects in
French civilization and literature. Organized
around the moral, social, and political issues
that youth is confronted with in French society.
Texts include one play, one novel, and articles
from French periodicals. Perfecting of writing
and oral skills through frequent essays and
class presentations. This subject satisfies the
HUM-D Requirement.
A. Vicente

Intermediate Subjects in Language,
Literature, and Civilization

it is recommended but not required that stu-
dents take one of the following Inter-
mediate-level subjects before enrolling in
21.213 and above. All Intermediate and ad-
vanced subjects are conducted entirely In
French.

21.207 French Conversation: Intensive
Practice

Prereq.: French IV
U (1, 2)
4-3-2 HASS

Systematic training in oral expression: com-
munication skills, fluency, and idiomatic
French. Audio and video tapes to improve con-
versational techniques and other forms of oral
expression (debates, speeches, reports, inter-
views). Discussion material: newspapers,
magazines, cartoons, and varied audio and
video tapes dealing with issues in contem-
porary France. Focus on cultural phenomena
specific to French society. Intensive lab work
for improvement of comprehension, phonetics,
and intonation. Special projects (video and
other) by students. Limited to 16.
G. Furstenberg

21.208 Writing in French: Intensive Practice
Prereq.: French IV
U (2)
3-0-6 HASS

Systematic acquisition of writing skills. Em-
phasizes enrichment of vocabulary, the
mastery of complex grammatical structures,
the refinement of style, and techniques of com-
position. Practice in different modes (descrip-
tive, narrative, argumentative) and forms
(newspaper articles, advertising, letters, techni-
cal and creative writing). Systematic exercises
in grammar, vocabulary, and stylistics. Weekly
papers, each focusing on a different writing
mode and form.
A. Vicente

21.211 Introduction to French Literature
(Revised Content)
Prereq.: French IV
U (2)
3-0-9 HASS-D/HUM-D

A basic study of major French literary genres -
poetry, drama, and fiction- and an introduc-
tion to methods of literary analysis. Authors
include La Fayette, Boileau, Beaumarchais,
Lamartine, Hugo, Balzac, Baudelaire, Colette,
Giraudoux, Sartre. Special attention devoted
to the improvement of French language skills.
E B. Turk

Advanced Subjects In Literature and
Civilization

All Intermediate and advanced subjects are
conducted entirely In French.

21.213 French Classical Literature from
Descartes to MolIbre
Prereq.: French IV
Aced Year 1990-91: Not offered
Aced Year 1991-92: U (1)
3-0-6 HASS

Reading and interpretation of masterworks in
17th-century French theater (Comeille,
Moliere, Racine), poetry (Malherbe, La Fon-
taine), and philosophy (Pascal, Descartes).
Studied in the context of social, historical, and
intellectual currents during the eras of
Richelieu and Louis XIV, and the evolution
from the baroque to the classic aesthetic.
E. B. Turk

21.215 French Culture and Society I: From
the Commune to the Popular Front
Prereq.: French IV
Acad Year 1990-91: U (1)
Aced Year 1991-92: Not offered
3-0-6 HASS

Investigates major social, ideological, and aes-
thetic currents in French civilization from the
beginning of the Third Republic to the eve of
World War 11. Topics studied include history,
education, literary and artistic movements,
cinema, intellectual and political trends. Texts
selected from fiction and non-fiction.
/. de Courtivron

21.216 French Culture and Society If: From
the Occupation to the Mitterrand Years

Prereq.: French IV
Aced Year 1990-91: Not offered
Aced Year 1991-92: U (1)
3-0-9 HUM-D

Studies intellectual and political currents, litera-
ture, and the arts from World War I to the
present. Topics include the Occupation and the
Resistance, the reconstruction of France,
decolonization, May '68; also covered will be
post-war intellectual life, existentialism, the
new novel, the theater of the absurd, struc-
turalism, and feminism. Special attention is
paid to contemporary French society of the
1980s.
1. de Courtivron

I
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21.217 Introduction to French Poetry
(Revised Unit)

Prereq.: French IV
Acad Year 1990-91: Not offered
Acad Year 199 1-92: U (2)
3-0-9 HASS

Development of poetic forms, techniques, and
styles. Narrative, descriptive, baroque, polemi-
cal, lyric, and pure poatry, poetry of ideas, and
the prose poem. Deals with poetry of Villon,
Marot, Ronsard, Boileau, La Fontaine,
Chenier, Hugo, Nerval, Baudelaire, Rimbaud,
Mallarm6, Apollinaire, Valdry, Eluard, Char,
Michaux.
R. E. Jones

21.218 Introduction to the French
Short Story

Prereq.: French IV
Acad Year 1990-91: U (1)
Acad Year 1991-92: Not offered
3-0-6 HASS

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 supernatural.
Works by Voltaire, Balzac, Merimde, Maupas-
sant, Colette, and Michel Tournier.
B. Lane

21.220 Masterworks of the French
Nineteenth-Century Novel

Prereq.: French IV
Acad Year 1990-91: Not offered
Acad Year 1991-92: U (1)
3-0-6 HASS

The golden age of the French novel Em-
phasizes Romanticism, Realism, and
Naturalism in Balzac, Stendhal, Sand,
Flaubert, and Zola. Themes include the interac-
tion of love, money, and politics in the newly
developed bourgeois society of 19th-century
France. Devotes attention to narrative tech-
niques, representations of reality, and the in-
fluence of history and science.
Consult G. Furstenberg.

21.221 French Romanticism

Prereq.: French IV
Acad Year 1990-91: U (1)
Acad Year 1991-92: Not offered
3-0-9 HASS

Study of French literature and culture from
1800 to 1860. Emphasis on poetry, theater, his-
torical theory, and art and music criticism.
Readings from Staol, Lamartine, Hugo, Vigny.
Musset. Nerval, Baudelaire, Michelet,
Delacroix, Berlioz.
R. E. Jones

21.222 The French Novel in the Twentieth
Century
(Revised Content and Unit)

Prereq.: French IV
Acad Year 1990-91: Not offered
Acad Year 199 1-92: U (2)
3-0-9 HASS

Reading and discussion of four major French
novels. Emphasis on literary techniques as
well as historical and cultural contexts. Typical-
ly, readings include works by such writers as
Gide, Proust, Beckett, Celine, Colette,
Beauvoir, and Yourcenar.
L. de Courtivron

21.223 Modern French Drama

Prereq.: French IV
Acad Year 1990-91: U (2)
Acad Year 1991-92: Not offered
3-0-6 HASS

Studies the tragedians Claudel and Monther-
lant; the poetic fantasy of Giraudoux; the so-
cial and philosophical theater of Lenormand,
Anouilh, Sartre, Camus; the avant-garde
works of Jarry, Apollinaire, Cocteau; plays by
Vian, Beckett, lonesco, and Genet. Special at-
tention to evolving concepts of the director,
actor, audience, stage design, and music.
L. de Courtivron

21.228 French Film Classics

Prereq.: French IV
Acad Year 1990-91: Not offered
Acad Year 1991-92: U (2)
3-0-6 HASS

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 of the
scriptwriter, the development of schools and
movements, the impact of political events and
ideologies, and the relation between French
and other national cinemas. Directors studied
include Clair, Vigo, Feyder, Duvivier, Carn6,
Renoir, Clouzot, Ophuls, Godard, and Truffaut.
Films shown with English subtitles.
E. B. Turk

German

The Indication of prerequisites for specific
German offerings does not apply to stu-
dents who have already accomplished the
equivalent work. For further placement ad-
vice, attend the German Placement Session
or consult with a field advisor in German.

Subjects numbered 21.230-21.244 may be
used to fulfill Institute requirements Includ-
ing concentrating, minoring, and majoring
In German.

Fundamental Language Subjects

21.230 German Review

Prereq.: Permission of Instructor
U (1)
4-0-8 HASS

Reviews the grammar of German I and Ger-
man 11. 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 Ill upon suc-
cessful completion. Consult E. Crocker.

21 .231 German I

Prereq.: -
U (1, 2, IAP)
4-0-8 HASS

Basic principles of the German language. Fun-
damentals of pronunciation, intonation, and
grammar. Acquisition of basic vocabulary.
Laboratory exercises to further communicative
competence,
E. Crocker

21.232 German i

Prereq.: German I
U (1, 2)
4-0-8 HASS

Continued practice in pronunciation and into-
nation. Vocabulary building, review and exten-
sion of basic grammar. Practice in writing short
essays. Reading of short literary texts. Intro-
ducesthechistory and culture of German-
speaking countries
R. Holub

21.233 German Il

Prereq.: German Review or German 11
U (1, 2)
4-0-8 HASS-D Language Option

Reading of drama, prose, and poetry by such
major 20th-century authors as D~rrenmatt,
Boll, Borchert, and others. Discussions and
compositions based on these works, media
selections, and audio/videotapes on contem-
porary issues in the German-speaking world
links the leaming of language and that of cul-
ture. Review of German grammar and develop-
ment of vocabulary-building strategies to
improve self-expression. Recommended for
students with two years of high school German.
E. Crocker

21.234 German IV

Prereq.: German III
U (1, 2)
4-0-8 HASS-D Language Option

Further deepening of an understanding of Ger-
man language and culture. Interpretation of
literary texts (Grimm, Kafka, Hesse, Brecht),
discussion of cultural topics, development of
oral communicative competence in practical
everyday situations. This subject satisfies the
HUM-D Requirement.
M. Totten

Intermediate and Advanced Subjects
in Language, Literature, and Culture

All intermediate and advanced subjects are
conducted entirely In German.

21.238 Advanced German Conversation
and Composition

Prereq.: German IV
Acad Year 1990-91: U (1)
Acad Year 1991-92: Not offered
4-0-8 HASS

Systematic training in speaking and writing
skills to improve fluency and style. Informal dis-
cussions and analyses of tapes by native
speakers, newspapers, and modern expository
prose. Focuses on everyday life in present-day
Germany and on controversial issues, East
and West. In addition, students select a spe-
cial project on a topic of their choice.
B. Widdg

21.239 Introduction to German Uterature

Prereq.: German IV
U (1)
3-0-9 HASS-D/HUM-D

Readings from German prose fiction, poetry,
and drama. Authors include Goethe, Brecht, T-
Mann, Keller, Kafka, Rilke, Christa Wolf.
Literary language as specialized communica-
tion; its conventions and presuppositions; rela-
tion of author to audience; imitation of reality
vs experimentation with reality; purpose in
literature: aesthetic, analytic, parodistic, and
political goals. Conducted entirely in German,
emphasizing reading, speaking, and writing
skills.
. Widdig

21.240 German Culture and Society:
1750-1914

Prereq.: German IV
Acad Year 1990-91: Not offered
Acad Year 1991-92: U (2)
3-0-9 HUM-D

German Enlightenment, impact of the French
Revolution on Germany, the failure of
liberalism, the discrepancy between economic
and political development, and the increasing
polarization of society as manifested in the
various forms of cultural expression. Readings
include Lessing, Goethe, Schiller, Hegel,
Schopenhauer, Bochner, L. Otto-Peters, Marx,
Engels, Nietzsche, Wagner, Bismarck, B. von
Suttner, and Freud.
B. Widdig

21.241 Fantasy and Reality in
Nineteenth-Century German Uterature

Prereq.: German IV
Acad Year 1990-91: U (1)
Acad Year 1991-92: Not offered
3-0-6 HASS

Origin and development of political and cultural
movements in the 19th century (Romanticism,
Biedermeier, Young Germany, Realism,
Naturalism). Impact of these movements on
literary style, with emphasis on concepts of fan-
tasy and reality. Genres include traditional
forms (drama, novel, short prose, poetry) and
nontraditional ones (letters, diaries, reportage,
pamphlets). Writers include F. Schlegel, B. v.
Arnim, Holderlin, Kleist, Grillparzer, Heine,
BUchner, Keller, Fontane, Storm, Droste-
Holshoff, Hauptmann, and Nietzsche.
B. Holub

21.242 From the Great War to an Uncertain
Peace: Twentieth-Century German
Literature

Prereq.: German IV
Acad Year 1990-91: Not offered
Acad Year 1991-92: U (1)
3-0-6 HASS

Literature of the German-speaking countries
viewed against the backdrop of history (World
War I, inflation and depression, National
Socialism, the anti-Nazi resistance and exile,
World War II, the division of Germany, the Cold
War and detente) and cultural trends (Expres-
sionism, Dadaism, Fascist "culture,' anti-fas-
cist humanism, the "new" beginning after 1945
in East and West). Authors include Hesse, Th.
and H. Mann, Brecht, Frisch, Grass, Weiss,
B36l, and C Wolf.
M. Totten

21.243 German Short Fiction

Prereq.: German IV
Acad Year 1990-91: Not offered
Acad Year 1991-92: U (2)
3-0-6 HASS

Short fiction in the 19th and 20th centuries
(Novella, Erzahlung). Representative works
read and discussed, emphasizing narrative
strategy, esthetic structure, social concern,
and historical context. Authors include Kleist,
E. T. A. Hoffmann, Bchner, Schnitzler, Doblin,
Musil, Grass, and Frisch.
M. Totten

21.244 Topics in German Literature

Prereq.: German IV
Acad Year 1990-91: U (2)
Acad Year 1991-92: Not offered
3-0-6 HASS

German literary and cultural history from a
thematic perspective. Analyzes the transforma-
tions of major themes in German culture from
the Middle Ages to the present. Reference to
related developments in art, music, film, and
media. Emphasis on cultural, social, and politi-
cal ramifications of topics discussed. Topics
vary from one year to the next.
B. Holub
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Greek

Study of the Greek language may be under-
taken by special arrangement with the In-
structor under course 21.348/21.349,
Special Topics In Foreign L.anguages.
Contact: H. A. T. 0. Reich.

Japanese

The Indication of prerequisites for specific
Japanese offerings does not apply to stu-
dents who have already accomplished the
equivalent work. For further placement ad-
vice, consult with a field advisor In
Japanese.

Fundamental Language Subjects

21.250 JapaneseI

Prereq.: -
U (1)
4-0-8 HASS

Introduction to modern standard Japanese.
Emphasis on developing proficiency in speak-
ing and listening, using basic grammar and
vocabulary. Basic skills in reading and writing
are also taught. Lab work required.
T Graham

21.251 Japanese 11

Prereq.: Japanese I
U (2)
4-0-8 HASS

Continuation of Japanese 1. Further develop-
ment of the four basic skills. Extension of basic
grammar. Vocabulary and kanji (Chinese char-
acters) building. Lab work required.
T Graham

21.252 Japanese Ill

Prereq.: Japanese i
U (1)
4-0-8 HASS-D Language Option

Continuation of Japanese 11. Further develop-
ment of the four basic skills. Completion of
basic grammar introduction. Continued
vocabulary and kanji building. Emphasis on
reading and writing. Lab work required
M. Tsutsui

21.253 Japanese IV

Prereq.: Japanese Ill
U (2)
4-0-8 HASS-D Language Option_

Advanced Subjects

21.254 Topics in Japanese Language and
Culture I
Prereq.: Japanese IV
U (1)
4-0-8 HASS

Systematic development of reading, writing,
and oral communication skills. Introduction to
advanced grammar in written Japanese. Build-
ing of advanced vocabulary. Deepening of the
understanding of Japanese culture and society
through reading and discussion of up-to-date
materials.
M. Tsutsui

21.255 Topics in Japanese Language and
Culture 11

Prereq.: 21.254
U (2)
4-0-8 HASS

Continuation of 21.254. Further development
of reading, writing, and oral communication
skills through reading and video. Extension of
advanced grammar and further build-up of ad-
vanced vocabulary. Readings include literary
works and current articles from newspapers
and journals Lab work required.
M. Tsutsui

Russian

The indication of prerequisites for specific
Russian offerings does not apply to stu-
dents who have already accomplished the
equivalent work. For further placement ad-
vice, attend the Russian Placement Ses-
sion or consult with a field advisor In
Russian.

Fundamental Language Subjects

21.261 Russian I

Prereq.. -
U (1, lAP)
4-0-8 HASS

Basic grammar and practice in the elements of
Russian. Emphasis on learning to speak and
understand with practice in reading and writ-
ing. Use of videotapes and language
laboratory to gain facility in various communica-
tive situations and broaden understanding of
Russian culture
A. Perkins

Review and expansion of basic grammar. Em-
phasis on application of basic grammar and
vocabulary in various situations. Introduction to
society and culture through video and reading.
Lab work required.
M. Tsutsui

21.262 Russian 1i

Prereq.: Russian I
U (2)
4-0-8 HASS

Continuation of 21.261. Develops ability to use
the language through systematic study of
grammar. Continued practice in understanding
and speaking with independent reading and
creative writing assignments to supplement
texts. Work in small groups and use of
videotapes to expand proficiency in a variety of
communicative situations.
A. Perkins

21.263 Russian Il

Prereq.: Russian I
U(1)
4-0-8 HASS-D Language Option

Reading and discussion of stories, poems, and
expository prose providing background for un-
derstanding Russian literature and contem-
porary Soviet culture. Reviews grammar with
the help of oral and written axercises. Sys-
tematic study of word formation and other
strategies to free student from dependency on
the dictionary. Develops aural comprehension
in the language laboratory. Compositions
based on readings and recordings integrate
communication skills and help retain content.
A. Perkins

21.264 Russian IV

Prereq.: Russian III
U (2)
4-0-8 HASS-D Language Option

Reading of literary and expository texts
selected to proviis .n understanding of Soviet
life and culture . Uission and papers based
on readings. Attention to problems of grammar
and style, with a view to improving facility in
oral and written expression, Aural comprehen-
sion developed through brief lectures on cul.
tural topics as well as through taped materials.
This subject satisfies the HUM-D Requirement.
E. Semeka

Advanced Subjects

21.265 Advanced Russian Conversation
and Composition

Prereq.: Russian IV
U (1)
4-0-8 HASS

Review and systematization of grammar and
style. Intensive spoken and written practice to
improve fluency and style. Discussions and
analyses of short works of fiction and nonfic-
tion illustrating the various styles of spoken
and written Russian. Extensive use of taped
materials. Conducted in Russian.
C. Simmons

21.267 Modes and Styles of Russian
Storytelling

Prereq.: Russian IV
U (2)
3-0-6 HASS

Focuses on practical stylistics and vocabulary
enrichment through narrative. Illustrates the
markers of folkloric, archaic, poetic,
bureaucratic, familiar, or formal styles through
folktales, newspaper reports, and plot-ridden
stories representing a narrative norm.
Anol.iges famous modem short stories that
play with expectations based on that norm.
Develops expository style through frequent
short papers. Conducted in Russian.
C. Simmons

21.268 Topics in Russian and Soviet
Culture for Advanced Students

Prereq.: Five terms of Russian
Acad Year 1990-91: Not offered
Acad Year 1991-92: U (2)
3-0-6 HASS

Introduces problems and controversies of
Soviet life and culture. Expository and literary
texts provide the necessary background; cur-
rent issues elucidated through the eyes of con-
temporary poets and singers. Selected songs
and contemporary prose deal with matters
such as individual vs the state; generation
gaps; men, women, and family. Considers
changes in today's Russia, and discusses fic-
tion and non-fiction in the context of glasnost
and perestroika.
E. Semeka

21.270 Pushkin and His Successors

Prereq.: Five terms of Russian
Acad Year 1990-91: Not offered
Acad Year 1991-92: U (1)
3-0-6 HASS

Acquaints the student with foundations of
modem Rv.i literature from Pushkin's
Eugene Onegin and selections from Golden
Age stories and lyrics, to later short stories,
mainly by Turgenev and Chekhov, and poems
by Silver Age poets Blok, Akhmatova,
Tsvetaeva. Conducted in Russian.
C. V Chvany

21.271 Contemporary Russian Prose and
Poetry
(Revised Content)

Prereq.: Five terms of Russian
Acad Year 1990-91: U (1)
Acad Year 1991 -92: Not offered
3-0-6 HASS

A study of Russian literature from the 1960s to
the present. Works by post-Stalin period
writers, such as Aksenov, Maramzin, Shuk-
shin, Trifonov, and Kazakov, and contemporary
writers like Tokareva, Baranskaya, and Mak-
simov cover various topics of contemporary
Soviet life as reflected in prose and poetry.
E. Semeka

21.272 Advanced Russian Grammar

Prereq.: Permission of Instructor
U (2)
3-0-6 HASS

Russian grammar and stylistics for students
who speak Russian at home, or for students
with three or more years of Russian who want
to perfect their command of difficult construc-
tions. Contrastive analysis of Russian and
English structure. Individualized practice in
aural comprehension, exercises in paraphrase
and translation, written compositions and oral
presentations based on readings in students
fields of interest. Conducted mostly in Russian,
with some lectures, discussions, and readings
in English.
C. V Chvany

Spanish

The indication of prerequisites for specific
Spanish offerings does not apply to stu-
dents who have already accomplished the
equivalent work. For further placement ad-
vice, attend the Spanish Placement Ses-
sion or consult with a field advisor In
Spanish.

Fundamental Language Subjects

All fundamental language subjects are con-
ducted In Spanish.

21.275 Spanish I

Prereq.: -
U (1, 2, IAPi
4-0-8 HASS

Introduction to understanding, speaking, read-
ing, and writing Spanish. Maximal use of fun-
damentals of grammar in active
communication. Language laboratory program
coordinated with and supplementary to class
work.
E. Liienteld

21.276 Spanish 11

Prereq.: Spanish I
U (1, 2)
4-0-8 HASS

Continuation of Spanish 1. Increased practice
in reading. Conducted in Spanish whenever
practical.
,J. W Harris

21.277 Spanish III

Prereq.: Spanish ||
U (1, 2)
4-0-8 HASS-D Language Option

Aims at consolidation and expansion of skills
in oral comprehension, speaking, reading, and
writing. Uses short stories and other readings,
Hispanic television programs, and interactive
video to study issues of current interest in
Hispanic culture. This subject satisfies the
HUM-D Requirement.
D. Morgenstem

21.278 Spanish IV

Prereq.: Spanish Ill
U (1. 2)
4-0-8 HASS-D Language Option

Continued study of the language, literature,
and culture of Spanish-speaking countries.
Materials are from both Spain and Latin
America and include feature-length films, a
novel by Garcia Mdrquez, a play by Lorca, a
comic book by Quino, and readings on
Spanish cultural history.
E. Lifi feld

21.279 Oral Communication In Spanish

Prereq.: Spanish II
Acad Year 1990-91: Not offered
Acad Year 199 1-92: U (2)
3-0-6 HASS

Gives students the necessary language skills
to perform successfully in Spanish in a variety
of social situations. Focus on oral communica-
tion. Uses popular media for listening practice.
Student projects involve reading, oral presents-
tions, and classroom interaction. Emphasizes
communication skills needed by students in en-
gineering and management for work in Latin
America or Spain.
D. Morgenstern

Intermediate Subjects in Language,
Literature, and Culture

It is recommended, but not required, that
students take one of the following Inter-
mediate-level subjects before enrolling In
21.286 and above. All intermediate and ad-
vanced subjects are conducted entirely in
Spanish with the exception of 21.293,

21.281 Spanish Conversation and
Composition

Prereq.: Spanish IV or equivalent
U (1)
3-0-6 HASS

Systematic training in spoken and written skills
to improve fluency and style. Oral reports by
participants on individual topics. Discussions
with native speakers, analyses of selected
literary texts, periodicals, and Spanish-lan-
guage media.
D. Morgenstern
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F21.282 Spanish for Bilingual Students

Prereq.: Fluency in a Spanish dialect
Acad Year 1990-91: U (2)
Acad Year 1991-92: Not offered
3-0-9 HASS

Designed for students of Hispanic background
brought up in the US. Expands oral and written
grammar study and increases contact with
standard Spanish; studies recent fiction and
poetry as well as specific historical, social,
economic, and political aspects of Mexican-
American, Puerto Rican, and Cuban cultures.
Many of the nonliterary readings are in
English; class discussions in Spanish.
D. Morgenstem

21.284 Introduction to Latin American
Culture
Prereq.: Spanish IV
Acad Year 1990-91: Not offered
Acad Year 1991-92: U (2)
3-0-6 HASS

Overview of Latin America's cultural and
literary development from the Discovery and
Conquest to the present. Addresses through a
study of literary texts, film, and art, the ques-
tions of racial and cultural heterogeneity in
Latin America, the area's psychological
relationship to Europe and the US, and par-
ticular 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
Acad Year 1990-91: U (2)
Acad Year 1991-92: Not offered
3-0-9 HUM-D

Studies the major social, political, and aes-
thetic modes which have shaped Spanish
civilization. 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 dis-
tinctively Spanish literary and artistic move-
ments. Special emphasis on the Spanish Civil
War and its aftermath.
M. Resnick

Advanced Subjects in Literature and
Culture

21.286 Latin American Literature
1492-1898: Creation of a Continent
Prereq.: Spanish IV
Acad Year 1990-91: U (2)
Acad Year 1991-92: Not offered
3-0-6 HASS

Traces the creation of a new literature to
record and interpret a new reality. Begins with
the Spanish Discovery and Conquest and
studies the unfolding of the secular struggle of
Spanish speakers in the Americas to give
meaning to their experience through literature.
Readings up to the Spanish American War of
1898, including texts by Col6n, Bernal Diaz del
Castillo, Sor Juana Ines de Ia Cruz, Esteban
Echeverria, Sarmiento, Ricardo Palma, Josd
Marti, and Ruben Dario.
E. Garrels

21.287 Twentieth-Century Latin American
Literature
Prereq.: Spanish IV
Acad Year 1990-91: Not offered
Acad Year 1991-92: U (2)
3-0-9 HUM-D

Through reading poetry, novels, and short
stories, students encounter a variety of crea-
tive responses to the complex and troubled
reality of contemporary Latin America: from
fantasy to social protest, from personal confes-
sion to the literary subversion of the language
of demagoguery and mass media. Authors
studied include Vallejo; Quiroga, Neruda, Ar-
guedas, Rulfo, Borges, Garcia MArquez, de la
Parra, and Ferr6.
E. Garrels

21.288 The Modern Short Story in Spain
and Latin America
Prereq.: Spanish IV
Acad Year 1990-91: Not offered
Acad Year 1991-92: U (2)
3-0-6 HASS

Studies masterpieces of the short story
produced in Spain and Latin America. Con-
siders the short story as a genre with unique
possibilities for expression, and also as a
sociological phenomenon responding to par-
ticular historical circumstances affecting both
writers and their readership. In addition, stu-
dents write original stories based on analyses
of narrative techniques employed by such
authors as Borges, Corthzar, Martin Gaite,
Aub, and Peri Rossi.
M. Resnick

21.289 Introduction to Contemporary
Hispanic Uterature

Prereq.: Spanish IV or equivalent
U (1)
3-0-9 HASS-D/HUM-D

Studies important 20th-century texts from both
Spain and Latin America that represent the
principal fictional genres- poey theatre,
short story, and the novel. Includes works by
Peri-Rossi, Bombal, Lorca, Neruda, Valejo,
Unamuno, Garcia MArquez, and Aub. Con-
ducted in Spanish.
M. Resnick

21.290 Litereture and Social Conflict:
Perspectives on Modem Spain

Prereq.: Spanish IV
Acad Year 1990-91: Not offered
Acad Year 1991-92: U (1)
3-0-6 HASS

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
religion, urbanization, rural conservatism and
changing sexual roles, and the Spanish Civil
War. Authors studied include Pdrez Gald6s,
Pardo Bazin Unamuno, Ortega y Gasset,
Salinas, Lorca, La Pasionaria, and Falcon.
Conducted in Spanish.
M. Resnick

21.292 Cervantes and His Age

Prereq.: Spanish IV
Acad Year 1990-91: Not offered
Acad Year 199 1-92: U (2)
3-0-6 HASS

Critics have long recognized Spain as the
birthplace of the novel and have seen in Don
Quijote de la Mancha the prototype for this
genre. Concentrates on Don Quqote but also
considers the author Cervantes as an out-
standing example of the humanist in 16th-cen-
tury Spain and Europe. Attention to
Cervantes's humor and irony as well as his
ideascon religion, justice, love, language, and
artistic creation.
E. Garrets

21.293 History of the Spanish Language
Prereq.: Permission of Instructor
Acad Year 1990-91: Not offered
Acad Year 1991-92: U (2)
3-0-6 HASS

Starts with the modem languages and
proceeds to successively earlier stages. In-
cludes general concepts of language change;
specific phonological, morphological, and syn-
tactic changes in the history of Spanish; the
place of Spanish among Romance tongues;
modem dialects; reading of representative
texts of earlier periods. Discussion and read-
ings in English and Spanish. Spanish Ill or
equivalent normally provides sufficient prepara-
tion.
J. W Harris
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Literature in Translation

21.296 Introduction to European and Latin
American Fiction

Prereq.: -
U (1)
3-0-9 HUM-D

Studies great works of European and Latin
American fiction. Attention to a variety of forms
including the picaresque, epistolary, realist,
naturalist, and magical realist fiction. Em-
phasizes ways in which the unique history of
each country shaped the imaginative re-
sponses of its writers. Authors read include
Cervantes, Laclos, Goethe, Mann, Dos-
toevsky, Flaubert, Zola, Unamuno, Wolf,
Garcia Mdrquez, Genet, and Borges.
M. Resnick

21.297J Sex Roles in Fiction: Europe and
Latin America

(Same subject as SP 432J)
Prereq.: -
Acad Year 1990-91: Not offered
Acad Year 1991-92: U (2)
3-0-9 HUM-D

Examines the representation of sexual roles in
fiction. Studies works by European and Latin
American authors in their cultural and historical
contexts. Themes emphasized include bour-
geois women, women rebels, and redefinition
of sex roles. Comparative analysis of works by
Laclos, Fontane, Moliire, Sor Juana Inds de la
Cruz, Zola, Lorca, Wolf, Wittig, and Puig.
Materials used include films by: Godard,
Bunuel, Saura, M. v. Trotta.
M. Resnick, L. Kampf

21.298J New World Literature

(Same subject as 21.044J)
Prereq.: -
U (2)
3-0-9 HASS-D/HUM-D

Studies in comparative patterns of develop-
ment in the diverse American traditions of
literature, race, gender, and cultural identity.
Works by writers in the US (e.g., slave narra-
tives, Whitman, Hawthorne, Faulkner, Black
Elk, Hong Kingston, Morrison), Latin America
(slave texts, Dario, Neruda, Borges, Cortdzar,
Puig, Alegria, Allende), Canada (Davies, At-
wood), and the Caribbean (Walcott, Naipaul).
Enrollment may be limited.
M. Fuller

21.299J New Women's Voices

(Same subject as SP 431J)
Prereq.: -
U (2)
3-0-9 HASS-D/HUM-D

Introduces students to a variety of fictional
works by contemporary women writers. The
subject's international perspective emphasizes
the extent to which each author's work reflects
her distinct cultural heritage and to what ex-
tent, if any, we can identify a female voice that
transcends national boundaries. A variety of in-
terpretive perspectives, including sociohistori-
cal, psychoanalytic, and feminist criticism will
be used to examine the texts. Authors read in-
clude: Mariama BA, Isabel Allende, Marguerite
Duras, Maxine Hong Kingston, Toni Morrison,
Doris Lessing, Alifa Riyaat, Yang Jiang, and
Sawako Aryoshi.
M. Resnick

21.300J Courtship Themes in Romance
Uterature

(Same subject as SP 434J)
Prereq.: -
Acad Year 1990-91: U (2)
Acad Year 1991-92: Not offered
3-0-6 HASS

Study of recurrent patterns of courtship in
major works from France, Spain, Spanish
America, Portugal, and Brazil. Themes such
as the grand passion, marriage as a happy
ending, the witty battle between unwilling
lovers, and the contemporary breakdown of
both conventional sex roles and the institution
of marriage are examined. Authors include Fer-
nando de Rojas, Cervantes, Balzac, Puig,
Zola, the Three Marias, Machado de Assis,
Garcia MArquez, Chateaubriand, Wittig, and
Bombal.
E. Garrels

21.301 Evil and Decadence in Uterature
(Revised Unit)

Prereq.: -
U (2)
3-0-9 HASS

Studies evil and decadence in literature, start-
ing with Job, Petronius, and Dante. Em-
phasizes French and English authors including
the Marquis de Sade, Byron, Shelley, Laclos,
Baudelaire, Rimbaud, Flaubert, Lautreamont,
Huysmans, Mirbeau, Wilde, Gide, Mann, Fir-
bank, 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.: -
Acad Year 1990-91: Not offered
Acad Year 1991-92: U (2)
3-0-9 HASS

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,
Cathars, Illuminists, Theosophists, Free
Masons, Swedenborgians. Readings from
Blake, Restif, Byron, Hugo, Balzac, Nerval,
Baudelaire, Dostoevsky, Strindberg, Yeats,
Jung, Dinesen, Poe, Kafka, Tryon, Fowles.
Also related themes in art and music.
R. E. Jones

21.303 Twentieth-Century French Literature

Prereq.: -
Acad Year 1990-91: U (2)
Acad Year 1991-92: Not offered
3-0-9 HASS

Major writers and literary movements (Sur-
realism, Existentialism, Pataphysics) in France
since 1900. Texts are chosen from the works
of Gide, Proust, C61ine, Malraux, Bemanos,
Sartre, Camus, de Beauvoir, Giraudoux,
Claudel, Anouilh, Beckett, lonesco, Genet,
Breton, Artaud, Queneau.
R. E. Jones

21,304 Modern European Drama

Prereq.: -
Acad Year 1990-91: Not offered
Acad Year 1991-92: U (1)
3-0-9 HUM-D

Study of major playwrights, directors, and
theorists of the theatre in France, Scandinavia,
Russia, Germany, Italy, and Spain. Among the
authors studied are Ibsen, Strindberg, Chek-
hov, Pirandello, Lorca, Claudel, Giraudoux, the
Surrealists, the Expressionists, Brecht, Weiss,
Arrabal, Sartre, Anouilh, Beckott, lonesco,
Genet. Students attend current productions in
the Boston area.
R. E. Jones

21.305 The Modern Period: 1900-1970

Prereq.: -
Acad Year 1990-91: Not offered
Acad Year 1991-92: U (2)
3-0-9 HASS

Role of the individual and the artist in modem
society dominated by politics, war, and technol-
ogy. Topics: reactions to 19th-century values,
and especially those of Marx and Freud; role
of myth; concepts of illusion and reality; sexual
revolution and its implications; new humanism
in art, music, philosophy, and literature.
Authors read include Dinesen, Breton,
Gropius, Marinetti, Gide, Proust, Pirandello,
Jung, Giraudoux, O'Neill, Joyce, Eliot, Kafka,
Malraux, Brecht, Beckett, Lawrence, Lessing,
and Solzhenitsyn.
R. E. Jones
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21.3060The German Cinema

Prereq.: -
U (2)
4-0-5 HASS

Overview of the German film since its begin-
nings, emphasizing the New German Cinema
of the 1970s. Weekly screenings. Lectures and
discussions deal with technical and aesthetic
as well as soclo-historical problems. Students
keep weekly joumals based on thorough
analysis of films as well as readings on social
and historical background. Directors include
Lang, Mumau, Pabst, Schidndorff, Wenders,
Herzog, Fassbinder, Staudte, M. v. Trotta. Con-
ducted in English. Films shown with English
subtitles.
B. Widdig

21.307 Modern German Novels In
Translation

Prereq.: -
Acad Year 1990-91: U (1)
Acad Year 1991-92: Not offered
3-0-6 HASS

Twentieth-century fiction from Germany,
Austria, and Switzerland. Emphasizes major
themes (bourgeois conventions and rebellion
against them, role of the artist, individual and
collective guilt, the metropolis, World War 11
and its aftermath), development of novel form,
narrative structure, social and historical con-
text. Authors include Thomas Mann, Kafka,
D6blin, Grass, Christa Wolf. Showing of a film
version of at least one novel.
M. Totten

21.310 Masterpieces of Hispanic Culture
Prereq.: -
Acad Year 1990-91: U (1)
Acad Year 1991-92: Not offered
3-0-6 HASS

Subject studies major works of Hispanic litera-
ture, film, and art, including the Poem of the
Cid and Cervantes's Don Quote. Films by
Buhuel, as well as paintings by Velazquez,
among others, allow students to trace develop-
ment of Hispanic culture through focus on
fanaticism, honor, and the grotesque, as well
as on humor as a way to cope creatively with
the world, or to escape from it. All readings
and discussions in English.
E. Garrels

21.312 Mythic and Folk Motif In Russiatn
Uterature
Prereq.: -
U (2)
4-0-8 HASS-D/HUM-D

Begins with ancient myths and folk beliefs as
expressed in folklore. Briefly traces "the tale of
three cities": Kiev, Moscow, St. Petersburg -
through representative works of art. Examines
19th-century short stories in terms of folkloric
archetypes, literary traditions, critical ap-
proaches, and interpretations through other
media (painting, ballet, opera, film).
Demonstrates the continued relevance of the
concepts introduced during the term through
modern works; Bulgakov's The Master and
Margarita. Qualified students are encouraged
to do some of the work in Russian.
E. Semeka, C. V Chvany

21.313 Russian Uterature: 1830-1930
Prereq.: -
U (2)
3-0-9 HASS

Historical themes and human meaning in key
works from the Golden Age to the Silver Age,
with a brief look at the period immediately fol-
lowing the Revolution, through various genres,
mainly fiction (short and long) and drama, but
some poetry, by Fushkin, Gogol, Dostoevsky,
Bunin, Chekhov, Akhmatova or Tsvetaeva,
Zoshchenko or If and Petrov. Qualified stu-
dents are encouraged to do some of the read-
ing in Russian.
C. Simmons

21.315 Russian Short Story

Prereq.: -
Acad Yearl1990-91 U (1)
Acad Year 1991-92: Not offered
3-0-6 HASS

The great development of Russian prose from
Pushkin's Tales of Belkin and 'Queen of
Spades" through Gogol, Lermontov, Turgenev,
Tolstoy, Dostoevsky, Leskov, Chekhov, and a
sampling from the Soviet era. The growth of
the short story as a structure as well as the his-
tory of themes and ideas pertaining specifically
to this genre.
C. Simmons

21.317 Russian Novel of the Nineteenth
Century
Prereq.: -
Acad Year 1990-91: Not offered
Aced Year 1991-92: U (1)
3-0-6 HASS

The development of the novel in Russia in the
context of the evolving European novel. Em-
phasizes three major fictional modes: the his-
torical, the psychological, and the
satirical/realist novel and'their European
counterparts. Gives attention to the larger his-
torical and social issues which determined the
creative milieu of Pushkin, Lermontov, Gogol,
Tolstoy, and Dostoevsky. Their relation to
Sterne, Byron, and Walter Scott. Students with
a knowledge of Russian encouraged to read
some texts in the original.
C. V Chvany

21.318 Soviet Literature and Moral Issues
(Revised Content)
Prereq.: -
Acad Year 1990-91: U (1)
Acad Year 1991 -92: Not offered
3-0-6 HASS

Begins with short stories of the 1920s, both for
their themes and innovative style (Zamyatin,
Pilnyak, lvanov). Briefly introduces examples
of the "socialist realism" of Stalin's period, then
concentrates on the period from Stalin's death
to the present, through works by Pasternak
and Solzhenitsyn, as well as short works by
writers inside and outside the Soviet Union.
Qualified students are encouraged to read
some works in the original.
E. Semeka

Senior Seminar

21.319 Senior Seminar for Major in
Foreign Language and Literature
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 faculty
and student presentations. Gives special atten-
tion to research problems in foreign literatures
including the identification of bibliographic
tools and the acquisition of materials from
foreign sources. Consult Foreign Languages
and Literatures Headquarters.

Studies in Language

21.320J Linguistic Theory and Second
Language Acquisition

(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)
3-0-9 HUM-D

See description under subject 24.900J.
S. Bromberger, J. W Harris

21.322J Language and Its Structure

(Same subject as 24.901J)
Prereq.: 24.900J
U (2)
3-0-9 HASS

See description under subject 24.901J.
J. W Harris

21.323 Language in Discourse

Prereq.: -
U (2)
3-0-6 HASS

Applies methods and insights of contemporary
linguistics and related disciplines in exploring
how communication takes place in spoken and
written contexts. Discussion of such topics as
speech acts, discourse presuppositions,
metaphors in everyday language and in litera-
ture, dialogue, and narrative. Also considers
the ways in which learners of a foreign lan-
guage develop discourse competence in
natural and instructional settings. Examples
drawn from English and various foreign lan-
guages.
S. Flynn

21,324 Workshop In Translation

Prereq.: Permission of Instructor
Acad Year 1990-91: U (2)
Acad Year 1991-92: Not offered
3-0-6 HASS

For students who wish to translate short
stories, essays, or poems into English Class
includes the study of technical, historical, and
theorbtical aspects of translation, as well as
discussion of students' work. Critically ex-
amines models of translation, both classical
and contemporary. Gives attention to linguistic
problems of translation. Students complete a
translation project which they elaborate in con-
sultation with the faculty. Knowledge of any
second language at an intermediate level or
above is essential.
G. Martohardjono

English as a Second Language

21.326 English II: English as a Second
Language
Prereq.: Placement test or Permission of
Instructor
U (1, 2)
3-0-6 HASS

Continued development of skills in oral com-
prehension, speaking, reading, and writing. Ac-
tivities, which include language laboratory
work, reinforce understanding and lead to an
increased ability to communicate.
S. Flynn

21.327 English Il: English as a Second
Language
Prereq.: Placement test or Permission of
Instructor
U (1, 2)
3-0-6 HASS

Improves and refines accuracy, fluency, and
style in both spoken and written English
through use of American newspapers, radio,
literary texts, videotapes, and movies. Also
leads to better understanding of American cul-
tures.
S. Flynn

21.331 Advanced Listaning and Speaking
Skills: English as a Second Language

Prereq.: Placement test or Permission of
Instructor
U (1, 2)
3-3-3 HASS

For high intermediate/advanced students who
wish to build confidence and skills in spoken
English. Focuses on the appropriate oral
presGitation of material in a variety of profes-
sional contexts: panel discussions, research
group meetings, classroom explanations, and
thesis/research proposals. Valuable for those
who intend to teach or lecture in English. Lan-
guage laboratory assignments.
G. Martohardiono

21.333 Expository Writing I for
Undergraduates: English as a Second
Language

Preieq.: Placement test or Permission of
Instructor
U(1)
3-1-8 HASS

Reading, discussing, summarizing, and
paraphrasing articles and essays in nontechni-
cal fields. Provides practice in basic writing
skills by focusing on development of clear, well-
organized paragraphs and essays. Also gives
attention to vocabulary development and gram-
mar. Special focus on strengthening skills of
bilingual students.
G. Martohardjono

21.334 Expository Writing 11 for
Undergraduates: English as a Second
Language
Prereq.: Placement test or Permission of
Instructor
U (1, 2)
3-1-8 HASS

Formulating, organizing, and presenting ideas
clearly in writing. Reviews basic principles of
rhetoric. Focuses on development of a topic,
thesis, choice of appropriate vocabulary, and
sentence structure to achieve purpose.
Develops idiomaic prose style. Gives attention
to grammar and vocabulary usage. Special
focus on strengthening skills of bilingual stu-
dents. Successful completion satisfies Phase I
of the Writing Requirement.
S. Flynn

21.337 Workshop in Writing for Science
and Engineering: English as a Second
Language
Prereq.: Placement test
G (1, 2)
3-0-6

Analysis and practice of various forms of scien-
tific and technical writing, from abstracts to
journal articles. Detailed analysis of problems
conveying technical information to a specialist
audience. Comparable to 21.780 but methods
designed to deal with special problems of
those whose first language is not English.
Consult C. Sawyer-Lauganno.

21.338 Workshop in Writing for the Social
Sciences and Architecture: English as a
Second Language

Prereq.: Placement test
G (1)
3-0-6

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.
Consult C. Sawyer- Laueanno.

21.339 Workshop in Writing for Science
and Engineering: English as a Second
Language
Prereq.: Placement test
U (1, 2)
3-0-6 HASS

Analysis and practice of various forms of scien-
tific and technical writing, from abstracts to
journal articles. Short assignments-including
abstracts, memos, progress reports, process
analyses, and proposals-build toward a writ-
ten term project and oral presentation. Com-
parable to 21.780 but special focus on
strengthening skills of bilingual students. Suc-
cessful completion satisfies Phase 1i of the writ-
ing requirement. Consult C. Sawyer-Laueanno.
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F21.340 Workshop In Writing for the Social
Sciences and Architecture: English as a
Second Language

Prereq.: Placement test
U (1)
3-0-6 HASS

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. Special focus on strengthening
skills of bilingual students. Successful comple-
tion satisfies Phase II of the writing require-
ment. Consult C. Sawyer-Lauganno.

Special Topics

21.348 Special Topics in Foreign
Languages and Literatures

Prereq.: -
U (1)
Units arranged

21.349 Special Topics in Foreign
Languages and Uteratures

Prereq.: -
U (2)
Units arranged

Advanced work in foreign languages and litera-
tures for students wishing to pursue topics or
projects not provided for by regular subject of-
ferings. Before registering, student must plan
course of study with appropriate instructor in
the Section and secure the approval of the
Section Head. HASS credit for Special Topics
subjects awarded only by individual petitions to
the Committee on Curricula. Normal maximum
is 6 units; to count toward HASS Requirement,
9 units are required. Exceptional 9-unit
projects occasionally approved. Consult
Foreign Languages and Literatures Head-
quarters.

See also 21,008.

History

European History

European History subjects are divided Into
two categories: Basic Fields: 21.350-
21.363, and Special Subjects and Semi.
nars: 21.365-21.389.

Basic Fields

21.350 The Ancient World: Greece
Prereq.: -
u (1)
3-0-9 HASS-D/HUM-D

Political and cultural history of ancient Greece
from the Near Eastern matrix to Alexander's
world-empire. Includes Homer's world: the
lonian inventions of democracy, geometry, cos-
mology. Conflict with Persia and the inventions
of history, drama, moral philosophy.
Thucydides on the Athenian linkage of
democracy, naval power, imperialism. Pros
and cons, ancient and modern, of national
unification under Macedon and of manifest
destiny in East. Readings by ancient and
modern historians; textbook
H A. T 0. Reiche

21.351 The Ancient World: Rome
Prereq.: -
U (2)
3-0-9 HASS-D/HUM-D

Roman republic in origin, structure, function.
Roles of traditionalism, improvisation, Greek
humanism. Outer success, yet internal
polarization. Manipulation and terror as politi-
cal instruments. Various perspectives on Pom-
pey, Cicero, Caesar, Augustus and principate.
Definitions of triumph and decline. Rostovtzeff
on proletarization. Why no industrial revolution
in third century? Conflict of religions, orthodoxy
as value in theology and Roman law. Wide
sampling of historians, ancient and modern.
Consult History Headquarters Office.

21.352 From Caesar to Charlemagne
Prereq.: -
U (1)
3-0-9 HUM-D

Transitions from late Antiquity to the "First
Europe," roughly from AD 300-900. 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
literacy and urban centers, rise of the Church,
Charlemagne, Vikings and Moslems, and the
formation of feudal society.
R. M. Douglas

21.353 The Emergence of Europe:
1000-1300

Prereq.: -
U (2)
3-0-9 HASS-D/HUM-D

Process of recovery from damage suffered
through 200 years of Magyar-Moslem-Viking in-
vasions, and the formation of distinctively
European values, Ideas, and institutions. The
High Middle Ages treated as an unstable unity:
agriculture and new urban centers; Crusades;
maturing feudalism, chivalric ideology, and
kingship. New forms of literacy, the universities
and the formation of learned factions in the
13th century.
R. M. Douglas

21.355 The Age of Reason: Europe in the
18th and 19th Centuries
(New)
Prereq.: -
U (2)
3-0-9 HASS-D/HUM-D

A study of the evolution of European society
from the end of the 17th century to the out-
break of World War I. Its politics, the nature of
its social system, the workings c. its economy,
and its intellectual accomplishments. Particular
attention given to the analyses made by critics
and thinkers contemporary to the matters
treated in the subject.
D. B. Ralston

21.356 History of the Western World 1:
1500-1815

Prereq.: -
Acad Year 1990-91: Not offered
Acad Year 1991-92: U (1)
3-0-9 HUM-D

The evolution of the Western world between
the end of the Middle Ages and the French
Revolution. Topics: heritage of the Middle
Ages; emergence of the new dynastic monar-
chies; the great explorations; the Renaissance
in Italy and Northern Europe; the Protestant
and Catholic Reformations; the Scientific
Revolution; the Enlightenment; development of
the bureaucratic state; the American and
French revolutions.
D. B. Ralston

Humanites 1970

21.357 History of the Western World II:
1815-1970
(Revised Unit)
Prereq.: -
U (1)
3-0-6 HASS

Survey of the West during the era of its
preponderence, the 19th and early 20th cen-
turies, and during its subsequent retreat from
world domination. Among the topics con-
sidered: 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 con-
sequences; the long armistice and World War
11; "Pax Americana" and the post-war interna-
tional order; the resurgence of the non-
Western world.
D. B. Ralston

21.360 European Social History in the
Nineteenth and Twentieth Centuries

Prereq.: -
U (2)
3-0-6 HASS

Studie e large-scale social and economic
forces tU 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.
D. Forsyth

21.361 Europe in the 20th Century

Prereq.: -
U (1)
3-0-9 HASS-D/HUM-D

Examines changes in European politir , so-
cial, and cultural life from the origins of World
War I to the developments of the 1980s.
Topics covered include World War I, the post-
war revolutions, the counter-revolutions of Fas-
cism and Nazism, the "normalcy" of the
twenties, the Great Depression, the totalitarian
states, World War 11, reconstruction, Europe in
the Cold War, the new consumer societies,
relations with former colonies, and Europe in
global perspective of the eighties.
W B. Watson

21.362J The State and the Economy In
Europe, 1929-1951
(New)

(Same subject as 17.174J)
Prereq.: -
G (1)
3-0-9

Explores in international and comparative
perspective the development of state interven-
tion in the economy across three watersheds
- responses to the Great Depression, rearma-
ment and war mobilization, and post-war
reconstruction - with a view to explaining the
origins of the "long prosperity' of the 1960s
and 1960s, and differences in national pat-
tems and growth rates. Themes include
monetary and financial policy, economic plan-
ning, wartime controls, nationalizations, and
business-labor-state relations.
D. Forsyth

21.363 Britain in the 18th and 19th
Centuries
(New)
Prereq.: -
U (1)
3-0-9 HASS

An overview of social and cultural history or-
ganized around topics such as geography and
demography, the impact of technology, the dis-
tribution of knowledge, the structure of the
family, and the influence of the empire. Em-
phasis on interpreting a variety of primary
sources.
H. Ritvo

Special Subjects and Seminars

21.365 The Renaissance in Italy

Prereq.: -
Acad Year 1990-91: Not offered
Acad Year 1991-92: U (1)
3-0-6 HASS

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, open-book final exam.
R. M. Douglas

21.386 The Renaissance and Reformation

Prereq.: -
U (2)
3-0-6 HASS

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 "refor-
mation" and "rebirth' examined in both
religious and secular contexts. Readings from
both "high" culture and "low" - Thomas More,
Erasmus, Luther, Calvin, Rabelais, and Mon-
taigne as well as from anonymous tracts and
novels.
R. M. Douglas

21.367J Ancient Cosmology

(21.930J)
(Same subject as STS 007J)
Prereq.: -
U (1)
3-0-9 HASS

Evidence for, and astronomical database of, ar-
chaic cosmology. Myth, alignments, ritual as
prenumerate, technical languages in oral cul-
ture. Algebraic, geometric, numerate, musical,
biological, socio-juridical models in pro-
Socratic philosophy: Anaximander,
Pythagoreanism, Heraclitus, Parmenides,
Zeno, Empedocles, Democritus, Plato's
Timaeus, and Aristotle. Collateral readings in
modern secondary literature and in works by
Von Dechend, Karl Popper, Schroedinger, Col-
lingwood, D'Arcy Thompson, T. S. Kuhn.
H. A. T 0. Reiche

21.369 Marx, Darwin, and Freud

Prereq.: -
Acad Year 1990-91: Not offered
Acad Year 1991-92: U (1)
3-0-9 HUM-D

In-depth historical and critical study of the at-
tempts of Marx, Darwin, and Freud to inves-
tigate the natural and cultural development of
humans and society; these attempts are
treated as problems in creativity, intellectual
history, the history and philosophy of the cul-
tural sciences, and social thought.
a. Mazlish

21.370 Anarchism

Prereq.: -
Acad Year 1990-91: Not offered
Acad Year 1991-92: U (1)
3-0-6 HASS

Readings from the classics of European and
American Anarchism, and the study of anar-
chistic and anarchosyndicalist movements in
Europe and the utopian anarchistic com-
munities in the US. Examines all branches and
versions of anarchism, from radical in-
dividualists to collectivist communitarians and
various anarchistic critiques of modern in-
dustrial, bureaucratic society.
W B. Watson

I
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21.371J The Industrial Revolution: Social,
Cultural, and Political History (175041850)

(Same subject as STS 11W)
Prereq.: -
Aced Year 1990-91: Not offered
Aced Year 1991-92: G (2)
3-0-9

Examines the industrial revolution and its im-
pact on society and culture. Focuses attention
on the intellectual, emotional, artistic, literary,
and socia effects, including implications for
demographic and class structure and for the
family. Presentations, where possible, in terms
of individuals such as A. Smith, Malthus, Rous-
seau, Owen, Carlyle, St. Simon, and Fourier.
Qualified undergraduates, with permission of
instructor.
B. Mazlish

21.372 France 1789-1969: From the
Revolution to Charles de Gaulle
Prereq.: -
U (2)
3-0-6 HASS

The French Revolution and the nature of the
revolutionary and Napoleonic settlement; the
search for stable political institutions to 1870;
the factors underlying the stability of French
society in the 19th century; the nature of the
post-1870 republican synthesis and its break-
down in the 20th century; the efforts following
World War Il to reach a new political and social
settlement.

D. B. Ralston

21.373 Modern Spain, 1469-1939
Prereq.: -
U (1)
3-0-6 HASS

Development of modern Spain from union of
Castle and Aragon to triumph of General Fran-
co in Spanish Civil War. Topics: growth and col-
lapse of empire, struggle to establish a
modern state, liberal experiment and oligarchic
reaction, pronunciamiento-style rebellions, rule
of new elites, collapse of monarchy and the
Republican experiment, polarization and civil
war
W B. Watson

21.375 The Making of Russia in the Worlds
of Byzantium, Mongolia, and Europe (ca.
850-1800)

Prereq.. -
U (1)
3-0-9 HASS

Kievan state, tsardom of Muscovy, Petrine em-
pire: periods of development of Russian histori-
cal identity within Byzantine. Eurasian steppe,
and Western culturally or politically occupied
spaces. The more lasting, defining influences
of such experiences, together with geography,
ethnology, and also great leaders of Russian
institutions and culture (St. Vladimir, Genghis
Khan and his Eurasian heirs, St. Sergius, Ivan
the Terrible, Peter the Great, Catherine the
Great).
E Wood

21.376 Imperial and Revolutionary Russia:
Culture and Politics

Prereq.: -
U (2)
3-0-9 HUM-D

Analyzes Russia's social, cultural, political
heritage, Eurasian imperialist and autocratic,
ca. 1850. Reform, modernization-and nation-
al 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. Permission of instruc-
tor required for freshmen.
E. Wood

21.377 The Soviet Union: A Communist
Society in Historical Perspective

Prereq.: -
Acad Year 1990-91: Not offered
Acad Year 1991-92: U (2)
3-0-9 HASS

Marxism-Leninism, totalitarianism and modern-
ization in post-revolutionary Russia. Physical
and ideological setting, the rise of Stalin, collec-
tivization 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 in-
tellectuals, religious groups, and nationalities
Problems of evaluating the changing Soviet
Union and other Communist regimes, especial-
ly China.
E. Wood

21.378J Seminar in the Historical and
Political Evolution of the SovietUnion
(Same subject as 17.609J, STS 025J)
Prereq Permission of Instructor
Acad Year 1990-91- Not offered
Acad Year 1991-92: U (2)
3-0-6 HASS

A reading subject on the history and politics of
the Soviet Union Emphasizes internal develop-
ments rather than foreign policy. Students dis-
cuss the readings weekly. All required readings
are in English, but supplementary readings in
Russian are available for those students wish-
ing them, Open to advanced undergraduates
with some previous work in the Soviet area.
Meets with 17.610J and STS 106J.
L. Graham

21.379 Spanish Civil War, 1936-39
Prereq.: -
U (2)
3-0-6 HASS

Examines how traditional conflicts in Spanish
society erupted into civil war, almost immedi-
ately provoking a worldwide response. Ex-
amines the consequences of the Civil War for
Spain and the rest of Europe in light of politi-
cal, social, and economic issues selected by
students and the instructor. Special attention
to literary responses to the war.
W B. Watson

21.380 Hitler and Germany Since Bismarck
Prereq.: -
Acad Year 1990-91: Not offered
Acad Year 1991-92: U (2)
3-0-9 HASS

Bismarck, Kaiser Wilhelm II, the Weimar
Republic: belated nation-building and in-
dustrialization, total war, revolution (left and
right). The millenarian ideas, new political
style, and rise of Nazism. The regime: from the
friendly fascist internal German phase (to
about 1938) to that of totalitarianism: im-
perialist aggression and world war; terrorist
and racist genocide, especially of Jews. The
Germanies since 1945: politics, economies,
society.
E. Wood

21.383 Revolution in the 20th Century
Prereq.: -
Acad Year 1990-91: Not offered
Acad Year 1991-92. U (2)
3-0-6 HASS

The phenomenon of revolution as exemplified
by the experiences of Russia, China, and pos-
sibly one or two other societies in the 20th cen-
tury. Among the aspects of revolution studied
are the weaknesses of the old order; the
revolutionary 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 War, State, and Society in the
Modern World

Prereq
U (1)
3-0-6 HASS

A study of how war has been waged in the
European world and elsewhere since 1500.
Among the issues to be considered are the
changing form and modes of war; the factors,
both technological and sociopolitical, which
have influenced them; the effects of war on the
social and political structure of the countries in-
volved
D. B. Ralston
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21.386 History and Psychoanalysis:
Life-History

Prereq.: -
Aced Year 1990-91: Not offered
Acad Year 1991-92: U (1)
3-0-9 HASS

Applies psychology, especially psychoanalysis,
to the understanding of history. Emphasizes in-
dividual life-histories. First part: examination of
psychological theories of Freud, Erikson, and
others, and then of case studies, such as of
Hitler and Gandhi. Second part: reports by
members of the class on their own attempts at
a life-historical study.
B. Mazlish

21.387 World War and Reconstruction

Prereq.: -
Acad Year 1990-91: Not offered
Acad Year 1991-92: U (1)
3-0-6 HASS

Focuses on causes and global repercussions
of World Wars I and II. In addition to the
causes of world war, topics include: industrial
mobilization, war, and social transformation;
military history, war, and technology; bel-
ligerents and neutrals, occupation, incarcera-
tion, and extermination; war and revolution;
economic dislocation and reconstruction.
D. Forsyth

21.388 The Last Hundred Years: Topics in
World History (Part 1)
(21.389)
Prereq.: -
U (1)
3-0-9 HASS-D/HUM-D

Critical developments in world history since
1890: transformations in the history of Atlantic
Europe, the United States, and the Third
World; ongoing examination of changes in the
world ecosystem and the tracking of popula-
tion growth. The age of European empire, the
rise of the United States as a world power. The
emergence of modem Japan and the collapse
of the Qing in China. The global effects of
World War 1; liberalism, fascism, and world
depression in the 1920s; Stalin's Russia,
Hitler's uar in Europe, and Japan's war in
Asia; theories about industrial society,
women's liberation, and peasant movements;
the global crisis of World War 11.
D. Forsyth, R. M. Douglas, Staff

21.389 The Last Hundred Years: Topics In
World History (Part II)
(New)
Prereq.: -
U (2)
3-0-9 HASS

Perspectives on world history since 1945: At-
lantic Europe, the US, and the Third World
after World War II, and the era of the Cold
War. The end of imperialism and the process
of state-building in Africa, Asia, and the Middle
East. The changing fortunes of dictatorship
and democracy and the shift from international
to civil wars. The "long prosperity" from 1947
to 1973 and the economic recovery of Japan
and West Germany. The spread of com-
munism, its decline, and the anti-communist
revolutions of 1989. Population growth, pollu-
tion, and the changing condition of the bio-
sphere. Selected forecasts on the future,
demographic and environmental.
D. Forsyth, Staff

American History

American History subjects are divided Into
two categories: Basic Fields: 21.390-
21.431, and Special Subjects and Semi-
nars: 21.432-21.440J.

Basic Fields

Introductory Subjects

21.390 American History to 1865

Prereq.: -
U (2)
3-0-9 HUM-D

A basic history of American social, economic,
and political development from the colonial
period through the Civil War. Examines the dif-
ferences between indian and European set-
tiers; the colonial heritages of Spanish and
British America; the American Revolution and
its impact; the establishment and growth of the
new nation; the Civil War, its background, char-
acter, and impact. Readings are from modem
scholarship as well as writings of the period, in-
cluding those of Winthrop, Paine. Madison,
Garrison, H. B. Stowe, and Lincoln.
P Maier

21.391 American History Since 1866

Prereq.: -
Acad Year 1990-91: Not offered
Aced Year 1991-92: U (1)
3-0-9 HUM-D

The rise of America to world power is
chronicled by focusing on key internal as well
as foreign policy developments and conflicts
from Reconstruction through imperialism, the
world wars, the civil rights movement, the
women's movement, Vietnam, Watergate, and
beyond. Assignments include speeches,
novels, films, and oral histories as well as per-
tinent historical articles.
Consult History Headquarters Office.

21.3g2 War, Money, and Sex: Topics in
American History
Prereq.: -
U (2)
3-0-9 HASS-D/HUM-D

Examines three central issues in American life
through a topical rather than chronological ap-
proach as a means to understand changes in
the role of morality, individual freedom and
rights, power, the state, and culture. Focusing
on particular cases drawn from the entire span
of American history, students address issues
of evidence and interpretation in the historical
discipline through studying oral histories,
diaries, speeches, legislation, and other
primary documents, as well as quantitative
data and scholarly works. Enrollment may be
limited.
R. Edsforth, J. Namias

21.394J Riots, Strikes, and Conspiracies in
America
(Same subject as 11.015J)
Prereq.: -
U (1)
3-0-9 HASS-D/HUM-D

Readings, discussions, and lectures about
short-term events which shed light on
American society from the late 17th to the late
20th centuries, Included are the Salem
witchcraft trials, anti-abolitionist riots, the 1877
railroad strike, and the 1971 Attica uprising.
Strong emphasis on finding ways to make
sense of these very complicated, highly
traumatic events and on using them to leam
about American history and American culture.
R. M. Fogleson, P Maier
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21.400 Colonial America

Prereq.: -
U (2)
3-0-6 HASS

North American history to 1763 with particular
attention to the development of society and
politics in the British colonies. Topics include
the British, French, and Spanish empires; in-
surrections, witchcraft, and slavery; economic,
social, and religious change; war, politics, and
political ideology on the eve of the American
Revolution. Readings are drawn from the most
recent historical scholarship as well as docu-
ments of the time.
P Maier

21.401 The American Revolution
Prereq.: -
Acad Year 1990-91: Not offered
Acad Year 199 1-92: U (2)
3-0-9 HASS

English and American backgrounds of the
Revolution; issues and arguments in the Anglo-
American conflict; colonial resistance and the
beginnings of Republicanism; the Revolution-
ary War; constitution writing for the states and
nation; effects of the American Revolution.
Concerned primarily with the revolutionary
origins of American government. Readings em-
phasize documents from the period-_
pamphlets, correspondence, the minutes or
resolutions of resistance organizations, con-
stitutional documents and debates.
P. Maier

21.402 The New Republic, 1787-1850
Prereq.: -
Acad Year 1990-91: Not offered
Acad Year 1991-92: U (1)
3-0-9 HASS

Examines the effort to create a new nation and
a true republic in an explosively changing era.
Struggles and politics of the 1790s; triumph of
Jeffersonian democracy; the surge west and
the uprooting of the Indian; religious revivalism
and the great utopian craze; the rise of
abolitionism and the struggle over slavery;
major changes in technology and the
economy; the growth of classes in a
democratic society; rise of Jacksonian
democracy and disputes about its meaning.
Flowering of American popular and literary cul-
ture. Roots of the Civil War.
A. D. Kaledin

21.403 The Civil War and Reconstruction
Prereq.: -
Acad Year 1990-91: Not offered
Acad Year 1991-92: U (1)
3-0-6 HASS

Anti-slavery and the intensification of sec-
donalism in the 1850s; the secession crisis;
political and military developments in the Civil
War years; the "reconstruction" of Southern
politics and society after Appomattox.
Consult History Headquarters Office.

21.404 America in the Industrial Age,
1877-1917

Prereq.: -
U (1)
3-0-6 HASS

The social and political implications of in-
dustrialization from the end of Reconstruction
to World War 1. Focus is on the way in which
conflicts of race, culture, class, and region
reshaped domestic politics and governance
and projected the nation into world power. In-
cludes the emergence of the corporate
economy; labor and the workplace; transforma-
tion of the political parties; populism; im-
perialism; progressivism; and the rise of the
regulatory state. Readings from fiction and
tracts of the period and historical studies.
R. Edsforth

21.405 America in the Twenties and
Thirties, 1917-1941

Prereq.: -
Acad Year 1990-91: Not offered
Acad Year 1991-92: U (2)
3-0-6 HASS

American politics, society, and culture during
World War I, the 1920s, and the Great Depres-
sion. Topics include impact of the war on
American society; changing gender roles,
race, and ethnicity; economy and culture of the
20s; impact of the Depression; and sig-
nificance of the New Deal. Readings in both
historical and literary materials, accompanied
by contemporary films.
Con iult History Headquarters Office.

21.406 America Since World War lI, 1941 to
the Present

Prereq.: -
U (1)
3-0-6 HASS

The transformation of American politics and
society during and after World War 11. Topics in-
clude the deepening American involvement in
world affairs; expansion of the role of govern-
ment; the civil rights movement, the new left,
and the women's movement; political and cul-
tural crises of the 1960s and 1970s; rise of the
right
R. Edsforth

Topical Series

21,409 American ideas and Culture: From
the Puritans to the Civil War
Prereq.: -
Acad Year 1990-91: Not offered
Acad Year 1991-92: U (1)
3-0-9 HASS

American thought and culture from the 17th-
century Puritans to the Civil War, as expressed
in the work of various classic American writers,
thinkers, artists (e.g., Edwards, Franklin, Jeffer-
son, Adams, Madison, Emerson, Whitman)
and as embodied in American institutions, so-
cial life, and law. The influence of social struc-
ture and material circumstance on ideas in
America. The emergence of the fundamental
myths of American culture.
A, D. Kaledin

21.410 American Culture: Images, Places,
Texts
(New)
Prereq.: -
U (2)
3-0-9 HASS-D/HUM-D

Interdisciplinary study of 19th-century and 20th-
century American culture, with special em-
phasis on visual 'texts* (paintings,
photographs, architecture), "landscapes" and
"cityscapes," 19th-century chromolithographs,
industrial design and folk art, monuments,
memorials and public sculpture, 'sacred"
places, and major spaces for public entertain-
ment such as fairs, amusement parks,
moviehouses, ballparks, parks, Disneyland.
Some reading also of classic and popular
American literary works, and of theoretical
works of cultural analysis, especially serniotics.
Special attention to contemporary American
culture. Is there an American culture?
A. D. Kaledin

21.411 American Intellectual and Cultural
History: The Modern Age, 1920-1980
Prereq.: -
U (2)
3-0-9 HUM-D

Changes in thought and culture from the Lost
Generation of the 20s and the Great Depres-
sion of the 30s to 60s Counterculture and 80s
Neoconservatism, as reflected in literature, art,
politics, and major public controversies.
Topics: erosion of traditional values; Fun-
damentalist-Modernist conflicts of the 20s and
now; changing ideas about womnn, family,
sexuality, equality, race, ethniciry; roles of
science and the economy in such change; the
impact of Black, "youth," and media cultures.
Special attention to the amazing 60s.
A. D. Kaledin

21.412J American Urban History I

(Same subject as 11.013J)
Prereq.: -
U (1)
3-0-6 HUM-D

See description under subject 11.013J.
R. M. Fogelson

21.413J American Urban History 11

(Same subject as 11.014J)
Prereq.: -
U (2)
3-0-6 HUM-D

See description under subject 11.014J.
R. M. Fogelson

21414 The Frontier and the American West

Prereq.: -
U (2)
3-0-6 HASS

Examines the history and mythology of the
American frontier from New England to the
West through first-person accounts, fiction,
film, and works of history. Topics include set-
tiers and Indians, gender and ethnicity, ecol-
ogy, class, and culture.
J. Namias

21.416J American Women's History

(Same subject as SP 420J)
Prereq.: -
U (1)
3-0-9 HUM-D

Starting with Pocahontas and ending with the
1980s, students examine the female ex-
perience in the US, focusing on issues of
power, race, ethnicity, and class, and on con-
cepts of work, family, and sexuality, with their
ramifications 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 addi-
tion, a movie is shown.
J. Namias

21.418 The immigrant Experience: Race
and Ethnicity in the US, 1880-1980

Prereq.: -
U (1)
3-0-6 HASS

Includes the background both of the im-
migrants and of the Americans who met and
tried to "Americanize" them; definitions of
"American"; mass migration movements includ-
ing those of Blacks, Hispanics, and Asians;
Federal immigration policy; life in the im-
migrant community, and immigrant labor.
J. Namias

21.420 The Vietnam War, 1945-1975

Prereq.: -
U (2)
3-0-6 HASS

Military, political, and social history of In-
dochina conflict, with emphasis on American in-
volvement. Includes Vietnamese nationalism
and communism, American global interests,
strategy and tactics, the imperial presidency,
and the antiwar movement. Assignments in-
clude oral histories, military memoirs, govern-
ment documents, and films.
R. Edsforth

21.431 The Founders of the Republic

Prereq.: -

U (1)
3-0-9 HASS

A study of politics and theory, personality and
power in the early decades of the American
Republic, as focused by the ideas and
dreams, the private lives and public careers,
the ambitions and rivalries of the major
Founders-Washington, Adams, Jefferson,
Hamilton, and Madison. Readings are mostly
from the writings of the aforementioned
figures, including a biography of each.
A. D. Kaledin

Special Subjects and Seminars

21.432 Religion in America

Prereq.: -
U (1)
3-0-9 HASS

American religious life in historical perspective.
C7onflict and change in the mainline churches;
the perpetual creation of new denominations,
sects, cults; boom in occult and Eastern
religions; class, ethnicity and religion; the black
religious experience; the genesis of original
American religions (e.g., Mormons); how some
old sects (e.g., Hutterites) resist assimila! on;
the revivalist tradition; modern American fun-
damentalism; the electronic church; the rela-
tion of religion to politics. How important is
religion in American life really?
A. D. Kaledin

21.435 The American Psyche
Prereq.: -
Acad Year 1990-91: Not offered
Acad Year 1991-92: U (2)
3-0-9 HASS

A study of 1) "What is an American?"i.e., the
question of identity, starting with the examina-
tion of the concept itself and then of efforts
(e.g., by Tocquaville, Erikson) to describe and
analyze such a presumed character; and 2)
the application of psychological approaches to
individuals (e.g., Jefferson, Lincoln), to persist-
ent themes (e.g., the frontier hero, or cowboy),
and to collective phenomena and events (e.g.,
slavery, the American Revolution).
B. Mazish

21.440J The Culture and Society of Early
Industrial America
(New)
(Same subject as STS 114J)
Prereq.: -
G (1)
3-0-9

A critical examination of recent historical litera-
ture and primary documents on republicanism
and society in the United States from the late
18th to the mid-19th century. Among the topics
to be considered are the ideology and impact
of the American Revolution; the character of
economic development and industrialization;
changes in private and community life; issues
of race, gender, and class; continuities and dif-
ferences with other industrial or industrializing
societies, especially Great Britain. Can be
taken as either a reading or a research semi-
nar.
P. Maier, M. R. Smith

History of East Asia and the
Middle East

History of East Asia

21.460 East Asian History: China

Prereq.: -
Acad Year 1990-91: Not offered
Acad Year 1991-92: U (1)
3-0-9 HUM-D

History of Chinese civilization from the Shang
through the Ch'ing dynasties (1500 B.C.-
A.D. 1911). Topics include the origins of
Chinese civilization, Confucianism and Taoism,
the early empire, the effects of Buddhism, the
T'ang-Sung transition, popular literature,
Ch'ing conquest and the late empire, 19th-cen-
tury rebellion and decline.
P Perdue

21.461 East Asian History: Japan
Prereq.: -
U (1)
3-0-9 HUM-D

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 oc-
cupation (1800-1954). One major theme is the
distinctiveness of Japanese society and the na-
ture of foreign influences on it.
P C. Perdue

I
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21.462 Social and Economic
Transformation in China, A.D. 900-1900

Prereq.: -
U (1)
3-0-6 HASS

In the year 1000, China was the world's most
populous, most urbanized, and most tech-
nologically advanced civilization. By 1900, it
had become one of the world's poorest na-
tions. Why? Students examine long-term so-
cial and economic change during this period,
including geography, demography, commerce
and state economic policy, technology, agricul-
ture, popular culture, and collective action, con-
cluding with a discussion of the legacy for
economic modernization in China today.
1. Crook

21.463 Revolution in China, 1850-1980

Prereq.: -
U (2)
3-0-6 HASS

Examines social transformation and revolution-
ary upheaval in 19th- and 20th-century China.
Includes Taiping Rebellion, Boxer movement,
1911 revolution, rise of the Nationalist Party,
growth of the Chinese Communist party under
Mao, and causes of its victory in 1949. Briefly
discusses developments in post-1949 China
and concludes with recent economic reforms
and the democracy movement.
L. Crook

21.464J Industrial Competition in the US
and Asia
(Context Subject)

(Same subject as 3.08J)
Prereq., -
U (2)
3-0-6 HASS

Examines causes of economic efficiency and
international efficiency and international com-
petitiveness in economies of the US and Asia-
particularly China and Japan-considering
relative importance of technological, economic,
social, and historical factors. Topics include
costs of production, product quality, organiza-
tional structures, labor relations, and the
educational system. Case studies of selected
industries such as automotive, steel,
electronics, computers, and biotechnology.
P C. Perdue, J. P Clark

21.465 Family, State, and Economy in
East Asian History

Prereq: -
U (2)
3-0-9 HASS-D/HUM-D

Focuses on three themes which are vital to the
study of East Asian societies (prinarily in
China and Japan). 1) How have Confucian
ideas on the family been put into practice by
East Asian societies? 2) How has the intellec-
tual elite voiced its criticism of the state in im-
perial and modern times? 3) What factors in
18th- and 19th-century China and Japan have
promoted or obstructed economic and tech-
nological development?
L. Crook

History of the Middle East

21.480 Islam, the Middle East, and the West

Prereq.: -
U (1)
3-0-9 HASS-D/HUM-D

Surveys the major political, socio-economic,
and cultural changes in the Middle East from
the rise of Islam to present times (A.D. 600-
1990), with special emphasis on Islam's en-
counter with the West. Examines the rise and
fall of Islamic empires, the place of Arabs,
Christians, Jews, Iranians, and Turks in Islamic
society, scientific and technological achieve-
ments and their transmission to the West, and
the impact of European expansion after 1800.
Considers several contemporary crises and
upheavals currently facing the Middle East in
Ii it of the historical past, including the Arab-
Israeli conflict and the Iranian revolution.
Consult History Headquarters Office.

21.481 The Middle East in the Twentieth
Century

Prereq.: -
U (2)
3-0-9 HUM-D

Surveys major political, socioeconomic, and
cultural changes in post-World War I Middle
East through the lenses of religion, state, and
nationalim. Investigates interwar inde-
pendence struggles against Europe, followed
by the emergence of American-Soviet rivalry,
radical nationalist and socialist movements,
and the growth of modern states and societies
after 1945. Examines contemporary problems
in historical perspectives: Arab-Israeli conflict,
Lebanon War, oil and regional security, Iranian
revolution, Islamic fundamentalist movements.
Consult History Headquarters Office.

21.483 Nationalism, Imperialism,
Revolution: The Middle East

Prereq.: -
Acad Year 1990-91: Not offered
Acad Year 1991-92: U (1)
3-0-6 HASS

The Middle East's experience with nationalism
in the 20th century. Examines theories and
varieties of nationalism, imperialism, and
revolution. Focus on Arab nationalism: its
origins; character of independence move-
ments; rise of radical pan-Arabism and relation-
ship with radical Islamic and Marxist
movements; special place of Palestinian
nationalism; and retreat from pan-Arabism
after 1970. Comparisons with Turkish, Iranian,
and other Third World nationalisms, and with
Islamic fundamental movements.
P S. Khoury

21.484J Modern Egypt and Iran: Islam and
Politics In Historical Perspective
(Revised Unit)

(Same subject as 17.56 1J)
Prereq.: -
U (2)
3-0-9 HASS

A comparative perspective is used to examine
the role of Islam, the human and physical en-
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's and Khomeini's
revolutions. Examines the social/ideological
bases and aims of contemporary Islamic move-
ments, their approaches to women, economic
development, and international relations. Open
to graduate students.
Consult History Headquarters Office.

21.485J Politics, Technology, and
Public Policy In the Middle East (A)

(Same subject as 1.255J, 4.71 5J, 11.488J,
17.558J, STS 509J)
Prereq.: -
G (1)
3-0-9

See descriptio'i under subject 17.558J.
N. (houcn, F Moavenzadeh,
R. Lewcock, W Porter, P. S. Khoury

21.486J War, Society, and the Problems
of Reconstruction In Lebanon
(New)

(Same subject as 17.564J)
Prereq. -
G (2)
3-0-9

Through a case study of Lebanon, 1975-1990,
this seminar analyzes from the vantage of his-
tory and political sociology the nature and con-
sequences of protracted civil unrest in
fragmented political cultures. Primary concern
is to examine 1) the interplay between domes-
tic, regional, and international rivalries; 2) the
changing forms of political violence; 3) the
ways entrapped sectarian communities and so-
cial classes cope with chronic violent unrest;
and 4) the problems of post-war reconstruc-
tion. Open to undergraduate students.
P S. Khoury, S. Khalaf

Special Subjects and Seminars in
History

21.490 Special Topics in History

Prereq.: -
u (1)
Units arranged

21.491 Special Topics in History

Prereq.: -
U (2)
Units arranged

Individual supervised work for students who
wish to study topics not covered in the regular
history offerings. Before registering for this sub-
ject, a student must plan a course of study
with some member of the History Faculty and
secure approval from the Head of the History
Faculty. HASS credit for Special Topics sub-
jects awarded only by individual petitions to
the Committee on Curricula. Normal maximum
is 6 units; to count toward HASS Requirement,
9 units are required. Exceptional 9-unit
projects occasionally approved.
Staff

21.492 Advanced Topics In History

Prereq.: -
G(1)
Units arranged

21.493 Advanced Topics in History

Prereq.:
G (2)
Units arranged

Individual supervised work for graduate stu-
dents on a topic or field of history not covered
at the graduate level in the regular history offer-
ings. Before registering for this subject, a stu-
dent must plan a course of study with a
member of the History Faculty and secure the
approval of the head of the History Faculty.
Staff

21.494 Seminar In Historical Methods

Prereq.: Two history subjects
U (2)
3-0-6 HASS

Examination of the methods of historical re-
search and analysis. Begins with classics of
historical writing from Thucydides to present,
followed by close examination of changes
made in historical research and interpretation
in the 20th century, including the contributions
of the social sciences to historical research;
the impact of quantitative and computer tech-
niques; oral history methodologies; history
"from the bottom up* and the new social his-
tory. Open to all students, but required of his-
tory majors and minors.
Consult History Headquarters Office.

21.495J The Culture of Capitalism
(New)

(Same subject as STS 115J)
Prereq.: -
G (2)
3-0-9

What is the culture influenced or produced by
capitalism that in turn provides the context in
which capitalism develops? We will explore
this question through readings and student-led
discussion on these topics: the market as
mechanism and ideology; the Marxist critique;
capitalism and religion; utilitarianism; the
Romantic critique; the emergence of consumer
culture; Social Darwinism; private happiness in
a market economy; modernism in the arts; the
concept of hegemony; the idea of progress;
and the global expansion of capitalism.
8. Mazlish, R. Williams

21.498J Proseminar: Theories and Methods
in the Study of History

(Same subject as STS 102J)
Prereq.: Permission of Instructor
G (2)
3-0-9

Examines the history of history, i.e., "What is
History?" in a philosophical manner; and seeks
to become familiar with various approaches,
e g., quantitative, psychological, Marxist,
Weberian, etc. (Open to qualified under-
graduates.)
B. Mazush

See also 21.008.

Anthropology/Archaeology

The anthropology and archaeology sub-
jects described below are grouped within
four areas: introductory, social anthropol-
ogy, technology In cultural context, and ar-
chaeology. Students are encouraged to
take subjects from each of the groups for a
fuller overview of the field,

Introductory

21.50 Introduction to Anthropology
(Revised Content)

Prereq.: -
U (2)
4-0-8 HASS-D/HUM-D

What kinds of wisdom do other ways of life
offer our own? How do other perspectives on
the world challenge our assumptions about
life? These questions are addressed through
the four fields of anthropology: biological, cul-
tural, and linguistic anthropology, and archaeol-
ogy. We examine family and kinship, religion,
economics, politics, survival of indigenous
groups, and Western influences from an
anthropological perspective to gain apprecia-
tion for cultural and ethnic diversity.
L. Rofel

21.502 Culture, Nature, and Human Nature

Prereq.: -
U (1)
3-0-9 HASS

A detailed consideration of anthropology's con-
tributions to key problems and concepts in the
social sciences: culture, human nature, values,
roles, exchange, function, structuralism, social
change, model-building, theory-testing, Em-
phasis on the social and historical contexts in
which these basic ideas have been developed.
J. Howe

21.503 The Human Past: Introduction to
Archaeology

Prereq.: -
U (2)
3-0-9 HUM-D

Human societies have at least a two-million-
year history. Archaeology employs a special-
ized set of tools to reconstruct that history from
fragmentary evidence. This course inves-
tigates factors leading to the development of
complex society in key areas of the world such
as Africa, the Near East, China, and the
Americas. These cases will also illustrate the
nature of archaeological evidence and its use
(and misuse) in reconstructing these past
societies.
D. Hosler, H. V Merrick
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21.504 Approaches to Archaeology

Prereq.: -
U (1)
2-4-6 HASS

Studies various analytical techniques and ap-
proaches used to "tease" the past out of ar-
chaeological remains. Lectures and
discussions on methods of archaeology and
their theoretical underpinnings. Weekly lab ses-
sions devoted to analyzing artifacts and data,
and testing the tools of archaeology. Topics in-
clude surveying and locating sites, excavation
strategies, dating techniques, analyzing
ceramic and lithic artifacts, studying organic
remains, statistics uses of inference, and ex-
perimental archaeology.
H. V Merrick

21.505 Hu;.i n Origins and Adaptations

Prereq.: -
U (2)
3-0-6 HASS

Examines the dynamic interrelations among
physical and behavioral traits in humans and
environment, culture, and social practices to
provide an integrated framework for studying
human biological diversity. Topics include is-
sues in evolution and adaptation; fossil and cul-
tural evidence for human evolution from
earliest times through the Pleistocene; evolu-
tion of tool use, social behavior, and organiza-
tion; territoriality and aggression; concepts of
race.
H. V Merrick

21.506 Evidence and Argument in
Anthropology

Prereq.: -
U (2)
3-3-6 HASS-D/HUM-D

Anthropological evidence ranges from the
microstructure of ancient Andean metal ar-
tifacts to Amazonian Indian botanical
taxonomies to peasant rebellion in SE Asia.
Analysis of this rich body of evidence shares
the methods of science but also utilizes ap-
proaches unique to anthropological concerns.
In lecture and discussion, emphasis is given to
the systematic nature of both types of
anthropological research. In the laboratory, stu-
dents design and execute their own projects
within the anthropological tradition.
M. Diskin, H. Lechtman

21.509 Understanding Culture

Prereq.: -
U (1)
3-0-9 HASS-D/HUM-D

Students are introduced to anthropological
fieldwork and the concept of culture from read-
ings, films, and their own research projects in
the Boston area. A "hands-on" approach to un-
derstanding cultural differences and what
produces them. Students will discover the ex-
citement and challenges of systematically ob-
serving human interaction and convincing
others of the accuracy of their findings.
J. E. Jackson

21.510 Seminar in Anthropological Method
and Theory
Prereq.: Major or minor in Anthropology, or
Permission of instructor
U (1)
3-0-9 HASS

Discussion seminar focusing on core issues
and approaches in anthropology/archaeology.
Students read a combination of theoretical and
descriptive works. Topics include models and
methods, production and kinship organization,
the modem world system, gender and social in-
terpretation, and competition and individ-
ualism. Consult J. E. Jackson.

Social Anthropology

21.511 Magic, Shamanism, and Witchcraft
Prereq.: -
U (1)
3-0-9 HASS

A look at several interrelated aspects of
religious belief and practice, especially those
often considered the very antithesis of "scien-
tific": witchcraft and sorcery, magic and divina-
tion, curing rites and shamanism. Material
drawn from Western, non-Western, modern,
and bygone and "primitive" societies.
J. Howe

21.512 Myth, Ritual, and Symbolism
Prereq: -

U (2)
3-0-6 HASS

People everywhere make sense of their worlds
symbciically, expressing themselves in myth
and ritual. Focuses on the social and political
uses of myth, ritual, and symbol in both tradi-
tional and modem societies, and relates
theories about them to everyday, practical con-
cerns.
J. Howe

21.514 Communities in Crisis

Prereq -

U (2)
3-0-6 HASS

What happens when a community is severely
stressed? Investigates crises in several
Western and non-Western communities, and
the attempts made to resolve them by political,
religious, or other means.
Consult J. E. Jackson.

21.521J Central American Society

(Same subject as 17.587J)
Prereq.: -
U (1)
3-0-6 HASS

Central America's heterogeneous population in-
cludes Indians, Afro-Americans, and
Europeans. Spain, England, and the US have
been significant influences. Focuses on land
use and agrarian relations, foreign interven-
tion, repression, and revolution in an effort to
explain the present crisis.
Consult J. E. Jackson.

21.523 Agrarian Society

Prereq.: -
U (2)
3-0-6 HASS

A view of world history as seen from the
countryside. From a study of the ancient world
(Greece, Rome) and feudalism, considers
modem peasant communities and plantations,
and examines farming systems, family struc-
tures, political rights, and rural values. Studies
rural responses to urban pressures, including
modernization and revolution.
Consult J. E. Jackson.

21.530J The Contemporary Family

(Same subject as SP 456J)
Prereq.: -
U (2)
3-0-9 HASS-D/HUM-D

The role of the family in human evolution, and
as a symbol in our own social and political
lives. Topics include: sex, marriage, and
parenting; the labor market; class, race, and
ethnicity; and the family's probable future.
J. E. Jackson

21.531J Sex Roles: A Comparative
Perspective

(Same subject as SP 455J)
Prereq.: -
U (1)
3-0-9 HASS

Each culture, including our own, treats
humankind's sex and gender differences in a
distinctive way. Considers several theories of
sex and gender (Marx, Freud, Foucault), as
well as such topics as popular culture, sexual
division of labor, symbols of sexuality, gonder
and politics, and the intersection of race, class,
and gender.
L. Rofel

Technology and Cultural
Context

21.532J Gender, Science, and Technology
(New)
(Same subject as SP 482J, STS 081J)
Prereq.: -
U (2)
3-0-9 HASS

See description under subject STS 081J.
L. Rotel

21.534J Modern Times

(Same subject as STS 056J)
Prereq.: -
U (1)
3-0-6 HASS

Anthropologists, famous for excu, sions among
exotic peoples, increasingly stuuy one of the
most bizarre societies of all-our own. A cross-
cultural perspective taking into account both
"primitive" societies and other industrialized
ones helps us to understand our own body
rituals, ethnic divisions, myths, living arrange-
ments, rites of education, sense of time, and
scientific cosmology. Consult J. E. Jackson.

21.540J Technology and Culture

(Same subject as STS 075J)
Prereq.: -
Acad Year 1990-91: Not offered
Acad Year 1991-92: U (2)
3-0-9 HUM-D

See description under subject STS 075J.
L. Rofel

21.543J Materials in Human Experience

(Same subject as 3.17J)
Prereq.: -
Acad Year 1990-91: U (2)
Acad Year 1991-92: Not offered
3-3-3 HASS

See description under subject 3.17J.
H. N. Lechtman, S. M. Allen, L. W Hobbs

Archaeology

These subjects are divided into regional
and topical, and subjects taught under the
auspices 4f the Center for Materials Re-
search in Archaeology and Ethnology
(CMRAE).

Regional

21.550 First Americans

Prereq.: -
Acad Year 1990-91: U (2)
Acad Year 1991 -92: Not offered
3-0-6 HASS

Indian cultures in North America from Paleo-
Indian entry into the New World over 10,000
years ago to European contact, Includes Pleis-
tocene Paleo-Indian big-game hunters,
development of regional differences among In-
dian groups, major pre-Columbian cultures
(e.g., Southwestern Cliff Dwellers,
Southeastern Moundbuilders), art and ritual
(e.g., rock art, ancient astronomy), relation of
prehistoric Indian cultures to modern Indian
groups.
J. Chiarelli

21.551 The Aztec, the Maya, and Their
Predecessors

Prereq.: -
U (1)
3-0-6 HASS

Examines origins and florescence of the im-
pressive pre-Hispanic civilizations in area en-
compassed by contemporary Mexico and
Guatemala using archaeological and ethnohis-
torical evidence. Considers factors such as dis-
tinct adaptive strategies demanded by the
lowland rainforest and the highland environ-
ments, extensive interregional exchange, and
sea trade with Central and South America in
explaining the spectacular achievements of
these indigenous American peoples.
J. Hendon

21.552 The Ancient Andean World

Prereq.:.-
Acad Year 1990-91: U (1)
Acad Year 1991-92: Not offered
3-0-6 HASS

Examines development of Andean civilization
which culminated in the extraordinary empire
established by the Inca. Archaeological, eth-
nographic, and ethnohistorical approaches.
Particular attention to the unusual topography
of the Andean area, its influence upon local
ecology, and the characteristic social, political,
and technological responses of Andean people
to life in a topographically "vertical" world.
Characteristic cultural styles of prehistoric An-
dean life.
H. N. Lechtman

21.553 Archaeology of the Middle East

Prereq.: -
Acad Year 1990-91: U (1)
Acad Year 1991-92: Vot offered
3-0-6 HASS

Focus on the rise of cities and empires in
various areas of the Middle East including
Anatolia, the Levant, Mesopotamia, and Iran.
Using archaeological and written sources, ex-
amines why such complex societies arose in
this area. Considers the role of temples and
religious hierarchies, of crafts and trade in
luxury goods, of writing and bureaucracies, of
class stratification, in the rise of early empires.
C. Edens

21.554 Archaeology of Egypt
Prereq.: -
Acad Year 1990-91: Not offered
Acad Year 199 1-92: U (2)
3-0-6 HASS

Egypt was the home of one of the first and
most spectacular civilizations in the world,
Focuses on how that civilization developed.
Traces Egypt's past from its first inhabitants
through the reign of the Pharaohs with special
emphasis on 1) how complex political systems
evolved from the simple villages of predynastic
days; and 2) how agriculture developed in the
Nile Valley and how it contributed to the growth
of civilization. Also considers the development
of religion, art, and writing systems.
Consult J. E. Jackson.

21.555 Africa-Past and Present: An
Archaeological and Ethnographic
Perspective
Prereq.: -
U (1)
3-0-6 HASS

Examines prehistory and modem ethnographic
diversity of the African continent, with par-
ticular emphasis on the sub-Saharan region.
Traces the course of human evolution from the
earliest Plio-Pleistocene tool-making hominids
to the present ethnically diverse inhabitants of
the continent, by way of a series of topical
case studies. These cases are structL red
around topics of current theoretical or
methodological interest in anthropology and in
the study of African prehistory. Will include lec-
tures, experience handling prehistoric stone ar-
tifacts, and several ethnographic films.
H. V Merrick

I. 2.4~
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Topical

21.560 The Archaeology of the City
Prereq.: -
Acad Year 1990-91: U (2)
Aced Year 1991-92: Not offered
3-0-6 HASS

That unique human construct, t' city, is the
focus. After discussing different approaches to
the study of the city, students look at examples
from the Near East, China, and the Greco-
Roman world to see how they evolved, dif-
fered, and decayed. Physical and social plans,
forces that shaped them, and the present and
future of cities are among the topics discussed.
A. Steinberg

21,561 The Decline of Empires
Prereq.: -
Acad Year 1990-91: Not offered
Acad Year 1991-92: U (2)
3-0-6 HASS

After examination of basic institutions and
processes of empires from modern sociologi-
cal literature and recent examples, we derive
some generalities about how and why empires
disintegrate. Considers frontiers, military
power, bureaucracy, ruling elites, religions,
population growth, raw materials and markets,
and urbanization. Generalities tested against
examples chosen from ancient and medieval
times including Persia, Greece, Rome, Byzan-
tium, and China.
A. Steinberg

Graduate Subjects

For Program in History and Social Study
of Science and Technology

21.570J Proseminar: Theory and Method in
the Study of Social Institutions
(Same subject as STS 502J)
Prereq.: -
G(2)
3-0-9

Social science theory and method, with em-
phasis on ethnographic approaches. Intro-
duces pioneering works by Durkheim, Mauss,
Malinowski, Marx, Weber, Levi-Strauss. Con-
temporary interactionist, interpretational, cogni-
tive, and structuralist approaches.
Ethnographic methodology and the fieldwork
encounter. Materialist vs ideational theories.
J. Howe

21.571J Gender, Science, and Technology
(New)
(Same subject as SP 483J, STS 521J)
Prereq.: -
G (2)
3-0-9

See description under subject STS 081J.
L. Rofel

Center for Materials Research in Music
Archaeology and Ethnology

CMRAE Is an inter-instltutional center
whose subjects are listed with the
Anthropology/Archaeology offerings and
are open only to graduate students and
seniors by permission of the instructor.

21.582 Materials In Ancient Societies:
Geological Raw Materials
(Revised Content)

Prereq.: Permission of Instructor
G (2)
3-6-3

Focuses on the geological raw materials util-
ized by ancient societies in the production of
artifacts: rocks, clays, and ores. Combines ar-
chaeological and geological data to study the
exploitation and use of clays and ores as key
to ceramic and metallurgical technologies.
Topics include occurrence, selection, extrac-
tion, processing of raw materials; raw
materials properties required for artifact
production; methods of physical/chemical
analysis; combining regional geological data
with archaeological evidence. Six to eight lab
huurs per week.
H. N. Lechtman

Special Topics

21,596, 21.597 Special Topics in
Anthropology/Archaeology

Prereq.: Any two subjects in anthropology or
archaeology
U (1, 2)
Units arranged

Topics in anthropology or archaeology not in-
cluded in other subjects. Students electing this
subject must secure the approval of the Head
of the Anthropology/Archaeology Program.
HASS credit for Special Topics subjects
awarded only by individual petitions to the
Committee on Curricula, Normal maximum is 6
units; to count toward HASS Requirement, 9
units are required. Exceptional 9-unit projects
occasionally approved. Consult J. E. Jackson.

21.598, 21.599 Advanced Topics in
Anthropology/Archaeology

Prereq.: -
G (1, 2)
Units arranged

Special studies or projects at an advanced
level with a member of the Anthropology/Ar-
chaeology faculty Consult J E. Jackson.

The Music subjects described below are
grouped within six treas: introductory, in.
tordisciplinary, history/literature,
theory/composition, performance, and
seminars/tutorials.

Although most students start with Introduc.
tory subjects, those who have vocal or in-
strumental training or extensive exposure
to music are encouraged to begin at a
higher starting level.

Introductory Subjects

21.60 Introduction to Music

Prereq.: -
U (1, 2)
3-3-6 HASS-D/HUM-D

Gives students a broad overview of Western
music from the Renaissance to the present.
Enhances the listening experience by develop-
ing analytical hearing and an understanding of
major styles and genres. Fundamentals of
musical organization: major composers and
works placed in context - social, cultural, as
well as musical. Weekly lab sessions for ex-
perience with analyzing and performing music.
Enrollment may be limited.
Coordinator: M. Marks.

21.601 Fundamentals of Music

Prereq.. -
U (1, 2)
3-3-3 HASS

Study of fundamental concepts and basic
vocabulary of rhythm, melody, and harmony
with particular emphasis on sight-singing and
dictation. In support of this, a minimum of
three laboratory hours in aural, keyboard, or
sight-singing skills included.
S. Erdely, P Ambush

21.602 The Materials of Music
(Revised Unit)
Prereq.: -
U (1, 2)
3-6-3 HASS

An integrated approach to the materials of
music which aims at deepening students' un-
derstanding of fundamental musical proc-
esses. Work includes listening in detail to
compositions in various styles, group sight-
singing, instrumental performance, a lab for
elementary keyboard scorereading and begin-
ning keyboard harmony, as well as a computer
lab where students experiment with the design
and construction of simple compositions. In-
tended for students who are not yet ready for
21.641 and who want a hands-on introduction
to basic music theory and to how musical struc-
ture is made.
J. S. Bamberger, B. Burleigh

Interdisciplinary Subjects

21.605 Developing Musical Structures

Prereq.: -
U (1)
3-3-6 HASS

What is the role of analysis and description in
developing musical intuitions and perceptual
problem-solving? The LogoMusic computer
language is used as an environment for inter-
rogating the bases of musical coherence. A
term project includes designing a tool kit" for
procedural analysis of a significant work and
for generating new pieces through procedural
composition.
J. S. Bamberger

21.612J Learning to Design and
Designs for Learning
(Context Subject)

(Same subject as 11.01 7J)
Prereq.: -
Acad Year 1990-91: Not offered
Acad Year 199 1-92: U (2)
3-6-3 HASS

How generalizable is design knowledge? How
is it acquired? What are the elements, rela-
tions, exemplars, and representations that
guide it? We build a culture of reflection on
questions like these, starting with a few simple
design tasks; then go on to designing in two
specialized fields-mechanical structures and
computer programming. On the basis of our ex-
perience in initial tasks and specialized areas,
we examine similarities and differences in
design processes across media and domains
of expertise.
J. Bamnberger, 0. Schon

21.615 Musical Acoustics

Prereq.: One music subject
U (1, 2)
3-0-6 HASS

An introductory treatment of physical and
psychological aspects of musical perceptions
and production. Physical principles of wood-
wind, brass, string, and percussion instru-
ments, as well as the human voice are
studied. Psychophysical topics such as the per-
ception of pitch, loudness, timbre, and rhythm
are covered. Sound propagations and acousti-
cal properties of rooms and concert halls and
criteria for their proper functioning are dis-
cussed. Electronic applications to music, such
as sound recording and reproduction, are sur-
veyed.
C. Blair

History/Literature

21.621 Western Music to 1750
(Revised Unit)
Prereq.: Permission of Instructor
U (1)
3-0-9 HASS

European art music from its foundation in antiq-
uity through the Christian Middle Ages, the
Italian Renaissance, and the Baroque. Written
assignments offer the opportunity to write
about the music itself and about topics in the
history of musical style.
M. Marks

21.622 Western Music after 1750

Prereq.: -
U (2)
3-0-9 HASS-D/HUM-D

A chronological survey of European art music
during the Classic, Romantic, and Modern
periods. Compositions analyzed in detail, and
placed within their historical context. Most writ-
ten assignments analyze musical works, so
score-reading ability is helpful.
M. Marks

21.623 Music of the Near and Far East

Prereq.: -
U (2)
3-0-9 HASS

Survey of the many musical forms and func-
tions which evolved in the traditional practices
of people of the Eastern World. It deals with
music of the Jews, the Islamic world, India,
Tibet, China, Korea, and Japan. The three
aspects selected to cut across the cultural
boundaries are: 1) Music and Religion, 2)
Music of the Court and Theater, and 3) Folk
Music. Lectures and video tape demonstra-
tions accompany the reading and listening as-
signments.
S. Erdely

21.625 Vivaldi, Bach, and Handel

Prereq.: -
U (1)
3-0-9 HUM-D

Representative works of three great com-
posers who wrote at the culmination of the
Baroque era in music are examined and re-
lated both to compositions by their precursors
and societal and intellectual developments of
the time in Italy, Germany, and England. Score-
reading ability helpful. Consult Music Office.

21.626 Haydn, Mozart, and Beethoven

Prereq.: Permission of Instructor
U (2)
3-0-6 HASS

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, artis-
tic, and social patterns of the period. Required
reading and listening assignments.
C. von Canon

21.627 Schubert to Mahler

Prereq.: Permission of Instructor
U (1)
3-0-6 HASS

A survey of the principal developments in musi-
cal style during the 19th century. Works for
consideration in weekly class discussions
drawn from the music of Beethoven, Schubert,
Schumann, Brahms, Berlioz, Chopin, Liszt,
Wagner, Verdi, Richard Strauss, and Mahler.
Required reading and listening assignments.
Consult Music Office.

21.628 Twentieth-Century Music

Prereq.: -
U (2)
3-0-6 HASS

A survey of major works of the 20th century,
beginning with Schoenberg, Stravinsky, Bar-
tok, and Ives; continuing with Varese, Webern,
Hindemith, Copland, Sessions, Britten,
Prokofiev, and Dallapiccola, and dosing with
some recent music
P. Child

21.631 Symphonic Music

Prereq.: Permission of Instructor
U (1)
3-0-9 HUM-D

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. Erdely

'1'
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21.634 Film Music
(Revised Unit)
Prereq.: -
U (2)
3-6-3 HASS

A chronological survey of styles and functions
of music in American and European films. The
first half covers 19th-century forerunners, the
silent film, and music in synchronized sound
films up to 1950. The second half focuses on
innovative uses of music from the 1950s up to
the present. Related topics include: theories of
film music, specialized genres (musical,
documentaries, animated films), and the im-
pact of video. Ustening, reading, and viewing
assignments serve as the basis for papers and
class discussion. Some background in the
study of film and/or music is helpful.
M. Marks

21.636 Jazz

Prereq.: -
U (1, 2)
3-0-9 HASS-D/HUM-D

Historical survey beginning with early jazz,
Joplin, Morton, Armstrong, Smith; continuing
with a study of the Ellington, Basie, Goodman,
and Herman bands; and concluding with a
number of individual performers-Parker, Rol-
lins, Monk, Holliday, Gillespie, Mingus, Davis-
and some recent developments in writing and
playing. Examination of jazz source music:
early blues, spirituals, show tunes. Some inves-
tigation of jazz-derived musics: post-World
War I pop and rock. Enrollment may be limited.
M. Harvey

Theory/Composition

21.641 Harmony and Counterpoint I

Prereq.: -
U (1, 2)
3-0-9 HASS-D/HUM-D

Basic writing skills in music of the common-
practice period (Bach to Brahms). Work in-
cludes regular written assignments leading to
the composition of short pieces, analyzing rep-
resentative works from the literature, keyboard
laboratory, and sight-singing choir. It is recom-
mended that entering students have some con-
cert music listening or playing background and
some familiarity with reading printed music. En-
rollment may be limited.
E. Cohen, P Child

21.642 Harmony and Counterpoint If

Prereq.: 21.641
U (1, 2)
3-3-6 HASS

A continuation of Harmony and Counterpoint I,
including chromatic harmony and modulation,
more elaborate contrapuntal textures, key-
board laboratory, and sight-singing choir.
E. Cohen

21.643 Writing in Tonal Forms

Prereq.: 21.642
U (1, 2)
3-0-6 HASS

Written and analytic exercises based on 19th-
century small forms and harmonic practice
found in music such as Schubert Landler and
songs, Schumann small piano pieces and
songs, and Chopin preludes and mazurkas.
E Cohen, P Child

21.644 Advanced Writing

Prereq.: 21.643
G (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.
P Child

21.645 Advanced Musical Analysis

Prereq.: 21.641
U (1)
3-0-6 HASS

21.646 Advanced Musical Analysis

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 ex-
amined extensively. Study of scores, listening
to recordings, readings, and a paper constitute
out-of-class work.
D. M. Epstein

21.648 Jazz Harmony and Arranging

Prereq.: 21.602, 21 636
U (2)
3-0-6 HASS

Basic harmony for students interested in ac-
quiring practical skill in nonclassical music;
also includes required listening, mainly jazz, as
background for the written work. Serves as
preparation for more advanced work in jazz
and rock arranging and in the composition of
popular songs. Permission of instructor re-
quired.
M. Harvey

PerformanCe

Each of the following subjects earns six
units. A total of 12 units Is needed for a sub-
ject to count toward Institute Requirements
in Humanities, Arts, and Social Sciences,
by petition to the COC.

21.650 MIT Concert Choir
(New)

Prereq.: -
U (1, 2)
0-4-2

Rehearsals and performance of large-scale
works for chorus, soloists, and orchestra -
from the Passions and Mass of J.S. Bach to
oratorios of our own time. Open to graduate
and undergraduate students by audition. May
be repeated for additional credit.
J. Oliver

21.651 Vocal Repertoire and Performance

Prereq,: -
U (1, 2)
2-4-0

21.652 Vocal Repertoire and Performance

Prereq.: -
G (1, 2)
2-4-0

For the young singer interested in the study
and performance of the vocal literature with
special attention to diction and vocal tech-
ique. Topics each semester include German

Lieder or French melodies, as well as songs in
the English language. Participation in MIT
Chamber Chorus is required (no extra credit).
Admission by audition. May be repeated for ad-
ditional credit.
J. Oliver

21.653 MIT Chamber Chorus

Prereq.: -
U (1, 2)
0-4-2

Rehearsal and performance of choral reper-
toire for small chorus, involving literature from
the Renaissance to contemporary periods.
Membership limited to 32 students by audition.
May be repeated for additional credit.
J. Oliver

21.654 MIT Festival Jazz Ensemble
(New)
Prereq.: -
U (1, 2)
0-4-2

Study and performance of new works in the
jazz idiom, primarily by Boston area com-
posers (including MIT students and faculty).
Membership by audition for trumpets, trom-
bones, saxes, piano, guitar, bass, and percus-
sion. May be repeated for additional credit.
J. Sharifi
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21.655 Chamber Music Society
Prereq.: -
U (1, 2)
0-4-2

Study of chamber music literature through
analysis, rehearsal, and performance. Weekly
seminars and coaching. Open to string, piano,
brass, and woodwind players, and MIT stu-
dents of early music in the Wellesley Col-
legium. By audition. May be repeated for
additional credit.
M. A. Thompson

21.656 MIT Concert Band

Prereq.: -
U (1, 2)
0-4-2

An option available to members of the MIT
Concert Band who are committed to the
analysis of works in rehearsal and to the study
of concert band performance issues. Such
analysis and study is made in sessions before
or after regular rehearsals and by means of at-
tendance at performances given by other con-
cert bands. May be repeated for additional
credit.
J. Corley

21.657 MIT Symphony

Prereq.: -
U (1,2)
0-4-2

An option available to members of the MIT
Symphony Orchestra. Rehearsals prepare
works for concerts and recordings. Analyses of
musical style, structure, and performance prac-
tice are integrated into rehearsals as a means
of enriching musical conception and the ap-
proach to performance. Ukewise, additional
scores of particular or structural or stylistic in-
terest are read whenever time permits. May be
repeated for additional credit.
D. M. Epstein

21.658 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 les-
son, 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 Section Office.
M. A. Thompson

Seminars/Tutorials

21.665 Structure of Musical Time

Prereq.: Permission of Instructor
U (2)
3-0-6 HASS

21.666 Structure of Musical Time

Prereq.: Permission of instructor
G (2)
3-0-6

Study of musical time in its structure, affect, ar-
ticulation, pacing, interaction with pitch. A multi-
faceted focus, interdisciplinary in nature.
Approached from a number of viewpoints:
theoretical questions of music structure per se;
experiments in perception, cognition, and
learning; aspects of physiology and neurology;
and the relationship of all these to musical ex-
pression and affective response. Research
projects, discussions, and reports. Background
in music theory necessary.
D. M. Epstein

21.671J Digital Audio Processing (A)
(Revised Unit)

(Same subject as 4.921J)
Prereq.: 4.890
G (2)
3-3-3

See description under subject 4.921 J.
. Vercoe

21.672J Writing for Computer
Performance (A)

(Same subject as 4.922J)
Prereq.: 21.671J
G (1)
3-3-3

See description under subject 4.922J.
B. Vercoe

21.681 Music Composition (A)
Prereq.: 21.644
G (1, 2)
3-0-9

Directed composition of larger forms of original
writing involving voices and/or instruments, in-
cludes a weekly seminar in composition for the
examination of major works from 20th-century
music literature and for the presentation and
discussion of student work in progress. Stu-
dents expected to produce at least one sub-
stantive work, performed in public, by the end
of the term. Open to qualified undergraduates.
May be repeated for credit.
E. Cohen

21.682 Computer Music Composition (A)
Prereq.: 21.672J
G (1, 2)
3-6-3

Directed composition of larger forms of original
writing using computer-processed sound, to be
performed either alone or with voices and/or in-
struments. Includes a weekly seminar In com-
position for the examination of major works
from 20th-century music literature and for the
presentation and discussion of student works
in progress. Students expected to produce at
least one substantive work to be performed in
public by the end of the term. Open to qualified
undergraduates. May be repeated for credit.
B. L. Vercoe

21.685J Musical Aesthetics and Media
Technology (A)

(Same subject as 4.925J)
Prereq.: Permission of Instructor
G (1)
3-3-3

See description under subject 4.925J.
T Machover

21.686J Projects in Media and Music (A)
(Same subject as 4.926J)
Prereq.: 21.685J
G (2)
3-3-3

See descrption under subject 4.926J.
T Machover

21.690 Senior Seminar in Music
(New)
Prereq.: 21.621, 21.622, 21.642
U (1)
3-0-9 HASS

This advanced seminar aims at developing
analytic and reseai," skills in music. Focuses
upon a small number of important works,
which are studied in depth. One weekly three-
hour meeting, with strong emphasis upon stu-
dent presentations and discussion, and a
substantial writing project.
P Child

21.691, 21.692 Special Topics In Music

Prereq.: Any two subjects in music
U (1, 2)
Units arranged

Open to qualified students who wish to pursue
special studies or projects with members of the
Music Section. Students electing this subject
must secure the approval of the chairman of
the Music Section. HASS credit for Special
Topics subjects awarded only by individual peti-
tions to the Committee on Curricula. Normal
maximum is 6 units; to count toward HASS Re-
quirement, 9 units are required. Exceptional 9-
unit projects occasionally approved. Consult
Music Section Office.
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21.693, 21.694 Advanced Topics In
Music (A)
Prereq.: Permission of Instructor
G (1, 2)
Units arranged

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 seek-
ing an individual program of study with a par-
ticular faculty member must also obtain the
approval of the chairman of the Music Section.
Consult Music Section Office.

21.695-21.699 Research in Music

Prereq.: 21.671
G (1, 2,S)
Units arranged

Directed research on problems occurring in the
production, perception, or cognition of music,
aided by the techniques and discipline of
science and engineering, Individual or group
work. Available also to research assistants for
non-thesis work. May be repeated for credit
with permission. Coordinator: B. L. Vercoe.

Theater Arts/Dance

Theater

The subjects listed below are arrnged in
three graduated tiers: 1) Introductory sub-
jects in acting, directing, playwriting,
stagecraft, theater design, dance, and
theater history and literature. 2) Inter.
mediate subjects which offer students the
opportunity to pursue more intensive study
In areas of Theater Arts practice. 3) Ad-
vanced study through Practica, Special
Studies, and Advanced Topics which may
be taken independently under the super-
vision of faculty and staff, In production, or
in special courses with guest artists or
faculty. For subjects dealing with the litera-
ture of the theater, see 21.009, 21.021,
21.022, 21.086, 21.173 in Uterature; and
21.223 and 21.306 in Foreign Languages
and Literature.

Introductory Subjects

21.700 Introduction to Acting

Prereq.: -
U (1, 2)
3-0-6 HASS

An introduction to the basic principles of act-
ing, including exploration of the acting instru-
ment through psycho/physical and vocal
exercises, textual analysis, and rehearsal tech-
niques. Practical work helps the student to im-
prove sensitivity to language, emotional and
physical expression, sensory perception, and
imaginative power. Classwork includes scene
study, physical and vocal exercise, lecture and
discussion. Preference is given to freshmen
and sophomores. Consult Theater Arts Office.

21.701J Introduction to Dramatic Art

(Same subject as 21 005J)
Prereq.:-
U (1, 2)
3-0-9 HASS-D/HUM-D

A study of the history of theater art and prac-
tice from its origins to the modern period, in-
cluding its development in non-Western
cultures. Special attention to the relationship
between theater and the intellectual, social,
and political currents of its time. Readings in-
clude representative critical theory and descrip-
bon as well as major playscripts. Enrollment
may be limited.
A. Brody, T C. Theoharis

21.702J Playwriting

(Same subject as 21.737J)
Prereq.: -
U (1, 2)
3-3-6 HASS-D/HUM-D

An introduction to the craft of writing for the
theater. Through weekly exercises and work
on a sustained piece, students explore the
problems of scene structure, action, and their
relation to the dialogue Class meetings in-
clude examination of produced playscripts and
discussion of student work. Members of the
Dramashop and Shakespeare Ensemble, as
well as other interested members of the MIT
theater community, also participate in a three-
hour lab in which class scenes are read and
rehearsed.
A. Brody

21.704 Elementary Stagecraft
and Production

Prereq.: -
U (2)
3-3-3 HASS

Team-taught tutorial in theater arts covering
lighting, costume, makeup, property, and set
design and execution for theater and dance.
Students undertake two projects in the
semester productions of Dramashop,
Shakespeare Ensemble, and/or Dance
Workshop.
W Fregosi, E. Darna, L. Held

21.705 Principles of Design

Prereq.: -
U (1)
3-3-3 HASS

For students with interest in advanced work in
design, whether lighting, costume or set, or
some combination of these, including attention
to principles of mass, shape, color, texture,
and structure as they relate to the concep-
tualization and realization of works for the
theater and dance. Students participate in two
projects in the semester productions of
Dramashop, Shakespeare Ensemble, and/or
Dance Workshop.
W Fregosi, E. Dama, L. Held

Intermediate Subjects

21.710 Script Analysis

Prereq.: One introductory course in acting or
design
U (1)
3-0-6 HASS

Detailed study of selected playscrip s for ac-
tors, directors, and designers focusing on struc-
tural, thematic, and aesthetic components, and
the problems of translating conceptual material
to its active, visual life in preparation and per-
formance. Students study three texts from a
range of periods and styles over the course of
the semester. The final project includes an
analysis of a fourth text of the studenrs choos-
ing from the point of view of one particular field
of theater practice. Consult Theater Arts Office.

21.711Intermediate Acting
Prereq.: 21.700 or Permission of Instructor
U (1, 2)
3-0-6 HARSS

Continue~d study of the actor's work in inter-
pretation and execution of dramatic texts with
attention to scene structure, subtext, and
thematic issues for the actor; development and
care of the physical and vocal instrument; ex-
pansion of the actur's emotional and imagina-
tive range. Scene study may draw on a range
of dramatic periods and styles according to the
interests and abilities of the actor. May be
repeated one term for credit. Consult Theater
Arts Office.

21.713 Playwrights' Workshop
Prereq.: 21.702J or Permission of Instructor
U (2)
2-2-5 HASS

Continued work in the development of
playscripts for the theater. Writers work on sus-
tained pieces in weekly workshop meetings, in-
dividual consultation with the instructor, and in
collaboration with student actors, directors,
and desig .. rs from the Dramashop and
Shakespeare Ensemble. Fully developed
scripts will be eligible for inclusion in the
Playwrights' Workshop Production. May be
repeated for credit.
A. Brody

21.715 Design for the Theater

Prereq.: 21.705 or Permission of Instructor
U (1, 2)
3-3-3 HASS

Intensive study in the principles and execution
of one particular area of theater design. Focus
on lighting, scene, and costume design rotates
each semester. Substantial participation in at
least one project in the semester productions
of Dramashop, Shakespeare Ensemble, or
Dance Workshop. May be repeated for credit.
W Fregosi, E. Darna, L. Held

21.717 Scene Study for Directors

Prereq.: 21.710
U (2)
3-3-3 HASS

Study and practice in uine director's work irrdud-
ing script analysis, pro-rehearsal preparation,
collaboration with designers and technicians,
and rehearsal techniques. Class discussion
and directed scene work lead to the detailed
planning of a specific theater production. Con-
sult Theater Arts Office.

Advanced Subjects

21.721 Theater Practicum
Prereq.: One of the following: 21.711, 21.715,
21.717, or Permission of Instructor
U (1)
0-5-1

Directed practice in acting, directing, or design
on a sustained theater piece, either one-act or
full length, from pro-rehearsal preparation to
workshop production. May be repeated for
credit. Consult Theater Arts Office.

21.722 Special Topics In Drama
Prereq.: Permission of Instructor
U (1, 2)
Units arranged

Designed to allow students to pursue topics of
interest as independent study. Enrollment re-
quires approval of the Director of Theater Arts.
HASS credit for Special Topics subjects
awarded only by individual petitions to the
Committee on Curricula Normal maximum is 6
units; to count toward HASS Requirement, 9
units are required. Exceptional 9unt projects
occasionally approved. May be repeated for
credit. Information: A Brody.

21.723 Advanced Topics In Theater Arts
Prereq Any two subjects in theater arts or Per-
mission o; Instructor
U (1, 2)
Units arranged

Opportunity for advanced study in theater arts
not covered by the regular subject listings. In-
cludes experimental subjects offered by per-
manent and visiting faculty. Students seeking
an individual program of study with a particular
faculty member must also obtain the approval
of the Director of Theater Arts. Consult Theater
Arts Office.

Dance

21.726 Dance Workshop: Technique and
Composition
Prereq. -
U (1, 2)
0-5-1

Directed activity (at least three times per week)
in dance composition/improvisation and in
modern dance technique. Participants grouped
by experience. Students also required to par-
ticipate as dancers or choreographers in end-
of-term concerts. May be repeated for
additional credit.
B Sol

21.727 Special Topics in Dance
Prereq.: -
U (1, 2)
Units arranged

Designed to allow students to pursue topics of
individual interest as independent stu. Re.
quires the approval of the Director of eater
Arts. HASS credit for Special Topics subjects
awarded only by individual petitions to the
Committee on Curricula. Normal maximum is 6
units; to count toward HASS Requirement, 9
units are required. Excoptional 9-unit projects
occasionally approved.
B. Sol

21.728 Introduction to Modern Dance
(New)
Prereq.: -
U (1, 2)
3-3-6 HASS-D/HUM-D

An introduction to the atistic, technical, and
historical aspects of dance, with a focus on
modern dance in the Western world. In
laboratory technique sessions and through
weekly improvisational exercises and composi-
tion assignments, students develop dance
skiils and explore the nature of the
choreographic process and the relationanip of
the performer to the performed dances and to
the audience. Readings in the history of dance
and the creative process.
B. Sol

Humanities 2110
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The Writing Program

The subjects listed below are grouped in
the three major areas of The Writing Pro-
gram: 1) Exposition and Rhetoric; 2) Crea-
tive Writing; and 3) Science and Technical
Writing, Within each area, introductory, in-
termediate, and advanced subjects are of-
fered. Introductory subjects are designed
for students with little or no experiencn in
writing; intermediate subjects are designed
for students who have mastered the ele-
ments of sentence and paragraph struc-
ture; advanced subjects are designed for
experienced writers who wish to develop
greater competence in one or more special
forms of writing.

Exposition and Rhetoric

Introductory

21.730 Expository Writing

Prereq.: -
U (1, 2)
3-0-9 HASS

For students who wish to write correct, clear,
and effective prose. Attention to constructing
effective sentences and paragraphs. Weekly
writing assignments. Students' writing is dis-
cussed frequently in class. Readings include
essays that exhibit a wide range of rhetorical
techniques. Satisfies Phase I of the Writing Re-
quirement.
H. Ritvo, Staff

21,731 Writing and Experience

Prereq. -
U (1, 2)
3-0-9 HASS

Students study the mechanisms by which fic-
tion writers, essayists, and poets transform
their experience into scenes, voices, and argu-
ments. Attention given to sentence mechanics,
paragraphing, punctuation, and word choice.
In weekly workshops. students present their
writing to members of the group, and exten-
sive revising is required. Satisfies Phase I of
the Writing Requirement.
E. E Chodakowska, Staff

21.732 Introduction to Technical
Communication
Prereq.: -
U (1, 2)
3-0-9 HASS

Students intensively review the elements of
sentence and paragraph structure; special
problems in organizing and condensing techni-
cal information; and strategies for writing tech-
nical descriptions, definitions, classifications,
and analyses. Other topics include writing to
different audiences and preparing brief
proposals, lab reports, and graphics. Several
short writing assignments, frequent revisions,
and two short oral presentations required.
Satisfies Phase I of the Writing Requirement.
J. Paradis, Staff

21.734 Style

Prereq.: -
U (1)
3-0-6 HASS

Intensive practice in writing clear prose. Fre-
quent short themes focus on daily experience.
Class discussions emphasize style. Reading
consists of short published pieces, to be
analyzed in class, and student papers Weekly
writing includes a theme, commentary on work
by classmates, and a revision
T Simmons

Intermediate

21.735 Writing and Reading the Essay

Prereq.: -
U it, 2)
3-0-9 HASS-D/HUM-D

Exploration of formal and informal modes of
writing nonfiction prose Extensive practice in
comprsition. revision, and editing. Reading in
the literature of the essay from the Renais-
sance to the present, with an emphasis on
modem writers Classes alternate between dis-
cussion of published readings and workshops
on student work. Individual conferences.
H. Ritvo

21.737J Playwriting

(Same subject as 21.702J)
Prereq.: -
U (1, 2)
3-3-6 HASS-D/HUM-D

An introduction to the craft of writing for the
theater. Through weekly exercises and work
on a sustained piece, students explore the
problems of scene structure, action, and their
releion to the dialogue Class meetings in-
clude examination of produced playscripts and
discussion of student work. Members of the
Dramashop and Shakespeare Ensemble, as
well as other interested members of the MIT
theater community, also participate in a three-
hour lab in which class scenes are read and
rehearsed.
A. Brody

21.738 Words

Prereq.: -
U (1)
3-0-6 HASS

Designed to increase appreciation of the ver-
bal resources of English and improve skill in
exploiting them. Considers such topics as the
historical roots of the modem vocabulary, spe-
cialized and technical vocabularies, socially
loaded language, the connection between
word choice and tone, words as symbols.
Regular written assignments stress the way
that ideas are shaped by words.
H. Ritvo

21.739J Black Women Writers: Text and
Critics

(Same subject as SP 433J)
Prereq.: -
U (1)
3-0-9 HASS

Examines selected works of fiction by Block
women writers from the late 19th century to
the 1980s in light of the critical interpretations
of some of today's most influential Black
women scholars. Authors and critics may in-
clude Zora Neale Hurston, Toni Morrison, Alice
Walker, Deborah McDowell, and Barbara
Smith, among others. Consult the Women's
Studies Office.

21.740 Writing Autobiography and
Biography
Prereq.: -
U (2)
3-0-9 HASS

Writing autobiography is used as a vehicle for
improving style and studying the nuances of
the language. Literary works are read with an
emphasis on different fo -ns of autobiography
(essay, fiction, etc.). Clasg xamines various
stages of life, significant transitions, personal
struggles, and memories translated into narra-
tive prose, ar'd discusses 1) what it means for
autobiographer and biographer to develop a
personal voice; and 2) the problems of reality
and fiction in autobiography and biography.
Students write in either or in both modes.
E. E Chodakowska

21.742 Writing About Racial Issues

Prereq.: -
U (2)
3-0-9 HASS

The issue of race has preoccupied many
writers both here and in Europe. Students read
Faulkner, Toni Morrison, James Baldwin, Ber-
nard Maamud, among others, and write about
racial and ethnic issues either in the form of
biography or fiction. Students may write short
or longer pieces. Their work is read and dis-
cussed in class and, if necessary, revised, in-
corporating comments and criticism elicited in
discussion
E. E. Chodakowska

Advanced

21.745 Advanced Essay Workshop
Prereq.: Permission of Instructor
U (2)
3-0-9 HASS

For students with experience in writing nonfic-
tional prose. Advanced study of rhetorical
strategies and techniques of prose style. Con-
siderable writing and revision rcquired. In addi-
tion to analyzing the work of class members,
students read and discuss the work of distin-
guished essayists chosen to represent a range
of prose styles, subjects, and biographical pat-
tems.
H. Ritvo

Creative Writing

Introductory

See subject 21.731.

Intermediate

21.755 Writing and Reading Short Stories

Prereq.: -
U (1,2)
3-0-9 HUM-D

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 students' writing and of the as-
signed stories ir their historical and social
contexts.
1. Karmel

21.757 Fiction Workshop
(Revised Unit)
Prereq.: 21.755
U (1, 2)
3-0-9 HASS

For students interested in writing fiction with an
emphasis on style, vocabulary, principles of
composition, and design. Students learn to
winto in precise, specific, concrete language,
and develop an appreciation of good, logical
prose. An introduction to the Advanced Fiction
Workshop and also to other writing subjects
Weekly reading and writing assignments, class
discussion of students' writing and works of
literature.
E. E Chodakowska, I. Karmel

21.758 Genre Fiction Workshop
Prereq.: A subject in writing short fiction or
equivalent experience
Acad Year 1990-91: Not offered
Acad Year 1991-92: U (1)
3-0-9 HASS

Students write stories in such genres as
science fiction, fantasy, horror, crime fiction, in-
ternational thriller, and historical fiction. After a
few introductory lectures and short assign-
ments, most classes are devoted to round-
table discussion of the students' work.
Enrollment is limited to 15 students.
J. Haldeman

21.759 Writing Science Fiction
(Revised Unit)
Prereq.: -
U (1)
3-0-9 HASS

Students write and read science fiction and
analyze and discuss stories written for the
class. For the first eight weeks, readings in
contemporary science fiction accompany lec-
tures and formal writing assignments intended
to illuminate various aspects of writing craft as
well as the particular problems of writing
science fiction, The rest of the term is given to
round-table workshops on students' stories.
J. Haldeman

21.760 Writing and Reading Poems

Prereq.:-
U (1, 2)
3-0-9 HUM-D

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 16th-
through 20th-century literature, Attempts to
make relevant the traditional elements of
,oetry and their contemporary alternatives.
Weekly writing assignments, including some
exercises in prosody.
T Simmons

21.762 Poetry Workshop
Prereq :
U (2)
3-0-6 HASS

For students with some previous experience in
poetry writing. Frequent assignments stress
use of language, diction, word choice, line
breaks, imagery, mood, and tone. Considers
the functions of memory, imagination, dreams,
poetic impulses Throughout the semester, stu-
dents examine the work of published poets.
Revision stressed.
T Simmons

21,763 Modern Science Fiction
(New)
Prereq.:-
U (1)
3-0-9 HASS

Students investigate novels, short stories, and
poetry from the Golden Age" to "neuromantic"
science fiction: the 1950s to the present. Read-
ings include The Stars My Destination, Double
Star, Neuromancer, and The Dispossessd, as
well as the previous year's Hugo or Nebular
Award winner. Students write their own works
of science fiction and submit critical analyses
of each other's efforts.
J. Haldeman

Advanced

21.770 Advanced Fiction Workshop
Prereq.: Permission of Instructor
U (1, 2)
3-0-6 HASS

For students with some experience in writing
fiction. Concentrates on the ways an author
manipulates his or her audience in the creation
of a particular vision of reality. Studies style;
point of view; distinctions of time and space;
stream-of-consciousness; all the strategies for
making a work of art. Outside readings as-
signed on an individual basis.
E E. Chodakowska

21.771 Advanced Poetry Workshop
Prereq.: Permission of lnstructor
U (2)
3-0-6 HASS

For students experienced in writing poems.
Regular reading of published contemporary
poets and weekly submission of manuscripts
for class review and criticism. Students ex-
pected to do a substantial amount of rewriting
and revision. Classwork supplemere d with in-
dividual conferences.
T Simmons

21.7-3 Writing Longer Fiction

Prereq.: Permission of Instructor
U (1, 2)
3-0-6 HASS

For students with some experience in writing
fiction who wish to experiment with its longer
forms (primarily the novella). The possibilities
and techniques of longer fiction studied in ex-
amples of modern European and American
authors (i.e., Tolstoy, Conrad, Kafka, Bellow).
Class discussions of students' own work with
emphasis on revision.
1. Karmel
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Science and Technical Writing

Introductory

See subject 21.732.

Intermediate

21.777 The Scientific Essay

Prereq.: -
U (1, 2)
3-0-9 HUM-D

Concerns the articulate expression of science
in a broad cultural context. The nature of the
essay and the special challenges of writing
about science are topics of discussion.
Classes are devoted to critiques of published
essays and student essays alike. Readings
are drawn from the essays of J. B. S. Haldane,
E. B. White, Stephen Jay Gould, and David
Quammen, among others.
A. Light man

21.778J The History of the Future

(Same subject as STS 028J)
Prereq.: -
U (1)
3-0-9 HASS

A social and cultural history of speculation
about the future. Emphasis on forecasts of
new technological and community forms. Ex-
tensive reading in both fictional and non-fiction-
al predictions written primarily between 1860
and 1939, Two short essays, one essay exam,
term paper. Classes will combine lecture, dis-
cussion, and round-table critique of student
papers.
R. Williams

21.780 Scientific and Engineering Writing

Prereq.: -
U (1, 2)
2-0-7 HASS

Introduction to the forms, functions, and style
of technical documents: weekly sessions in-
clude grammar and composition reviews, edit-
ing workshops, and discussion of the scientific
nublication process. Short assignments-in-
cluding abstracts, proposals, progress reports,
and memos-uild toward a written term
paper and oral presentation on a technical or
semitechnical subject Students should have
completed, or be working on, research for
paper topics.
J. Paradla

21.782 Science Journalism

Prereq.: -
U (1, 2)
3-0-6 HASS

A practical introduction to the craft of science
journalism. Class discussion examines impor-
tant issues in communicating technical informa-
tion to the public, such as the relationship
among science, technology, and the media.
Presentations by professional science jour-
nalists are featured. Students write weekly ex-
ercises, some of which are submitted for
publication. Writing competence required.
K R. Manning

Advanced

21.783 Science and Technical Writing
Workshop

Prereq.: 21.782
U (1, 2)
3-0-9 HASS

Introduces students to the process of planning.
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 technologies used to prepare in-house
documents. The problem of matching form and
style to audience receives special attention.
Students make a site visit to observe a large in-
house production facility. In addition to in-
dividual work, students collaborate to plan,
write, and produce a major document,
A. Lightman

21.790 Naturalist Writing
Prereq.: -
U (1)
3-0-9 HASS

Students write about nature in a variety of
ways, aesthetic and technical, in essays and in
technical documents. They study the re-
sponses to nature of 19th- and 20th-century
naturalists, such as Audubon, Darwin,
Thoreau, Lorenz, Carson, and Goodall. They
examine local publications and films of nature
societies in New England, the Northwest, and
the South, as well as such modern forms as
the environmental impact statement and the
technical report. Several short and two longer
writing assignments on general and semitech-
nical subjects.
J Paradis

21.792 Science and Technical Writinj
Internship

Prereq.: 21.780 or 21.782
"(2)
34 9 HASS

Part-tine .nternships in Boston-area media
and indistries are arranged for students wish-
ing to revelop professional writing and publish-
inn skills. Students planning to take this
dubject must contact the instructor by Novem-
ber of the previous term.
J. Paradis

21.793 Advanced Woikshop in Scientific
and Engineering Writing
Prereq.: Permission of instructor
G (1, 2)
2-0-4

Offers graduate students who have writing
projects under way an intensive review and
step-by-step practice in technical writing. Ex-
amines major types of technical documents
and reviews organization, grammar, style, for-
mat, graphics, and the scientific publishing
process. Writing and revising assignments are
adapted to the preparation of one or two major
documents.
K R. Manning, Staff

21.798, 21.799 Special Topics in Writing
Prereq.: -
U (1, 2)
Units arranged

Primarily for students pursuing writing ad-
vanced projects with the assistance of a mem-
ber of the Writing Program. Students electing
this subject must secure the approval of the
Director of the Writing Program and its Commit-
tee on Curriculum. HASS credit for Special
Topics subjects awarded only by individual peti-
tions to the Committee on Curricula. Normal
maximum is 6 units; to count toward HASS Re-
quirement, 9 units are required. Exceptional 9-
unit projects occasionally approved.
K R Manning

Please note: Philosophy subjects are listed
under Course 24, Linguistics and
Philosophy.

Subjects in Science, Technology, and
Society are listed under that heading in this
chapter.

information about the following programs
may be found within the description of the
School of Humanities and Social Science in
this catalogue:

American Studies
Ancient and Medieval Studies
Film and Media Studies
Latin American Studies
Psychology
Russian Studies
Women's Studies

Course 22

Undergraduate Subjects

22.UR Undergraduate Research
Opportunities Program
Prereq.: -
U (1, 2)
Units arranged P/F)
The Undergraduate Research Opportunities
Program is an excellent way for undergraduate
students to become familiar with the Depart-
ment of Nuclear Engineering. Student re-
search as a UROP project has been
conducted in areas of fission reactor studies,
utilization of fusion devices, applied radiation
research, and biomedical applications.
Projects include the study of engineering
aspects for both fusion and fission energy
sources. UROP Department Coordinator:
R. G. Ballinger.

22.002 Management in Engineering
Prereq.: -
U (1)
3-0-9

School-Wide Elective Subject. Description
given at end of this chapter or SWE page.
D. P Hoult, H. S. Marcus

22.003 The Nuclear Age
(Revised Content)
Prereq: -
U (2)
3-0-6 HASS

School-Wide Elective Subject. Description
given at and of this chapter on SWE page,
M. M. Miller, P Morrson, G. W Rathjens,
J. P Ruina

22006 Computer Models of Physical and
Engineering Systems
Prereq.: 18.02, 8.01
U (1)
3-0-9 SCI DIST

School-Wide Elective Subject. Description
given at end of this chapter on SWE page.
S. Shyam Sunder

Nuclear Engineering

22.011 Seminar in Nuclear Engineering
Prereq.: -
U (1)
2-0-4

Surveys the range of topics covered by the
Department. Introductory discussion of the
basic phenomena of fission and fusion power,
and related aspects of reactor design. The
many applications of nuclear engineering for
research in biology, earth sciences, medicine,
and physics are discussed by guest lecturers
from the appropriate discipline. A demonstra-
tion of the MIT Reactor as a resear.-h tool is
given.
K F Hansen

22.012 Seminar in Fusion and Plasma
Physics

Prereq.: -
U(2)
2-0-4

Lecture and discussion introducing the range
of topics covered under the fusion option. Intro-
ductory discussion of the economic and
ecological motivation for the development of
fusion power. Contemporary magnetic confine-
ment schemes, theoretical questions, and en-
gineering considerations are presented by
expert guest lecturers. Concurrent work on the
physics of the solar and terrestrial plasma en-
vironments also covered. Tour of Plasma
Fusion Center experimental facilities.
K Molvig

22.013 Applications of Radiation in
Science, Medicine, and Technology

Prereq.:
U (1)
2-0-4
A series of wide-ranging lectures examining
diverse current issues in the applications of
radiation in science, medicine, and technology.
Typical topics: medical imaging, radiation can-
cer therapy, neutron activation analysis, fission
and fusion reactors, laser, neutron and
synchrotron beam experiments, and computer
modeling.
S. Yip

22.02 introduction to Applied Nuclear
Physics
Prereq.: 8.02, 18.02
U (1)
3-0-9 SCI DIST

Introduces nuclear physics, emphasizing those
aspects that are applied in nuclear engineer-
ing. Elementary quantum theory; properties of
atomic nuclei; natural and induced radioac-
tivity; cross sections for nuclear reactions;
alpha-, beta-, and gamma-decay. Nuclear
models: shell-model, liquid-drop model,
nuclear fission. Slowing down and diffusion of
neutrons. Neutron-induced chain reactions.
Thermonuclear reactions and the possibility of
energy from nuclear fusion. Introduces radia-
tion dosimetry.
N. C. Rasmussen

22.021 Nuclear Reactor Physics
Prereq.: 2202, 18.03
U (1,2)
4-0-8
Introduces fissiun reactor physics. Covers reac-
tions induced by neutrons, nuclear fission,
slowing down of neutrons in infinite media, dif-
fusion theory, the few-group approximation,
and point kinetics. Emphasizes the nuclear
physics bases of reactor design and their
relationship to reactor engineering problems.
Three lecture hours per week meeting concur-
rently with 22.211, plus a separate recitation;
assignments and quizzes are different from
those in 22.211.
Term 1: L. M. Lidsky
Term 2: K F Hansen

22.03 Engineering Design of Nuclear Power
Systems
Prereq.: 22.02, 2.40
U (1)
3-0-9 SCI DIST

Introduces nuclear engineering as applied to
power plant design: Basic principles of nuclear
physics, reactor physics, and environmental
health physics; heat-transfer and energy utiliza-
tion principles. Description of various reactor
types for both standard and advanced con-
cepts (e.g., LWR, HTGR, and LMR). Em-
phasizes reliability and reactor safety methods
for improving design and operation of future
reactor s.
M. W. 3olay
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22.031 Engineering of Nuclear Reactors

Prereq.: 2.01, 2.51
U (1, 2)
3-0-9

An undergraduate subject that meets with
graduate subject 22.312. Same content but ex-
aminations differ. See 22.312 for full descrip-
tion.
Term 1: J. E. Meyer
Term 2: M. W Golay

22.033 Nuclear Systems Design Project

Prereq.: 22.021, 22.031
U (2)
2-6-4

An undergraduatu subject that meets with
graduate subject 22.33. Same content, but as-
signments differ. See 22.33 for full description.
L. M. Lidsky

22.04 Radiation Effects and Uses
Prereq.: -
U (2)
2-1-9 SCI DIST

Current problems in science, technology,
health, and environment that involve radiation
effects and their utilization. Medical and in-
dustrial applications of radioisotopes. Radia-
tions in research. Laboratory demonstrations
of methods and instruments in radiation meas-
urements. Material presented is suitable for
students interested in a general appreciation
of the physical phanomena and their uses.
J. Yanch

22.055 Biological and Medical Applications
of Radiation and Radioisotopes

Proreq.: 22.04, 22.09
U (1)
4-0-8

An advanced subject that meets with graduate
subject 21.55J. Same content but assignments
differ. 22.55J for full description.
E. W.iiarland

22.056 Principles of Medical Imaging

Proreq : 22.09
U (2)
4-0-8

An advanced subject that meets with graduate
subject 22.56J. Same content but assignments
differ. See 22.56J for full description.
E. W McFarland, D. Rowell

22.057 Radiation Biophysics

Prereq.: 22.09
U (1)
4-0-8

An advanced subject that meets with graduate
subject 22.57J. Same content but assignments
differ. See 22.57J for full description.
J. Yanch, K Held

22.061 Fusion Energy I
Prereq.: 8.03, 18.03
U (1)
3-0-9

An undergraduate subject that meets three lec-
ture hours a week with 22.601, but with dif-
ferent assignments and exams. See 22.601 for
full description.
J. R Freidberg

22.062 Fusion Energy If
Prereq.: 22.061
U (2)
3-0-9

An undergraduate subject that meets with
graduate subject 22.602, but with different as-
signments and exams. See 22.602 for full
description.
J. P Freidberg

22.069 Undergraduate Plasma Laboratory
Prereq.: 8.03 or 22.061 or Permission of In-
structor
U (2)
1-8-3 LAB

Basic engineering and scientific principles as-
sociated with experimental plasma physics. In-
vestigates vacuum pumping phenomena and
gauge operation, normal and superconducting
magnetic field coils, microwave interactions
with plasmas, laboratory plasma production in-
cluding electrical breakdown phenomena,
Langmuir probe characteristics and spectros-
copy. Meets with 22.69, but assignments differ.
Information: 1. Hutchinson.

22.070J Materials for Nuclear Applications

(Same subject as 3.070J)
Prereq.: 3.091
U (2)
3-0-9

An undergraduate subject that meets with
graduate subject 22.70J. Same content, but as-
signments differ. See 22.70J for full description.
R. G. Ballinger

22.08 Energy

Prereq.: -
U (1)
3-0-9

Energy from a holistic viewpoint. Provision, ra-
tional utilization and conservation, environmen-
tal effects, policy, and impact on other sectors.
Resources, technologies of conversion and
utilization. Assessment of both deployed and
proposed energy systems and technologies. In-
cludes economic, social, and historic perspec-
tives. Intended for third- and fourth-year
students interested in entering the energy
field. Meets with 22.81, but some assignments
differ.
M. Miller

22.082J Nuclear Energy Economics and
Policy Analysis
(New)
(Same subject as STS 078J)
Prreq.: -
U (2)
3-0-9 HASS

An undergraduate subject that meets with
graduate subject 22.812 (formerly 22.341).
Same content, but assignments differ. See
22.812 for full description.
R. K Lester

22.084 Inventions and Patents

Prereq.: 14.02
U (1)
3-0-6

School-Wide Elective Subject. Piscription
given at end of this chapter on SWE page.
R. H. Rines

22.088J Human Factors In Design

(Same subject as 2.18J, 9.49J)
Prereq.: Permission of Instructor
U (2)
3-1-8
See description under subject 2.18J.
D. D. Lanning, T B. Sheridan, A. Hein

22.09 Principles of Nuclear Radiation
Measurement and Protection
Prereq.: 22.02
U (2)
2-6-4 LAB

An undergraduate subject that meets with
graduate subject 22.59. Same content, but as-
signments differ. See 22.59 for full description.
N. C. Rasmussen, 0. K Harling

22.091 Special Topics in Nuclear
Engineering
Prereq.: -
U (1, 2, S)
Units arranged

For undergraduates who wish to conduct a
one-term project of theoretical or experimental
nature in the field of nuclear engineering, in
close cooperation with individual staff mem-
bers. Topics and hours arranged to fit students'
requirements.
J. E. Meyer

22.092 Engineering Internship
Prereq.: -
U (1, 2, S)
0-6-0 [P/F]

Provides academic credit for the first two Work
Asbignments of XXil-A students affiliated with
the Engineering Internship Program. Students
register for this subject twice. Students must
complete both Work Assignments in order to
receive the academic credit for this subject. En-
rollment limited to students registered in
Course XXII-A.
R. 0. Ballinger

Graduate Subjects

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 "v~ulations of bound-states and
barrier transmission probability. Nuclear shell
model. Binding energy and nuclear stability. In-
teractions of charged particles, neutrons, and
gamma rays with matter. Radioactive decays.
Energetics and general cross-section behavior
in nuclear reactions.
Term 1: K Molvig
Term 2: E. P Gyftopoulos

22.113 Nuclear and Atomic Collision
Phenomena (A)
Prereq.: 22.111
G (2)
3-0-9

Principles and applications of classical and
quantum theory of collisions. Detailed study of
two-body scattering, partial-wave and phase-
shift analysis, time-dependent perturbation
theory, and the Born approximation. Irradiation
atomistics. Optical model of nuclear reactions.
Atomic stopping power. Thermal neutron in-
elastic scattering in condensed matter. Con-
nections between diffraction and imaging.
S. tp

Nuclear Reactor Physics

22.211 Nuclear Reactor Physics I (A)
Prereq.: 18.076
0(1,2)
3-0-9
Introduces problems of fission-reactor physics,
covering nuclear reactions induced by
neutrons, nuclear fission, slowing down of
neutrons in infinite media, diffusion theory, the
few-group approximation, and point kinetics.
Emphasizes the nuclear physical bases of
reactor design and their relation to reactor en-
gineering problems.
Term 1: L. M. Lidsky
Term 2: K F Hansen

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, burnable poisons, depletion
phenomena, and elementary neutron kinetics.
Attention directed to the application of reactor
theory to real power reactors.
A. F Henry

22.213 Nuclear Reactor Physics Ill (A)
Prereq.: 22.212

Acad Year 1990-91:G(1)
Acad Year 199 1-92: G (2)
3-0-9

Current methods for predicting neutron be-
havior in complex geometrical and material
configurations. The transport equation and
methods for solving it; systematic derivation of
group diffusion theory. Applies homogeniza-
tion, synthesis, finite element, response matrix
techniques and nodal methods to reactor
analysis.
A. F Henry

Nuclear Reactor Engineering

22.311 Energy Engineering Principles
Prereq.: -
G (1)
3-0-9

Fundamentals of engineering thermo-
dynamics, fluid flow, and heat transfer. Applica-
tions to various energy sources. Introductory
subject for graduate students without previous
engineering background.
Information: L. M. Lidsky.

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 ther-
modynamics, reactor heat generation and
removal (single-phase as well as two-phase
coolant flow and heat transfer), and structural
mechanics. Engineering considerations in reac-
tor design.
Term 1: J. E. Meyer
Term 2: M. W Golay

22.313 Advanced Engineering of Nuclear
Reactors (A)
Prereq.: 22.312
G (2)
3-0-9

Advanced topics in nuclear engineering, em-
phasizing thermo-fluid dynamic phenomena
and analysis methods. Heat transfer and fluid
flow in single/parallel channel arrays and
loops. Porous body, subchannel and dis-
tributed parameter modeling methods for
heated rod arrays. Reactor thermal design un-
certainty analysis methods.
J. E. Meyer

22.314J Structural Mechanics In Nuclear
Power Technology (A)
(Same subject as 1.56J, 2.084J, 13.14J)
Prereq.: Permission of Instructor
G (1)
3-0-9

Structural components in nuc!oar cower plant
systems, their functional purposes, operating
conditions, and mechanical-structural design
requirements. combines mechanics tech-
niques with models of material behavior to
determine adequacy of component design. Ef-
fects considered include mechanical loading,
hydraulic forces, elevated temperatures,
neutron irradiation, and seismic effects.
M. S. Kazimi, 0. Buyukozturk

22.32 Nuclear Power Reactors (A)
Prereq.: 22.211, 22.312
G (2)
3-0-9

Describes engineering and physics aspects of
current nuclear power reactors. Discusses
design details, including requirements for
safety of light- and heavy-water reactors, high-
temperature gas-cooled reactors, liquid-metal
cooled fast reactors, and other reactor con-
cepts. Compares reactor characteristics both
in class and by individual student projects. Dis-
cusses development problems and assesses
potential for future improvements.
D. D. Lanning

22.33 Nuclear Engineering Design (A)
Prereq.: 22.212, 22.312
G (2)
2-6-4

Group design project involving integration ofreactor physics, control, heat transfer, safety.
materials, power production, fuel-cycle
management, environmental impact, and
economic optimization. Provides student with
opportunity to synthesize knowledge acquired
in other subjects and apply this knowledge to
practical problems of interest in the reactor
design field. Meets with 22.033, but assign-
ments differ.
L. M. Lidsky
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22.35 Nuclear Fuel Management (A)
(Revised Unit)

Prereq.: 22.211
Acad Year 1990-91: G (2)
Acad Year 1991-92: Not offered
2-0-7

Principles of physics and engineering that
govern and constrain the configuration,
arrangement, and time-depfindent behavior of
fuel for nuclear reactors. Emphasizes 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 Flow and Heat
Transfer (A)

(Same subject as 2.57J)
Prereq : 22.312 or 2.20
Acad Year 1990-91: Not offered
Acad Year 1991-92:G (2)
3-0-9

Kinematics and dynamics of two-phase flows.
Thermal and hydrodynamic stability in two-
phase flows. Associated topics such as boiling,
cavitation, condensation, and atomization.
Common engineering applications of gas-
liquid and solid-liquid flows will be presented.
M. S. Kazimi, P Griffith, H. K. Kytomaa

22.38 Reliability Analysis Methods (A)

Prereq.: Permission of Instructor
G (1)
3-0-9

Principles of the methods of reliability
analyses, including fault trees, decision trees,
and reliability block diagrams. Discusses the
techniques for devrdicping the logic diagrams
for reliability assessment, the mathematical
techniques for analyzing them, and statistical
analysis of required experience data. Dis-
cusses practical examples of their application
to the risk assessment of nuclear power reac-
tors and other industrial operations. Open to
qualified undergraduates.
N. 0. Siu

22.39 Nuclear Reactor Operations and
Safety (A)

Prereq.: 22.211, 22.311
Acad Year 1990-91:G (1)
Acad Year 1991-92: Not offered
Units arranged

Principles of operating nuclear reactor systems
in a safe and effective manner. Emphasizes
light-water reactor systems with transient
response studies, including degraded core
recognition and mitigation. Consequence
analysis and risk assessment. Lessons from
past accident experience. NRC licensing and
regulations. Demonstrations: operation of the
MIT research reactor; use of a PWR concept
simulator. Optional laboratory section involves
a project at the Nuclear Reactor Laboratory.
D. D. Lanning

22.40J Advanced Reliability Analysis and
Risk Assessment (A)

(Same subject as 13.63J)
Prereq.: 22.38, 22.82
Acad Year 1990-91:G (2)
Acad Year 1991-92: Not offered
3-0-9

Extended application and use of reliability and
probabilistic risk analysis methods. Methods
for common mode failure analysis and treat-
ment of dependencies. Bayesian statistics ap-
plied to systems reliability and safety
problems. Error/sensitivity analysis. Time-
dependent reliability analysis, Markov models,
systems availability, and systems perfor-
mance. Replacement and maintenance
strategy development. Case studies of safety
analyses in nuclear and nonnuclear areas.
N. 0. Siu

Numerical and Mathematical
Methods

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 problems. Reviews specific
mathematical techniques (linear algebra, inter-
polation, finite-difference equations). Numeri-
cal solution of ordinary differential equations.
Fundamentals of consistency, convergence,
stability, and accuracy. Numerkal solution of el-
liptic, parabolic, and hyperbolic partial differen-
tial equations. Special topics from nuclear
engineering applications.
Information: K. F Hansen.

22.44 Modeling and Simulation (A)

Prereq.: -
G (1)
3-3-6

Introduction to the processes of constructing
models of physical and nonphysical systems
and the simulation of model behavior. Topics in-
clude a general view of modelmaking and their
mathematical representation, as well as proce-
dures useful in computation. Specific ex-
amples drawn from such diverse fields as
social systems, particle transport, chaos and
turbulence, Markov processes, and plasma
simulation. No specific numerical background
is necessary, but some experience with com-
puter use is expected.
J. Frisdberg, K Hansen, L. Lidsky, N. Siv,
S. Yip

Radiation Interactions and
Applications

22.51 Interactions of Radiation
with Matter (A)
Prereq.: 8.05
G (1)
3-0-9

Basic principles of interaction of electromag-
netic radiation, thermal neutrons, and charged
particles with matter. Introduces classical
electrodynamics, quantum theory of radiation,
time-dependent perturbation theory, transition
probabilities and cross sections describing in-
teraction of various radiations with atomic sys-
tems. Applications include theory of nuclear
magnetic resonance; Rayleigh, Raman, and
Compton scattering; photoelectric effect; and
use of thermal neutron scattering as a tool in
condensed matter research.
S. H. Chen

22.52J Statistical Thermodynamics of
Complex Uquids (A)

(Same subject as 8.575J, 10.44J)
Prereq.: 8.08, 10.14, or equivalent
Acad Year 1990-91: Not offered
Acad Year 1991-92: G (2)
3 0-9

Introduction to modern theoretical and ex-
perimental physics and chemistry of the liquid
state, including supramolecular liquids and liq-
uid crystals. Pair correlation function theory,
mean field theory of phase equilibria and
polymer solutions, theory of self-assembly in
surfactant-water (micellar) and surfactant-
water-oil (microemulsion) systems. Concepts
of broken symmetry; Goldstone mode and
order-disorder phase transitions in liquid crys-
tal systems; properties of nematic, smectic,
and hexaic phases of liquid crystals.
S. H. Chea, J. D. Litster, D. Blankschtein

22.53 Statistical Processes and Atomistic
Simulations (A)

Prereq.: -
G (1)
3-0-9

Starstical mechanics principles of equilibriv- 
and time-dependent properties of condensed
states of matter. Phase-space distributions,
time correlations functions, kinetic equations.
Free energy calculations. Stochastic proc-
esses. Continuum and molecular models for
transport phenomena and phase transitions,
Methods and applications of molecular
dynamics and Monte Carlo simulations in
statistical physics and materials science.
S. Yip

22.55J Biological and Medical Applications
of Radiation and Radioisotopes (A)

(Same subject as HST 560J)
Prereq.: 8.272 or 22.111
G (1)
4-0-8

Benefits and hazards of radiation. Principles of
radiation production and interactions. Radia-
tion dosimetry, emphasizing applications.
Health effects. Shielding of beta, gamma, and
neutron radiation from isotope and machine
sources. Detection and spectroscopy of beta,
gamma, and neutron radiation. Neutron activa-
ton analysis. Production of radioisotopes and
radiopharmaceuticals. Principles of nuclear
medicine and imaging with radiation. Requires
a comprehensive term paper and presentation.
E. W McFarland

22.56J Principles of Medical Imaging (A)

(Same subject as 2.761J, HST 561J)
Prereq.: Permission of Instructor
G (2)
4-0 8

Principles of medical imaging, including X-ray,
nuclear medicine, ultrasound, NMR, emission-
and transmission-computed tomogapy, and
other modalities. Two-dimensional and three-
dimensional imaging techniques and displays.
Fundamentals of image formation, physiology
of image perception, physics of radiation and
ultrasound interaction and detection, and
physics of NMR. Quantification of images and
reconstruction algorithms. A comprehensive
term paper required.
E W McFarland, D. Rowell

22.561J Magnetic Resonance-Analytic,
Biochemical, and Imaging Techniques (A)
(Same subject as HST 584J)
Prereq.: Permission of Instructor
G(2)
3-0-12
See description under subject HST 584J.
B. Rosen

22.562 Advanced Biomedical Magnetic
Resonance Seminar (A)
Prereq : 22.561 or basic NMR subject
G (2)
3-0-9 [P/F]

Designed for students interested in advanced
biomedical applications of magnetic resonance
and who have already mastered the basic prin-
ciples. A brief review given to develop notation
and terminology to be used in pulse sequence
development. Applications of multi-dimensional
NMR spectroscopy explored in liquid and .olid
state biosystems. State-of-the-art imaging tech-
niques analyzed in detail, including fast scan-
ning, flow imaging, ar d microscopy. Details of
instrumentation also ,overed as time permits.
S. H. Chen, R. Griffirt, L Neuringer

22.57J Radiation Biophysics (A)

(Same subject as HST 568J)
Prereq.: 22.111
G (1)
4-0-8

Discusses ionizing radiation, ultraviolet radia-
tion, and heat and their effects on biological
materials, cells, and tissues. Examines in vivo
and in vitro mammalian systems, and explores
mathematical models for cell survival, em-
phasizing prediction. Microstructural damage
to cell components such as membranes, or-
ganelles, enzymes, and DNA studied. Radia-
tion syndromes in man, mutagenesis, and
carcinogenesis also investigated.
J. anch, K. Held

22.571J General Thermodynamics (A)
(Same subject as 2.451J)
Prereq.: Permission of Instructor
G (1)
3-0-9

See description under subject 2.451J.
E. P Gyftopoulos

22.572J Quantum Thermodynamics (A)
(Same subject as 2.980J)
Prereq.: Permission of Instructor
G (2)
3-0-9

See description under subject 2.980J.
E. P Gyftopoulos

22.59 Principles of Nuclear Radiation
Measurement and Protection (A)
Prereq.: 22.111
G (2)
2-6-4

Combines lectures, demonstrations, and ex-
pariments. Covers effects of radiation on per-
sons; control of radiation exposure within
applicable standards; theory and use of a, P, y,
and n detectors and spectrometers; use of
isotopes, radiation shielding. and dosimetry. In-
cludes demonstrations and experiments using
the MIT research reactor, accelerators, and
power reactors. Meets with undergraduate sub-
ject 22.09, but assignments differ. Students
have choices in the experiments they perform.
N. C. Rasmussen, 0. K Harling

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 condi-
tion, Lawson criterion, elementary fusion reac-
tor, required plasma parameters. Plasma
physics: definition of a plasma, single-particle
orbits, Coulomb collisions, fluid model, mag-
netic fusion configurations, MHD equilibrium
and stability, transport and heating. Meets
three lecture hours a week with 22.061, but
with different assignments and exams.
J. P Freidberg

22.602 Fusion Energy 11(A)
Prereq.: 22.601 or 22.611J
G (2)
3-0-9
Basic plasma engineering and technology of
controlled thermonuclear reactors. Description
of current confinement devices including
tokamaks, RFP's, and stellarators. Plasma en-
gineering, including toroidal magnet design,
poloidal field system design and RF heating
technology. Systems analysis and design of
large fusion devices such as ignition experi-
ments and power reactors. Meets with 22.062,
but with different assignments and exams.
J. P Freidberg

22.611J Introduction to Plasma
Physics I(A)
(Same subject as 6.651J, 8.613J)
Prereq.: 6.014 or 8.07, 6.018 or 8.044,
18.04 or 18.075
G (1)
3-0-9

See description under subject 8.613J.
A. Bers, M. Porkolab, R. Davidson

22.612J Introduction to Plasma
Physics 11(A)
(Same subject as 6.652J, 8.614J)
Prereq.: 6.651J or8.613J or22.611J, 18.076
G (2)
3-0-9

See description under subject 8.614J.
A. Bers, K Molvig, R. Davidson

I.

I
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2200 Nuclear EngineerIng

22.615J MHD Theory of Magnetic Fusion
Systems I(A)
(Same subject as 6.653J)
Prereq.: 22.601 or 22.611J or 6.651J or 8.613J
Acad Year 1990-91: Not offered
Acad Year 1991-92: G (1)
3-0-9

Development of ideal MHD theory and applica-
tion to magnetic fusion systems. MHD model:
derivation from Boltzmann equation and single-
particle guiding center drifts. Equilibrium: 0
pinch, Z pinch, screw pinch, Grad-Shafranov
equation, RFP, tokamak, stellarator. Stability:
the Energy Principle, kink modes, inter-
changes, ballooning modes, Suydam criterion,
Mercier criterion, Kruskal-Shafranov limit. Im-
pact of MHD equilibrium and stability on RFPs,
straight and toroidal tokamaks.
J. P Freidberg

22.616 MHD Theory of Magnetic Fusion
Systems 11 (A)

Prereq.: 6.653J or 22.615J
Acad Year 1990-91 Not offered
Acad Year 1991-92: G (2)
3-0-9

Continuation of 22.615J. Theory and applica-
tion of nonideal MHD theory. Resistive in-
stabilities: tearing modes, resistive
interchanges, resistive ballooning modes, non-
linear saturation. Application to Mirnov oscilla-
tions, sawtooth oscillations, and major
disruptions in a tokamal. Finite Larmor radius
stabilization and plasma relaxation in RFPs.
J. P Freidberg

22.63 Engineering Principles for Fusion
Reactors

Prereq.: Permission of Instructor
Acad Year 1990-91: G (1)
Acad Year 1991-92: Not offered
3-0-9

Fusion reactor design considerations: ignition
devices, engineering test facilities, and
safety/environmental concerns. Magnet prin-
ciples: resistive and superconducting magnets;
cryogenic features. Blanket and first wall
design: liquid and solid breeders, heat
removal, and structural considerations. Heat-
ing devices, radio frequency and neutral beam.
D. Cohn, R. Thome

22.64J Plasma Kinetic Theory (A)

(Same subject as 3.621J)
Prereq.: 8.613J
G (2)
3-0-9

Basic physics of the wave-particle interaction
with emphasis on intuitive concepts.
Unearized Vlasov equation, quasilinear theory,
Fokker-Planck and diffusion approximations
for the average distribution function, resonant
and nonresonant diffusion, energy and momen-
tum conservation, free energy, application of
quasilinear theory to various physical problems
of current interest.
K Molvig

22.66 Plasma Transport Phenomena (A)
Prereq.: 22.611J or 6.651 Jor 8.613J, 22.64J
or 8.62 1J
Acad Year 1990-91: Not offered
Acad Year 1991-92: G (2)
3-0-9

Transport theory analyzes the processes by
which particle energy, momentum, and mass
diffuse across the magnetic field. Develops the
collisional classical and neoclassical transport
theory of tokamaks (and stellarators), including
the theory of MHD equilibrium, particle orbits,
and Fokker-Planck operators, for the
hydrogenic and impurity ions, as well as in-
jected and alpha particles. Emphasizes con-
nection to experimental confinement and
achievement of high beta.
D. J. Sigmar

22.67 Principles of Plasma Diagnostics (A)
Prereq.: 22.611J or 6.651lJor 8.613J
Acad Year 1990-91: G (1)
Acad Year 1991-92- Not offered
3-0-9

Introduction to the physical processes used to
measure the properties of plasmas, especially
fusion plasmas. Measurements of magnetic
and electric fields, particle flux, refractive
index, emission and scattering of electromag-
netic waves and heavy particles, their use to
deduce plasma parameters such as particle
density, pressure, temperature, velocity, etc.
and hence the plasma confinement properties.
Discussion of practical examples and assess-
ments of the accuracy and reliability of dif-
ferent techniques,
-L H. Hutchinson

22.69 Plasma Laboratory (A)
Prereq.: 22.611J or 6.651J or 8.613J or 22.601
G (2)
1-4-4

Introduces the advanced experimental tech-
niques needed for research in plasma physics
and useful in experimental atomic and nuclear
physics Laboratory work on vacuum systems,
plasma generation and diagnostics, physics of
ionized gases, ion sources and beam optics,
cryogenics, magnetic field generation, and
other topics of current interest; brief lectures
and literature references to elucidate the physi-
cal bases of the laboratory work. Meets with
22-069, but assignments differ.
nformation:.1. Hutchinson.

Nuclear Materials

22.70J Materials for Nuclear
Applications (A)
(Same subject as 3.711J)
Prereq : Permission of Instructor
G (2)
3-0-9

Introductory subject for students who are not
specializing in nuclear materials. Applications
and selection of materials for use in nuclear ap-
plications. Radiation damage, radiation effects,
and their effects on performance of materials
in fission and fusion environments, Meets with
22.070J, but assignments differ,
R. G. Ba/linger

22.71J Physical Metallurgy (A)

(Same subject as 3.4W)
Prereq.: 3.094 or 3.14 or 3.711J
G (1)
3-0-9

See description under subject 3.40J.
K C. Russell

22.73J Radiation Effects in Crystalline
Solids (A)

(Same subject as 3.73J)
Prereq.: 22.71J or 3.40J, 22.74J or 3.39J
G (2)
3-0-9

Unified treatment based on governing orin-
ciples in defect structures, thermodynamics,
and kinetics of equilibrium and nonequilibrium
systems. Discusses phenomena of radiation ef-
fects in metals and nonmetals used in fission
reactors, fusion reactors, nuclear waste encap-
sulation, and ion beam technology. Topics in-
clude defect generation, damage evolution,
radiation-enhanced and induced-rate proc-
esses, radiation effects on mechanical and
physical properties.
K C. Russell

22.74J Mechanical Behavior of
Materials (A)

(Same subject as 3.39J)
Prereq.: 2.30; 3.11 or 22.71J
G (1)
3-0-9

See description under subject 3.39J.
S. B. Brown

22.77 Nuclear Waste Management (A)
Prereq.: Permission of Instructor
Aced Year 1990-91: G (1)
Aced Year 1991-92: Not offered
3-0-9

introduces scientific and engineering aspects
of the management of spent fuel, reprocessed
high-level waste, uranium mill tailings, low-
level wastes, and decommissioning wastes.
Fundamental processes and goveming equa-
tions of radiation and radionuclide transport.
Design principles and evaluation methods for
geologic waste disposal systems. Interim
storage, processing, and transportation tech-
nologies. Review of nuclear waste manage-
ment regulation. Open to qualified
undergraduates.
R. K Lester

Systems, Policy, and Economics

22.81 Energy Assessment (A)
Prereq.: Permission of Instructor
G (1)
3-0-9

Introduction to the broad field of energy, includ
ing technological, social, environmental,
economic, and political aspects. Energy
provision, transformation, and utilization.
Development of energy options for the future,
and analyses of present regional, national, and
international energy programs. For graduate
students entering specific energy fields or
fields in which energy is important, and who
desire a holistic overview. Meets with the un-
dergraduate subject 22.08, but some assign-
ments differ.
M. Miller

22.811 Environmental Impacts of
Electricity (A)

(22.37)
Prerei.. Permission of Instructor
Acad Year 1990-91: Not offered
Acad Year 1991-92: G (1)
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, air pollu-
tion, global warming, alternative technologies,
waste heat disposal, reactor safety, and
radioactive waste disposal.
M. W Golay

LI

22.812 Nuclear Energy Economics and
Policy Analysis (A)

(22.341)
Prereq.: Permission of Instructor
G (2)
3-0-9

A comprehensive assessment of the
economic, environmental, political, and social
aspects of nuclear power generation and the
nuclear fuel cycle. Quantitative applications of
the principles of engineering economics; com-
parison of alternatives, 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
proliferation. Open to qualified under-
graduates. Term paper required.
R. K Lester

22.82 Engineering Risk-Benefit Analysis (A)
Prereq.: 18.02
G (2)
3-0-6

School-Wide Elective Subject. Descnption
given at end of this chapter on SWE page.
A. W Drake, A. R. Odoni

22.821 Engineering Systems Analyris (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. do Neuville, J. P. Clark

22.841 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 Rathjens, J. R Ruina

22.843J Technology, Productivity, and
Industrial Competition

(Same subject as 15.972J, 17.172J, STS 511J)
Prereq.: Permission of Instructor
Acad Year 1990-91: G (2)
Acad Year 1991-92: Not offered
3-0-9

An analysis of the relationships between tech-
nological innovation, productivity growth, and
industrial competitiveness. Firm-level interac-
tions between technology, human resources,
and the organization of product realization and
production. Key factors influencing US in-
dustrial performance. Four industry case
studies. The course draws on the recent work
of the MIT Commission on Industrial Produc-
tivity
R. K Lester

22.86 Entrepreneurship

Prereq.: -
G (2)
4-0-5

School-Wide Elective Subject. Description
given at end of this chapter on SWE page.
D. P Hoult

General

22.901-22.904 Special Problems In
Nuclear Engineering (A)
Prereq.: Permission of Instructor
G (1, 2)
Units arranged

For graduate and advanced undergraduate stu-
dents who wish to conduct a one-term project
of a theoretical or experimental nature in the
nuclear engineering field, in close cooperation
with individual staff members. Arrangement of
topic and hours to fit students' requirements.
A. F Henry

22.911 Seminar in Nuclear Engineering
Prereq -
Gj (1)
2-0-1 {P/F]

22.912 Seminar in Nuclear Engineering
Prereq.: -
G (2)
2-0-1 (P/F]

Restricted to graduate students engaged in
doctoral thesis research.
J. E. Meyer

22.92 Advanced Engineering internship
Prereq.: 22.092
G (1, 2, S)
0-6-0 (P/F]

Provides credit for the third and fourth Work As-
signments for students affiliated with the En-
gineering Internship Program. Students
register for this subject twice. Students must
complete both Work Assignments to receive
the academic credit for this subject. Enrollment
limited to students in the Engineering Intern-
ship Program.
R. G. Ballinger

22.93 Teaching Experience in Nuclear
Engineering (A)
Prereq.: Permission of Department
G (1, 2, S)
Units arranged

For qualified graduate students interested in
teaching as a career. Classroom, laboratory, or
tutorial teaching under the supervision of a
faculty member. Students selected by inter-
view. Enrollment limited by the availability of
suitable assignments. Credits for this subject
may not be used toward Master's or
Engineer's degrees.
M. S. Kazimi
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Course 24 Linguistics and
Philosophy

Philosophy

24.UR Undergraduate Research
Prereq.: -
U (1, 2)
Units arranged (P/F]

Undergraduate research opportunities in Un-
guistics and Philosophy. For further informa-
tion, consult the Departmental coordinators.
Linguistics: W. O'Neil.
Philosophy: 1. Singer.

24.00 Problems of Philosophy

Prereq.: -
U (1, 2)
3-0-9 HASS-D/HUM-D

Introduction to the problems of philosophy, in
particular, to problems in ethics; metaphysics;
theory of knowledge; and philosophy of logic,
language, and science. A systematic rather
than historical approach. Readings from classi-
cal and contemporary sources, but emphasis
is on examination and evaluation of proposed
solutions to the problems.
S. Bromberger, J. Thomson

24.01 Philosophy and Public Affairs
Prereq.: -
U (1)
3-0-9 HASS-D/HUM-D

Examination of some practical issues in moral
and social philosophy as they occur in theoreti-
cal controversies related to contemporary ex-
perience. This year's topics center around
moral questions of the justifiability of taking
life, including euthanasia, abortion, and capital
punishment, as well as problems associated
with human rights, privacy, and affirmative ac-
tion. Readings from great writers in the history
of philosophy, as well as from contemporary
philosophers and Supreme Court cases.
P. Hoffman

24.04J Justice

(Same subject as 17.115J)
Prereq.: -
U (2)
3-0-9 HASS-D/HUM-D

An examination of alternative theories of jus-
tice- utilitarianism, rights theories, social con-
tract theory, and communitarianism-and the
implications of those theories for problems of
liberty, equality, and community. Readings
drawn principally from the work of contem-
porary political philosophers, including Rawls,
Nozick, Dworkin, Walzer, Maclntyre, and
Buchanan.
J. Cohen

24.07 Classics in the History of Philosophy

Prereq.: -
U (1)
3-0-9 HASS-D/HUM-D

Introduction to philosophy through its history,
Readings in the works of such philosophers as
Plato, Aristotle, Aquinas, Descartes, Hume,
and Kant. Emphasis on becoming closely ac-
quainted with important historical texts and ex-
amining fundamental philosophical issues as
they appear in works that have been especial-
ly influential in the development of Western
philosophy.
P. Hoffman

24.09J Classics in Political Philosophy

(Same subject as 17.113J)
Prereq.: -
U (1)
3-0-9 HASS-D/HUM-D

An introduction to theorios of social justice
through a study of classical works in the his-
tory of political philosophy, including Plato's
Republic, Hobbes's Leviathan, Locke's
Second Treatise, Rousseau's Social Contract,
and Marx's German Ideology. Focus on such
questions of political order as: Why (if at all)
should there be a state? What are the limits of
legitimate political authority? Should the state
seek to advance a particular view of the good
life?
U. Mehta

24.116J Introduction to Cognitive Scienee

(Same subject as 9.62J)
Prereq.: -
U (1)
3-0-9 HASS

See description under subject 9.62J.
D. N. Osherson

24.118 Paradox and Infinity
(Revised Content)

Prereq.: -
U (2)
3-0-9 HASS

Different kinds of infinity; the paradoxes of set
theory; the reduction of arithmetic to logic; for-
mal systems; paradoxes involving the concept
of truth; GOdel's incompleteness theorems: the
nonformalizable nature of mathematical truth;
Turing machines.
G. Boolos

24.119 Minds and Machines

Prereq.: -
U (1)
3-0-9 HASS

Examination of problems in the intersection of
artificial intelligence, psychology, and
philosophy; Issies discussed: whether people
are Turing Machines, whether computers can
be conscious, limitations on what computers
can do, computation and neurophysiology, the
Turing test, the analog/digital distinction,
Godel's theorem and rechanism, the relation
between simulation and explanation, whether
some aspects of mentality are more resistant
to programming than others,
N. Block

24.121 Choice and Decision
Prereq.: -
Acad Year 1990-91: Not offered
Aca'l Year 191-92: U (1)
3-0-9 HASS

Philosophical foundations and applications of
theories and rational decision making. Inter-
pretations of probability and utility, risk and un-
certainty, causal decision theory, different
concepts of solution in game theory, theories
of collective choice,
R. Stalnaker

24.151 Introduction to Philosophy of
Language

Prereq.: -
U (2)
3-0-9 HASS

Examination of views on the nature of mean-
ing, reference, truth, and their relationships.
Other topics may include relationships be-
tween language and logic, language and
knowledge, language and reality, language
and acts performed through its use. No
knowledge of logic or linguistics presupposed.
S. Bromberger
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24.171 introduction to Phenomenology
Prereq.: -
Aced Year 1990-91: Not offered
Aced Year 1991-92: U (1)
3-0-6 HASS

The philosophy of Edmund Husserl. Readings
from Logical Investigations, Ideas 1, Cartesian
Meditations, The Idea of Phenomenology. Dis-
cussion on the concepts of intentionality, found-
ing, phenomenological reduction. Survey of
the development of phenomenology since Hus-

G.-C. Rota

24.172 Behag and Time

Prereq.: -
U (1)
3-0-6 HASS

The philosophy of Martin Heidegger and its in-
fluence on contemporary thought, stressing ex-
istential views on the foundations of science,
the critique of classical logic, and Cartesian
thought. Readings from Heidegger's Being
and 7ime.
G.-C. Rota

24.200 Ancient Philosophy

Prereq.: One Philosophy subject

3-0-9 HASS

Study of Socrates, Plato, and Aristotle with
some attention to pro-Socratic philosophy
(e.g., Parmenides and Heraclitus), and Hel-
lenistic philosophy (e.g., Cynicism and
Stoicism). Examination of their views on
ethics, politics, metaphysics, and the nature of
knowledge, with special attention to how these
various thinkers formed part of a single tradi-
tion of philosophical thought.
R. Cartwright

24.201 Aquinas
(New)

Prereq.: -
U (2)
3-0-9 HASS

Thomas Aquinas on faith and reason, proofs of
the existence of God, the attributes of God,
creation, the nature of man, the problem of
evil. Readings from primary sources: Aquinas
and related medieval scholars.
R. Carfwright

24.202 Modern Philosophy: Descartes
to Kant

Prereq.: One Philosophy subject
U (2)
3-0-9 HASS

Philosophic thought in Europe during the 17th
and 18th centuries. Emphasis on epistemology
and metaphysics. Includes Descartes,
Spinoza; Berkeley, Hume, and Kant.
P Hoffman

24.203 Aspects of 20th-Century Philosophy
Prereq.: One Philosophy subject
U (1)
3-0-9 HASS

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

24.204 Existentialism

Prereq.: One Philosophy subject
Acad Year 1990-91: Not offered
Acad Year199 1-92: U (1)
3-0-9 HASS

Close investigation of a selection of central
texts and themes (e.g., "choice" and *"ad
faith") in existentialism. Authors to be read in-
clude Camus, Kierkegaard, and Sartre.
M. Hardimon

24.208 Kant

Prereq.: 24.202
Acad Year 1990-91: Not offered
Acad Year 199 1 -92: U (2)
3-0-9 HASS

A thorough study of Kant's Critique of Pure
Reason. Special topics to be considered in-
clude Kant's notion of objectivity and object-
hood; the unity of apperception; the criticism of
metaphysics; the role of reason in scientific in-
vestigation.
M. Hardimon

24.209J Film and Literature

(Same subject as 21.035J)
Prereq.: One subject in literature or one
philosophy subject
U (1)
3-0-9 HASS

Study of some major works in both media as
relevant to problems in aesthetics, as well as
other areas of philosophy. Includes questions
about artistic truth. in literature and in film; the
nature of the photcgraphic image; the relation-
ship between verbail and nonverbal expressive-
ness. Readings in philosophy and literature,
and viewing of several films.
1. Singer

24.210 Problems in the Philosophy of Love

Prereq.: One Philosophy subject
U (2)
3-0-9 HASS

Philosophical issues in the study of human
bonding: e.g., types of valuation, the develop-
ment of ego ideals, and the relationships be-
tween love, desire, emotion, and reason.
Readings in recent philosophy.
1. Singer

24.211 Theory of Knowledge
Prereq.: One Philosophy subject
U (2)
3-0-9 HASS

Study of problems concerning our concept of
knowledge, our knowledge of the past, our
knowledge of the thoughts and feelings of our-
selves and others, and our knowledge of the
existence and properties of physical objects in
our immediate environment.
J. Thomson

24.221 Metaphysics
Prereq.: One Philosophy subject
U (2)
3-0-9 HASS

Study of basic metaphysical issues concerning
existence, the mind-body problem, personal
identity, causation and its implications for
freedom. Classical as well as contemporary
readings.
R. Catwright

24.231 Ethics

Prereq.: One Philosophy subject
U (1)
3-0-9 HASS

Systematic study of central theories in ethics,
including egoism, act and rule utilitarianism, in-
tuitionism, emotivism, rights theories, and con-
tractualism. Discussion and readings also
focus on problems associated with moral con-
flicts, justice, the relationship between right-
ness and goodness, objective vs subjective
moral judgments, moral truth and relativism.
J. Thomson

24.233J Political Philosophy

(Same subject as 17.105J)
Prereq.: One Philosophy subject
Acad Year 1990-91: Not offered
Aced Year 1991-92: U (1)
3-0-9 HASS

See description under subject 17. 105J.
U. Mehta

24.235J Philosophy of Law

(Same subject as 17.109J)
Prereq.: One Philosophy subject
Acad Year 1990-91: Not offered
Acad Year 1991-92: U (1)
3-0-9 HASS

Examination of fundamental issues in
philosophy of law, such as the nature and
limits of law and a legal system, and the rela-
tion of law to morality, with particular emphasis
on the philosophical Issues and problems as-
sociated with privacy, liberty, justice, punish-
ment, and responsibility. Historical and
contemporary readings, including court cases.
Permission of instructor required for students
without the above prerequisite.
0. Brnk
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2240 Ungulatios and Philosophy

24.239 The Meaning of Ufe
Prereq.: One Philosophy subject
U (2)
3-0-9 HASS

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 nhilosophy. Enroll-
ment limited.
L. Singer

24.241 Logic I

Prereq.: -
U (1)
3-0-9 HASS

Introduction to the aims and techniques of for-
mal logic. The logic of truth functions and quan-
tifiers. The concepts of validity and truth and
their relation to formal deduction. Applications
of logic and the place of logic in philosophy.
G. S. Boolos

24.242 Logic I1

Prereq.: 24.241
U (2)
3-0-9 HASS

The central results of modern logic: the com-
pleteness of predicate logic, recursive func-
tions, the incompleteness of arithmetic, the
unprovability of consistency, the indefinability
of truth, Skolem-Lowenheim theorems, non-
standard models. Permission of instructor re-
quired for students without the above
prerequisite.
G. S. Boolos

24.24 Modal Logic

Prereq.: 24.241
G0(1)
3-0-9

Sentential and quantified modal logic, with em-
phasis on the model theory ("possible worlds
semantics"). Soundness, completeness, and
characterization results for alternative sys-
tems. Tense and dynamic logics, epistemic
logics, as well as logics of necessity and pos-
sibility. Applications in philosophy, theoretical
computer science, and linguistics.
R. Stanaker

24.252J Reasoning
(Revised Content)

(Same subject as 9.66J)
Prereq.: 9.62J
U (2)
3-0-9

May not count toward HASS Requirement.
See description under subject 9.66J.
D. N. Oshrson

24.260 Topics In Philosophy

Prereq.: Two subjects in Philosophy
U (2)
3-0-9 HASS

Close examination of a single book, or group
of related essays, of major significance in
recent philosophy. Subject matter varies from
year to year, Intended primarily for majors and
minors in philosophy.
P Horwich

24.292 Special Topics in Philosophy

Prereq.: Any two subjects in Philosophy
U (1)
Units arranged

Open to qualified students who wish to pursue
special studies or projects. Students electing
this subject must consult the Department Head.

24.293 Special Topics In Philosophy

Prereq.: Any two subjects in Philosophy
U (2)
Units arranged

Open to qualified students who wish to pursue
special studies or projects. Students electing
this subject must consult the Department Head.

24.400 Proseminar in Philosophy I(A)
Prereq.: Permission of Instructor
G (1)
6-0-18

24.401 Proseminar In Philosophy 11(A)
Prereq.: Permission of Instructor
G (2)
6-0-18

Advanced study of the basic problems of
philosophy. Intended for first-year graduate stu-
dents in philosophy.
24,400: P Horwich
24.401: R. Stalnaker

24.408 Kant
(New)

Prereq.: -
Acad Year 1990-91: Not offered
Acad Year 1991-92: G (2)
3-0-9

Meets with undergraduate subject 24.208. See
description under 24.208.
M. Hardimon

24.410-24419 Topics in the History of
Philosophy (A)

Prereq.: Permission of Instructor
G (1, 2)
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.
24.4 10, Term 2: Passion and the Will of the
17th Century (P Hoffman)
24.411, Term 1: Aquinas (R. Cartwright)

24.501 Problems in Metaphysics (A)
Prereq.: Permission of Instructor
Acad Year 1990-91:- Not offered
Acad Year 1991-92: G(2)
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. Thomson

24.511 Problems in the Theory of
Knowledge (A)
(Revised Content)

Prereq.: Permission of Instructor
G (1)
3-0-9

Topics may vary from year to year but will be
concerned with issues surrounding the nature
of perceptual information, the difference be-
tween knowledge and belief, the grounds of
rationality, skepticism and its refutation, innate-
ness, certainty, the limits of possible
knowledge, etc.
S. Bromberger

24.518J Probleme of Mental
Representation (A)

(Same subject as 9.671J)
Prereq.: Permission of Instructor
G0(2)
3-0-9

Topics: the case for mental representation;
doubts about the intelligibility of mental repre-
sentation; the relationship between internal lan-
guage and external language; does meaning
come from mental representations or beliefs;
the syntactic theory of the mind; conceptual
role semantics and procedural semantics; nar-
row content; the two-factor theory of the mean-
ing of mental representations.
N. Block

24.601 Topics in Moral Philosophy (A)
Prereq.: Permission of Instructor
Acad Year 1990-91: Not offered
Acad Year 199 1-92: 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.
D. Brink

24.603 Twentleth-Century Ethics (A)
Prereq.: Permission of Instructor

G0(1)
3-0-9

Examination of major themes of rightness, in-
cluding utilitarianism, intuitionism, emotivism
and contractualism, and contrasting theories of
the good, focusing on problems such as the
open question argument and the naturalistic
fallacy. Readings from such authors as Moore,
Hare, Brandt, Ross, Rawls.
J. Thomson

24.611J Politloal Philosophy (A)

(Same subject as 17.106J)
Prereq.: Permission of Instructor
Acad Year 1990-91: Not offered
Aced Year 1991-92:G (1)
3-0-9 __________

See description under subject 17.106J.
U. Mehta

24.625J Philosophies of Social Science (A)

(Same subject as 17.104J)
Prereq.: Permission of Instructor
G0(2)
3-0-9

See description under subject 17.104J.
J. Cohen

24.701 Topics In Logic (A)
(Revised Unit)

Prereq.: 24.241 or the equivalent
Acad Year 1990-91: G(1)
Acad Year 1991 -92: Not offered
Units arranged

Soundness, completeness, and compactness
of first-order logic; Skolem-Ldwenheim
theorems; Craig interpolation lemma; Beth
definability theorem; decidability of monadic
loaic with identity; Turing machines; recursive
functions and their definitions; Godel incom-
pleteness and extensions; undecidability of
dyadic logic; Tarski's theorem; nonstandard
models of arithmetic.
G. Boolos

24.703 Sot Theory (A)
Prereq.: 24.243 or equivalent
Acad Year 1990-91: Not offered
Acad Year 1991-92: G(2)
3-0-9

Basic consistency and Independence results
concerning the axiom of choice and the
generalized continuum hypothesis; large car-
dinals; the axiom of determinacy.
G. Boolos

24.711 TopIos in Philosophical Logic (A)

Prereq.: Permission of Instructor
Acad Year 1990-91: Not offered
Acad Year 1991-92:G (1)
3-0-9

Problems of ontology, epistemology, and
philosophy of language that bear directly on
questions about the nature of logic and the
analysis of concepts of logical theory, such as
logical truth, logical consequence, proof. Con-
tent varies from year to year, and subject may
be taken repeatedly upon permission of in-
structor and advisor.
R. Stalnaker

24.727 Logic and Language (A)

Prereq.: Permission of Instructor
G (2)
3-0-9

Philosophical issues in logic and the analysis
of language; the role of logical and linguistic
analysis in philosophy, us exemplified in con-
temporary and near-contemporary work rough-
ly from Camap (1937) onward. Topics and
readings given special emphasis may vary
from year to year.
J. Higginbotham

24.729 Topics in Philosophy of
Language (A)

Prereq.: Permission of Instructor
Acad Year 1990-91: Not offered
Acad Year 1991-92:G (1)
3-0-9

Major issues in the philosophy of language.
Topics change each year and subject may be
taken repeatedly with permission of instructor.
S. Bromberger

24.810 Topics in Philosophy of Science (A)
Prereq.: Permission of Instructor
Acad Year 1990-91: Not offered
Acad Year 1991-92:G (1)
3-0-9

Topics in the foundations of science: the na-
ture of concepts and theories, the distinction
between empirical and theoretical knowledge
claims, realist and instrumentalist interpreta-
tion of such claims, and the analysis of scien-
tific explanation. The central topic varies from
year to year; subject may be taken repeatedly
with the permission of instructor and advisor.
S. Bromberger

24.811J Topics In Cognition

(Same subject as 9.621J)
Prereq.: Permission of Instructors
Acad Year 1990-91: Not offered
Acad Year 1991-92:G (1)
3-0-9

Major issues in contemporary cognitive
science. Topics include similarity judgments
and natural kinds; inductive and deductive
competence and performance; formal founda-
tions of syntax and semantics; theories of
preference and choice,
J. Higginbotham, D. Osherson

24.813J Rationality (A)
(New)
(Same subject as 9.662J, 14.146J, 17.114J)
Prereq.: Permission of Instructor
G0(1)
3-0-9

An interdisciplinary inquiry into topics concern-
ing rationality as applied to the evaluation of
both belief and action. Probability, and alterna-
ives to it, as models of belief and as norma-
ive theories of scientific investigation;
conditionals, conditionalization, and change of
belief; the foundations of utility theory; causal
decision theory; foundations and applications
of game theory; group rationality.
J. Cohen, D. Fudenberg, J. Higginbotham, P.
Horwich, D. Osherson, R. Stalnaker

24.853 Philosophy of Scientific
Development (A)

Prereq.: Permission of Instructor
G (2)
3-0-9

Study of problems presented by the concep-
tual changes that accompanyascientific ad-
vance. To what extent, for example, do such
changes preserve the meaning (or the refer-
ence) of scientific terms? Can the cognitive
content of a discarded theory be represented
in a language adapted to use with its succes-
sor? If not, what sort of communication is pos-
sible between the proponents of competing
theories, and what sense can be made of the
notion of scientific progress?
T S. Kuhn

24.891 Special Graduate Topics in
Philosophy (A)

Prereq.: -
G (1)
Units arranged

24.892 Special Graduate Topics In
Philosophy (A)

Prereq.: -
G0(2)
Units arranged

Open to qualified graduate students in
philosophy who wish to pursue special studies
or projects. Consult Department Headquarters.

L
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24.900J The Study of Language

(Same subject as 21.321J)
Prereq.: -
U (1)
3-0-9 HUM-D

What is language? What does knowledge of a
language consist of? How do children leam
languages? Is language unique to humans?
Why are there many languages? How do lan-
guages change? Is any language or dialect su-
perior to another? How are speech and writing
related? Context for these and similar ques-
tions provided by basic examination of internal
organization of sentences, words, and sound
systems. Assumes no prior training in linguis-
tics.
S. Bromberger, J. W Harris

24.901J Language and its Structure

(Same subject as 21.322J)
Prereq.: 24.900J
U (2)
3-0-9 HASS

Detailed 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 phonological systems,
phonological change; examples from English

nd other languages. Syntax: deep and sur-
face structures, properties of syntactic rules,
syntax, and semantics; a survey of the major
syntactic processes of English.
J. W Harris

24.921 Special Graduate Topics in
Unguistics (A)

Prereq.: -
G (1)
Units arranged

Open to qualified graduate students in linguis-
tics who wish to pursue special studies or
projects. Consult Department Headquarters.

24.922 Special Graduate Topics in
Unguistics (A)

Prereq.: -
G (2)
Units arranged

Open to qualified graduate students in linguis-
tics who wish to pursue special studies or
projects. Consult Department Headquarters.

24.942 Topics In the Grammar of a Lass
Familiar Language (A)

Prereq.: 24.951
G (2)
3-0-6

Detailed examination of the grammar of a lan-
guage whose structure is significantly different
from English, with special emphasis on
problems of interest in the study of linguistic
universals. A native speaker of the language
assists when possible.
K L Hale

24.948J Linguistio Theory and Second
Language Acquistion

(Same subject as 21.320J)
Prereq.: Permission of Instructor
S(2)
3-0-6

Reading and discussion of current linguistic
theory, first language acquisition research, and
data concerning adult second language ac-
quisition. Focus on development of a theory of
second language acquisition within a theory of
Universal Grammar. Emphasis on syntactic,
lexical, and phonological development. Ex-
amination of ways in which this body of data
confronts theories of language.
S. Flynn, W O'Neil

24.949J Language Acquisition I (A)

(same subject as 9.601J)
F rereq.: Permisson of Instructor
G (1)
3-0-6

See description under subject 9.601J.
S. Pinker, K. Wexler

24.950J Language Acquisition 11(A)

(Same subject as 9.602J)
Prereq.: Permission of Instructor
G (2)
3-0-6

See description under subject 9.602J.
S. Pinker, K Wexler

24.951 Introduction to Linguistics I:
Syntax (A)

Prereq.: 24.901J
G (1)
3-0-9

Introduction to theories of syntax underlying
work currently being done within the lexical-
functional and government-binding
frameworks. Organized into three interrelated
parts, each focused upon a particular area of
concern: 1) phrase structure, 2) the lexicon,
and 3) principles and parameters. Grammati-
cal rules and processes constitute a focus of
attention throughout the course, serving to
reveal both modular structure of grammar and
interaction of grammatical components.
K L. Hale, D. Pesetsky

24.952 Introduction to Unguistle IlIl:
Theory of Grammar (A)

Prereq.: 24.961
G (2)
3-0-9

Problems in constructing an explanatory
theory of grammatical representation. Topics
drawn from current work on anaphora,
casemarking, control, argument structure, Wh-
and related constructions. Study of language-
particular parameters in the formulation of lin-
guistic universals,
D. Pesetsky

24.956 Introduction to Unguistics IV:
Universal Grammar (A)

Prereq.: 24.951
G (2)
3-0-9

The nature of linguistic universals that make it
possible for languages to differ and place limits
on these differences. Study of selected prob-
lem areas, showing how data from particular
languages contribute to the development of a
strong theory of universal grammar and how
such a theory dictates solutions to traditional
problems in the syntax of particular languages.
D. Pesetsky

24.957 introduction to Ungulstlo Theory at
an Advanced Level (A)

Prereq.: Permission of Instructor
G (2)
3-0-9

Discussion of conceptual and methodological
issues: goals of linguistic theory and its place
in the study of thought and behavior; descrip-
tive and explanatory theories; the nature, use,
and acquisition of knowledge of language com-
pared with other cognitive systems; relations of
form, meaning, and language use. Examina-
tion of theories of transformational generative
grammar as they have evolved and are now
being pursued: theory of base, transforma-
tions, semantic interpretation of formal struc-
tures, logical form, and conditions on the form
and functioning of rules.
N. A. Chomsky

24.958 Unguistic Structure (A)

Prereq.: 24.952 or 24.957
S(1)
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 (2)
3-0-9

An intensive group tutorial/seminar for discus-
sion of research being conducted by par-
ticipants. No auditors allowed.
. Heim, D. Pesetsky

I

24.961 Introduction to Linguistics If:
Phonology

Prereq.: -
G (1)
4-0-5

Aims and principles of a cientific description
of the phonic aspect of language. The
mechanism and acoustics of speech. Distinc-
tive features as the descriptive framework. The
phoneme. The phonemic system of a lan-
guage. The interrelations between phonology
and other linguistic levels. Some problems of
historical phonology. Practical exercises. This
subject is a core offering in Cognitive Science.
M. Halle

24.962 Advanced Phonology (A)

Prereq.: 24.961
0(2)

3-0-9

Continuation of 24.961. Special emphasis on
problem solving.
M. Halle

24.964 Theory of Phonology (A)

Prereq.: 24.961
G (2)
3-0-9

Review in depth of a major topic in modern
phonology.
M. Halle

24.965 Morphology (A)

Prereq.: Permission of Instructor
G (1)
3-0-9

Structure of the lexicon and its function in
grammar. Properties of word-formation rules.
Problems of selection, productivity, com-
positionality. Systems of inflectional
categories: case, tnnse. Phonological aspects
of word structure: alomorphy, cyclic phonol-
ogy, constituent structure, boundaries.
Detailed analysis of languages with complex
morphology.
M. Halle, K. L. Hal

24.966J Laboratory on the Physiology,
Acoustics, and Perception of Speech (A)

(Same subject as 6.542J, HST 712J)
Prereq.: Permission of Instructor
Acad Year 1990-91: Not offered
Acad Year 1991-92:G (2)
2-2-8

See description under subject 6.542J.
K N. Stevens

24.968J Speech Communication (A)

(Same subject as 6.541J, HST 710J)
Prereq.: Permission of Instructor
Acad Year 1990-91:G (2)
Acad Year 1991-92: Not offered
3-0-9

See description under subject 6.541J.
S. J. Keyser, K N. Stevens

24.969 Workshop In Phonology and
Morphology (A)
Prereq.: Permission of Instructor
G (1)
3-0-9

An intensive group tutorial/seminar for discus-
sion of research being conducted by par-
ticipants. No auditors are allowed.
M. Halle

24.970 Introduction to Semantics

Prereq.: Permission of Instructor
G (2)
3-0-9

Basic issues of form and meaning in formal-
ized and natural languages. Conceptual, logi-
cal, and linguistic questions about truth,
reference, and modal and intensional notions.
The role of grammar in language use; context-
dependency. Ambiguities of structure and of
meaning; dimensions of semantic variation in
syntax and the lexicon.
1. Heim

24.972 Formal Foundations of Unguistic
Theory (A)

Prereq.: Permission of Instructor
G (1)
3-0-9

Introduction to logic and the theory of computa-
tion and definability, with special emphasis on
topics most pertinent to linguistic research.
J. Higginbotham, /. Haim

24.973 Topics in Logic and Semantics (A)

Prereq.: Permission of instructor
G (1)
3-0-9

Current work on semantics and questions of
logic and meaning for syntactic systems in
generative grammar. Consult J. Higginbotham.

24.979 Semantic Theory (A)

Prereq.: Permission of Instructor
G (2)
3-0-9

Seminar on current research in semantics and
generative grammar. Topics may vary from
year to year.
J. Higginbotham, N. A. Chomsky, L. Heim

24.982 Unguistic Change (A)

Prereq.: 24.951, 24.961
Acad Year 1990-91: Not offered
Acad Year 1991-92:G (2)
3-0-9

Review in depth of a major topic in historical
linguistic theory
W O'Neil

24.992 Survey of General Unguistics
Prereq.: Pemilssion of Instructor
G (1)
3-0-9

Reading and discussion of certain important
papers in syntax, semantics, and phonology
designed to familiarize the student with central
ideas in current linguistic research. Selection
of papers and organization of discussion is
primarily in the hands of seminar participants.
W O'Neil

24.993 Tutorial In Linguistics and Related
Fields (A)
Prereq.: Permission of Instructor
G (1, 2)
Units arranged

Individual or small-group tutorial in which stu-
dents, under the guidance of a faculty mem-
ber, explore the interrelations with linguistics of
some specified area. Consult Department
Headquarters.
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HST Health Sciences
and Technology

Students wishing to take HST 011-091 must HST 031 Human Pathology (A) HST 071 Human Reproductive Biology (A)file an application In Room E25A1. Prereq.: 7.01, 8.01, 8.02 Prereq.: 7.01, 7.05, Permission of InstructorG (1) G0(2)HST subjects numbered 011 through 310 4-4-8 2-4-3
are scheduled according to the Harvard
Medical School academic calendar, which Introduction to the structure and function of Lectures, laboratory sessions, and clinicalis different from that of MIT. Students normal cells and tissues; pathologic principles case discussions designed to'provide the stu-whos graduation depends upon complot- of cellular adaptation and injury, inflammation, dent with a clear understanding of the physiol-ing one or more of these subjects should circulatory disorders, immunologic injury, infec- ogy, endocrinology, and pathology of humantake particular care regarding schedule. tion, nutritional disorders, genetic disorders, reproduction. Emphasis is on quantitative

neoplasia, and radiation injury in humans. Lec- analytic techniques and the role of technology
HST 011 Human Functional Anatomy (A) tures, conferences, laboratories with examina- in reproductive science. The course also in-tion of microscopic and gross specimens, and volves the student in the wider aspects ofPrereq.: Permission of Instructor autopsy case studies emphasizing modem reproduction, such as prenatal diagnosis, in2 (1) pathology practice. Enrollment limited. Permis- vitro fertilization, abortion, menopause, and2-9-10 sion of instructor required. (HST/MD and contraception. (HST/MD and MEMP students

MEMP students may register under HST 030, may register under HST 070, graded P/F.)Lectures, detailed laboratory dissections and graded P/F.) H . Klapholz, Associatesprosections provide a thorough exploration of F J. Schoen
the gross structure and function of the human
body. Fundamental principles of bioengineer- HST 081 Hematology (A)
ing are employed to promote analytical ap. HST 041 Mechanisms of Microbial Prereq.: 7.05
proaches to understanding the body's design. Pathogenesis (A) G (1)
The embryology of major organ systems is Prereq.: 7.01. 7.05 3 6 4
presented, together with certain references to q (1)
phylogenetic development, as a basis for com- 3-6-5 An intensive survey of the biology, physiology,
prehending anatomical complexity. Correlation and pathophysiology of blood and the blood-
clinics stress both normal and abnormal func- Deals with the mechanisms of pathogenesis of forming organs with systematic consideration
tions of the body: guest lecturers focus on cur- bacteria, viruses, and other microorganisms. of hematopoiesis, the "formed elements,*rent problems in organ system research. Approach spans mechanisms from molecular blood coagulation, blood groups and im-(HST/MD and MEMP students may register to clinical aspects of disease. Topics selected munoglobulins, and other plasma proteins. Em-under HST 0 10, graded P/F.) for intrinsic interest and cover the demon- phssgvneulytdiaicicsioadF A. Jnkns, Jr., L. Gehrke, W C. Hayes, strated spectrum of pathophysiologic halsis given equalprto ddactic discussion and
S. W Kennedy, Associates mechanisms. Enrollment limited. Permission of the term. Enrollment limited. Permission of in-instructor required. (HST/MD and MEMP stu- structor required. (HST/MD and MEMP stu-
HST 021 Bone and Connective Tissue (A) dents may register under HST 040, graded dents may register under HST 080, graded

p P/F.)P/F.)
Prer.: Permission of Instructor P Schaffer, J. Mekalanos, H. Simon W S. Beck, W H. Churchill, R. 0. Rosenberg
30-3HST 061 Endocrinology (A) HST 091 Cardiovascular
Growth and development of normal bone and Prereq.: 7.01, 7.05 Pathophyslology (A)
joints, the process of mineralization, the G (2) Prereq.: 7.01:08.02,18.03
biophysics of bone and response to stress and 6-0-6 P(2)
fracture, calcium and phosphate homeostasis 363-9
and regulation by parathyroid hormone and Physiology and pathophysiology of the human
vitamin D, and the pathogenesis of metabolic endocrine system. Four hours of lecture and Normal and pathologic physiology of the heart
bone diseases and disease of connective tis- section each week concern individual parts of and vascular system. Emphasis includes
sue and joints, with consideration of possible the endocrine system. Topics also include hemodynamics, electrophysiology, gross and
mechanisms and underlying metabolic de- assay techniques, physiological Integration, microscopic pathology, and clinical correlates
rangements. Enrollment limited. (HST/MD and etc. At frequent clinic sessions, patients are of cardiovascular function in healthy and in a
MEMP students may register under HST 020, presented who demonstrate clinical problems variety of disease states. Special attention
graded P/F.) considered in the didactic lectures. Enrollment given to congenital, rheumatic, hypertensive,D. R. Robinson, W C. Hayes, J. T Potts, Jr., limited, permission of instructor required, arteriosclerotic, and coronary heart diseaseA. L. Schiller C. B. Sledge (HST/MD and MEMP students may register and cardiomyopathy. Enrollment limited. Per-under HST 060, graded P/F.) mission of instructor required. (HST/MD andR. Arky, W Kettyle MEMP students may register under HST 090,

graded P/F.)
W H. Abelmann, J. T Fallon, W Gamble,
R. G. Mar, P Saul

HST 101Respiratory Pathophysiology (A)_
Prereq.: 7.01, 7.05, 8.01
G (2)
1-2-5

Lectures, seminars, and laboratories cover the
development of the lung; its histology and cel-
lular function; and physics of gases, physiol-
ogy, and gas exchange as It relates to health
and disease. Problems of gas transport and
acid-base balance are reviewed; pathophysiol-
ogy of common respiratory disorders
presented. Sessions with patients with lung dis-
ease. For M.D. candidates and other students
with background in science. Enrollment limited.
Permission of instructor required. (HSTIMD
and MEMP students may register under HST
100, rdcld P/F.)
D. C. Snannon, E. Mark, C. A Hales,
J. C. Weaver, F Vilars

HST 111 Renal Pathophysiology (A)
Prereq.: 7.01, 7.05
G (2)
2-1-5

Course will consider the normal physiology of
the kidney and the pathophysiology of renal
disease. Renal regulation of sodium, potas-
sium, acid, and water balance will be em-
phasized as will the mechanism and
consequences of renal failure. Included also
are the pathophysiology of clinical renal disor-
ders such as acute and chronic
glomerulonephritis, pyelonephritis, and vas-
cular disease. Enrollment limited. Permission
of instructor required. (HST/MD and MEMP stu-
dents may register under HST 110, graded
P/F.)
C. Coggins, H. Rennke, J. V. Bonventre,
M. Gray

HST 121 Gastroenterology (A)
Prereq.: 7.01, 7.05, 8.01
G0(1)
3.6-4

Presents the anatomy, physiology,
biochemistry, biophysics, and bioengineering
of the gastrointestinal tract and associated
pancreatic, liver, and biliary systems. Em-
phasis on the molecular and pathophysiologi-
cal basis of disease where known. Covers
gross and microscopic pathology and clinical
aspects. Formal lectures given by core faculty,
with some guest lectures by local experts.
Selected seminars conducted by students with
supervision of faculty. Enrollment limited. Per-
mission of instructor required. (HST/MD and
MEMP students may register under HST 120,
graded P/F.)
M. C. Carey 0. Antonio/i, R. H. Schapiro,
J. R. Wands, J. L Madara

HST 131 Introduction to Neurosclence (A)
(Revised Content)
Prereq.: 7.01, 7.05, Permission of instructor
G (1)
6-3-6

Mechanism of resting and action potentials in
nerve cells, propagation of the nerve Impulse,
synaptic transmission and role of various trans-
mitters in health and disease; visual and
auditory systems in depth, both for their direct
importance, and for the general principles of
higher neural functions they illustrate; and
gross and microscopic human neuroanatomy.
Some neurogenetic and developmental topics
and important neuropathological processes
presented. (HST/MD and MEMP students may
register under HST 130, graded P/F.)
P. Dews

HST 133 Pathophysiology of the Nervous
System (A)
Prereq.: HST 131
G (2)
4-0-8

Discussion of physiological and biochenical
mechanisms of peripheral and central nervous
systems' diseases. Lectures emphasize ad-
vances in the basic sciences as they apply to
the muscular dystrophies, myasthenia gravis,
peripheral neuropathies, pain and nociception,
suprasegmental control of movement, multiple
sclerosis, Alzheimer's and Huntington's dis-
eases, epilepsy, sleep and biological rhythms,
strokes, and disorders of emotion and lan-
guage. Enrollment limited. Permission of in-
structor required. (HST/MD and MEMP
students may register under HST 132, graded
P/F.)
M. A. Moskowitz

HST 141 Molecular Basis of Some Clinical
Disorders (A)
Prereq.: 7.05
G (1)
4-0-6

Conducted as a seminar to study a variety of
human diseases and the underlying molecular
and biologic basis for the pathogenesis and
pathophysiology of the disorders. Lectures by
faculty and seminars conducted by students,
with tutorials and supervision by faculty. When-
ever possible, appropriate patients presented
and discussed. Appropriate for students who
have had a course in biochemistry and/or
molecular biology. (HST/MD and MEMP stu-
dents may register under HST 140, graded
P/F.)
P. M. Gallop, 1. M. London, Associates

L
I

280

HOT 151 Principles of Pharmacology (A)
Prereq.: 7.01, 7.05, 801
G (2)
3-0-9

An introduction to pharmacology. Topics to be
covered include mechanisms of drug action,
dose-response relations, pharmacokinetics,
drug delivery systems, drug metabolism,
toxicity of pharmacological agents, drug inter-
actions, and substance abuse. Selected
agents and classes of agents will be examined
in detail. (HST/MD and MEMP students may
register under HST 150, graded P/F.)
R. J. Cohen, E. Edelman, R. Lees, C. Rosow,
. Strichartz

HST 178 Cellular and Molecular
Immunology (A)
Prereq.: 7.05
G (1)
4-0-8

Course covers cellular interactions In immune
responses, general principles governing the ex-
pression of lymphocyte receptor genes, effec-
tor functions of lymphokines and monoines
and pathogenesis of immunologically
mediated diseases. Course consists of lec-
tures and conferences in which relevant clini-
cal issues are discussed, and journal clubs in
which recent experimental work is presented
and analyzed by students. Sections of the
course are integrated with HST 031, Human
Pathology. Enrollment is limited to 40 students.
(HST/MD and MEMP students may register
under HST 175, graded P/F.)
A. K. Abbas, A. H. Lichtman, J. S. Pober,
Associates

HST 181 Genetics and Molecular
Medicine (A)
(Revised Content)
Prereq.: 7.01, 7.05
O (AP)
4-0-8

Introduction to central issues in medical
genetics. Significance of karyotypic analysis in
clinical genetics and oncology. In-depth con-
sideration of well-defined, genetically based ill-
nesses Including cystic fibrosis, muscular
dystrophies, and Huntington's disease. Clinical
issues posed by predisposition to common
forms of illness such as diabetes,
atherosclerosis, and specific forms of cancer
addressed from a molecular genetic perspec-
tive. Includes patient presentations, considera-
tion of genetic counseling issues, and the likely
clinical impact of new genetic diagnostic tech-
niques. (HST/MD and MEMP students may
register for HST 180, graded P/F.)
0. E. Housman, 0. Page, L. Holmes
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HST 191 Statistical Planning and Analysis
of Biomedical Investigations (A)
Prereq.: 18.02
G (IAP)
3-0-3

introduces statistical logic and technique as a
basis for clinical decisions and scientific in-
ference. Students leam to perform elementary
statistical calculations and acquire the con-
cepts and vocabulary to read biomedical litera-
ture critically and communicate productively
with statistical professionals. Includes prob-
ability theory, normal sampling, chi-square and
t-tests, analysis of variance, linear regression,
and survival analysis. Case studies include ap-
plications to diagnostic screening, clinical drug
trials, and physiological experiments. Em-
phasis on experimental studies rather than
epidemiology. (HST/MD and MEMP students
may register under HST 190, graded P/F.)
M. Lefkopoulou

HST 196 Teaching Health Sciences and
Technology

Prereq.: -
G(1, 2, S)
Units arranged [P/F]

For teaching assistants in HST where the
teaching assignment is approved for academic
credit by the Department. May be repeated for
credit.
R. G. Mark

HST 198 Special Topics in Health Sciences
and Technology (A)
(New)

Prereq.: -
G (1, 2, S)
Units arranged

Opportunity for study of graduate-level topics
related to HST but not included elsewhere in
the catalogue. Registration under this subject
normally used for situations involving individual
study under supervision of a faculty member,
but may, when appropriate, be used for small
study groups. Normal registration is for 12
units. Registration is subject to the approval of
the professor in charge. May be repeated for
credit.
R.G Mark

HST 199 Research In Health Sciences and
Technology

Prereq.: Permission of Instructor
G (1,2,S)
Units arranged JP/F]
For research assistants in HST where the as-
signed research is approved for academic
credit by the Department. Hours are arranged
with research supervisor. May be repeated for
credit.

IR. G.Mark

HST 200 Introduction to Clinical
Medicine (A)

Prereq. Permission of Instructor
G (2)
9-25-12 [P/F]

February through May, Monday, Wednesday,
Friday. Students learn the basic skills involved
in examination of the patient and are intro-
duced to history taking and patient interview.
Students exposed to clinical problems in
medicine, surgery, and pediatrics in groups of
two or three students under one faculty mem-
ber. Findings reported through history taking
and oral presentation of the cases to the class.
An intensive subject serving as prerequisite to
clinical clerkships. Enrollment limited to stu-
dents in M.D. Program.
W H. Churchill, D. Brooks, J. Muller,
Associates

HST 201 Introduction to Clinical Medicine
and Medical Engineering I (A)

Prereq.: HST 011, HST 031, HST 091.
HST 101,HST 111, HST 131, 7.05
G (AP)
0-20-0

Required for doctoral students in MEMP pro-
gram. Students 1) develop skill in patient inter-
viewing and physical examination; 2) become
proficient at organizing and communicating
clinical information in both written and oral
forms; 3) begin integrating history, physical,
and laboratory data with pathophy siologic prin-
ciples; and 4) become familiar with the clinical
decision-making process and broad economic,
ethical, and sociological issues involved in
patient care. Permission of instructor required.
R. G. Mark, C. J. Hatem, D. S. Shapiro;
C. Tereszkiewicz

HST 202 Introduction to Clinical Medicine
and Medical Engineering 11(A)

Prereq. HST 201
G (S)
0-20-0

Strengthens the skills developed in HST 201
through a six-week clerkship in medicine at
Mount Auburn Hospital. Students serve as full-
time members of a ward team and participate
in longitudinal patient care. In addition, stu-
dents participate in regularly scheduled teach-
ing conferences focused on principles of
patient management.
D. S. Shapiro, C. J. Hatem, R. G. Mark,
Associates

HST 203 Clinical Experience in Medical
Engineering and Medical Physics (A)
(Revised Unit)

Prereq.: HST 201, HST 202
G (1, 2,S)
0-12-0 [P/F]

An individually arranged full-time one-month
directed study in a clinical environment where
active medical engineering/medical physics in-
vestigation is in progress. Students are active-
ly engaged in patient care, particularly those
aspects that interface closely with technology.
Students also focus on in-depth exploration of
the technical and research area. Term paper
required.
R. G. Mark

HST 220 Introduction to the Care of
Patients (A)
(Revised Content)

Prereq.: -
G (1)
2-0-2 JP/F]
An elective subject for HST/MD candidates
only. It is the goal of the subject to provide
early access and insight into medical practice.
The physician's office and the hospital are the
setting for observing patients with physicians.
Opportunities for one-on-one student-patient
interviews. Discussions focus on patients, reac-
tion to illness, disease, and health care
delivery Limited enrollment.
J. M. Moses, A. N. Weinberg, MIT Medical
Department Staff

HST 230 Real Medicine (A)
(New)

Prereq.: Permission of Instructor
G (1, IAP, 2, S)
1-3-2 [P/F)

An elective subject for HST/MD candidates
only. Students form a group medical practice
and participate in the longitudinal management
of medically fragile outpatients living at home
or in nursing homes. Under the supervision of
physician-preceptors, students regularly visit
patients at home and in the hospital, and deal
with relevant medical, ethical, financial, and or-
ganizational issues. Students begin the subject
in the fall of the second year of the MD cur-
riculum and are expected to continue the sub-
ject for a minimum of three years.
R. Mark, D. August, G. Zagarella,
J. Jainchill, J. Kang, E. Kass, H. Dreyer

I MI
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HST 300 Clinical Management and
Physiology of Surgical Intensive Care
Patients (A)
Prereq.: Clerkship in Medicine and Permission
of Instructor
G (1, 2,S)
0-15-0 [P/F]

One-month course designed to teach quantita-
tive applications of basic physiologic and phar-
macologic concepts to synthesize diagnoses
and treatments for critically ill patients. Em-
phasis also on principles, applications, and
limitations of equipment used to monitor and
treat patients in intensive care units. Students
participate in individual and group discussions,
and are assigned clinically relevant basic
science readings and given supervised respon-
sibilities for one or more ICU patients. Stu-
dents are expected to give brief oral reports
weekly and a more comprehensive presenta-
tion integrating physiologic concepts with clini-
cal problems at the end of the month.
R. S. Teplick, D. J. Cullen, R. S. Wilson

HST 310 Advanced Cardiology (A)

Prereq.: Clerkship in Medicine at HMS and
Permission of Instructor
G (1, 2, S)
0-30-0

Course combines clinical experience and
evaluation of patients with a broad range of
cardiac problems on a busy consultation ser-
vice, with opportunities to follow patients in the
noninvasive and invasive cardiac laboratories.
Duing a second and, electively, third month,
students select an area of cardiovascular
medicine for either clinical or investigative in-
depth study. Students also present a seminar
on their topic.
W H. Abelmann, D. S. Baim, W Grossman,
J. P. Morgan, J. A. Parker, R. C. Pasternak

HST 521J Biomedical Transport
Phenomena (A)

(Same subject as 10.49J)
Prereq.: 10.301, 10.302 or equivalent
G (2)
2-0-4

See description under subject 10.49J.
C. K. Colton, W M. Deen

HST 530J Ultrasound: Physics, Biophysics,
and Technology (A)

(Same subject as 2.76J, 6.562J)
Prereq.: Permission of Instructor
Acad Year 1990-91:G(1)
Acad Year 1991-92: Not offered
4-1-7

See description under subject 2.76J.
P P Lela, F R. Morgenthaler

HST 531J Laser, Microwaves, Ultraviolet,
Magnetic Fields, and Ultrasound in
Biomedical Sciences (A)

(Same subject as 2.762J)
Prereq.: Permission of Instructor
Acad Year 1990-91: Not offered
Acad Year 1991-92:G (1)
4-1-7

See description under subject 2.762J.
P. P. Lela, Staff

HST 532J Hyperthermia: Biology,
Technology, and Cancer Therapy
(New)
(Same subject as 2.763J)
Prereq.: -
G (2)
4-1-7

Cellular and biological effects of hyperthermia;
underlying mechanisms. Synergism with radia-
tion and chemical injury. Heat generation and
heat transfer in tissues and organs; bio-heat
transfer modeling. Effects on tissue blood per
fusion and oxygen transport; techniques of
measurement. Ultrasonic and electromagnetic
techniques for noninvasive regional and local
hyperthermia. Tissue temperature measure-
ment techniques. Effects on tumor and normal
tissue in animals and man. Hyperthermia
therapy planning. Clinical results. Research
areas.
P. P. Lele, H. F Bowman, T S. Herman

HST 541J Quantitative Physiology: Cells
and Tissues

(Same subject as 2.791J, 6.02 1J)
Prereq.: 2 02 or 6.002 or 6.071; 8.02; 18.03
U (1)
5-2-5

See description under subject 6.021J.
T F Weiss

HST 542J Quantitative Physiology: Organ
Transport Systems

(Same subject as 2.792J, 6.022J)
Prereq.: 2.20, HST541J, 2.791J, 6.013
U (1)
3-2-7

See description under subject 6.022J.
R. G. Mark, C. F Dewey

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
U (2)
3-2-7

See description under subject 6.023J.
L. R. Young, R. W. Mann, L. S. Frishkopf,
C. Wall Ill/

HST 544J Fields, For*es, 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 560J Biological and Medical
Applications of Radiation and
Radioisotopes (A)

(Same subject as 22.55J)
Prereq.: 22.111 or 8.272
G (1)
4-0-8

See description under subject 22.55J.
E. W McFarland

HST 561J 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.
E. W McFarland, D. Rowell

HST 568J Radiation Biophysics (A)

(Same subject as 22.57J)
Prereq.: 22.111
G (1)
4-0-8

See description under subject 22.57J.
K. Held

HST 569 Photomedicine (A)

Prereq.: 7.01, 7.05, 8.02, or equivalent
G0(2)
3-0-9

Provides a fundamental understanding of the
interaction of ultraviolet, visible, and infrared
radiation with tissue, and the therapeutic uses
of this interaction with particular emphasis on
the applications of lasers. Basic concepts in
electromagnetic radiation, its Interaction with
molecules and the subsequent chemical,
biological, and physical responses are
presented. Lectures on clinical applications by
specialists included. The subject is a par-
ticipatory seminar utilizing research articles
and review chapters.
/. E Kochevar, R. Birngruber

IL
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HST 570J Biomedical Instrumentation
Electronic
(Same subject as 2.781J, 16.608J)
Prereq.: Permission of Instructor
G (S)
6-6-6

Introduction to modem computer-based in-
strumentation through a major bioengineering
laboratory project in which each student
develops electronic circuits, interfaces them to
a microcomputer, and combines them to form
an instrument. Classroom material focuses on
electronic circuit elements, networks, signal
and system representations, logic and digital
design, elementary programming, and
physiological background. No oackground in
electrical engineering or programming required.
S. K. Bums, D. RowelI

HST 572 Future Medical Technologies

Prereq.: Permission of Instructor
G (2)
2-0-4 [P/F]

This course will help medical and graduate stu-
dents to develop an understanding of the
limitations of current technology in medical
practice and the implications of current basic
research for future medical technology. Repre-
sentative topics include artificial organs, living
tissue equivalents, imaging, and minimally in-
vasive surgery techniques. Students will inter-
act with their peers and local research leaders
in these fields in a seminar setting, and will be
encouraged to generate their own solutions to
the problems discussed. Students may find
this course helpful in evaluating possible
theses. Open to advanced undergraduates
with permission of instructor.
J. C. Weaver, R. S. Newbower

HST 573 Biological Control Systems (A)
(New)

Prereq.: 6.003 or 2.02
G (2)
3-0-9

Application of control theory to the modeling
and analysis of biological systems. Dynamics
and system identification of compartmental
models. Feedback, feedforward, and optimal
control mechanisms in physiological control.
Oscillation, chaos, and catastrophe
phenomena in nonlinear biological systems.
Neuronal and neural network models. Em-
phasis on mathematical analysis and com-
puter simulation with examples from a wide
varaty of biological and clinical applications.
C.-S. Poon

HST 575J Bioelectronics Project Laboratory

(Same subject as 6.121J)
Prereq.: 6.002 or 6.071
U (2)
2-8-2 LAB

See description under subject 6.121 J.
S. K Burns, R. G. Mark

HST 582J Biomedical Signal and Image
Processing (A)

(Same subject as 6.555J, 16.356J)
Prereq.: 6.003 or 2.02 or 18.085
G (2)
3-6-3

Fundamentals of digital signal processing with
particular emphasis on problems in biomedical
research and clinical medicine. Basic prin-
ciples and algorithms for data acquisition, im-
aging, filtering, and feature extraction.
Laboratory projects provide practical ex-
perience in processing physiological data, with
examples from neurophysiology, cardiology,
speech processing, and medical imaging.
B. Delgutte, P Albrecht, W M. Siebert,
D. Rowell

HST 583 Advanced Topics in image
Analysis for Medical Applications (A)
(New)

Prereq.: 6.003, 6.04 1, or equivalent
G (1)
3-0-9

Introduction to advanced methods and con-
cepts for computer analyses and for presenta-
tion of the information content of medical
image sequences. The subject content will be
affected by student interests and abilities, so
prior in-depth experience in a related topic is
desirable. Planned subjects are fuzzy cluster-
ing, pattern recognition, separability and tissue
characterization, gray scale morphologic
methods, 3D analyses and rendering Ex-
posure to computer laboratory and clinical im-
aging laboratories is included.
J. D. Pearlman

HST 584J Magnetic Resonance-Analytic,
Biochemical, and Imaging Techniques (A)

(Same subject as 22.561J)
Prereq.: 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 NMR summarized along with
other related experiments. Detailed study of
NMR imaging techniques includes discussions
of basic cross-sectional image reconstruction,
image contrast, flow and real-time imaging,
and hardware design considerations. Ex-
posure to laboratory NMR spectroscopic and
imaging equipment included.
B. Rosen

HST 585J Blosensors, Signal Processing, HST 596 Tutorial in Medical Engineering
and Biomedical Applications (A) and Medical Physics Il
(Same subject as 6566J) (New)
Prereq.: Permission of Instructor
Acad Year 1990-91: Not offered
Aced Year 1991-92: 0(1)
3-3-6

Principles of biosensing, emphasizing quantita-
tive modeling of basic measurement proc-
esses and interaction of biosensors with the
analyzed biological system (e.g., human body,
clinical specimens, biotechnological fermenta-
tions). Emphasis on modem signal processing
strategies involving intensive realtime computa-
'On as an integral part of the biosensing
process. Some background in life sciences
and electronics assumed.
J. C. Weaver, S K. Bums

HST 590 Biomedical Engineering Seminar

Prereq.: -
G (1,;2)
1-0-0 [P/F]

Biweekly graduate seminars presented by
HST MEMP students. Course is designed to
provide students with a broad exposure to cur-
rent research in biomedical engineering and
medical physics. Occasional visiting speakers,
scheduled between student presentations, are
used to broaden the scope of the seminars.
May be repeated for credit.
M. Gray

HST 591 Biomedical Engineering Research
Seminar (A)

Prereq.: -
G (1, 2)
2-0-0

Development of professional speaking skills in
the communication of research progress. Stu-
dents present their research, emphasizing
clear statement of the goals, significance, and
current status of their work. Confidential, writ-
ten feedback given by each member of the
audience. Required of all students affiliated
with the HST Biomedical Engineering Center.
May be repeated for credit.
J. C. Weaver

HST 595 Tutorial In Medical Engineering
and Medical Physics I

Prereq.: -
G (1)
2-0-0 [P/F)

Hospital-based tutorial for medical engineer-
ing/medical physics doctoral students. Small
group sessions to examine state-of-the-art ap-
plications of technology to patient care; ex-
plore active research programs with major
biomedical engineering content; and discuss
the economic, social, and ethical implications
of technology in health care.
E. G. Cravalho

Prereq.: -
G(2)
0-2-0 [P/F]

Hospital-based subject for medical engineer-
ing/medical physics doctoral students.
Through tutorials, field trips, and site visits to
clinical facilities, students explore the impact of
modem technology upon medical practice in
such areas as surgery, Intensive care, radiol-
ogy, cardiology, clinical engineering, laser
medicine, and emergency medicine.
E. G. Cravalho

HST 598 Special Topics in Medical
Engineering and Medical Physics
Prereq.: -
U (1, 2,S)
Units arranged

For undergraduates desiring to carry on sub-
stantial projects of their own choosing in medi-
cal engineering or medical physics. Work may
be of experimental, theoretical, or design na-
ture. May be repeated for credit. Coordinator:
E. G. Cravalho.

HST 599 Special Topics In Medical
Engineering and Medical Physics (A)

Prereq.: Permission of Instructor
G (1, 2,S)
Units arranged

Assigned reading and special problems or re-
search on special topics, either theoretical, ex-
perimental, or clinical. Arranged on individual
basis with instructor. May be repeated for
credit.
Coordinator: E. G. Cravalho.

HST 710J Speech Communication (A)

(Same subject as 6541J, 24.968J)
Prereq.: Permission of Instructor
Acad Year 1990-91:G (2)
Acad Year 1991-92: Not offered
3-0-9

See description under subject 6.541J.
K N. Stevens

HST 712J Laboratory on the Physiology,
Acoustic., and Perception of Speech (A)

(Same subject as 6.542J, 24.966J)
Prereq.: Permission of Instructor
Aced Year 1990-91: Not offered
Aced Year 1991-92: G(2)
2-2-8

See description under subject 6.542J
K N. Stevens
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HST 714J Signal Processing by the Auditory HST UR Undergraduate Research in Health
System: Physiology (A) Sciences and Technology

i

~1

(Same subject as 6.551J)
Prereq.: 6.003, 6.023J
Aced Year 1990-91:G (2)
Aced Year 1991-92: Not offered
3-0-9

See description under subject 6.551J.
W T Peake, 7 Weiss, N. Kiang

HST 716J Signal Processing by the Auditory
System: Perception (A)

(Same subject as 6.552J)
Prereq.: 6.003; 6.041 or 6.431
Aced Year 1990-91:G (1)
Acad Year 1991-92: Not offered
3-0-9

See description under subject 6.552J.
L. D. Braida

HST 901J Health Economics
(Revised Unit)

(Same subject as 14.21J)
Prereq.: 14.01
U (1)
3-0-9 HASS

See description under subject 14.21J.
J. E. Harris

HST 902 Current Economic and Regulatory
Problems in Toxicology

Prereq.: Permission of Instructor
G (1)
3-0-9

Examination of tools available to economists
and toxicologists for decision making in a
regulatory environment. Case method used
with lectures on topics such as multistage car-
cinogenesis, diet and cancer, carcinogenesis
and mutagenesis testing, some aspects of
FDA and EPA regulatory law, extrapolation of
test results, decision making, and risk assess-
ment.
. E Harris

HST 903J Health Economics Seminar (A)

(Same subject as 14.286J)
Prereq.: 1404
G (2)
3-0-9

See description under subject 14.286J.
J E. Harris

HIST 920J Health Techrology (A)

(Same subject as 15.136J)
Prereq.: Permission of Instructor
G (2)
3-0-6

See description under subject 15.136J.
S. N. Finkelstein

Prereq.: -
U (1, 2,S)
Units arranged [P/F]

Extended participation in the work of a faculty
member or research group. Research is ar-
ranged by mutual agreement between the stu-
dent and a member of the faculty of the
Harvard-.MIT Division of Health Sciences and
Technology, and may continue over several
terms. Registration requires submission of a
written proposal, signed by the faculty super-
visor. A summary report must be submitted at
the end of each term.
H. F Bowman

HST ThG Graduate Thesis (A)

Prereq.: -
G (1, 2,S)
Units arranged [P/F]

Program of graduate research leading to the
writing of a Ph.D. or Sc.D. thesis or to the HST
SM thesis; to be arranged by the student and
an appropriate MIT faculty advisor.
R. G. Mark



SP Special Programs

SP 01 Chemistry, Materials Science, and
Biology
Prereq.: -
U (1)
5-0-7 CHEM

SP 02 Chemistry, Materials Science, and
Biology
Prereq.: SP01
U (2)
5-0-7 SCI DIST

Principles of chemistry, solid state chemistry,
and modem biology presented in a unified and
coherent manner. SP 01 plus SP 02 cover
most of 5.11, 3.091, and 7.01. Introduction to
chemistry, with emphasis on basic principles
and their applications. Atomic and molecular
electronic structure, thermodynamics, acid-
base and redox equilibria, mechanisms,
catalysis, and aspects of metal coordination
chemistry and organic chemistry. Development
of relationships between electronic structure of
elements, bonding characteristics, and crystal
structure. Characterization of atomic and
molecular arrangements in crystalline solids.
Mechanisms and energy changes in chemical
reactions and phase transformations. Chemi-
cal and physical properties of solids-metals,
semiconductors, insulators, glasses and
polymers-as they relate to basic atomic
parameters and processing technology. Intro-
duction to biochemistry, cell biology, and
genetics, stressing molecular and quantitative
approaches. These basic concepts used to dis-
cuss current research in molecular biology, as
well as membrane biology, developmental biol-
ogy, neurobiology, DNA iochemistry, immunol-
ogy, aspects of disease, oncogenes, sex
determination. SP 01 satisfies the Chemistry
requirement; SP 02 can be used to fulfill one
Science Distribution subject. Enrollment limited
to 100 freshmen.
V M. Ingram, R. M. Latanision, R. J. Silbey

Project interphase: Pre-Freshman
Summer Program

SP 100 Project Interphase

Prereq.: -
U (5)
Units arranged

An eight-week academic and skills-honing pro-
gram, Project Interphase is designed to en-
hance the preparedness of underrepresented
minority students entering MIT in the fall
semester. The program has a dual focus:
academic readiness and general educational
development. The program involves calculus,
physics, writing, and supporting academic ac-
tivities, including small-group leaming. The stu.
dents can earn transcript credit for subjects
taken in the program, sometimes resulting in
advanced placement in corresponding sub-
jects taken in the fall. Activities include day
trips to area cultural, recreational, and busi-
ness sites. Students participate in a range of
personal educational development seminars
and activities designed to insure their smooth
transition to college life. The summer ex-
perience gives them increased opportunity to
prepare for the rigors of an MIT full-subject
load.
A. Mattuck

Program XL

SEM XL1 Program XL: You Can Bea
Success at MIT
(New)
Prereq. --
U (1)
3-0-3 [P/F]

SEM XL2 Program XL: You Can Be a
Success at MIT
(New)
Prereq.: -
U (2)
3-0-3 [P/F]

An academic enrichment program for first-year
students, XL utilizes the innovative and effec-
tive small-group leaming concept to enhance
students' academic performance in calculus
and physics. Students meet in study groups of
five to six participants with facilitators trained In
effective classroom techniques and concept
focus. The study groups help students to rein-
force concepts learned in the regular cur-
riculum, and help them to gain mastery of
concepts and problems that are often more
challenging than those dealt with during lec-
ture. The small study group format em-
phasizes the full participation of each student
with the facilitator acting as a guide. The
regularity of weeldy meadngs enhances the
students'understanding of MITs academic ex-
pectations. After the initial meetings, students
are encouraged to take more responsibility
and to lead the group In problem-solving ses-
sions, which helps to maximize their own learn-
ing. Each calculus and physics study group
meets for a minimum of three hours each
week. The meeting time is set by the XL
facilitator based on students' schedules.
K Manning

Special Progrsms f,36D

Experimental Study Group

SP 211 ESO (Experimental Study Group)
Prereq.: -
U (1)
Units arranged (P/F]

SP 212 ESO (Experimental Study Group)

IL

Prereq.: -
U (2)
Units arranged [P/F]

A flexible academic program for freshmen in
mathematics, humanities and social sciences,
physics, chemistry, and biology. Credit avail-
able for General Institute Requirements, as
well as special educational Interests, through
tutorials, very small classes, and independent
projects. Subjects may also be taken In the
regular curriculum in conjunction with work
done in ESO. Staff includes MIT faculty, in-
structors, graduate students, and under-
graduate tutors who are interested in teaching
in a small, informal community.
V M. Ingram

SP 221 ESG (Experimental Study Group)
Prereq.: SP 211 and/or SP 212
U (1)
Units arranged (P/F]
SP 222 ESO (Experimental Study Group)
Prereq.: SP 211 and/or SP 212
U (2)
Units arranged [P/F]

Continuation of ESG for sophomores.
V M. Ingram

SP 231 ESG Undergraduate Teaching
Prereq.: SP 211 and/or SP 212
U (1)
Units arranged (P/F]
SP 232 ESO Undergraduate Teaching
Prereq.: SP 211 and/or SP 212
U (2)
Units arranged (P/F)

An opportunity to tutor students, run study
groups, and lead seminars in mathematics,
physics, chemistry, and humanities and social
sciences in ESG under staff supervision. Per-
mission of appropriate ESG staff member re-
quired.
V M. Ingram

SP290-SP299 ESO Special Topics
Prereq.: -
P (1,2)
Units arranged

Independent study for ESO undergraduates in-
terested in pursuing experimental projects or
research of their own choosing. Close super-
vision and regular meetings will supplement in-
dividual work. Written proposals and written
final reports are also required. Permission of
the instructor is necessary.
V. M. Ingram

Concourse Program

SP 311 Concourse Program
Prereq.: -
U (1)
Units arranged [P/F]
SP 312 Concourse Program
Prereq.: -
U (2)
Units arranged [P/F]

An Integrative program for the freshman year.
Staff Includes faculty from the Schools of
Science, Engineering, and Humanities and So-
cial Science. Credits in Concourse fulfill the
General Institute Requirements and are so
recorded.
R. M. Rose

SP 315 Concourse Program Undergraduate
Teaching
(New)
Prereq.: SP 311 or SP 312 and Permission of
Instructor
U (1)
Units arranged

SP 316 Concourse Program Undergraduate
Teaching
(New)
Prereq.: SP 311 or SP 312 and Permission of
Instructor
U (2)
Units arranged

Tutoring, leadership of study and review
groups, seminars and recitations in the Con-
course Program, under the supervision of
senior Concourse staff.

SP 342 Islam and Modernity

Prereq.: -
U (2)
4-0-8 HASS-D/HUM-D

An introduction to Islam and Islamic culture
and society to students with little or no
knowledge of this important religion. Covers in
detail the social, cultural, political, and
philosophical issues that confront Muslim
societies, with an emphasis on Islam and the
challenge of modemity. Enrollment limited.
Preference given to Concourse students.
M. Bayat

integrated Studies Program
SP 351 Integrated Studies Program
Prereq.: -
U (1)
Units arranged [P/Fl
SP 352 Integrated Studies Program
Prereq.: -
U (2)
Units arranged (P/F]

A program for the freshman year that satisfies
the General Institute Requirements in mathe-
matics, physics, chemistry, and two HASS-
Distribution subjects on the Interplay between
technologies and societies, with hands-on
workshops, linked calculus/physics sections,
and close tutoring. ISP may offer 6-unit under-
graduate seminars. ISP includes faculty from
the School of Humanitiec and Social Science,
and from the Schools of Science and Engineer-
ing.
A. Steinberg

SP 353 Technologies and Cultures

Prereq.: -
U (1)
3-3-6 (P/F] HASS-D/HUM-D

Fall term 12-unit HASS-D in Cultures and
Societies for the Integrated Studies Program.
Examines how three technologies are prac-
ticed In different cultures. Focuses on complex
relationships between what people do and the
human environment in which they do it. Hands-
on workshops to experience technologies; field
trips to pertinent sites.
A. Steinberg

SP 354 Technologies in Historical
Perspective
Prereq.: -
U (2)
3-3-6 (P/F] HASS-D/HUM-D

Spring term HASS-D in Historical Studies for
the Integrated Studies Program. Examines
three technologies in the cultural and historical
frameworks in which they evolved. Issues in-
clude mass production, transnational corpora-
tions, cultural styles of design and production,
and how these technologies affect society,
family, and the individual. Hands-on
workshops and field trips integral to the subject.
A. Steinberg

Special Pr'ograms r.36D
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Women's Studies Program

SP 401 Introduction to Women's Studies

Prereq.: -
U (1)
3-0-9 HASS-D/HUM-D

An interdisciplinary subject that draws on litera-
ture, history, psychology, philosophy, anthropol-
ogy, and feminist theory to: 1) examine our
cultural assumptions about gender, 2) trace
the effects of the new scholarship on tradition-
al disciplines, and 3) increase awareness of
the history and experience of women as half
the world's population.
/. de Courtivron

SP 402 Contemporary issues in Women's
Studies - Modernism and Sexuality
(New)

Prereq.: Permission of Instructor
U (1)
3-0-9 HASS

SP 403J Contemporary issues in Women's
Studies - Modernism and Sexuality (A)
(New)

(Same subject as 4.643J)
Prereq.: Permission of Instructor
G (1)
3-0-9

Explores the impact of recent critical thinking
about representation, gender, and sexual dif-
ference on traditional understandings of mod-
emism and methods of interpretation in the
visual arts. The artists, issues, and types of im-
agery will vary from year to year, but will al-
ways include consideration of 19th-century
painters of the nude (Courbet, Manet, Degas),
theories of the construction of sexuality, and
an introduction to feminist film theory. Meets
with SP 402.
L. W Kinney

SP 404 Special Topics In Women's Studies
Prereq.: Permission of Instructor
U (1, 2)
Units arranged

SP 405 Special Topics in Women's Studies
Prereq.: Permission of Instructor
G (1, 2)
Units arranged

Individual supervised work for students who
wish to study topics not covered in the regular
Women's Studies offerings. Before registering
for this subject, students must plan a course of
study with some member of the Women's
Studies faculty and secure the Director's ap-
proval. HASS credit for Special Topics subjects
awarded only by individual petitions to the
Committee on Curricula. Normal maximum is 6
units; to count toward HASS Requirement, 9
units are required. Exceptional 9-unit projects
occasionally approved.
S. E. Carey

SP 406 Violence Against Women in
Contemporary U.S. Society
Prereq.: -
U (1)
3-0-9 HASS

E xamines violence against women within the
context of the sexual, racial, and economic
climate in the United States. Specifically con-
siders acquaintance, marital, and stranger
rape, incest and child sexual abuse, wife bat-
tering, sexual harassment, pornography, pros-
titution, medical violence. Emphasis placed on
both institutional and structural nature of
sexual violence as well as on the experience
of violence in women's lives. A variety of
theoretical approaches will be used to ex-
amine sexual violence, including sociohistori-
cal, psychological, criminological, legal, and
feminist approaches.
Information: Sue Carey.

SP 407 Desire and Discourse: Introduction
to Lesbian and Gay Studies
(New)
Prereq.: -
U (1)
3-0-9 HASS-D/HUM-D

An introduction to the theory and practice of
lesbian and gay studies. Focuses on issues of
contemporary interest to lesbians and gay
men; samples relevant work on those issues
from a variety of scholarly fields. Topics: the
definition of gay and lesbian identities, coming
out, bisexuality, stigmatization, race and
sexuality, social marginality and domination,
sexual identity across cultures, homophobia,
the construction of heterosexuality, lesbian and
gay marriage, lesbian separatism, the politics
of personal life, assimilation vs. liberation.
D. M. Halperin

SP 420J American Women's History
(Same subject as 21 416J)
Prereq.: -
U (1)
3-0-9 HUM-D

See description under subject 21.416J.
J. Namias

SP 431J Now Women's Voices

(Same subject as 21.299J)
Prereq.: -
U (2)
3-0-9 HASS-D/HUM-D

See description under subject 21.299J.
M. Resnick

SP 432J Sex Roles In Fiction: Europe and
Latin America

(Same subject as 21.297J)
Prereq.: -
Acad Year 1990-91: Not offered
Aced Year 1991-92: U (2)
3-0-9 HUM-D

See description under subject 21.297J.
M. Resnick, L. Kampf

SP 433J Black Women Writers: Texts and
Critics

(Same subject as 21.739J)
Prereq.: -
U (1)
3-0-9 HASS

See description under subject 21.739J.
Consult the Women's Studies Office.

SP 434J Courtship Themes In Romance
Literature

(Same subject as 21.300J)
Prereq.: -
Acad Year 1990-91: U (2)
Acad Year 1991-92: Not offered
3-0-6 HASS

See description under subject 21.300J.
E. Carrels

SP 436J Women In Literature

(Same subject as 21.041J)
Prereq.: One subject in literature
Acad Year 1990-91: Not offered
Acad Year 1991-92: U (1)
3-0-9 HASS

See description under subject 21.041 J
R. Perry

SP 437 Studies In Fiction

Prereq.: Two subjects in literature
Acad Year 1990-91: U (1)
Acad Year 1991-92: Not offered
3-0-9 HASS

Meets with 21.172, Term 1. Topic for 1990-91:
Women Novelists Since World War 11. See
description under 21.172.

SP 439 Problems In Cultural Interpretation
Prereq.: Two subjects in literature
Acad Year 1990-91: Not offered
Acad Year 1991-92: U (1)
3-0-9 HASS

Topic for 1991-1992: Gender and Ideology in
18th-Century Literature. Meets with subject
21.177 when offered.
R. Perry

SP 452 The Pollics of the Feminist
Movement

Proreq.: -
U (2)
3-0-9 HASS

This course considers a variety of issues relat-
ing to women's lives, both in the public and per-
sonal spheres. We begin by looking at the
historical background of the current women's
movement, then move on to the present.
Topics include equality of opportunity, career
vs. home, women's health, abortion, women in
politics, race, and sexual preference. We dis-
cuss some of the grass roots organizing
around these issues, and visiting activists lead
some of the discussions.
J. Seager

SP 456J Sex Roles: A Comparative
Perspective

(Same subject as 21.531J)
Prereq.: -
U (1)
3-0-9 HASS

See description under subject 21.531J.
L. Rofel

SP 456J The Contemporary Family
(Same subject as 21.530J)
Prereq.:
U (2)
3-0-9 HASS-D/HUM-D

See description under subject 21.530J.
J. Jackson

SP 460J Psychology of Gender

(Same subject as 9.75J)
Prereq.: -
Acad Year 199091: Not offered
Acad Year 1991-92: U (1)
3-0-6 HASS

See description under subject 9.75J.
S. E. Carey

SP 474J Representations of Women in
19th-Century Culture
(Revised Unit)

(Same subject as 4.644J)
Prereq.: -
U (2)
3-0-9 HASS

See description under subject 4.644J.
L. W Kinny

SP 475J Gender, Social Change, and
Planning

(Same subject as 11.422J)
Prereq.: -
G (2)
3-0-9

See description under subject 11 .422J.
G. Hart

SP 480J Women and Computers

(Same subject as STS 060J)
Prereq.: -
Acad Year 1990-91: Not offered
Acad Year 199 1-92: U (2)
3-0-6 HASS
SP 481J Women and Computers
(New)

(Same subject as STS 518J)
Prereq.: -
Acad Year 1990-91: Not offered
Acad Year 1991-92:G (2)
3-0-6
Meets with undergraduate subjects STS 06W
and SP 480J. Graduate students are expected
to pursue the subject in greater depth through
reading and individual research. See descrip-
tion undcr subject STS 060J.
S. R. Turkie

SP 482J Gender, Science, and Technology
(New)
(Same subject as 21.532J, STS 081J)
Prereq.: -
U (2)
3-0-9 HASS
SP 483J Gender, Science, and Technology
(New)
(Same subject as 21.571J, STS521J)
Prereq.: -
G (2)
3-0-9

Meets with undergraduate subjects STS 081J,
21.532J, and SP 482J. Graduate students are
expected to pursue the subject at greater
depth through reading and individual research.
See description under subject STS 081J.
L. Rofel

SP 484J Reproductive Biology
(Same subject as 7.35J)
Prereq.: -
U (2)
3-0-6 HASS

See description under subject 7.35J.
N. Hopkins, C. Whitbeck

SP 485J Gender, Work, and Politics: Some
Major Questions in Modern American
Feminism
(Revised Content)
(SP 402J)
(Same subject as STS 026J)
Prereq.: -
Acad Year 1990-91: Not offered
Aced Year 1991-92: U (2j
3-0-9 HASS
SP 486J Gender, Work, and Politics: Some
Major Ouestions in Modern American
Feminism
(Revised Content)
(SP 403J)
(Same subject as STS 107J)
Prereq.: -
Acad Year 1990-91: Not offered
Acad Year 1991-92: G (2)
3-0-9

Meets with undergraduate subjects SP 485J
and STS 026J. Graduate students are ex-
pected to pursue the subject in greater depth
through reading and individual research. See
description under subject STS 026J.
J. Conway
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SP 496J Women and Children in the Legal
Process
(New)
(Same subject as 17.247J)
Prereq.: -
U (2)3-0-9 HASS
SP 497J Women and Children In the Legal
Process
(New)
(Same subject as 17.248J)
Prereq.: -
0(2)
3.0.9
Meets with undergraduate subjects SP 496J
and 17.247J. Graduate students will pursue
the subject in greater depth through reading
and individual research. See description under
subject 17.248J.
M. Burnham

See also: Women's section of 21,755 (Writ-
Ing and Reading Short Stories, HUM-0D'.
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STS Science, Technology,
and Society

General Undergraduate STS 007J Ancient Cosmology Social Study of Science and
Subjects(Same subject as 21.367J) Technology

Prereq.: -

3-0-9 HASS STS 012J Engineers, Scientists, and Public
Controversies

See description under subject 21.367J. (Context Subject)

History of Science and H. A. r 0. Reiche (Same subject as 2.93J)
Prereq.: -Technology STS 008 American Science Since the 1930s U (2)

Prereq . -3-0-9 HASS
STS 001 Technology in American History Acad Year 1990-91: Not offered Investigates the nature of controversies sur-
Prereq.: - Acad Year 1991 -92: U (2) rounding science and technology and the roles
U (1) 3-0-9 HUM-D technical specialists play in their resolution.
3-0-9 HASS-D/HUM-D Students analyze the technical, social, politi-HASSD/HM-DHistory of science and technology in the US cal, and ethical context of public controversies
A survey of America's transition from a rural, from the 1930s Depression, through World throughicase studies documented by archival
agrarian, and artisan society to one of the War II, to the 1980s. Includes atomic bomb videotapes, readings, and testimony of guests.
world's leading industrial powers. Treats the project, space race, computer revolution, en- Cases may include the space shuttle accident,
emergence of industrial capitalism: the rise of vironmental movement, biotechnology. nuclear reactor safety, and the release of en-
the factory system, new forms of power, Focuses on patterns of funding, International vironmental contaminants.transport, and communication, the advent of links, government-industry-academic relations, C. Weiner, J. A. Faythe large industrial corporation, the social rela- public understanding, response of the scientific
tions of production, and the hallmarks of community to new social responsibilities. Is-
science-based industry. Views technology as sues studied in relation to relevant social, STS 015 Psychology and Technology
part of the larger culture and reveals innova- economic, and political developments during (STS 066)
ton as a process consisting of a range of pos- the period. Prereq.: -
sibilities that are chosen or rejected according C. Weiner U(1)
to social criteria of the time. 3-0-9 HASS-D/HUM-D
J. Staudenmaler STS 009 Military Enterprise and

Technological Change Survey of psychological theories used to under.Technlogial Cangestand how technology affects the development
STS 002 Toward the Scientific Revolution Prereq.: - of personality, cognitive abilities, and interper-
(Revised Content) U (1) sonal relationships. Examines how current
Prereq.: - 3-0-9 HUM-D technology influences psychological theory
U (1) . building. Special topics include technology and
3-0-9 HASS-D/HUM-DA history of the role of the military in promoting child development, technological metaphors inand developing new technologies (from psychological thought, personality ard technol-The emergence of Western science: the sys- medieval times to the present). Examines the ogy psychology and designttematization of natural knowledge in the an- design, deployment, and diffusion of new tech- S. RyoTurlecient world, the transmission of the classical nologies; the behavioral/social problems that
legacy to the Latin West, and the revolt from occurred with their introduction; and their in-
classical thought during the scientific revolu- fluence on colonialism, industrialization, and STS 019 The Profession of Engineering
tion. Examines scientific concepts in light of warfare in the modem world. Prereq,: -
their cultural and historical contexts. L. Trilling U (2)
L. E. Kay 3-0-9 HUM-D

STS 003 The Rise of Modern Science Practice and dilemmas of the engineering
(Now) profession. Analyzes the role of engineers in

the conception, design, manufacture, and
Prereq.: - marketing of a sophisticated consumer
U (2) product. Studies the history of some major in-
3-0-9 HASS-D/HUM-D dustries (e.g., automobile, communications,

biomedical, aerospace) in 20th-century US. Ex-The development of major fields in the physi- amines political, economic, social, and ethicalcal and life sciences, beginning with 18th-cn- implications, May be taken as a 12-unit HUM-tury Europe and ending with 20th-century D subject (lectures, recitations, three full termAmerica. Examines ideas, institutions, and the papers) or as an undergraduate seminar (lec-social settings of the sciences, with emphasis tures and three short papers).
on how cultural contexts influence scientific L. Trilling
concepts and practices.
L. E. Kay

I
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STS 020J Technologlcal Development,
Business, and Political Change in the
Middle East
(Context Subject)
(Same subject as 1.25J, 17.659J)
Prereq.: -
U (2)
3-0-9

Employs historical and contemporary perspec-
tives to analyze the role of religion and politics
in shaping socioeconomic and technological
change in contemporary development (and
comparisons with other regions). Examines in-
stitutional changes within states and
throughout the region for the management of
socioeconomic and technological change.
Focuses on three broad dimensions of
statehood: population, resources, and technol-
ogy. Examines their interdependence and the
impact of their flows across national boun-
daries (i.e., population, migration, technology
transfer, and energy resources). May not count
toward HASS Requirement.
N. Choucri, F Moavenzadeh, W Porter,
L. Trilling

Advanced
Subjects

Undergraduate

History of Science and
Technolony

STS 021 Russian Science and Society
Prereq.: -
U (2)
3-0-6 HASS

An introduction to the history of Russian and
Soviet science. Topics: introduction of Western
science to Russia, reception of Darwinism, in-
fluence of Marxism on Soviet scientific develop-
ment, social and political context of Soviet
science, and organizational and policy ques-
tons. Required readings in English; sup-
plementary readings in Russian also available.
L. R. Graham

STS 022 Capitalism and the Industrial
Revolutions
(Revised Content)
Prereq.: -
U (1)
2-0-7 HASS

See description under subject STS 104.
J. Staudenmaler

STS 025J Seminar In the Historloal and
Political Evolution of the Soviet Union
(Same subject as 17.609J, 21,378J)
Prereq,: -
Acad Year 1990-91: Not offered
Acad Year 1991-92: U (2)
3-0-6 HASS

See description under subject 21.378J.
L. R. Graham

STS 026J Gender, Work, and Politics: Some
Major Questions in Modern American
Feminism
(Revised Content)

(Same subject as SP 485J)
Prereq.: -
Acad Year 1990-91: Not offered
Acad Year 1991-92: U (2)
3-0-9 HASS

Introduces students to central feminist debates
about material culture, women's labor force
participation, and the nature of female leader-
ship. Readings are principally drawn from the
period 1960 to the present. Class discussions
will focus on past strategies for improving
women's status and their implications for
women and men in the 1990s. Meets with STS
107J and SP 486J.
J. Conway

STS 027 History of invention in America

Prereq.: -
Acad Year 1990-91: Not offered
Acad Year 1991-92: U (1)
3-0-9 HASS

Investigates how inventions come about and
how they reshape American culture. Explores
intellectual and social nature of Inventive ac-
tivity, the role of the market economy in the
success or failure of inventions, the problem of
inventing something no one wants, and the so-
cial meanings invented objects take on as they
are adopted. Inventions examined include
bicycles, electric light and power, kitchen ap-
pliances, cameras, computers, telephones,
typewriters, industrial machinery, and guided
missiles.
D. Fitzgerald

STS 028J The History of the Future

(Same subject as 21.778J)
Prereq.: -
U (1)
3-0-9 HASS

See description under subject 21.778J.
R. Williams

Social Study of Science and
Technology

STS 051 The Nuclear Age
(Revised Content)

Prereq.: -
U (2)
3-0-6 HASS

Engineering School-Wide Elective Subject.
Description given at end of this chapter on
SWE page.
M. M. Miller, P. Morrison, G. W. Rathiens,
J. P Ruina

STS 052J American Television: A Cultural
History

(Same subject as 21.032J)
Prereq.: One subject in literature or Science,
Technology, and Society
U (2)
3-0-9 HASS

See description under subject 21.032J.
D. Thorburn

STS 054 Biotechnology and Socioty

Prereq.: -
Acad Year 1990-91: Not offered
Acad Year 1991-92: U (2)
2-0-7 HASS

See description under subject STS 510.
C. Weiner

STS 055 Ethical Issues in Science and
Engineering
Prereq.: -
U (1)
3-0-6 HASS

Ethical problems of scientists and engineers
as students, employees, consultants, and ad-
visors. Case studies of on-the-job ethical dilem-
mas and responses of technical professionals
in such fields as weapons technology, nuclear
energy, genetic engineering, chemical en-
gineering, computer science, and biomedicine.
Issues include social responsibility, conflicts of
interest, whistleblowing, research fraud, and
the role of professional societies. Emphasis on
class discussion. Student projects in fields of
their interest.
C. Weiner

STS 056J Modern Times

(Same subject as 21.534J)
Prereq.: -
U (1)
3-0-6 HASS

See description under subject 21.534J.
Consult J. Jackson.

STS 059 Introduction to Cultural Criticism
Prereq.: Permission of Instructor
U (1)
2-0-7 HASS

See description under subject STS 507.
L. Marx
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STS 060J Women and Computers

(Same subject as SP 48W)
Prereq.: -
Acad Year 1990-91: Not offered
Acad Year 1991-92: U (2)
3-0-6 HASS

Exploration of factors that may limit or inhibit
women's participation in the nascent computer
culture. Includes math-phobia and machine-
phobia, programming styles, personality styles
and gender, social and psychological effects of
office automation and computer work at home.
S. R. Turkle

STS 061J Ethical issues In the Work Ufe of
Engineers and Scientists
(Context Subject)

(Same subject as 2.95J, 16.996J, TPP 09J)
Prereq.: Permission of Instructor
U (2)
4-0-8 HASS

This subject prepares students to recognize
ethical problems that commonly arise in the
work place, and to find, evaluate, use, and
strengthen institutional supports for acting on
ethical concerns. Lectures will survey issues
and practices in various institutional and dis-
ciplinary contexts. In discussion sections stu-
dents will develop ethics scenarios on issues
of their choosing and explore them with repre-
sentatives of corporations, universities, etc., at
which students might work or study. Open to
seniors, graduate students, or by permission
of instructor.
C. Whitbock, S. Bird, 1. Paul, L. Trilling

STS 070 Computers and Society

Prereq.: -
Acad Year 1990-91: Not offered
Acad Year 1991-92: U (1)
3-0-6 HASS

Survey of the social impact of the computer, in-
cluding impacts on work, education, politics,
child development, intellectual trends, and cul-
tural criticism. Special topics include study of
the computer presence across different cul-
tures and within computer "subcultures" in in-
dustrial and educational settings.
S. R. Turkle

STS 075J Technology and Culture

(Same subject as 21.540J)
Prereq.: -
Acad Year 1990-91: Not offered
Aced Year 1991-92: U (2)
3-0-9 HUM-D

Humans are cultural creatures who use tools
to control their physical and social environ-
ments, How are technical knowledge and ex-
pertise embedded in other aspects of a
culture? What are the sources and effects of
technological innovation, and why does it
sometimes lead to decreasing control of the
environment? Explores such questions
through case studies ranging from Eskimo
hunters to "high-tech operations.
L. Rofel

STS 076J Technology and Policy of
Strategic Weapons Systems
(New)
(Same subject as 17.477J)
Prereq.: -
U (2)
3-0-9 HASS

Examines in detail the technology of nuclear
weapons systems. Topics include nuclear
weapons design, effects, targeting, and
delivery; ballistic and air breathing missile
propulsion and guidance; communications and
early warning techniques and systems; and
anti-missile, air, and submarine systems. Com-
bines the discussion of technical materials with
the national security policy issues raised by
the capabilities of these technologies. Con-
siders security issues from the distinct and
often conflicting perspectives of technologists,
military planners, and political leaders.
T Postol

STS 077J Surveillance and Society
(New)

(Same subject as 11.009J)
Prereq.: -
U (1)
3-0-9 HASS-D/HUM-D

Considers some of the historical, political, so-
cial, ethical, legal, and policy issues around
the collection, analysis, retention, protection,
sharing, and use of information about in-
dividuals. Techniques considered: computer
dossiers, biometric devices, microphones,
video cameras, electronic monitoring, in-
formers, and undercover operatives. Attention
given to issues of secrecy, privacy, autonomy,
balancing liberty and order.
G. T Marx

STS 078J Nuclear Energy Economics and
Policy Analysis
(New)

(Same subject as 22.082J)
Prereq.: -
U (2)
3-0-9 HASS

A comprehensive assessment of the
economic, environmental, political, and social
aspects of nuclear power generation and the
nuclear fuel cycle. Quantitative applications of
the principles of engineering economics; com-
parson of alternatives, using discounted cash
flow method. Technology assessment/policy
analysis of institutional alternatives for R&D,
management, and regulation; includes nuclear
power plant licensing, nuclear waste manage-
ment, and nuclear power and weapons
proliferation. Open to qualified under-
graduates. Term paper required.
R. K Lester

STS 079J Technology, Politics, and the
Arms Race
(New)

(Same subject as 17.479J)
Prereq.: -
U (2)
3-0-9 HASS

Meets with STS 519J and 17.480J. See
description under subject STS 519J.
C. Kaysen, T Postol

STS 080 The Work of Scientists and
Engineers

(STS 093)
Prereq.: -
U (2)
3-0-6 HASS

Examines how scientists and engineers work
in the laboratory and within the firm. Students
reflect and draw upon their own experiences in
a laboratory course,oa UROP project, or a sum-
mer job in order to test and interpret the as-
signed readings. Books and other readings are
drawn from the history and social study of
science and technology and range from
Kuhn's The Structure of Scientific Revolutions
to Pirsig's Zen and the Art of Motorcycle Main-
tenance.
L. L. Bucciarelli

STS 081J Gender, Science, and Technology
(New)

(Same subject as 21.532J, SP 482J)
Prereq.: -
U (2)
3-0-9 HASS

How is scientific research related to gender?
Employs perspectives of cultural anthropology,
philosophy, political economy, and poststruc-
turalism to explore the impact of recent scien-
tific thinking about gender on traditional
understandings of scientific and technological
research. Examines topics such as primate
studies, physics research, changing tech-
nologies in the household and workplace,
nuclear power, computers, and the internation-
al division of labor.
L. Rofel

Special Topics

STS 091 Reading Seminar in Humanities,
Science, and Technology I

Prereq.: -
U (1)
2-0-7 HASS

STS 092 Reading Seminar in Humanities,
Science, and Technology II

Prereq.: -
U (2)
2-0-7 HASS

Reading and discussion of major primary and
secondary works that illustrate or examine the
interactions of science, technology, and society.
Consult L. Trilling.

STS 094 Undergraduate Research

Prereq.: -
U (1, 2)
Units arranged

Undergraduate research opportunities in the
STS Program. For further information, consult
the Academic Officer, L. Trilling.

STS 095 Special Topics in Science,
Technology, and Society

Prereq.: -
U (1, 2)
Units arranged

For students who wish to pursue special
studies or projects with a member of the pro-
gram in Science, Technology, and Society.
Consult L. Trilling.

Graduate Subjects

History of Science and
Technology

STS 101 Proseminar: History of Science
and Technology

Prereq.: -
G0(1)
3-0-9

Intensive reading and analysis of key works in
the history and historiography of science and
technology. Aims at exploring similarities and
differences between the two fields and at intro-
ducing students to basic interpretive issues,
bibliographic sources, and professional stand-
ards. Topics change from year to year.
M. R. Smith, L. R. Graham

STS 102J Proseminer: Theories and
Methods in the Study of History

(Same subject as 21.498J)
Prereq.: Permission of Instructor
G (2)
3-0-9

See description under subject 21.498J.
B. Mazlish

STS 103J Russian Science and Society

(Same subject as 17.614J)
Prereq.:
G (2)
3-0-9

See description under subject STS 021.
L. R. Graham

STS 104 Capitalism and the Industrial
Revolutions
(Revised Content)

Prereq.: -
G (1)
2-0-10

Emergence of "Industrial Capitalism," or "En-
lightenment Rationalism," or the "Industrial
Revolution" in 18th-century northem Europe
(and subsequently in 19th-century US). Ex-
amines how capitalism rnpresents a radical
break with other cultural traditions, and the
contrast of world views between the autobiog-
raphy of the Lakota Sioux mystic and holy
man, Black Elk, and Andrew Carnegie's essay,
.The Gospel of Wrath." Four interpretations of
the European capitalism revolution (Berg,
Polanyi, Landes, Thompson).
J. Staudenmaier

STS 106J Seminar in the Historical and
Political Evolution of the Soviet Union

(Same subject as 17.610J)
Prereq.: -
Acad Year 1990-91: Not offered
Acad Year 1991-92: G (2)
3-0-9

Meets with undergraduate subjects STS 025J.
17.609J, and 21.378J. Graduate students are
expected to pursue the subject in greater
depth through reading and and individual re-
search. See description under subject 21.378J
L. R. Graham

STS 107J Gender, Work, and Politics: Some
Major Questions in Modern American
Feminism
(Revised Content)

(Same subject as SP 486J)
Prereq.: -
Acad Year 1990-91: Not offered
Acad Year 1991-92:G (2)
3-0-9

Meets with undergraduate subjects STS 026J
and SP 485J. Graduate students are expefted
to pursue the subject in greater depth through
reading and individual research. See descrip-
tion under subject STS 026J.
J. Conway

STS 108 Seminar in Modern American
History

Prereq.: -
AcAd Year 1990-91: Not offered
Acad Year 1991-92:0G (2)
2-0-10

Intensive study of critical texts and interpreta-
tions of United States history since the end of
Reconstruction. Topics include: the corporate
economy, the liberal state, foreign policy, con-
sumer culture, labor, women, the family, and
racism.
D. Fitzgerald, L. Marx

STS 110J The Industrial Revolution: Social,
Cultural, and Political History (1750-1850)

(Same subject as 21.371J)
Prereq.: -
Aced Year 1990-91: Not offered
Acad Year 1991-92: G(2)
3-0-9

See description under subject 21.371J.
B. Mazlish

STS 111 Historical Studies of Ufe and
Matter

Prereq.: -
G (2)
3-0-9

Examines the relations between the animate
and inanimate by focusing on several key
themes in chemistry and physiology from antiq-
uity to modem times. Studies topics such as
nutrition, respiration, generation, and sensa-
tion. Explores debates such as mechanism vs.
vitalism and spontaneous generation within dif-
ferent knowledge systems and changing cul-
tural contexts. Employs readings from both
original and secondary sources to probe the
question "What is life?"
L. E. Kay

STS 112 Constructing Peality: Methods and
Sources in Contemporary History
(New)

Prereq.: -
G (1)
3-0-9

Opportunities and problems in doing research
in contemporary history. Emphasis on source
materials and research methods, including ar-
chival, oral history, and film/video resources,
and participanitobservation techniques. Ex-
amples from studies on the social and political
history of science and technology in the
American context during the past fifty years, as
well as work-in-progress and students' re-
search projects.
C. Weiner

STS 113 Biology and Society in Modem
America
(New)

Prereq.: -
G (1)
3-0-9

The rise of major fields in the life sciences in
America from 1879 to 1950, with emphasis on
the historical processes by which American cul-
ture, ideology, economics, and biology have
become intertwined. Examines research
programs in physiology, endocrinology,
biochemistry, genetics, eugenics, "psychobiol-
ogy," and molecular biology in relation to race,
class, and gender. Studies the questions of na-
ture vs. nurture, pure vs. applied science, and
vested interests vs. objectivity. May be taken
by qualified undergraduates with permission of
the instructor.
L. E. Kay

..... ... .... ... ... .. ...........

2400 Solenc, Technology, and Society
I



242D Science, Technology, and Society

STS 1141 The Culture and Society of Early
Industrial America
(New)

(Same subject as 21.440J)
Prereq.: -
G(1)
3-0-9

A critical examination of recent historical litera-
ture and primary documents on republicanism
and society in the United States from the late
18th to the mid-19th century. Among the topics
to be considered are the ideology and impact
of the American Revolution; the character of
economic development and industrialization;
changes in private and community life; issues
of race, gender, and class; continuities and dif-
ferences with other industrial or industrializing
societies, especially Great Britain. Can be
taken as either a reading or a research semi-
nar.
P Maier, M. R. Smith

STS 115J The Culture of Capitalism
(New)

(Same subject as 21.495J)
Prereq.: -
G (2)
3-0-9

What is the culture influenced or produced by
capitalism that in turn provides the context in
which capitalism develops? We will explore
this question through readings and student-led
discussion on these topics: the market as
mechanism and ideology; the Marxist critique;
capitalism and religion; utilitarianism; the
Romantic critique; the emergence of consumer
culture; Social Darwinism; private happiness in
a market economy; modernism in the arts; the
concept of hegemony; the idea of progress;
and the global expansion of capitalism.
B. Mazlish, R. Williams

STS 116 invention, Development,
Management, and Transfer of Large
Technological Systems: 1900-1990
(New)

Prereq.: -
G(2)
3-0-9

Explores the nature of technological change in
modern industrial society by drawing on the
history of telegraph, electric power, telephone,
wireless, automobile, weapon, and computer
systems. Role of inventors, industrial scien-
tists, and system builders in providing the
material constitution of modem societies. A
search for the values embedded by these ac-
tors in modem technological systems and the
way these values and others have shaped (or
might shape) the form and substance of
modem culture.
T P Hughes

Social Study of Science and
Technology

STS 501 Proseminar: Social Study of
Science and Technology

Prereq.: -
G (1)
3-0-9

Intensive reading and analysis of key works in
the theory and methods of the social study of
science and technology. Aims at under-
standing the different questions and methods
social scientists have posed and used in ex-
ploring how social context and norms influence
the work of scientists and engineers. The
relationship of the methods used to the ques-
tions raised is studied. Implications for the
practice of science and engineering as well as
for further scholarly study of that practice are
explored.
S. R. Turkle

STS 502J Proseminar: Theory and Method
in the Study of Social Institutions

(Same subject as 21.570J)
Prereq.: -
G (2)
3-0-9

See description under subject 21.570J.
J. Jackson

STS 503J Special Topics in Science,
Technology, and Public Policy (A)

(Same subject as 17.306J)
Prereq.: -
G (1)
3-0-9

See description under subject 17.306J.
E. B. Skolnikoff, C. Kaysen

STS 504J Politics of Industrialization (A)
(Same subject as 17 154J)
Prereq.- Permission of Instructor
G (2)
3-0-9

See description under subject 17.154J.
C. F Sabel

STS 505J International Perspectives on
industrial Relations and Human
Resource Development (A)

(Same subject as 14.674J, 15.674J)
Prereq,: 14.64. 15.660, or Permission of In-
structor
G (1)
3-0-6

See description under subject 15.674J.
R. J. Thomas, M. Piore, L. M. Lynch

STS 506J Problems of Advanced Industrial
Societies (A)

(Same subject as 15.233J, 17.166J)
Prereq.: 15.221 or 17.156J
Acad Year 1990-91: Not offered
Acad Year 1991-92: G (2)
3-0-9

See description under subject 17.166J,
R. M. Locke

STS 507 Introduction to Cultural Criticism
Prereq.: Permission of Instructor
G (1)
2-0-7

Examines modem concept of culture as it
emerged during the Industrial Revolution and
considers some of the theones and methods
of analysis that have been developed around
that concept. Among the basic theories con-
sidered are those associated with Marx, Emewr-
son, Arnold, and Freud. Second half examines
more recent elaborations of the culture con-
cept in the work of such theorists as Panof sky,
Burke, Benjamin, Marcuse, Foucault.
L. Marx

STS 508J Political Psychology and
Behavior (A)

(Same subject as 17.704J)
Prereq.: Permission of Instructor
G (1)
3-0-9

See description under subject 17.704J.
L. W Pye, K Keniston

STS 509J Politics, Technology, and
Public Policy in the Middle East (A)

(Same subject as 1.255J, 4.715J 11.488J,
17.558J, 21.485J)
Prereq.: -
G (1)
3-0-9

See description under subject 17.558J.
N. Choucr, F Moavenzadeh, K. Keniston,
W Porter, L. Trilling

STS 510 Biotechnology and Society

Prereq.: -
G (2)
2-0-7

Examines the rapid growth of biotechnology;
focuses on relation of academic scientists and
universities to industrial and medical applica-
tions of research. Connects historical back-
ground with contemporary issues to view
biotechnology in context of university educa-
tion and research, funding of science,
academic-industrial links, regulatory and
patent issues, roles and responsibilities of
scientists, ethical Issues, and public expecta-
tions and perceptions. Evaluates professional,
institutional, and public policy alternatives.
C. Weiner

STS 511J Technology, Productivity, and
Industrial Competition

(Same subject as 15.972J, 17.172J, 22.843J)
Prereq.: Permission of instructor
Acad Year 1990-91: G (2)
Acad Year 1991-92: Not offered
3-0-9

See description under subject 22.843J.
R. K Lester

STS 512 Interpreting America

Prereq.: -
Aced Year 1990-91: Not offered
Acad Year 1991-92: G (2)
2-0-10

Considers both the role of technology in
American national development and several
modes of interpreting that relationship. Ap-
praises relative strengths and weaknesses of
various interpretive approaches such as his-
tory, sociology, philosophy, autobiography, the
visual arts, engineering, and literature. Begins
with the contrasting views of Thomas Jefferson
and Alexander Hamilton and then considers
work of Henry Adams, Henry Thoreau,
Thorstein Veblen, F. W. Taylor, John Dewey,
F Scott Fitzgerald, and several American
landscape painters.
L. Marx

STS 515J Epidemics and Cities

(Same subject as 11.447J)
Prereq.: -
G (2)
3-0-9

See description under subject 11.447J.
F Jones, K. Manning

STS 516J Analysis of Strategic Nuclear
Forces (A)

(Same subject as 17.476J)
Prereq.: -
G (1)
3-0-9

See description under subject 17.476J.
T Postol

STS 517 Technology Policy and
Technological Society
(New)

Prereq.: -
G0(2)
Units arranged

Attempts to bridge the gap between the study
of technology policy and the critical study of
technological society. Readings explore some
of the underlying assumptions, unrecognized
limitations, and unintended consequences of
uses of technology. Through its wide scope
and critical approach, the seminar aims at ex-
amining howhe technical aspects of technol-
ogy policy formulation are related to some of
the more far-reaching critiques of technological
societies.
J. Ehrenfeld, K. Keniston

STS 518J Women and Computers
(New)

(Same subject as SP 481J)
Prereq.: -
Acad Year 1990-91: Not offered
Acad Year 1991-92:G (2)
3-0-6

Meets with undergraduate subjects STS 060J
and SP 480J. Graduate students are expected
to pursue the subject in greater depth through
reading and individual research. See descrip-
tion under subject STS 060J.
S. R. Turkle

STS 519J Technology, Politics, and the
Arms Race
(New)

(Same subject as 17.480J)
Prereq.: -
G (2)
3-0-9

Analyzes decisions to develop or acquire new
weapons systems that had, or could have had,
a major influence on the arms race. Examines
the interplay of political and technical factors in
the decision-making process. Representative
weapons systems include the hydrogen bomb,
the nuclear-powered submarine, tactical
nuclear weapons, the Polaris submarine-
launched ballistic missile, the B-1 bomber,
MIRVs, the Moscow anti-ballisic defense, the
US Safeguard/Sentinel missile defense, and
others. Meets with STS 079J and 17.479J.
Graduate students are expected to pursue the
subject at greater depth through reading and
individual research.
C. Kaysen. T Postol

STS 520 Rethinking Culture: Current
Debates in Anthropology and Cultural
History
(Neow)

Prereq..:-
S(1)
2-0-7
What is at stake in contemporary debates
about the meaning of culture? This subject
begins with the origins of the concept, traces
its ties to the onset of modern industrial society
in the West, and focuses on its contemporary
implications for both Western and non-
Western societies. Among the topics con-
sidered: 19th-century debates about culture
and democracy; post-colonial anthropology;
technological innovation and its cultural conse-
quences; and the critique of the traditional
canon and the university curriculum as per-
petuating a privileged culture.
L. Marx. L. Rofel

STS 521J Gender, Science, and Technology
(New)

(Same subject as 21.571J, SP 483J)
Prereq.: -
G (2)
3-0-9

Meets with undergraduate subjects STS 081J,
21.532J, and SP 482J. Graduate students are
expected to pursue the subject in greater
depth through reading and individual research.
See description under subject STS 081J.
L. Rofel

STS 522 Environmental and Technological
Systems
(New)
Prereq.: -
G (2)
3-0-9

Critical interactions between the human-built
world and the natural world in post-1860
Western industrial society. The human-shaped
environment in geography (Marsh, Kropotkin);
the "artificial environment in the arts; the city
as a model of technological environment in
literature (Baudelaire, Wells), cultural criticism
(Spengler), and social science (Simmel); tech-
nological 'second creation of the world" (Beh-
rens, Gropius, Le Corbusier). Transformation
of the landscape by railway, hydroelectric, and
road systems.
T P Hughes, R. Williams

Research

STS 901-910 Advanced Topics in Science,
Technology, and Society
Prereq.: -
G (1, 2)
Units arranged

For students who wish to pursue special
studies or projects at an advanced level with a
member of the Program in Science, Technol-
ogy, and Society. May be repeated for addition-
al credit. Consult M.R. Smith.
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SWE Engineering School-Wide
Electives

Computer Models of Physical and Inventions and Patents Probabilistic Models In Engineering
Engineering Systems Offered under: 3.172, 6.901, 16.673, 22.084 Offered under: 1.06, 6.939, 13.672, 16.793
Offered under: 1.12, 2.101, 3.05, 10.11, 13.51, Prereq.: 14.02 Prereq.: 1.03 or 6.041 or 18.05
16.008, 22.006 U (1) U (2)
Prereq.: 18.02, 8.01 3-0-6 3-0-9
U (1)
3-0-9 SCI DIST History of private and public rights In scientific Probabilistic analysis and modeling for en-

discoveries and applied engineering, leading gineers emphasizing practical applications. In-
Reduction of physical and engineering sys- to the development of worldwide patent sys- troductory stochastic processes and queueing
tems to idealized computer models; selection tems. The classes of invention protectable theory, reliability of serial and parallel systems,
of numerical algorithms to explore model be- under the patent laws of the US, including the maintenance strategies, fault-tree analysis,
havior. Linear and nonlinear equations, curve procedures in protecting inventions in the Monte Carlo simulation, statistical quality con-
fitting, integration, finite differences, finite ele- Patent Office and the courts. Reviews of past trol. Examples from diverse fields of engineer-
ments, Initial-value problems. Examples drawn cases involving inventions and patents in a) ing. Computer-aided and/or field lab work.
from fields primarily of interest to engineers, the chemical process industry and medical A. R. Odoni, R. C. Larson
Extensive *hands-on" computing experience. field; b) devices in the mechanical, ocean ex-
Working knowledge of FORTRAN, PASCAL, or ploration, civil, and/or aeronautical fields; c) Engineering Risk-Benefit Analysis (A)C expected. the electrical and electronic areas, including
S. Shyam Sunder key radio, solid-state, and computer inventions. Offered under: 1.155, 2.943, 3.577, 6.938,

R. H. Rines 10.816, 13.621, 16.794, 22.82
The Nuclear Age Prereq.: 18.02
(Revised Content) Management in Engineering G(2)

3-0-6
Offered under: 6.934, 8.208, 13.91, 16.994, Offered under: 2.96, 6.930, 10.806, 13.52,
17.465, 22.003, STS 051 16.993, 22.002 Risk assessment, decision and cost-benefit
Prereq.: - Prereq.: - analysis, and fault-tree methods for describing
U (2) U (1) and making decisions about societal risks
3-0-6 HASS 3-0-9 (nuclear reactors, dams, carcinogens,

transport and disposal of hazardous materials)
Based substantially on the 13-part public Introduction of engineering management in associated with large engineering projects.
television series War and Peace in the Nuclear variety of settings: 1) role of engineering and Balancing risks and benefits in situations in-
Age. Includes the history and technology of its relationship to other functions, 2) volving human safety, environmental risks, and
nuclear weapons, including the discovery of fis- managerial tools and concepts used in en- financial uncertainties. Presentations of major
sion; the development of fission and fusion gineering organizations, 3) practice in handling risk assessments and the public decision
weapons: nuclear testing and efforts to control short- and long-term problems, 4) career processes associated with them.
the technology; problems in the proliferation of strategy and development. Topics: financial A. W Drake, A. R. Odoni
weapons; advanced nuclear weapons tech- principles, management of innovation, en-
nologies; changing perceptions about the role gineering project planning and control, human Engineering Systems Analysis (A)of nuclear weapons in world affairs. factors, career planning, patents, and technical
M. M. Miller, P Morrison, G. W Rathjens, strategy. Case method of instruction em- Offered under: 1.146, 2.192, 3.56, 13.62,
J. P Ruina phasizes participation in class discussion. 16.784, 22.821, TPP 21

Juniors, seniors, or graduate students. Prereq.: Permission of Instructor
D. P Hoult, H. S. Marcus G(1)

3-0-6
Optimal Design of EngIneerIng Systems Synthesis of analytic procedures for Identifica-
Offered under: 6.940, 13.671 tion and selection of optimal systems. Review
Prereq.: 1.00 or equivalent of economic framework for analysis. Sys-
U (1) tematic application of mathematical optimiza-
3-1-8 tion to engineering problems. Evaluation

procedures for single and multiattributed
Introduction to mathematical programming for problems covering decision analysis in addi-
engineers. A review of unconstrained and con- tion to standard procedures. Application of this
strained optimization including Kuhn-Tucker material to real problems.
theory and convexity. Lagrangians and duality R. de Neufvlle, J. P Clark
theory, linear programming and the simplex
method, network models, integer and dynamic
programming models. Examples and case
studies taken from engineering problems. Use
of educational computer packages in class
and in homework assignments.
Y Sheff1, R. C. Larson

Engineering School-Wide Electives 2450

Entrepreneurship

Offered under: 2.942, 3566, 6.936, 10.801,
13.78,16.672, 22.86
Prereq.: -
G (2)
4-0-5

Introduction to various issues faced by techni-
cal Innovators/entrepreneurs. Topics include
concept evaluation, patents and licensing,
financing, marketing, business planning, ac-
counting, and team building. Case studies are
used. Term project required in which student
ideas are developed into business plans.
Open to undergraduates by permission of in-
structor.
D. P Hoult

Nuclear Weapons and Arms Control:
Technology and PolicyIssues

.. ... .

Offered under: 6.932, 13.93, 16.995, 17.486,
22.841
Prereq.: -
G (1)
4-0-8

Reviews weapons systems developments and
efforts at arms control. Focuses on the interac-
tion of technological factors with strategic con-
cepts, intelligence assessments, and political
judgment. Topics: nuclear weapons technology
and effects, nuclear weapons proliferation,
strategic defensive and offensive weapons,
and analysis of current strategic arms
programs. To the extent possible, experts who
have played key roles in the topics covered
are invited to give guest lectures.
0. W Rathjens, J. P Ruina
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Undergraduate Subjects

TOX UR Undergraduate Research
Opportunities
Prereq.: -
U (1, 2)
Units arranged [P/F

Laboratory research conducted by under-
graduatea in the field of toxicology. May be ex-
tended over multiple terms.
H. Zarbl, Staff

TOX 101 Special Projects in Undergraduate
Research
Prereq.: -
U (1)
Units arranged
TOX 102 Special Projects in Undergraduate
Research
Prereq.: -
U (2)
Units arranged

Emphasizes direct and active involvement of
undergraduates in laboratory research in
toxicology. May be extended over multiple
terms. Letter grade credit.
H. Zarbi, Staff

TOX 104J Chemicals in the Environment:
Human Disease
(Same subject as TPP 53J)
Prereq.: -
U (2)
3-0-6

Designed for those who want to understand
the biological and chemical concepts used to
protect the public from hazardous environmen-
tal chemicals. Begins with review of current as-
sumptions and considers their accuracy.
Focuses on needs and means for rational ap-
proaches to finding the actual causes of
heritable disease and cancer in humans. Class
participation emphasized.
W G. Thilly

TOX 105J Biotechnology and Engineering
(Context Subject)
(Same subject as 5.22J, 10.02J)
Prereq.: -
U (2)
3-0-6

Illustrates how the principles of chemistry, biol-
ogy, and engineering are integrated to create
new products for human health and consump-
tion. Uses case-study format to examine
recently developed products of pharmaceutical
and biotechnology industries: how a product
evolves from initial idea, through patents, test-
ing, evaluation, production, and marketing. Em-
phasizes scientific and engineering principles,
as well as the responsibility scientists, en-
gineers, and business executives have for the
consequences of their technology.
J. M. Essigmann, R. S. Langer

Graduate Subjects

TOX 210 Experimental Toxicology (A)
(Revised Unit)
Prereq.: Open only to Toxicology students
G (1, 2)
2-10-0

Students leam experimental toxicology by rota-
tion through the labs of the faculty. Examples
of research methods include interaction of car-
cinogens with DNA and proteins; methods of
measurement of carcinogens and adducts, in-
cluding mass spectrometry and immunoas-
says; use of laboratory animals;
DNA-mediated gene transfer and oncogenes;
concepts and practice of growing and measur.
ing change in human cells; physical, chemical,
and enzymatic analysis of modifications in
DNA. Lab rotations supplemented with lec-
tures on theoretical aspects of techniques
employed. The course will be given over the
length of two semesters.
H. Zarb, Staff

TOX 211 General Toxicology (A)
Prereq.: 7.05
0 (2)
4-0-8

General principles concerning toxicology of
chemicals, with emphasis on mechanisms un-
derlying toxicity at tissue, cell, and molecular
levels. Detection and quantitation of
pathophysiologic effects, including acute and
chronic toxicity; genetic effects; teratogenicity,
mutagenicity, and carcinogenicity. Extrapola-
tion of experimental data In assessing human
health risk and use of molecular epidemiology
in identification of hazards in human popula-
tions. llustrative examples drawn from sub-
stances of broad concern as human health
hazards.
G. N. Wogan, S. R. Tannenbaum

TOX 212 Xenobiotics: Chemistry and
Metabolism (A)
Prereq.: 7.05
G (2)
2-0-4

Conversion of xenobiotic chemicals into forms
which interact with cellular nucleophiles, includ-
ing activation, contugation, and detoxification.
Emphasis will be placed on mechanisms of
reaction and the enzymology of oxidation and
conjugation for various classes of important en-
vironmental compounds.
S. R. Tannenbaum

TOX 213 Genetic Toxicology (A)
Prereq.: 7.03, 18.02
G (1)
4-0-8

Modeling of events leading to induction of
genetic 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.
Modeling of the kind and number of genetic
changes necessary for human cancer.
W G. Thilly, J. M. Essigmann

TOX Toxicology TOX 214 Human Pothophyslology(A)
Prereq.: 7.05
G (1)
3-0-9

The course will provide an overview of organ
system physiology, with emphasis on altera-
tions leading to pathological states. The role of
hormones, growth factors, drugs, and toxins
will be examined at both the cellular and
molecular levels. The course will attempt to in-
tegrate aspects of physiology, nutrition,
biochemistry, pharmacology, and toxicology.
H. Zarbl

TOX 218 Laboratory Animals: Use In
Biological Experimentation (A)
Prereq.: 7.01
Aced Year 1990-9 1: G (2)
Aced Year 1991-92: Not offered
2-1-3

introduces current concepts of anesthesia,
surgery, disease, and experimental manipula-
tion of the research laboratory animal. Em-
phasizes the selection of proper animal
models and techniques used In the experimen-
tal protocol. Techniques and skills learned from
lectures and audiovisual aids are practiced in
laboratory sessions. Alternate years.
J. G. Fox, J. C. Murphy, N. Lipman

TOX 219 Selected Topics in Toxicology (A)
Prereq.: -
G (1, 2)
Units arranged

Detailed discussion of selected topics of cur-
rent interest. Classwork In various areas not
covered by regular subjects.
Staff

TOX 301 Research Problems In
Toxicology (A)
Prereq.: -
G (1,S)
Units arranged
TOX 302 Research Problems In
Toxicology (A)
Prereq.: -
G (2)
Units arranged

Directed research In the field of toxicology.
Open only to pro-doctoral exam graduate stu-
dents.
S. R. Tannenbaum, Staff

TOX 303 Thesis Proposal (A)
Prereq.: -
G (1.2)
0-24-0 [P/F]
Thesis proposal research and presentation to
the Thesis Committee.
S. R. Tannenbaum, Staff

_______ ____','I
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TOX 304 Teaching Experience In
Toxicology (A)
Prereq.: Permission of instructor
G (1, 2)
Units arranged

For qualified graduate students interested in
teaching. Tutorial, laboratory, or classroom
teaching under the supervision of a faculty
member. Total enrollment limited by availability
of suitable teaching assignments.
S. R. Tannenbaum, Staff

TOX ThG Graduate Thesis (A)
Prereq.: -
G (1, 2,8S)
Units arranged

Program of graduate research leading to the
writing of an S.M. or Ph.D. thesis; to be ar-
ranged by the student and the MIT faculty ad-
visor.
S. R. Tannenbaum, Staff
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TPP Technology and
Policy

TPP 01J Decision Analysis Laboratory TPP 102J Introduction to Policy Analysis TPP 14J Thesis Proposal Seminar (A)
(Same subject as 1.101J) (New) (Revised Content)
Prereq.: - (Same subject as 13.963J) (TPP 13J)
U (2) Prereq.: - (Same subject as 1.980J)
3-4-5 LAB G (1) Prereq.: Thesis Registration
See description under subject 1.101J. 1-0-2 1,2)
R. de Neufville A bridge for engineers to understanding policy

and policy analysis for technology-relevant is- Orientation to thesis in Technology and Policy,
TPP 09J Ethical Issues in the Work Life of sues. Case studies demonstrate dynamics of with emphasis on integrating the two into a
Engineers and Scientists political systems, their interests, power bal- professional effort showing leadership in the
(Context Subject) ances, institutions, and vehicles which in- field. Students work closely with advisors to

fluence policy outcomes. Prepares students for prepare an acceptable thesis proposal.(Same subject as 2.95J, 16.996J, STS 061J) prescriptive and evaluative analyses through Restricted to advanced students In the Technol-Prereq.: Permission of Instructor increased awareness of points and modes of ogy and Policy Program In the semesterU (2) intervention in policy systems and thoughtful preceding their intended graduation.4-0-8 HASS criteria development for effective policies. R. de Neufvle, J. Ehrenfeld, J. Kildow,
Taught second half of semester. M. Lipsky R. TaborsThis subject prepares students to recognize J. hton

ethical problems that commonly arise in the
work place, and to find, evaluate, use, and TPP 21 Engineering Systems Analysis (A)
strengthen institutional supports for acting on TPP 11 Proseminar In Technology and Prereq.: Permission of Instructorethical concerns. Lectures will survey issues Policy I (A) 01
ard practices in various institutional and dis- (Revised Unit) 3G1)

. y contexts. In discussion sections stu- (Same subject as 13.961J)3
deiltiwvill develop ethics scenarios on issues Prereq.: Permission of Instructor School-Wide Elective. Description given at theof their choosing and explore them with repre- G (1) end of this chapter on SWE page.
sentatives of corporations, universities, etc., at 3-0-6 R. de Neuvlle, J. P Clark
which students might work or study. Open to
seniors, graduate students, or by peimission Explores the diversity of values that complicate TPP 22J The Policy-Making Process (A)
of instructor, the selection of policy: personal moral
C. Whitbeck, S. Bird, /. Paul, L. Trilling decisions, values inherent in various profes. (Same subject as 17.220J)

sions, and cultural differences. Case projects Prereq.: Permission of Instructor
TPP 101 Introduction to Leadership of increasing complexity explore these ques- G (2)
(New) tions. Integral assessments of issues and 3-0-9

processes. Emphasis on developing thePrereq.: - participant's skills in making verbal and written See description under subject 17.2204.
G (1) presentations. Introductory core subject in- M. Lipsky
0-2-1 tended for TPP students Permission of instruc-

tor required. TPP 32J Law, Technology, end PublicPresents basic concepts of individual and col- Jr T Kidow, R. Tabors Policy (A)
lective leadership in groups. A structured set of
outdoor experiences complements classroom (Same subject as 3.576J, 16.865J)
activities. Restricted to entering students in the TPP 12J Proseminar In Technology and Prereq.: -
Technology and Policy Program. Taught first Policy|11(A) G(2)
half of semester. (Same subject as 13.962J) 3-0-6
Information: R. Tabors. Prereq.: TPP 11 In-depth examination of the relationship be-.(2) tween technology and the legal system. Five3-06major areas discussed: 1) responses of the

Presents means to integrate the diversity of legal system to new social problems created
values held by participants in policy formation. by new or existing technology; 2) technological
First, builds on social welfare theory, to show change in response to legal action; 3) changes
how formal models of technology can be used in legal theory and practice resulting from new
to build consensus, identify points of conten- technical developments; 4) responses of the
tion, and form a basis for negotiation. Then, ex- political system to proliferating technology; and
plores issues in negotiation, especially the 5) equity/market changes brought about by the
importance of process in determining out- law-technology Interaction.
comes. Two major case projects, an analysis, N. A. Ashford, C. C. Caldart
and a negotiation, illustrate the material.
J. T Kildow, R. Tabors

2"D

TPP*33*"Environmental Law: Pollution
Control (A)
(Revised Unit)
(Same subject as 1.8114)
Prereq.: Permission of Instructor
G(1)
3-0-9

See description under subject 1.811J.
N. A. Ashford, C. C. Caldart

TPP 34J Regulation of Chemicals,
Radiation, and Biotechnology (A)
(Revised Unit)
(Same subject as 1.8 12J)
Prereq.: Pri orlaw subjects or Permission
of Instructor
G (2)
3-0-9

See description under subject 1.812J.
N. A. Ashford, C. C. Osidart

TPP 36J Technology, Law, and the Working
Environment (A)
(Same subject as 10.805J, 15.656J)
Prereq.: -
G(1)
3-0-6

See description under subject 10.805J.
N. A. Ashford, C. C. Caldart

TPP 514 Chemicals in the Environment:
Fate and Transport (A)
(Same subject as 1.726J)
Prereq.: Permission of Instructor
G (1)
3-0-9

See description under subject 1.725J.
H. Hemond, D. Maths

TPP 52J Chemicals In the Environment:
Sources and Control (A)
(Same subject as 10.72J)
Prereq.: Permission of Instructor
G (1)
3-0-6

See description under subject 10.72J.
J. R. Ehrenfeld, A. F Sarofim

TPP 53J Chemicals in the Environment:
Human Disease
(Same subject as TOX 104J)
Prereq.: -
U (2)
3-0-6

Se description under subject TOX 104J.
W. G. Thilly

TPP 54J Chemicals in the Environment:
Policy and Manegement (A)
(Same subject as 11.363J, 15.650J)
Prereq.: -
0 (2)
3-0-6

See description under subject 11.363J.
L. Suseldnd, J. R. Ehrenfeld, J. D. Nyhart

I
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Aerospace Studies AS 21 US Air Power: Ascension to AS 31 Management and Leadership
Prominence Prereq.:

Prereq.: - U(1)
U (1) 3-0-3
1-0.1

Study of management and leadership from the
AS 11 The Air Force Today History of the development of air power, from point of view of the Air Force junior officer. In-

its beginnings through World War 11. Emphasis dividual motivation and behavioral processes,
U1 -on the doctrine goveming the employment of leadership, communication, and groupU(1) air power and how it developed. Also ex- dynamics are covered to provide a foundation10-1 amines how technology has affected the for the development of the junior officer's
Examines the role of the US Air Force in the growth of air power. professional skills as an Air Force officer.
contemporary world by studying national Information: R. Levias. C. D. Barondes
security objectives and the uses of national
power to achieve objectives. Includes back- AS 211 Leadership Laboratory AS 311 Leadership Laboratory
round, mission, and organization of the Air
orce, and the functions of its forces. Em- Prereq.: AS 121 Prereq.: AS 221

phasis is on the development of oral and writ- U (1) U(1)
ten communications skills. 0-1-0 [P/F] 0-1-0 [P/FJ
R. P Craigie Emphasizes development of techniques used Supervisory practice and exercise of leader-

to direct and inform. Students are assigned ship functions in controlling and directing ac-
AS 111 Leadership Laboratory leadership and management positions in the tivities of the cadet corps. Development of
Prereq . _-AS 111 programs described above. leadership potential in a practical, supervised
U (1) " Information: R. Levias. training laboratory.
U-1)0[PF Information: R. Levias-.

AS 22 US Air Power: Key to Deterrence I
Introduction to the customs, traditions, and AS 32 Management and Leadership
courtesies of the Air Force through seminars, Prereq.: Permission of Instructor
guest speakers, and appropriate field trips. U (2) Prereq.: AS 31
Information: R. Levias. 1-0-1 U (2)

Continues the history of air power since World 3-0-3
AS 12 The Air Force Today War 11, with emphasis on the US Air Force. In- Continuation of AS 31, with special emphasis

cludes the role of air forces in conflicts, and on decision making, utilizing analytical aids inPr req. the effect of space-age technology on air planning, organizing, and controlling in a
1 0-) power. Also examines the employment of US changing environment. Organizational and per

air power in peaceful ways. sonal values, management of forces in
Continues the study of the US Air Force and Information: R. Levias. change, organizational power, politics, and
its role in the contemporary world. Includes Air managerial strategy and tactics are discussed
Reserve Forces and other US Armed Forces. AS 221 Leadership Laboratory within the context of the military organization.
Compares and contrasts US and Soviet Prer: AS 211 C. D. Barondes
military power and capabilities. req.
R. P Craigi U (2) AS 321 Leadership Laboratory0-1-0 [P/F]

Prereq.: AS 311
AS 121 Leadership Laboratory Continuation of AS 211. Adds a special pro- U (2)
Prereq.: AS I1I1I gram in preparation for Field Training. 0.1-0 [P/F]
PrrU .(2) 11Information: R. Levias. [/]
U (2) IContinues AS 311 emphasis on supervisory0-1-0 [P/F]_and leadership skills. Emphasis on advantages
Continuation of AS 111. Emphasis on role and of an Air Force career.
responsibilities of an Air Force junior officer. Information: R. Levias,
information: R. Levias.

s Mudies, Miay Science, and Navel Scinma
subjects we no o MIT credt

ROTO Programs

AS 41 American National Security: Policy
and Process
Prereq.: -
U (1)
3-0-3

Examines the development of American Na-
tional Security Policy through discussion of the
various groups affecting policy. Investigates
current issues of national and regional security
issues. Emph-asis on Integration of current
events into course topics. Students are asked
to challenge current ideas on National Security
Policy.
R Levias

AS 411 Leadership Laboratory
Prereq.: AS 321
U (1)
0-1-0 [P/Fj

Exercise of management functions in planning,
supervising, and directing cadet corps ac-
tivities. Acquire proficiency in military leader-
ship skills.
Information: R. Levias.

AS 42 lesues for Today's Military
Prereq.: AS 41
U (2)
3-0-3

Study of selected issues that affect the military
today. Topics include the laws of armed con-
flict, the military legal system, aerospace
doctrine, the military as a profession, officer-
ship, and the transition from civilian to military
life. Continued emphasis is given to the refine-
ment of communicative skills.
R. LeWas

AS 421 Leadership Laboratory
Prereq.: AS 411
U (2)
0-1-0 [P/F]

Continues AS 411. Includes preparation for
professional duties.
Information: R. Levias.

Military Science

MS 111 Introduction to ROTC and the Army
Prereq.: -
U (1)
1-2-1

Investigates the generalized emzployment 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 communications
skills.
R. J.Gabdel

I

MS 121 The Fundamentals of Military
Solence
Prereq.: -
U (2)
1-2-1

Discusses interface between Active Army, Na-
tional Guard, Reserves, and civilian work
force; interservice and intra-alliance support.
Examines ocganIzation and role of company-
sized units; small-unit tactics and combined
arms concepts. Specialties of soldies are re-
lated to operational unit missions. introduces
principles of war and relates them to actual his-
torical events.
R. J. Gabriel

MS 21 Instructional Methodology
Prereq.: -
U (1, 2)
2-0-1

Designed to provide the student with theoreti-
cal and practical experience in preparing and
presenting effective oral presentations. Inves-
tigates the psychology and principles of learn-
ing, 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.
Z Natale

MS 211 Leadership
Prereq.: -
U (1)
1-2-1

Introduction to military leadership and manage-
ment. Various leadership theories discussed,
and an "Integrated Leadership Model*
developed. Using this model, the class inves-
tigates the individual-his or her needs, goals,
attitudes, 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 communications,
motivation, and counseling discussed. Case
studies are used to enhance classroom effort.
H. R. Waters

MS 221 Basic Radio Communication and
Map Reading
Prereq.: -
U (2)
1-2-1

Acquaints students with the various types of
radios used in the U.S. Army. Instructs stu-
dents in the proper use of radio transmission
procedures. Familiarizes students with the
techniques of map reading, including plotting
coordinates and recognizing various terrain
features. Incorporates radio communication
and land navigation while introducing the con-
cepts of small unit tactics and patrolling.
H. R. Waters

251D

MS 31 Small.Unit Tactices
Prereq.: -
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-
tions and their impact on combat operations.
Current organization and hardware associated
with small tactical combined arms formations
reviewed.
R. Bouchard

MS 311 Land Navigation
Prereq.: -
U (2)
1-2-1

Students acquire the ability to determine point
locations accurate to within 10 meters, and
learn the fundamentals of direction and dis-
tance determination both on a map and on the
ground. Familiarizes students with the fun-
damentals of terrain analysis to include the
ability to construct accurate terrain profiles.
Familiarizes students with the techniques used
in interpretation of aerial photographs, includ-
ing determination of scale and direction, and
identification of objects on the ground.
R. Bouchard

MS 321 Military Management

Prereq.: -
U (1)
1-2-1

Concemed with theintegrated 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.
J. W Connors

MS 41 Military History
eOrereq.: -
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 professionals
have played in shaping the US, and where the
military profession fits into the society it
serves. Equips the student with the tools
necessary to analyze military operations at all
levels, using historical methodology. Stimu-
lates an interest in the study of military history
leading the potential Army Officer to a mature,
informed concept of his or her role as aleader
in the US Army. An American Revolutionary
War Battlefield study trip is included during IAP
to meet the 45-hour Military History Require-
ment for Army ROTC Cadets.
J. W Connors

V
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F MS 411 Military Law and Administration

Prereq.: -
U (1)
1-2-1

Provides the military science student with an in-
troduction to the United States Military Justice
System. Develops historical and legal basis,
as well as modem practical application, of
Military Justice. Prepares student for a leader-
ship position that inherently involves ad-
ministration of discipline and justice. Includes
discussion of practical aspects of small-unit ad-
ministration.
G. T Wellman

MS 421 Military Ethics and Professionalism

Prereq.: -
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 military
profession and juxtaposes positiors of well-
known scholars. Themes examined include the
inextricable association of human values with
the military profession and the resolution re-
quired when crucial military values are per-
cei !ed as at odds with the parent society.
G.r Wellman

Naval Science

NS 101 Introduction to Naval Science

Prereq.: -
U (1)
2-0-1

General introduction to seapower and the
naval service, covering an overview of the or-
ganization and historical development of the
US Navy and its tactics and equipment.
Covers the basic tenets of naval courtesy and
customs, discipline, leadership, and ship char-
acteristics, as well as the major challenges
facing today's Naval officer.
E. F Howlett

NS 102 Naval Ships Systems 1

Prereq.: -
U (2)
3-0-3

Lecture series on technological fundamentals
of applied and planned Naval Ships Systems
from an engineering viewpoint. Topis stability,
propulsion, ship control, and compartmentation.
EF Howlett

NS 201 Naval Weapons Systems'

Prereq.: 18.02, 8.01
U (1)
3-0-3

Overview of the properties and behavior of
electromagnetic radiation pertaining to
maritime applications. Topics: communica-
tions, radar detection, electrooptics, tracking
and guidance systems. Sonar and computer-
controlled systems also discussed. Examples
taken from systems found on naval ships and
aircraft. Selected readings on naval weapons
and ire control systems.
M. J. Quinlan

NS 202 Seapower and Maritime Affaire

Prereq.: -
U (2)
2-0-2

Exploration of the general concept and history
of seapower (including the merchant marine
and oceanographic research), the role of
various warfare components of the Navy in
supporting the Navy's mission, implementation
of seapower as an instrument of national
policy, and a comparative study of US and
Soviet naval strategies.
M. J. Quinlan

NS 301 Coastal Piloting and Celestial
Navigation'

Prereq.: -
U (1)
2-2-4

Comprehensive study of the theory, principles,
and procedures of piloting and celestial naviga-
tion, including mathematics of navigation, prac-
tical work involving navigational instruments,
slight reduction by pro forma and com-
puterized methods, charts, publications, and
voyage planning.
J. B. Watkins

NS 302 Navigation and Navel Operations

Prereq.: -
U (2)
3-0-3

Comprehensive study of tactical and planning
considerations relative to employment of naval
forces, including communications, tactical for-
mations and dispositions, relative motion,
maneuvering board, and nautical rules of the
road.
R. M. Moliski

NS 303 Evolution of Warfare

Prereq.: -
U (1)
2-0-2

Study of warfare as an instrument of political
action throughout modem history. Interrelation-
ship with other components of statecraft
stressed, as is the influence of economic,
psychological, moral, political, and technologi-
cal factors on strategic thought. Great leaders
and military organizations of history examined
to discover the ingredients of their successes.
M. S. Shafer

NS 401 Leadership and Management I

Prereq. -
U (1)
2-0-4

Participative study of management theory. In-
cludes the historical development of manage-
ment; role of the manager; manager
productivity; setting objectives and priorities; or-
ganization theory; the controlling function; per-
formance appraisal; motivation; individual,
interpersonal, and group behavior theory;
leadership theory; communications; organiza-
tional change and development; decision
making; the relationship between authority,
responsibility, and accountability. Seeks to bet-
ter understand effective and efficient work with
superiors, peers, and subordinates to optimize
the use of scarce resources.
J. B. Watkins

NS 402 Leadership and Management I

Prereq. -
U (2)
2-0-2

Provides a basic background in the duties and
responsibilities of a junior division and watch
officer; strong emphasis on the junior officer's
responsibilities in training, counseling, and
career development. Student familiarized with
equal opportunity and drug/alcohol rehabilita-
ton programs. Principles of leadership rein-
forced through leadership case studies.
R. W Sharer

NS 403 Evolution of Amphibious Warfare

Prereq. -
U (2)
2-0-4

Historical and tactical analysis of amphibious
warfare. Seeks to define the concept, explore
its doctrinal origins, and trace its evolution as
an element of naval policy during the 20th cen-
tury. Case study approach used to provide the
prospective Marine Corps officer with the fun-
damentals of amphibious tactics.
M. S. Shafer

This subject is normay conduded in conjunction with an MIT
accredited senonar Any technical aspects of the subied
matter of interest only to midshiprnn are covered in separate
NROTC sessions and fIid . ps
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