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An MIT Education
for Our Times

Earlier in this century, people looked to
science and technology to light the path of
progress. This is no longer the case. That
early, and somewhat naive, optimism has
been replaced by a skepticism and by an
alarming decline In scientific literacy In this
country. This decline reflects, in part, the
difficulty of keeping up with fields which grow
and change with nastonlehing speed. But there
is also, among the public, an Ignorance,
wariness, and discomfort about most things
scientific and technological....

It is clear, however, that the future develop-
*nent not only of this nation, but of the world,
is inexorably tied to continued scientific
progress and to the humane and thoughtful
applications of science. What is needed Is not
a retreat from science and technology, but a
more complete science and technology.

We must strive to develop among ourselves,
among our students, and in the public at
large, an understanding of the fact that
engineering and science are, by their very
nature, humanistic enterprises.

Scientific inquiry is, at o.:oe, a most natural
and highly refined expression of the human
mind and spirit. It is derived from native
curiosity about the nature of our world and
about the universe, and it results in specula-
tions and concepts which help to give
meaning and order to that world. Engineering
and technology are both natural and socially
derived enterprises. They offer suggestions of
agenda - on goals and prioritier - for
scientific inquiry . .. Ultimately, I belleve, this
inquiry and these enterprises must rest where
they begin, with concern for the human
condition.

The attention to the humanistic elements and
the human consequences of all that we do
must be broadly shared. For, not only do we
need a more complete science and technolo-
gy, but we need to understand - and to
engage - the larger social, cultural, and
histoical domains of which they are a part.
We must continue to be a sanctuary for the
constructive criticism of the technological
enterprise and of the larger society. These
prinoiples must be built into the academic
programs of our students - both undergrad-
uate and graduate - and they must be
reflected in the lives and activities of all who
choose to be a part of this irstitution.

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

if we are to achieve a richer culture, rich In
contrasting values, we must recognize the
whole gamut of human potentialities, and so
weave a less arbitrary social fabric, one In
which each diverse human gift will find a
fitting place.

Paul E. Gray
President
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This is MIT

An Overview

On February 20, 1865, four years after ap-
proval of its founding charter, the Massachu-
setts Institute of Technology opened its doors
to admit the first class of 15 students. The
event marked the culmination of an effort by
William Barton Rogers, MIT's founder and first
president, to create a new kind of educational
institution relevant to the times and to the na-
tion's need, where students would be edu-
cated in the application as well as the
acquisition of knowledge. A distinguished nat-
ural scientist, Rogers stressed, too, the Impor-
tance of basic research, and believed that
professional competence was best fostered by
the coupling of teaching and research and at-
tention to real-world problems.

Today, education and related research oon-
tinue to be MIT's central purpose, with rele-
vance to the practical world as a guiding
principle. The Institute is an independent,
coeducational, privately endowed university. It
is broadly organized into five academic
Schools - Architecture and Planning, Engi-
neering, Humanities and Social Science, Man-
agement, 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 inter-
departmental laboratories, centers, and divi-
sions which extend beyond the traditional
departmental boundaries.

MIT's total enrollment is approximately 9,500,
almost evenly divided between undergraduate
and graduate students. In 1988-89, MIT stu-
dents came from all 50 states, the District of
Columbia, two territories, and 90 foreign coun-
trks. The proportion of Intemational students
at the Institute, about 20 percent, Is one of the
highest in an American university.

The MIT faculty numbers approximately 1,000,
with a total teaching staff of just over 1,900.
Most faculty appointments are in one or more
of the academic departments, but faculty
members also work ir the many interdepart-
mental labor"tories, centers, and divisions.
Most faculty at MIT teach both graduate and
undergraduate students. Undergraduates often
register for graduate classes; many under-
graduates and all graduate students partici-
pate, often together, in advanced research.

This mixing of ages, disciplines, and nationali-
ties characteristic of MIT, deeply influences
the life and experience of every member of
the academic community, bringing together
students and teachers, biologists and archi-
tects, humanists a id engineers, young and
old. The result I an academic environment
with a strong focus on excellence and a di-
verse range of interests.
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The Academic Program

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

The two essential parts of all MIT educational
programs are teaching and research. Both of
these activities carried on together have
greater power than either performed alone.
While advancing human knowledge and un-
derstanding, research makes special contribu-
tions to the institute's educational program. It
provides experience in both theory and experi-
ment for students and faculty, and ensures
that classroom teaching is up to date. Teach-
ing, at the same time, provides a setting in
which the relevance, accomplishments, and vi-
tality of research are clarified and assessed.

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

School of Architecture and Planning
Architecture

Media Arts and Sciences Section
Urban Studies and Planning

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

Science
Materials Science and Engineer g
Mechanical Engineering
Nuclear Engineering
Ocean Engineering

School of HumanitIes and Social Science
Economics
Humanities (Anthropology/Archaeology,

Foreign Languages and Literatures, History,
Uterature, and Music and Theater Arts
Sections; The Writing Program)

Unulstics and Philosophy
Polical Science
Program In Science, Technology, and SocietY

Sloan School of Management
Management

School of Science
Biology
Chemistry
Earth, Atmospheric, and Planetary

Sciences
Mathematics
Physics
Program in Applied Biological Sciences

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

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

Undergraduate Courses at MIT lead to the de-
gree of Bachelor of Science (S.B.). Graduate
degrees awarded include Master of Architec-
ture (M.Arch.), Master of Science (S.M.), Mas-
ter n City Planning (M.C.P.), Engineer (each
degree designates the field in which it is
awarded),2 Doctor of Philosophy (Ph.D.), and
Doctor of Science (Sc.D.).

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

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

At the Inatitute the capitalized word course refers to an orga-
nized curriculum laading to a specified degree. The lower-
cased word course or subject, on the other hand, refers to
the individual classes. Each Course is designated by a Ro-
man numeral: individual subjects are given Arabic numerals to
correspond with the Course numbers. For example, Course i
and Course i-A are curcula in Mechanical Engineering; the
nunmber 2.05 inidicates a subj~ect given in Mechaical Engi.
neering. The Department of Mechanical Engineering as a
whole can also be referred to as Course 2 or Course If.
2
Engineer degrees include Chemical Engineer (Chem.E.), CMi
Engineer (C.E.), Electrical Engineer (E.E.), Engineer in Aero-
nautcs and Astronautics (E.A.A.), Environmental Engineer
(Env.E.), Materials Engineer (Mat.E.), Mechanical Engineer
(MachE.), Metallurgical Engineer (Met.E.), Navl Engineer
(Nav.), Nuclear Engineer (NuC.E.), Ocen Enginer (ocean E.)
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Academic Calendar

The academic calendar provides a framework
for educational programs and cultural events,
and generally Influences the patterns of cam-
pus life. At MIT the fall term starts shortly after
Labor Day and ends before Christmas, and
the spring term starts the first full week in
February and ends in mid-May.

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

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

1989

August

11 Payment for first term due

11 Last day to petition for September Ad-
vanced Standing Exam.

15 Last day to go off September degree
list

25 New graduate students registration
material due

31 Freshman Residence/Orientation
Week begins

September

4 Labor Day (Holiday)

5-8 Graduate Student Orientation Week

5 English Evaluation Test for intema-
tional Studmts 9:00-12:00

5-6 Advanced Standing Exams and post-
poned finals

5-6 International Open House

11 Registration Day - first term

11 Deadline for Completion of Writing
Requirement by final-term seniors

12 First day of classes

29 Application for February S.B. and ad-
vanced degrees due in Registrar's Of-
fice, E19-335. $25 late fee

29 Deadline for completed medical re-
ports on entering students

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

October

9-10 Columbus Day Vacation
13 Add Date. Last day to add subjects to

registration. Undergraduates must
petition to the Committee on Aca-
demic Performance and graduate
students must petition to the Commit-
tee on Graduete School Policy for any
add after this dte. $25 processing
charge for any add allowed after this
date. Last day for juniors and seniors
to change an elective to or from P/F
grading. HASS Concentration Com-
pletion form due for final-term seniors.

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

27 Deadline for Instructors to turn in
Freshman Evaluation Forms

November

10 Veterans Day (Holiday)

22 Drop Date. Last day to cancel sub-
jects from Registration. Undergradu-
atos must petition 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.

22 Last day to petition for Dnc'inber Ad-
vanced Standing Exam (given during
Final Exam Period)

23-24 Thanksgiving Vacation

December

4-5 Second-term registration material
available in Building 10 Lobby

8 Last day for changing Advanced De-
gree thesis title. $25 late fee

14 Last day of classes

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

19-22 Final exam period

22 Registration mraterial for second term
due in Registrar's Office, E19-335.
$25 late fee

23 Christmas Vacation begins (through
January 7)
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1990

January

5 Deadline for instructors to turn in
Freshman Evaluation Forms

5 First-term grade reports mailed

7 Christmas Vacation ends

8 First day of Independent Activities
Period

8 Payment for second term due

12 Doctoral theses due for January

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

16 Last day to petition for February Ad-
vanced Standing Exam.

19 Theses, other than doctoral, due for
January

19 Last day to go on or off February de-
gree list

31 Last day of Independent Activities
Period

31 English Evaluation Test for Intema-
tional Students 9:00-12:00

February

1-4 Vacation

5 Registration Day - second term

5 Deadline for Completion of Writing
Requirement by final-term seniors

5 Advanced Standing Exams and post-
poned finals

6 First day of classes

8 Grade reports for January period
mailed

19-20 President's Day Vacation

23 Application for June S.B. and ad-
vanced degrees due in Registrar's 0-
fice, E19-336. $25 late fee

2$ Last day to sign up for family health
Insurance or waive lndMdual
coverage

March

9 Add Date. Last day to add subjects to
registration. Undergraduates must
petition to Committee on Academic
Performance and graduate students
must petition to Committee on Gradu-
ate School Policy for any add after
this date. $25 processing charge for
any add allowed after this date. Last
day for juniors and seniors to change
an elective to or from P/F grading.
HASS Concentration Completion form
due for final-term seniors.

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

26-30 Spring Vacation

April

2 Deadline for instructors to turn in
Freshman Evaluation Forms

13 Last day for changing advanced de-
gree thesis title. $25 late fee

16-17 Patriot's Day Vacation

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

27 Drop Date. Last day to cancel sub-
jects from registration. Undergradu-
etse must petition 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.

27 Last day to petition for May Advanced
Standing Exam (given during Final
Exam Period)

May

4 Doctoral theses due for second term

4 Summer Session Registration material
due in Registrar's Office, E19-335

7-8 First-term registration material avail-
able in Building 10 Lobby. Reference
copies of new subject descriptions
available in departmental headquar-
ters, libraries, and the Information
Center.

11 Theses, other than doctoral, due for
second term

17 Last day of classes

18 Last day to go on degree list

21-24 Final exam period

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

28 Memorial Day (Holiday)

June

4 Commencement Exercises

4 Second-term grade reports mailed to
home address

11 Summer Session begins (through Au-
gust 22 - including exam period)
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Educational Resources

A special feature of education at MIT Is the
opportunity for students and faculty to partici-
pate together in research activities. The Insti-
tute devotes substantial resources of its own
to such undertakings and receives 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
Institutions. There are more than 70 special
laboratories on the campus. In general, the In-
stitute's policy is to make these facilities avail-
able to students - with the result that nearly
all of MiT's laboratriles are shared by under-
graduates, graduate students, and faculty
members working together in close
collaboration.

Many of these research facilities are described
In this catalogue by the departments which
operate them. In addition to laboratories orga-
nized within departments, there is a large
number of Interdepartmental laboratories and
centers, established to facilitate work in fields
which cross the lines of traditional disciplines.
Undergraduate and graduate interdepartmen-
ta: opportunities and major interdepartmental
organizations and 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 per-
sonal machines to large multiuser access sys-
tems. IS provides a full range of support
services, including public terminals, documen-
tation, education, user-consulting, and an ex-
tensive library of application and systems
software. in addition, there are many local de-
partmental and laboratory facilities which meet
more specialized computing requirements, and
many faculty and staff have access to per-
sonal computers. An increasing number of
these computers is attached to networks
which prov!de convenient communication
among users and facilitates the distribution of
computing 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
areas of modern technology that are not read-
Ily available at other evening Institutions, at a
level geared to the practicing technician who
has an Associate degree or equivalent
experience.

The programs can broaden an Individual's cur-
rent skill level or prepare a technician for em-
ployment in a new field. There is strong
emphasis on practical aspects, combined with
sufficient theory to provide an adequate foun-
dation of understanding.

Subjects offered by the School do not carry
MIT credit, but certificates are awarded to
those who successfully complete a program.
Further information may be obtained by con-
tacting Dr. Bruce D. Wedlock, Director, Lowell
Institute School, Room E32-105, MIT, Cam-
bridge, Massachusettn 02139.



Libraries

The Ubraries, with resources of more than 2.2
million volumes, are designed to support all of
the Institute's programs of study and research.
The library system is composed of five major
(divisional) libraries as well as a number of
smaller branch libraries. Administrative offices
are located in the Chark % Hayden Memorial
Library. More than 20,600 current journals and
periodicals and extensive back flies provide
comprehensive resources in all major fields.
Thvse are enriched by numerous special col-
lectiona, including microfiche, slides, record-
ings, photographs, and maps. Through MIT's
membership in the Boston Library Consortium,
graduate students, faculty members, and re-
search staff have access to extensive re-
search collections outside the Institute,

Listed below are the branches and reading
rooms:

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

Sciences)
Humanities Library
Industrial Relations Collection
institute Archives and Special Collections
Undgren Library (Earth and Planetary

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

Neurosciences)
Science Library

All of the services offered by a fine research
library are available reference and informa-
tion, Interlibrary loans, bibliographic guidance,
complete microfim and photocopying facilities,
and retrieval from machine-readable data-
bases. The Ubraries primarily serve Institute
students, faculty, staff members, and their
iamllies. Others wishing to use the facilities
may apply to the Office of the Director of U-
braries, Room 14S-216, for a library privilege
card.

Project Athens

Project Athena is a major, Institute-wide ex-
periment to integrate computers into the edu-
cational environment in all fields of study. Now
in its seventh year, the project (named for the
Greek goddess of wisdom) offers computing
resources to all undergraduates and many
graduate students and faculty members. To
help students learn more creatively and effec-
tively, Project Athena funded over 125 curricu-
lum development projects in its first five years
to explore the potential uses of computation in
the MIT curriculum. Many of the projects re-
sulted in successfully developed software tools
which make innovative use of advanced com-
puted workstations on an extensive, coherent
network. During 1988-89, over 120 subjects
required the uae of Project Athena.

In large measure, Project Athena has been
made possible by major grants of equipment,
software, maintenance, and on-campus staff
support from Digital Equipment Corporation
and IBM Corporation. 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
$100 million.

There are 16 public clusters on the MIT cam-
pus, including an "electronic classroom." The
network serves over 800 workstations located
in these clusters, as well as in academic facili-
ties, laboratories, libraries, and living groups.

The Council for the Arts at MIT

Student activities in the arts are supported
through the Grants Program of IlT's Council
for the Arts.

Founded in 1971, the Council is a self-sup-
porting organization composed of 100 alumni
and friends of the arts at the Institute. The
Grants Program, administered by a committee,
offers direct financial support to individual stu-
dents, faculty, and staff, and to MIT organiza-
tions and activities. Its purpose is to stimulate
and support artistic activity at the Institute.
Previous experience with the arts is not nec-
essary; experimentation, interdisciplinary proj-
ects, and broad student participation are
encouraged. Grant awards range from a few
hundred to several thousand dollars.

The Council for the Arts also issues a calen-
dar of arts events taking place at the Institute
and a newsletter describing particular arts ac-
tivities or individuals active in the MIT arts
community, and offers technical assistance in
program planning and funding opportunities for
artists.

MIT Press

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

This is MIT 13
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The Campus

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

At the eastern end of the campus are the
Alfred P. Sloan Building and the distinctive
Grover M. Hernann Building, which house ac-
tivities in management, economics, interna-
tional studies, and political science, Adjacent
to them is Eastgate, a 29-story apartment
tower for married students. A building at 70
Memorial Drive was recently renovated, and
contains classroom and office space for the
Sloan School, the Program in Science, Tech-
nology, and Society, and the School of Hu-
manities, Arts, and Social Science. Also
located on this end of campus are tne build-
ings for the Whitaker College of Health Sci-
ences and Technology, and the Medical
Department Health Services Center, com-
pleted in early 1982. The Whitaker College
Building houses research laboratories, class-
looms, a library and reaoing room, and head-
quarters for the College. The Health Services
Center provides facilities for medical, dental,
surgical, and other specialties; a pharmacy;
and an infirmary. The newest building on cam-
pus is the Arts and Media Technology facility,
also known as the Wiesner Building, com-
pleted in 1985. This facility houses a newly
created interdisciplinary laboratory called the
Media Laboratory; office space for the Council
for the Arts and the Committee on the Visual
Arts; and the Albert and Vera List Visual Arts
Center, which comprises three exhibition gal-
leries and a film/video theater.

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

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

Interconnected with these central buildings are
the Center for Life Sciences (the Dorrance
and the Whitaker buildings), the Karl Taylor
Compton Laboratories (electronics and nuclear
science), the EG&G Education Center (with
lecture and laboratory facilities for the Depart-
ment of Electrical Engineering and Computer
Science), the Center for Materials Science and
Engineering (the Vannevar Bush Building), the
Center for Space Research (the Ronald Mc-
Nair Building), the Sloan Laboratory, the Gug-
genheim Laboratory, and the Center for
Advanced Engineering Study.

West Cam
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Across Massachusetts Avenue, on West Cam-
pus, is the Student Center (the Julius Adams
Stratton Building), which contains social
rooms, cafeterias, offices for student activities,
music rooms, a spacious reading room, and
recreational and commercial facilities. The
Student Center Plaza is bounded on the west
by Kresge Auditorium and on the east by the
Chapel. Both buildings were designed by Eero
Saarinen. The auditorium contains a large
concert hall seating 1,200, a little theatre, of-
fices, and rehearsal rooms. The Chapel is
used regularly for religious services by all

faiths and is open throughout the day for med-
itation. The Chapel's unusual design includes
an exterior moat that reflects light in changing
patterns on the interior walls. Adjacent to the
Chapel is the Center for Advanced Visual
Studies.

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

Along Memorial Drive and facing out on the
Charles River are additional student resi-
dences, among them the serpentine Baker
House, which was designed by the Finnish ar-
chitect Alvar Aalto. Westgate, an apartment
complex for married students, and the Tang
residence tower for graduate students are

located at the westem-most end of the cam-
pus. Also on West Campus are the du Pont
Athletic Center and playing fields for soccer,
lacrosse, baseball, softball, touch football,
rugby, cricket, track, and tennis. The Howard
W. Johnson Athletics Center includes an in-
door ice rink and field house, and Rockwell
Cage accommodates varsity and intramural
basketball, volleyball, and badminton. MIT's
Steinbrenner Stadium includes a six-lane, 400-
meter, all-weather running track, the first of Its
kind In North America. The Stadium also in-
cludes 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 fea-
ture of MIT's physical environment, and the
Pierce Boathouse and the Walter C. Wood
Sailing Pavilion provide means for extensive
activity in crew and in sailing.

Prospective students and their families are en-
OEst Campus couraged to take a student-guided tour of the

campus. Tours leave from the Information
Center in the lobby of the Rogers Building
(Room 7-121) at 10 am and 2 pm Monday
through Friday. Visitors are welcome at the
Admissions Reception Center after the tour
(Room 10-100).

vstesd AsdN1 i
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The Boston Environment

MIT is in Cambridge, Massachusetts, on the
north bank of the Charles River, facing the city
of Boston. The city of Cambridge, best known
as the residence of MIT and Harvard, is home
to many students and young professionals,
especially near the two campuses. The city
also has a strong ethnic character with tightly
knit Portuguese, Italian, and Irish
neighborhoods.

Within a two-mile radius of the Institute are the
Museums of Science and Fine Arts, the Gard-
ner Museum, the New England Conservatory
of Music, Symphony Hall, the New England
Aquarium, and the Boston Public Library, as
well as Fenway Park and Boston Garden -
arenas for professional baseball, basketball,
and hockey games. Students can travel easily
to the theatre district where pre-Broadway
plays are previewed and local productions are
staged. Among the numerous cultural organi-
zations in the area are the Boston Symphony
Orchestra, the Boston Pops, the Boston Ballet
Company, the Opera Company of Boston, the
Boston Center for the Arts, Boston University's
Huntington Theatre Company, the Loeb
Drama Center, and the American Repertory
Theatre.

MIT is one of more than 50 schools located
within the Boston area. Others include Har-
vard University, Radcliffe College, Boston Uni-
versity, Northeastern University, Boston
College, Brandeis University, Tufts University,
Simmons College, Wellesley College, and
many specialized professional art and music
schools. The concentration of academic, cul-
tural, and intellectual activities in the Boston
area is one of the largest in the country, and
there is an extraordinary variety of young peo-
ple, over 250,000, from all over the country
and the world.
An hour or two away from MIT by car are the
mountains of Vermont and New Hampshire,
the ocean beaches of Cape Cod, the lakes
and rivers of Maine, the small clusters of fish-
Ing towns along the New England coast, and
many places of historical interest - Salem,
Sturbridge, Lexington, Concord, and Plymouth
- in Massachusetts alone. The four distinct
seasons of New England, combined with the
varied landscape, offer unlimited possibliities
for recreation - skiing, mountain climbing,
hiking, sailing, canoeing, kayaking, swimming,
and camping.
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Organization of the
Institute

The Institute's board of trustees is known as
the Corporation, over which the Chairman pre-
sides. Its members include approximately 75
distinguished leaders of science, engineering,
Industry, education, the professions, and pub-
lic service, and (ex officio) the President,
Treasurer, and Secretary of the Corporation.
Between quarterly meetings, the Corporation
functions through its officers and Executive
Committee.

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

The institute's chief executive officer is the
President. In addition, senior administrative of-
ficers of the institute include the Provost, the
Associate Provosts, and Vice Presidents. The
Provost is the senior academic officer and has
Institute-wide responsibilities for academic
programs in education and research. In this
capacity, the Provost works closely with the
Associate Provosts and the Deans, each re-
sponsible for the undergraduate and graduate
programs in one of the five academic Schools.
The Institute's 21 academic departments, each
under the leadership of a department head,
are organized within the five Schools and the
Whitaker College.

The President presides over the faculty of the
institute, which consists of all professors, cer-
tain professors emeriti, and a number of ad-
mInistrative officers (ex officlis). Officers of the
faculty are the President of the Institute, and
the Chair, the Associate Chair, and the Secre-
tary of the Faculty.

The Academic Council is responsible for the
overall administration of the Institute. This
group consists of the senior officers, the vice
presidents, the deans, the Chair of the Fac-
ulty, and the Director of Libraries. Department
heads and directors of laboratories and cen-
ters join them to form the Faculty Council.

Educational policy for the Institute is deter-
mined by the faculty. The MIT faculty meets
monthly and conducts much of its business
through a number of elected standing commit-
toes. The Faculty Policy Committee (FPC).
which Includes student members, maintains a
broad overview of the Institute's academic
programs, deals with a wide range of policy Is-
sues of concern to the faculty, and coordi-
n the work of the faculty committees. The
Chair of the Faculty chairs the FPC.

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

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

The MIT Alumni Association has a compre-
hensive program for keeping some 86,000
men and women, who have studied at MIT, in-
formed of Institute affairs. For example, the Al-
umni 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 MIT clubs
throughout the world. The Alumni Fund,
through which alumni contribute to the finan-
cial mainstream of the institute, ranks annually
among the country's most successful. Alumni
activities include conferences, class reunions,
and seminars in Cambridge and major cities
throughout the Unitad States, as well as a
program of communications and directories.

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

a
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Campus Activities

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

Undergraduate Student Government

The MIT Undergraduate Association, to which
all undergraduates belong, is the major under-
graduate governmental body. It is assisted by
a variety of committees. The Finance Board
coordinates budgets and allocates funds to
student organizations. The Student Center
Committee helps manage the facility, develops
programs, and operates a 24-hour coffee-
house. The Student Committee on Educational
Policy propoess educational reforms, while the
Course Evaluation Guide lists a review of
courses offered at the institute. It also pro-
vides student feedback to the departments
and the Institute on important educational Is-
sues. The Student Information Processing
Board operates free computer services for stu-
dent use and advises on computer policy at
the Institute. The Association of Student Activ-
ities coordinates programs, recognizes new
activities, and allocates space. The Nomina-
tions Committee recommends student repre-
sentatives for more than 50 faculty and
administrative committees. The Social Com-
mittee produces the major social events of the
year, such as autumn and spring weekends.

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

All living groups, both fraternities and Institute
Houses, elect goveming councils, responsible
for the functioning of their houses. In addition
to sponsoring social events, these house
councils handle most judicial matters within
the respective houses. To deal with problems
of common concem, the fraternities have
joined in the interfratemity Conference (IFC),
while the institute Houses have formed the
Dormitory Council. The IFC operates a central
food purchasing agency, coordinates and su-
pervises Rush Week, and works to improve
relations between fraternities and Boston's
Back Bay community by sponsoring an area
clean-up and beautification program. The Dor-
mitory Council coordinates common house ac-
tivitles such as freshman orientation, major
social events, 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 Student Council. The Council com-
prises elected representatives of all Courses,
Ashdown House, Tang Hall, Green Hall, East-
gate, Westgate, international students and at
large members. The Council organizes and
encourages social, academic, athletic,
cultural, and other extracurricular activities;
promotes closer relations between graduate
students and faculty outside formal academic
exercises; and voices ideas and suggestions
of graduate students. The Graduate Student
Council has five committees which meet at
least monthly and the Council itself meets

monthly. The Graduate Student Council nomi-
nates two students to serve on the faculty
Committee on Graduate School Policy, one
student to the Faculty Policy Committee, and
has representation on several other standing
committees of the institute. As a service to the
graduate student community, the Council also
produces a monthly newsletter entitled The
Graduate Student News.The location is Build-
Ing 50-222, Walker Memorial, above the
Muddy Charles Pub.

Athletics

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

Last year, approximately 800 men and women
were active in intercollegiate varsity sports
while other students, seeking more informal
activities, joined club and intramural teams.
The popular intramural program regularly at-
tracts more than two-thirds of the undergradu-
ates and a significant number of graduate
students. Last year, there were 1,180 teams
with an estimated 11 i79 total participants. In
addition, MIT's sallirg program attracts an-
other 1,500 students, faculty, staff, and al-
umni, and extends sailing privileges to their
families.

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

There are intramural programs in backgam-
mon, badminton, basketball, bowling, chess,
cross country, cycling, fencing, football, fris-
bee, hockey, pool, sailing, soccer, softball (fast
and slow pitch), squash, swimming, table ten-
nis, tennis, track (indoor and outdoor), volley-
ball, water polo, weight lifting, and wrestling.
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There are 34 club sports Including archery,
badminton, contemporary dance, figure skat-
Ing, ultimate frisbee, judo, karate, women's la-
crosse, rugby (men and women), graduate
soccer, table tennis, white-water kayaking, and
canoeing.

MIT's excellent facilities include the Howard
W. Johnson Athletics Center (with an indoor
track and ice rink), the du Pont Athletic Cen-
ter, Alumni Swimming Pool, Wood Sailing Pa-
vilion, and Pierce Boathouse. The 20-acre
Briggs playing fields Include the du Pont out-
door tennis courts, nine softball diamonds (two
with lights), and a multipurpose Omniturf syn-
thetic surface. i he J. B. Carr Tennis Center
includes four indoor courts. Rockwell Cage
was renovated to accommodate varsity and
intramural basketball, volleyball, and badmin-
ton. Steinbrenner Stadium features a 400-me-
ter all-weather track, one of the best in the
nation.

Lectures, Seminars, and Films

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

Religious Organizations

There are currently 16 active and long-stand-
ing student religious organizations on campus
which are based in the Chapel and the Stu-
dent Center. Ministers representing the major
faiths devote all or a large part of their time to
on-campus activities, counseling individual
students, and advising student religious
organizations.

in accordance with the Chapel's interdenomi-
national status, the Institute has not appointed
an Institute Chaplain or Dean of the Chapel.
MIT considers that one of its responsiblities Is
to maintain an atmosphere of religious free-
don for all and to provide opportunity for the
exercise of all spiritual interests.

Student Publications

Student publications at MIT include The Tech,
a student newspaper published twice weekly;
Technique, the senior yearbook; Rune, an an-
nual literary magazine; How to Get Around
MIT (HowToGAMIT); and The Graduate Stu-
dent News, a publication of the Graduate Stu-
dent Council. Students may also contribute
their talents to the Institute House newspapers
and to a variety of departmental and organiza-
tional newsletters.

Special interest Groups

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

Many students are actively engaged in social
service work in the Greater Boston area.
Groups such as the Interfraternity Conference
and Alpha Phi Omega, the national service
fraternity, sponsor active social service
programs.

In addition, MIT also has a variety of clubs
geared towards students' backgrounds and
lifestyles. The MIT Black Student Union (BSU)
runs a variety of programs in education, cul-
ture, and black students' issues. The over 30
international student groups on campus spon-
sor many programs, including discussion
groups and social events. MIT has an active
organization of gays, called Gays at MIT
(GAMIT), which organizes weekly awareness
programs and discussion groups, and spon-
sors social events throughout the year. The
Technology Community Women (TCW), Is
composed of wives of MIT students, both un-
dergraduate and graduate, and sponsors a va-
riety of monthly programs as a social and
service organization.

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

Smaller Interest groups include bridge, chess,
model rocket, railroad clubs, strategic games,
and numerous others. Information can be ob-
tained In the student government office in the
Student Center.

Technology Community Association (TCA)

Managed by undergraduates, TCA conducts a
diversified program of year-round services to
the MIT community, including a book ex-
change, silkscreening facilities for student use,
and blood donor drives. TCA also channels
volunteers into urban community service
projects.
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Theater

A variety of theatrical performances is pre-
sented on the campus by both student organi-
zatIons and professional groups.

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

The Musical Theater 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 filling all manager, director, designer,
orchestra, cast, and technical positions.

The MIT Community Players includes gradu-
ate students, as well as undergraduates, fac-
ulty, staff, and their families. Each year they
present, under professional direction, three
full-stage productions - two during the aca-
demic year and one during the summer.

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

Music

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

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

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

Committee on the Visual Arts

The Committee on the Visual Arts administers
a variety of programs intended to increase un-
derstanding and appreciation of contemporary
art and design. Exhibitions, events, artist resi-
dencies, and other special projects take place
within, or originate and expand from, three
galleries in the new Albert and Vera List Vi-
sual Arts Center. The Catherine N. Stratton
and List Student Loan collections provide

prints on loan to students for the academic
year following an exhibition each September.
The MIT Permanent Collection of paintings,
sculpture, drawings, prints and photography is
sited in offices and public spaces throughout
the Institute and is particularly noted for out-
door sculpture and contemporary woiks on
paper.

Educational activities include tours, lectures,
interdisciplinary events, and an extensive pub-
lications program in conjunction with List Vi-
sual Arts Center activities.

The MIT Museum

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

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

Exhibitions in the Compton Gallery illustrate
the Institute's programs and floids of inquiry.
Exhibitions at the main facility include a broad
range of materials related te the MIT commu-
nity in general and to the relationships among
science, art, and technology in particular.

Talbot House

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

The atmosphere at Talbot House is relaxed
and comfortable. Meals are prepared by a
staff cook. Members of the MIT community
take advantage of the tranquility at Talbot
House to retreat from the hectic pace of city
life. The most frequent visitors to the house
have been members of clubs, living groups,
and academic groups. Some groups have
gone for recreation and a study break; others
have found Talbot House to be an excellent
setting for special projects, seminars, work-
shops, or research discussions.

Any group from the MIT community, ranging In
size from 15 to 27 people, may request the
use of Talbot House. A number of considera-
tions Is weighed In determining which groups
can be accommodated.
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Housing

Undergraduate Single
Student Housing

At the undergraduate level, MIT is essentially
a residential university. Of the total undergrad-
uate student body of 4,500, about 2,700 single
men and women live in the ten Institute
Houses on the campus, and about 1,350 sin-
gle men and women are in other residence
groups including 31 fratemities, the coopera-
tive MIT Student House, and the Women's In-
dependent Living Group. Limited housing is
available for transfer and readmitted students.

The residential system provides an environ-
ment conducive to personal development as
well as academic achievement. The Institute
relies greatly on the initiative and responsibility
of both Individual students and student gov-
ernment organizations in the residences.

Faculty families chosen for their understanding
of and deep interest in students live in each of
the institute Houses. They are not charged
with formal academic or operational responsi-
bilitIes; instead, they welcome informal associ-
ations with their fellow residents. In all of the
Institute Houses, Graduate Residents also
provide personal and academic assistance to
undergraduates.

With the exceptktn of McCormick Hall (all fe-
male), the Institute Houses have coeduca-
tional living facilities. Most of the coed Houses
also have "single-sex" living areas. Although
we are unable to guarantee the assignment of
a freshman to a particular House or to a sin-
gle-sex area, every effort is made to assign
students to one of their top choices.

Student governing groups establish and ad-
minister House regulations and maintain ac-
ceptable standards of community behavior.
Residential student governments also organize
social, athletic, and intellectual programs for
House members. In each Institute House a tax
determined by the residents Is collected by
MIT and turned over to the House government
to help support such activities. Individual
fraternity chapters have similar charges to
support their extracurricular programs.

The Institute believes that it Is to the great ad-
vantage of all undergraduates who do not live
at home to reside "on campus" - that Is, to
live In an Institute House, one of the 31 frater-
nity residences, the Women's independent
Living Group, or the MIT Student House.
Freshmen particularly gain from associations
with upperclass students and participation in
residence programs. Therefore, all unmarried
freshmen who cannot commute daily from
their own homes or those of close relatives in
the Greater Boston ares are required to live
on campus. Exceptions to this requirement
may be made with the approval of the Associ-
ate Dean for Student Affairs.

Institute Houses MIT Food Services

Everett Moore Baker House

Bexley Hall

Burton-Conner

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

Frank S. MacGregor House

Stanley McCormick Hall

New West Campus Houses - Ballard, Law-
rence, Coolidge, Desmond, Fisk, and Thorn,
which include:

French Hoi.e
German House
Russian House
Spanish House

Random Hall

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

500 Memorial Drive

Rooms in the Institute Houses are engaged
for the full academic year. For the year 1989-
90, the average rents for the Houses range
from $1,070 to $1,381 per term.

A student cancelling a room assignment after
the stated deadline of July 7 will be charged a
cancellation fee. A student withdrawing from
MIT during a regular term will receive a refund
based on proration of the term rental over 15
weeks of occupancy.

The Institute operates nine dining facilities and
three food carts on campus. House dining
rooms are located In four undergraduate resi-
dence halls on the west side of campus: Mc-
Cormick Hall, MacGregor House, 500
Memorial Drive, and Baker House. Each din-
ing hall serves a menu based on the prefer-
ences of the studento residing in the house.
500 Memorial also provides a snack bar and
evening pizza delivery service to any campus
location.

In the Stratton Student Center, there are two
additional food service facilities. Lobdell Court
is a food service mall with Individual food
shops. Networks is a fresh seafood restaurant
and offers waited table service, counter serv-
ice, and take out. On the east side of campus,
there are three food service facilities in Walker
Memorial-Morss Hall, a full service cafeteria;
Pritchett Lounge, a grill/snack bar; and the Ko-
sher Kitchen.

MIT Food Service operates food carts in con-
venient locations around campus. Students
may stop on the way to class, for a mid-morn-
ing break, or an afternoon snack. Meal cards
may be used at each dining facility and at
most carts on campus.

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

J
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Meal Plans

Any student may choose to participate in the
MIT meal plans, regardless of the living group
selected. Plans are available in two varieties
and several sizes so that students may select
one that will best satisfy individual needs.

Declining Balance meal plans can be used for
meals and snacks in all of MiT's student din-
ing facilities. Each purchase made is automati-
cally deducted from the dollar balance in your
account. A balance will show in the computer
terminal each time a purchase Is made. De-
clining Balance meal plan accounts may be
opened with a starting balance of $275.

Guaranteed Meal Plans offer students a pre-
determined number of meals per week or per
semester in a commons dining room. Com-
mons dining offers unlimited servings of all
menu items.

Students may also select a plan which in-
cludes a combination of declining balance
meals and quaranteed meals. Any students
wishing to , their balance may do so at
any time in $1%( increments.

Students living in one of the four houses with
a dining room will need to purchase a house
meal plan. This includes Baker, McCormick,
MacGregor and 500 Memorial Drive residents.
The 1989-1990 house meal plan is $673 per
term for all students living In those houses.
House plans focus around the concept of
communal dining; each dining room has its
own pleasant style and atmosphere. Each
house has designed an individual menu re-
flecting the tastes and preferences of the stu-
dents dining in the facility. House dining rooms
offer Items cooked to order at each meal,
sandwich bars, salad bars, fresh fruits and a
variety of desserts in addition to daily menu
selections. Menus for the week are posted In
each house dining room and copies are avail-
able for all students.

All house plan meals provide complete meals
and a varied selection structured to reflect stu-
dent preferences. There are also "specials"
offered throughout the term which provide a
change of pace. The a Is carte cafeterias offer
complete meals featuring a variety of entrees
that are changed daily.

Detailed information about the dining plans,
their use during IAP, the options available, the
minimum requrements, refunds, and how to
use the program is avalfable In the Undergrad-
uste Residence book and at the Food Service
Meal Plan Office in Room E3g-200.

Fraternities, Sororities, and independent
Living Groups

MIT recognizes a total of 36 fraternities, soror-
Iises, and independent living groups. Twenty-
five of these are nationally affiliated fratemi-
ties, two are local, five are coed - one of
which is a co-op based on financial need (Stu-
dent House) - one is all female, and three
are currently unhoused nationally affiliated
women's fraternities (sororities). These groups
are dispersed in the Boston, Brookline, and
Cambridge communities. The interfraternity
Conference (IFC) represents these groups in
the MIT community.

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

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

The Women's Independent
Living Group

The WILG is a non-dormitory living group for
women housed in a residence a short distance
from campus. The living group offers a sense
of community and allows for independence
and self-governance similar to the fraternities.
WILG is also a member of the Interfratemity
Conference.

Cooperative Living

The MIT Student House is an independent,
coeducational, cooperative living group for fi-
nancially needy students. It is owned by a cor-
poration of House alumni. The 30
undergraduate members maintain the resi-
dence and do all the work except for major re-
pairs. Students cooperate in the management
of the House and the academic, recreational,
and social aspects of student life. Savings per
member are at least $800 a year. Student
House is also a member of the interfratemity
Conference.

Off-Campus Student Housing

Students who do not live on campus will find
help in locating accommodations in the Off-
Campus Housing Service. Listings of available
rentals in the Greater Boston area are main-
tained. The staff attempts, on an Individual ba-
sis, to help students locate the type of
accommodations that will best suit individual
preferences and finances. All correspondence
should be addressed to Off-Campus Housing
Service, Building E32-121, 77 Massachusetts
Avenue, Cambridge, Massachusetts 02139.

Additional information

Additional Information on undergraduate hous-
ing and application procedures is contained in
the publication Undergraduate Residence at
MIT. Each first-year student is automatically
sent a copy of this brochure about three
months before registration day of the term for
which he or she has been admitted to MIT.
Others may request copies from the Office of
the Dean for Student Affairs, Room 7-139,
MIT, 77 Massachusetts Avenue, Cambridge,
Massachusetts 02139, (617) 253-4081. Infor-
mation about fraternities also may be obtained
by writing to interfratemity Conference, Room
W20-413, MIT, Cambridge, Massachusetts
02139. information on the MIT Student House
may be obtained by writing to the President,
MIT Student House, 111 Bay State Road,
Boston, Massachusetts 02215.



Graduate Single Student
Housing

Married Student Housing

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

Ashdown House

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

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

Rooms In Ashdown House are rented for a full
academic year; rents range from $2,484 to
$2,904 per person for the academic year, de-
pending on the type of room.

Green Hall

Opened in the spring of 1983, Green Hall ac-
commodates 46 single graduate women in 32
single and eight double rooms. The completely
refurbished dormitory is centrally located on
Memorial Drive within five minutes walking
distance of the athletic and Student Centers,
and the main campus buildings.

Rooms are fumished with a bed, desk, chair,
lamp, and dresser, and range from $2,464 to
$2,734 per person for the academic year.
Rooms in Green Hall are rented for the full so-
ademic year beginning September 1 and in-
clude all utilities except private telephone.

Tang Hall

Tang Hall, located on the far western end of
the campus, houses 404 single graduate men
and women in two-, three-, and four-bedroom
apartments. The apartments, unfurnished ex-
cept for wall-to-wall carpeting, drapes, and
kitchen appliances, are rented on a 12-month
license to each occupant, beginning Septem-
ber 1. Rents range from $266 to $316 per oc-
cupant per month and include all utilities
except telephone. Community facilities are
available in this building, two tennis courts are
located nearby, and limited parking is avail-
able nearby at a nominal annual fee.

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

Residence In married student housing is lim-
ited to regular undergraduate and graduate
married students registered and attending MIT
whose spouses are present In the residence,
and to single parents with at least one child In
residence. Except during the summer, stu-
dents must be registered for each semester in
order to reside in on-campus student housing.
Assignments are made on a one-year license-
agreement basis beginning on September 1 of
each year. Apartment rents range from $542
to $808 per month and include all utilities ex-
cept telephone.

Married student housing Is managed by the
MIT Housing Office, Room E32-200, MIT.
Since accommodations in Eastgate and West-
gate are limited, married students seeking
apartments also are advised to contact the
Off-Campus Housing Service.

Westgate

This five-building complex, located at the west
end of the MIT campus, provides 209 apart-
ments for married student families.

Westgate consists of a 16-story tower with 90
one-room efficiency apartments and 60 one-
bedroom units, and four three-story garden-
type buildings with a total of 59 two-bedroom
apartments.

Eastgate

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

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

An MIT faculty family resides in the Hall and
assists student leaders in planning social and
orientation activities. Community cooking facil.
ties are available on each floor, or residents
may purchase meals on a charge plan or a is
carte in nearby McCormick Hall.

Housing 26
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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 stu-
dent is free to choose the resource that ap-
pears to be most helpful. Counseling, as the
word is used here, refers to casual conversa-
tions and to scheduled appointments; it ranges
from the providing of information to skilled
psychotherapy.

The Freshman Handbook and How to Get
Around MIT list in detail the counseling re-
sources at MIT. Only a short summary is
given here. Each student has a faculty ad-
visor. The Office of the Dean for Student Af-
fairs/Student Assistance Services offers
counseling services to all students, whether
the situation is academic or personal or both.
The office has special responsibilities for inter-
national students, women, minorities, and
handicapped students. Faculty and graduate
residents and tutors are available in the Insti-
tute Houses, and some fraternities have grad-
uate residents. Frequently, a student is able to
get the help he or she wants from a fellow
student or from an instructor who is not offi-
cially a faculty advisor. Coaches and activity
advisors can be helpful as well.

Several offices specialize in particular areas.
They include the Student Financial Aid Office,
which includes student employment; the Reli-
gious Counselors; and Career Services and
Preprofessional Advising. The Campus Police
are frequently of help to students. For stu-
dents considering particular fields, there is a
Premedical Advisory Council, a Prelaw Advi-
sory Council, and a Foreign Study Advisor.

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

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

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

A wealth of information is available on job op-
portunities for minority students. The Office is
a cosponsor, along with the Admissions Of-
fice, of the Pathway to the Future Program for
students from underrepresented minority
groups.

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

Students who are unclear about their career
plans are also encouraged to come in.
Doubts, worries, and questioning are often a
natural part of career planning, and the coun-
seling component of the Office can assist in
addressing these issues.

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

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

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

Aii fees listed are for the 199-90 schooi year

The MIT Child Care Office offers parents infor-
mation for these on-campus programs: family
day care, Technology Children's Center, and
the MIT Day Camp. The Office also provides
guidance on public and private schools, spe-
cial needs, activity programs, and financial as-
sistance. Individual counseling is available by
appointment and sometimes on a drop-in ba-
sis. The Child Care Office holds regular work-
shops and monthly discussion groups and
maintains a lending library. The Office is lo-
cated in Room 4-144, (617) 253-1592.

Family day care on campus is in the home of
a day care provider, licensed by the State Of-
fice for Children. The care is provided by
spouses of graduate students living in married
student housing in Eastgate and Westgate
and reflects the great diversity of cultures at
the Institute. Each operates independently,
and hourly fees currently range from $3.50 to
$4.00. Although the Child Care Office coordi-
nates this family day care network, the actual
arrangaments are made by the families in-
volved. The Office, however, can supply par-
ents with help choosing a provider, information
on licensing requirements, and contract and
record-keeping forms.

Technology Children's Center, Inc. (TCC), a
private, nonprofit corporation, operates the fol-
lowing programs on campus for children who
are at least two years and nine months old:
1) At Westgate, 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
per week. Fees* are: five mornings $295,
for afternoons add $200; three mornings
$195, afternoons add $115; two mornings
$130, afternoons add $80.

2) The Half-Day Program at Eastgate offers a
year-round morning program from 8:30 am
to 1 pm Children may be enrolled for two,
three, or five mornings a week. Fees are
$325 for five mornings, $210 for three
mornings, and $140 for two mornings.
There is also an eight-week summer pro-
gram. The Day Care Program at Eastgate
offers full-time, year-round care from 8 am
to 5:30 pm, Monday through Friday. The
fee is $630.

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

Enrollment in TCC and Day Camp programs is
limited. Call TCC (617) 253-5907 or the Day
Camp Office (617) 253-2913 for additional
information.

N
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Medical

The MIT Student Health Program consists of
medical services available on campus and a
hospital insurance plan in which all regular
students are automatically enrolled unless
they submit a written request to waive
coverage.

Medical Services On Campus

The MIT Medical Depariment Is a multispe-
cialty group practice that employs 23 full-time
and 40 part-time physicians as well as other
professional support personnel. The Depart-
ment's medical staff provides care in Internal
medicine, surgery, pediatrics, gynecology, ob-
stetrics, orthopedics, ophthalmology, optome-
try (including contact lens services), urology,
allergy, neurology, nutrition, endocrinology,
hematology, oncology, dermatology, otolaryn-
gology, gastroenterology, pathology, podiatry,
radiology, psychiatry, and social work. The
Department provides a pharmacy as well as
laboratory, X-ray, and other diagnostic testing
facilities. A health education service and a pa-
tient advocate are also available. A major goal
of the Department is to provide high-quality,
accessible medical care. Students are encour-
aged to choose an internist as a personal phy-
sician to coordinate their health care. Under a
new program, some students will be assigned
a personal physician.

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

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

VisIts to the Medical Department are by ap-
pointment, except In emergencies. The regular
hours of the Department are from 8:30 am to
5 pm, Monday through Friday, except for holl-
days. At all other times, urgent medical care is
available through the After-Hours Service on
the first floor of the Health Services Center.
Students should call 253-1311 day or night for
medical advice. If a student Is too IIl to come
to the Health Services Center without aisle-
tance, the Medical Department should be no*
fled and will recommend suitable help.

;L

All regular and soecial students are entitled to
most health care services at the Health Serv-
ices Center (Building E23) at no charge. Stu-
dents will be billed for completion of pre-entry
medical forms and immunizations, obstetrical
care, routine eye examinations, elective podia-
try, contact lens services, hearing aid evalua-
tions, ear piercing, dental care, missed
appointments, contraceptive devices, prescrip-
tion drugs, and those surgical procedures that
should be covered ty the student's hospital in-
surance policy. Student spouses may use the
Department by paying for each visit, or receive
the same benefits as a student by paying the
$420 Health Service fee for coverage from
September 1, 1989 through August 31, 1990.
(Off-campus medical services are not covered
unless authorized in advance by the MIT Med-
ical Department.)

Prior to matriculation, every student, under-
graduate or graduate, is required to submit an
MIT entrance medical report. The report,
which is completed by the student and his or
her personal physician, is returned to the chief
of the Student Health Program. This form con-
sists of historical information, immunization re-
cord, physical examination, and specified
laboratory studies. Freedom from active tuber-
culosis as evidenced by an intradermal skin
test or chest X-ray is mandated by public
health requirements and cannot be waived. By
state law or Medical Department requirements,
students must be immune to measles, rubella
(German measles), mumps, polio, tetanus,
and diphtheria before arriving at MIT. Regis-
tration will not be permItted, and an $80
fine will be Imposed on any entering stu-
dont who has not complied with the medi-
cal report and/or immunization
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 exceeds $700 per day. For
this reason, it is extremely important that dtu-
dents have adequate health insurance for
themselves and their families. All regular stu-
dents will be automatically enrolled and billed
for individual membership in the MIT Stu-
dent Blue Cross and Blue Shield plan. Stu-
dents who want family coverage must submit
a new enrollment form each academic year.
Students who already have equivalent hospital
insurance may submit a Waiver Request
Form, enclosed in the July Medical Depart-
ment mailing and also available in E23-308.
New waiver request forms must be filed
each academic year. Non-US citizens must
submit a copy of their insurance policy to the
Student Health Program Office (E23-308), to-
gether with the completed waiver request.

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

Annual Rates (Sept. 1, 1989 - Aug. 31, 1990)

MIT
Medical

Department

Student included in tuition

Spouse $420
or fee for service

Child(ren) fee for service

MIT Student
Blue Cross and
Blue Shield Plan

$408

$1,260

$432

i
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Academic Programs

The Freshman Year

The undergraduate programs at MIT are de-
signed to help students develop the under-
standing, maturity, and capabilities needed to
meet the challenges of modern 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 concem for human
values and social goals. In addition to taking
advantage of the opportunities for broad, lib-
eral learning at MIT, undergraduates are en-
couraged to develop a basic knowledge and a
continuing interest in a given field, and to be-
come creative intellectual explorers who know
how to keep learning on their own.

One of the most exciting features of under-
graduate education at MIT is the opportunity
for students to join with faculty in ongoing re-
search projects. Such experiences, through
the Undergraduate Research Opportunities
Program (UROP), encourage intellectual com-
mitments and self-direction, and often provide
a focus for students' undergraduate studies.
During the Independent Activities Period in
January, students can spend time in work-
shops, independent research projects, inten-
sive subjects and seminars, field trips, lecture
and film series, and other activities that do not
easily fit into the traditional academic
calendar.

MIT students base their studies on a core of
subjects in science, mathematics, and the hu-
manities, 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 in the humanities or social sciences,
or in one of the engineering fields. It also is
possible to study and even major in one of a
growing number of interdepartmental fields,
such as energy studies, biomedical engineer-
ing, communications science, humanities and
engineering, and humanities and science. In
the first yenr, many students take a program
of subjects from a variety of options in mathe-
malice, physics, chemistry, and humanities.
During the second year, students generally
continue their studies with subjects meeting
the various Institute requirements and with the
beginning subjects In the departmental pro-
grams. In the third and fourth years, students
concentrate on the departmental program that
they selected as their major Course of study.,

In addition to the departmental or major pro-
gram, there is time for students to take elec-
tive subjects each year. These elective
opportunities allow students to follow special
interests or to enrich their educational back-
ground. A student may also use elective time
to prepare for advanced study in a profes-

sional field such as medicine or law; for grad-
uate study in an area in which MIT gives no
undergraduate degree; or for advanced study
in an interdepartmental field. Students may
also put together a six-subject minor in a field
of the humanities, arts, or social sciences,
which will be designated along with the major
field on the S.B. diploma.

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

1
The vanous undergraduate Courses are described in Chapter
Vz. At the Institute, the capitalzed word Course refs to an
organi.zed curriculum leading to a specified degree. The tow-
ercased word course or subiet, on the other hand, refers to
the Indwidual classes. Each Course Is designated by a Ro-
man numeral indlidual subiecs are giWn Arbic nunweals to
orrespond wIth t Cours numbers. For eaample, Coura. 11
and Course 11-B are cuficuls in Mcouaic Engineer 2.05
indicates a subject gwen in Mechanical Engineering. The De-
partment of Mechancal Engineering as a whole Is also ra-
terred to as Course 2 or Course II.

During the first year at MIT, students begin to
lay the foundation of their college education. A
typical program Includes subjects in mathe-
matcs and the natural sciences, as well as
subjects in the humanities, arts, and social
sciences. In order to E:iable first-year students
to study in ways that best suit their prepara-
tion and leaming styles, there is a variety of
ways to complete the core subjects, as well as
prepare for further undergraduate study. Stu-
dents may choose from a range of specified
subjects or may enroll in one of the distinctive
freshman programs called Concourse, the In-
tegrated Studies Program, and the Experimen-
tal Study Group, which are deccribed 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
four sequences in mathematics; one of two
subjects in the chemistry area; one of two se-
quences 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 satisfy the first phase of
the Writing Requirement.

A possible program for the first year includes
two terms of physics, two terms of calculus,
subjects in the humanities, arts, or social sci-
ences, one term of chemistry, plus one or
more elective subjects, often Including an un-
dergraduate seminar or a Freshman Advisor
Seminar (where the faculty leader of the semi-
nar is also the student's freshman advisor).
Many mathematics and physics sections are
"linked"; students attend reitations in both
subjects with the same group of students and/
or are assigned to a physics section according
to enrollment in a calculus subject. All subjects
taken by freshmen are graded on a pass/no
record basis. Some freshmen also elect to be-
come involved In the Undergraduate Research
Opportunities Program (UROP), described
later in this chapter. Entering students with de-
gree credit for one or more of the first-year
subjects may substitute more advanced sub-
jects or may use the time made available for
electives or Science Distribution subjects. The
procedures by which degree credit at entrance
Is earned are described under Admissions In
this chapter.

The Concourse Program, the Integrated Stud-
ies Program, and the Experimental Study
Group, which offer altematives to the more
traditional lecture/recitation, subject-by-subject
format, have their own faculty, meeting places,
and methods of operation. In these programs,
students make progress comparable to that of
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other freshmen, but the manner in which indi-
vidual Institute degree requirements are met
varies both between the programs and among
students within each program. In all three pro-
grams there Is an especially high level of stu-
dent-faculty interaction.

Concourse Program

A student who chooses the Concourse Pro-
gram becomes a member of a group of about
60 freshmen working with a team of five to
seven faculty members in a year-long program
of study, which in structure and atmosphere
resembles a small school rather than a large
Institution. Concourse has operated as an al-
temative program for freshmen since 1971,
and has been made a regular part of the MIT
curriculum. A main goal of the Program is to
explore both the unity and conflict of technical,
scientific, and humanistic viewpoints and
ideas. The objective, possible 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 freshman calculus, physics,
chemistry, biology, and humanities. The ap-
proach is that of a scholarly community, with
intense participation and support by faculty,
staff, student assistants, and freshmen.

The Concourse faculty members, representing
different professional disciplines, collaborate
closely In the planning and teaching of the
curriculum, which covers fully all the institute
Requirements while branching out into related
topics. Regularly scheduled class sessions are
supplemented by various kinds of less formal
activities. A student may carry at least one
subject per term outside the Concourse Pro-
gram. Subject matter of the Program is ar-
ranged so that the student receives credit for
all of the first-year General Institute Require-
ments upon successful completion of the pro-
gram. The structure of Concourse promotes
close and sustained contact between students
and faculty, and provides a coherent and bal-
anced approach to the diversity of disciplines
and research activities at the Institute.

The program supervisor for 1989-90 is Profes-
sor Robert M. Rose. A detailed description of
the Program may be found In the Freshman
Handbook or may be obtained by writing to
Concourse, Room 20C-224, MIT, Cambridge,
Massachusetts 02139.

integrated Studies Program

The Integrated Studies Program (ISP) offers a
group of 40 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
competence in science/engineering and hu-
manities, are interested in hands-on experi-
ence 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 involve students with their
minds, eyes, and hands in the learning of sci-
ence and the humanities; 3) to highlight the
social and political contexts of science and
technology; and 4) to develop In students a
"feel" for physical materials and systems. Pro-
motion of these activities is Tostered In a con-
text of close interaction among the Program's
students, staff and .aculty, and by including as
many interesting visitors as possible.

For the General Institute Requirements in
math, physics, and chemistry, ISP students at-
tend the mainstream lectures, but have their
recitations (small classes that augment the
lectures) in ISP. These recitations are de-
signed to link the subjects so that related con-
cepts are illustrated and clarified, as well as
supplemented by labs where possible. Under-
graduate tutors are also available in ISP for
those wanting help with their work.

The humanities component of the freshman
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
computers). Students read, write, and dis-
course about the nature of those technologies
and how they fit Into the various societies that
practiced them. Beyond developing a real feel-
ing for the physical constraints of materials
and the Ingenuity of mechanical design, stu-
dents will come to see how different cultures
treat technologies in their own special ways:
cultures have "technological styles" just like
art styles.

Discussions of the issues raised by both doing
and studying different technologies will help to
Integrate the students' freshman learning ex-
perience. The range of opportunities -
coursework, workshops, labs, discussions, vis-
itors, easy access to staff, tutors, and faculty,
a "home bass" in the ISP lounge and work-
shops - provides a setting In which students
can loam about themselves, about a wide
range of disciplines, and about different styles

of learning, In a congenial atmosphere of mu-
tual support and Intellectual inquisitiveness.

The program supervisor for 1989-90 is Profes-
sor Arthur Steinberg, Room 20B-131C, 253-
6966. A detailed description can be obtained
from the Integrated Studies Program, MIT,
20C-109, Cambridge, Massachusetts 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.
Students enrolling in ESG can study a variety
of subjects in mathematics, physics, chemis-
try, biology, humanities, social science, and
computer science through a combination of tu-
torials, seminars, small recitation sections,
study groups, and independent study projects.
In contrast to the set structure of the regular
curriculum, ESG's flexibility allows students to
go at their own pace whenever possible, and
to organize their schedules as they wish.

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

In addition to offering a comprehensive aca-
demic program for freshmen and sophomores,
ESG also provides a place where students
and staff can study and socialize together.
Each year, approximately 45 freshmen, 15
sophomores, 10 staff members, and 20 upper-
class tutors (who have been in ESG as fresh-
men) participate In ESG. Staff members are
drawn from MIT's Departments of Mathemat-
ics, Chemistry, Physics, Biology, and from the
Schools of Engineering, and Humanities and
Social Science. Interaction among community
members is facilitated not only through semi-
nars, study groups, and tutorials, but also
through community activities such as weekly
luncheons and weekend trips.

The faculty director for 1989-90 is Professor
Vernon Ingram, Room 24-612, (617) 253-
7786. More Information may be found In the
Freshman Handbook, or by writing to Holly
Sweet, Associate Director, ESG, Room 24-
612, MIT, Cambridge, Masachusetts 02139.
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Selection of Major
Course of Study

Freshman Handbook

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

Freshman Grading

Freshmen receive formal grades of either pass
or fail in all subjects they take; failing grades
in the freshman year do not appear on the
permanent record. (Beginning fall 1990, fresh-
men will receive the grade of pass for C or
better performance; subjects with performance
at D or F level will neither receive credit nor
appear on the permanent record.) Pass/no re-
cord grading for freshmen is designed to meet
a variety of objectives; among them are a re-
duction of the stresses of the first year (anxi-
ety about time, class rank, the failure to do A
work) and the development of more mature at-
titudes about learning and about managing
one's time. Three times during the first year,
freshmen and their instructors, in turn, are
asked to complete written evaluations of the
student's work. This process usually provides
the student with a more comprehensive and
useful evaluation than A-F grades alone.

Credit Limit for Freshmen

A freshman may register and receive credit for
subjects totaling a maximum of 60 credit units
In the fall term and 63 credit units in the spring
term. Petitions for individual exceptions can be
submitted to the Committee on Academic Per-
formance, However, the Committee enforces
the credit limit rigidly and only allows excep-
tions on purely technical grounds. Credit
earned for passing an Advanced Standing Ex-
amination will be counted toward this credit
limit unless such an exam is taken elther in
the September or February examination pe-
riod. In view of the requirement that ROTC
students take one ROTC subject each term,
all AS-, MS-, and NS-numbered subjects are
excluded from this credit limit. (Beginning fall
190, the credit limit for freshmen will be 54
credit units in the fall and 57 credit units In the
spring. Students can petition for individual ex-
ceptions, following guidelines to be drawn by
the Committee on Academic Performance.)

Many entering students have a preference for
a specific field, while others have interests in
several areas and have not yet decided on a
field of concentration. A substantial percent-
age of those who do enter with a decided
preference, however, later find other areas
more to their liking; therefore, students should
be prepared to examine with an open mind
the wide range of Courses available at the In-
stitute. Students are encouraged to attend de-
partmental orientation programs to seek out
and talk with faculty and others who have ex-
perience in fields of potential interest. They
are also urged to select electives that will help
them think about possible majors. The Inde-
pendent Activities Period In January, de-
scribed later in this chapter, provides students
with opportunities to investigate different fields.
For many, this consideration of fields will rein-
force existing convictions, while for others it
will open up new avenues of interest. MIT
may, however, limit enrollment in particular
fields of study to balance resources with stu-
dent Interest.

All undergraduate degree programs combine
the study of basic principles with the study of
their practical applications. This combination,
studied in depth, helps to foster motivation for
the lifelong learning necessary for professional
competence.

Students usually choose a Course at the end
of the first year, though they need not do so
until the end of their second year. There is
sufficient overlap and flexibility so that a
change in Course can be made with relative
ease in the second year. Thus, even though a
student may have doubts about which of two
Courses to choose, he or she 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 pro-
grams, as well as faculty listings, for each of
the Institute's departments are described fully
in Chapter VII, entitled Departmental Degree
Programs and Requirements.

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

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

Context Subjects

Science and technology provide a powerful
means by which we might achieve a more hu-
mane society - a society free of hunger, Ill-
ness, illiteracy, and misery. However, the
relationship between science and society Is by
no means unidirectional. The development of
science and technology is both Influenced and
constrained by political and social forces
which may fall outside the domain of techno-
cratic expertise.

Consequently, all students should have the
opportunity to consider critical questions about
the interplay between science and technology
and the social, cultural, environmental, eco-
nomic, and ethical contexts in which new sci-
entific knowledge and technological
applications are pursued. To that end, experi-
mental academic experiences about the Hu-
man Contexts of Science and Technology -
Contexts Subjects - are being developed by
teams of faculty members from widely different
disciplines. In addition, a small working group
is exploring other possible ways of making the
Contextual approach a part of the MIT aca-
demic experience.

The Committee on the Undergraduate Pro-
gram has endorsed the Context experiment
and Intends that these experiences should ad-
dress one or more of the following objectives:

1) ") help students become more con-
scious of the significant commonalities that
link the study of science and engineering with
other branches of knowledge;

2) to increase understanding of nonscien-
tific and nontechnological components of work
in science and engineering. This objective
may be accomplished by stressing the politi-
cal, economic, and managerial considerations
integral to scientific and technological projects,
or the social consequences of certain direc-
tions of scientific research;

3) to encourage students to be more re-
flective about the social implications of Individ-
ual actions and to motivate discussion of other
related personal Issues.

These objectives will provide students with a
variety of Insights, including a better under-
standing of the generative processes of sci-
ence and engineering: How do scientists and
engineers go about doing what they do? How
do they reason, solve pr-,mwnis, design their
research programs, and communicate with
their colleagues? Do they work differently from
each other, and from artists and humanists?
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Context Subjects are designed and taught
jointly by faculty from different Schools. The
current offerings are listed below; consult the
IndMdual catalogue listing for complete
descriptions.

Further Information on Contexts may be ob-
tained from Dean Margaret Richardson in the
Undergraduate Education Office, Room 208-
141, (617) 253-7909.

Context Subjects

1.25J
17.559J

STS020J

2.93J
8.206J

STS01 2J

2.94J
14.15J

2.95J
16.996J
18.096J

STS061J
TPPO9J

3.08J
21-464J

5.22J
10.02J

6.903J
STS013J

7.00J
15.60J

8.202J
STS014J

8.204J
21.441J

11.017J
21.612J

13.9J
15.600

Technological Development, Busi-
ness, and Political Change in the
Middle East (3-0-9)

Engineers, Scientists and Public
Controversies (3-0-9)

Accounting for the Social Conse-
quences of Technological Change
(2-0-7)

Ethical issues in the Work Life of
Engineers and Scientists

Industrial Competition in the US
and Asia (3-0-6)

Biotechnology and Engineering
(3-0-6)

Automation, Robotics, and Unem-
ployment (3-0-9)

AIDS: Scientific Challenge and Hu-
man Challenge (3-0-3)

Life and institutions of Science
(3-0-9)

Does Technology Drive Politics?:
The Decision to Build the H-Bomb
(3-0-6)

Learning to Design and Designs
for Learning (3-6-3)

Negotiation in Engineering
Systems (3-3-6)

The Minor In HASS

Undergraduates may elect to minor in a desig-
nated area of the Humanities, Arts, and Social
Sciences (HASS). Students electing a Minor
Program will study a field in greater depth
than the HASS Concentration component of
the Institute Requirement allows and will en-
counter the structure of an intellectual disci-
pline to a greater degree; they will not only
gain acquaintance with a HASS field of study
but will also begin to acquire mature compe-
tence in its practice. Students who success-
fully complete a Minor Program will have their
achievement specified by field of study on
their undergraduate degree.

The Minor Programs require students to com-
plete six subjects in a given field from a curric-
ulum arranged into at least three levels (tiers),
expressing different degrees of sophistication
in the articulation and resolution of intellectual
problems. Of the six subjects required for the
Minor, at most five will count toward satisfac-
tion of the eight-subject institute HASS Re-
qu!ement, and of these five, at most one will
count toward the satisfaction of the HASS-Dis-
tribution Requirement.

The following guidelines for the Minor in HASS
have been established:

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 elect a
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 normally receive the
S.B. degree. In order to apply for the HASS
Minor Program, the student must consult the
appropriate HASS Minor advisor.

Minor Programs have been approved in the
following fields:

Anthropology/
Archaeology

Economics
French
German
History
Literature
Music
Political Science
Philosophy
Psychology

Russian
Science, Tech-

nology, and
Society

Spanish
Theater Arts
Urban Studies and

Planning
Women's Studies
Writing

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

Advanced Standing Examinations

To qualify for an Advanced Standing Examina-
tion, a student must never have been regis-
tered for or attended class In the subject
concemed. A freshman who takes such an
exam shall receive the grade of P for passing
performance, but no record will be kept of fall-
Ing performance. For all other students, a
grade ranging from A to F as usual will be re-
corded on the transcript. Any passing grade
entitles a student to full credit for the subject.
For freshmen, such credit will count toward
the semester credit limits unless the exam is
taken either in the September or February ex-
amination period (seo Credit Limit for Fresh-
men). Beginning fall 1990, the standard for
pasing Advanced Study Exams in the fresh-
man year will be C or better performance, and
the freshman credit limit will be 54 units In the
fall term and 57 units in the spring term.

Electivesi

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

Electives can be used for several different
purposes. For example, many students who
are undecided about their eventual program of
study will use some part of their elective time
to get more information about the various de-
partments or fields they are considering. Other
students who are more certain of their profes-
sional goals will use elective time to explore
areas of secondary interest. Still others will
choose to begin work on departmental or Insti-
tute requirements, deferring subjects of a
more supplemental nature until a later year.
For students who would appn ciate insights
into the social, historical, cultural, environmen-
tal, and/or economic aspect, in which new
scientific and technological vpplications are
pursued, enrollment in a "context" subject
may be appropriate. The study of a language
also may be started or continued. Freshmen
should select electives that best suit their
individual needs.

Undergraduate Seminars and Freshman
Advisor Seminars

The Undergraduate Seminar Program offers
students an opportunity to interact closely with
faculty members on topics of current interest.
The Freshman Advisor Seminars also have
proven partlcularly effective in achieving this
kind of close interaction. In these seminars,
the seminar leader Is also the freshman ad-
visor for the approximately eight seminar par-
licipants. Seminars vary tremendously both in

style and topic. Some are oriented around
small group discussions; others have speak-
ers, go on field trips, or engage in "hands-on"
research. Many topics are Interdisciplinary in
nature.

Most seminars carry six units of pass/fall
credit, and the class size is generally re-
stricted to a small group. Titles and descrip-
tions of seminars to be offered in the
upcoming term are published in the Freshman
Advisor Seminar and Undergraduate Seminar
Program booklets, published twice yearly.
Copies of the current booklets are available in
the Undergraduate Academic Support Office,
Room 7-104.

Junior-Senior Pass/FP' Option

A student may opt to take a total of two sub-
jects on a pass/fail basis during his or her jun-
ior and senior years. (Beginning in fall 1990,
the transcript will not record falling perfor-
mance, but the standard for passing subjects
elected to be graded pass/no record will be C
or better performance.) This option is intended
to provide students with an opportunity to
broaden their education by taking subjects that
may not be in their area of expertise without
concern for its effect on their academic record.
It is therefore expected that this option will be
designated at the time the student initially reg-
isters for the subject, but the deadline for this
decision is add date. Such subjects may not
be used to fulfill either institute or departmen-
tal requirements.

Program for Two Bachelor's Degrees

A student may work for two Bachelor's de-
grees to be received separately or concur-
rently. He or she must submit to the Registrar
(at least two full terms before the student
would normally receive the second of the two
S.B. degrees) a petition that Indicates the de-
sire to work for two degrees. The petition must
have been approved by faculty advisors in
each of the two departments concerned. The
requirements of each department must be sat-
isfied and the combined program must contain
at least 90 units in addition to the require-
ments for one of the degrees. Both faculty ad-
visors should take responsibility for examining
the entire program in the same way as they
would for a candidate for a single S.B. degree.
Students should consult the Student Financial
Aid Office regarding any impact this arrange-
ment might have on eligibility for MIT or Fed-
eral financial aid.

Information about the simultaneous award of
two masters' degrees anJ the simultaneous
award of a bachelors and mastes? degree
may be found in Chapter IV of this catalogue.

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

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

Ground rules for participating in UROP are
contained in the UROP Directory. Coordina-
tors for Institute departments, laboratories, and
offices are listed under each Directory entry.
These people are prepared to assist students,
but a certain amount of footwork and negotia-
tion will be required in order to achieve a sat-
Isfying collaboration. The UROP experience
will be unlike any other; its benefits and re-
wards are great, but expectations and stand-
ards are commensurately demanding. Call or
visit the UROP section of the Undergraduate
Education Office, Room 208-141, (617) 253-
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 ex-
citing perspective on existing disciplines. The
Program seeks to include women and gender
as categories of analysis in all traditional
scholarly inquiry. Though the conditions and
quality of women's lives have differed from
those of men in most cultures and periods of
history, academic research and course content
often fail to consider the role of gender in so-
cial systems. The primary objective of the
Women's Studies Program is to encourage the
reexamination and reinterpretation of existing
data, and to promote the discovery of new
knowledge about women and gender.

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

The faculty members involved in the Women's
Studies Program are drawn from all areas of
the Institute and offer subjects in the fields of
biology; art and architecture; psychology; liter-
ature; history; anthropology; urban studies;
and science, technology, and society. There
also are opportunities to pursue gender-re-
lated topics in other academic departments at
MIT, and through the Experimental Study
Group (ESG). Women's Studies offers distri-
bution subjects as well as a field of concentra-
tion and a minor. Subjects are listed in the SP
section of Chapter Vill in this catalogue. De-
gree programs in Women's Studies are avail-
able by petition.

The Women's Studies Research Room,
housed rnext to the Program's offices in the
Humanities Library, offers faculty and students
a central location for the study of women and
gender. It contains a core library of relevant
materials, including books and journals. 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 fem-
inist scholars in the Boston area and others
interested in Women's Studies is posted on
the bulletin board.

Further information about the Women's Stud-
Ies Program may be obtained by contacting
Professor Susan Carey, Director, or Barbara
Schulman, Coordinator, Women's Studies Pro-
gram, Room 14E.316, MIT, Cambridge, Mas-
sachusetts 02139, (617) 253-8844.

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

Premedical Education

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

The Premedical Advisory Council, whose
members are directly involved in medical prac-
tice, medical research, or student counseling,
provides guidance and information to students
interested in medical careers. The Office of
Career Services and Preprofessional Advising,
Rooms 12-170 and 12-185, (617) 253-4737,
maintains Medical College Admissions Test
application forms, school catalogues, A Pre-
medical Handbook for MIT Students, and
other information pertinent to medical study.
Students interested in medicine are encour-
aged to make an appointment by at least the
second term of their sophomore year. Stu-
dents interested in medicine are assigned to a
premedical advisor at that time. In addition, it
is Important to make contact in the Office re-
garding premedical course requirements.

Prelaw Education

A number of MIT students enter law school
each year. Law schools do not require a par-
ticular undergraduate program as a condition
for admission; students from every Institute
School have been admitted to law school.
Prelaw students should consult members of
the Prelaw Advisory Council regarding prepa-
ration for a legal education and make contact
with the Preprofessional Office 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 Test, and other information
pertinent to the study of law. A Handbook for
MIT Students Interested in Law has been pre-
pared to answer questions commonly asked
by students interested in a legal education.
Copies of this and other helpful publications
are available in the Office of Career Services
and Preprofessional Advising. Please see the
section on Law-Related Studies in Chapter VI
of this catalogue for a further discussion of op-
portunities and programs in this area.

Teaching Certification

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

Air Force ROTC Program

Military training has existed at MIT ever since
the Institute opened its doors. More than
12,000 officers have been commissioned from
MIT, with more than 150 attaining the rank of
general or admiral. Three branches of the mili-
tary operate Reserve Officer Training Corps
Programs at MIT: the Army, Navy/Marine, and
Air Force. Although eligibility requirements
may differ slightly between the three services,
described later in this section, the following
conditions are common to all programs:

1. Application to any ROTC program is
voluntary.

2. Admission to ROTC programs at MIT is
selective.

3. All three programs admit men and women.
4. Generally, it is desirable that students enter

a ROTC program at the beginning of their
freshman year. However, entry during the
second semester of the freshman year,
either semester during the sophomore
year, or at the beginning of the junior year
is available through special programs.

5. Students must complete the ROTC pro-
gram, including summer training, and eam
their Bachelor's degree in order to be eligi-
ble for a commission.

6. All students may compete for scholarships,
which commence at the start of either the
freshman, sophomore, or junior year.

7. Continuation as a scholarship recipient be-
yond the freshman year generally creates
an obligation for four years of active serv-
ice or, in some cases, for altemative serv-
ice involving reserve duty.

8. Enrollment as a nonscholarship freshman
or sophomore in any program does not in-
cur a military service obligation.

9. Participants must agree by contract to
maintain levels of aptitude and academic
performance established by the three pro-
grams. Participants also contract to remain
physically qualified. Breach or willful eva-
sion of this scholarship contract could lead
to a period of enlisted service or to repay-
ment of scholarship funds.

Specific information conceming benefits,
ROTC training programs, career opportunities,
and contractual obligations can be obtained
from the program offices listed in this section.

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

The Four-Year Program

The four-year program consists of classroom
and leadership laboratory work during the four
undergraduate years and one summer training
period of four weeks between the sophomore
and junior years at a United States Air Force
Base. It is possible for students with three ac-
ademic years remaining to enroll in the four-
year program by combining the first two years.

The first two years of the four-year program
are known as the General Military Course
(GMC). Upon completion of the GMC and
summer field training, students may compete
for entry into the Professional Officer Course
(POC). Selection Into the POC is based on
academic aptitude and performance, success-
ful completion of the GMC and field training,
and recommendation of the Professor of Aero-
space Studies. All cadets in the POC receive
a $100 nontaxable allowance each month.

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

The Two-Year Program

The two-year program is for those students
who do not complete the first two years of the
four-year Air Force ROTC program. Such stu-
dents may apply as undergraduates (during
their sophomore or subsequent years) or
graduates if they have two years remaining in
their academic program at MIT. In lieu of com-
pleting the GMC, these students receive six
weeks of field training at an Air Force base
during the summer preceding their entry into
Air Force ROTC. They receive the same ben-
efits and complete the same academic pro-
gram required of POC members in the four-
year program. Students applying for the
two-year program may also compete for
scholarships.

Scholarships

Air Force ROTC scholarships are available on
a competitive basis to qualified applicants in
selected academic majors. Each scholarship
pays tuition and required fees. Scholarship re-
cipients also receive an allowance for text-
books and a $100 nontaxable ailowance each
month during the academic year. Scholarships
for 3 1/2, 3, 2 1/2, and 2 years are available in
addition to the four-year scholarships offered
to high school seniors.

Program of Instruction

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

Eligibility Requirements

To be eligible for the Air Force ROTC scholar-
ship program and the POC, students must be:
1) citizens of the United States; 2) physically
qualified in accordance with existing Air Force
regulations; and 3) enrolled at MIT, Harvard,
Tufts, or Wellesley as a full-time student.

Application Procedure

Eligible freshmen can sign up for the AFROTC
Program by registering for Aerospace Studies
courses (AS 11 and AS 111). AFROTC schol-
arship freshmen must contact the AFROTC
office as soon as they have been notifled of
admission to the Institute. Other interested
students can apply by a personal visit to the
Office of Aerospace Studies, Room 20E-1 11,
MIT, Cambridge, Massachusetts 02139, or by
calling (617) 253-3755. The director of the
program is Colonel Gary G. Nelson, Visiting
Professor of Aerospace Studies.
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Army ROTC Program

All students at MIT, Harvard, Tufts, and
Wellesley College are eligible to enroll in Army
Reserve Officer Training Corps classes at
MIT. Eligibility requirements for the program,
which leads to a commission as a Second
Lieutenant in the Regular Army, Army Re-
serve, or Army National Guard, are listed be-
low. Freshmen and sophomores normally
enroll in the standard four-year program, while
graduate students and selected undergradu-
ates with two or more academic years remain-
ing may apply for the Army FQTC two-year
program. Successful completton of both aca-
demic and summer training requirements qual-
ifies the student for commission upon
graduation.

Although the normal pattem Is for the student
to progress through the Military Science pro-
grams sequentially, individual students may,
on a case-by-case basis, be granted credit for
part or all of the first two years for appropriate
academic or military work experience. Se-
lected subjects may be offered during the
Summer Session. Elective subjects accepted
for the ROTC program are derived primarily
from the humanities, political science, man-
agement, and psychology areas. They are
intended to instill In the potential officer & bal-
anced appreciation of the development and
dynamics of military and social institutions and
their Interrelationship with society, as well as
an understanding of the interactions and man-
agement of individuals in groups. The purpose
of this integrated approach to ROTC is to de-
velop officers skilled not only in the pragmatics
of Military Science, but in the related human
and social Institutions as well. The selection of
approved elective subjects is not rigid, and
any relevant subjects may be selected by the
student and approved by the Professor of Mill-
tary Science.

Students completing 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 of commissioning program,
scholarship status, and the needs of the
service. Commissions are offered in all of the
Army's basic branches with actual branch
assignment determined by the needs of the
Army, the desires of the student, and the sca-
demic background and experience of the
student.

Enrollment in the first two years of the four-
year program Is voluntary and does not obli-
gate the student to any type of active or re-
serve duty commitment. However, ROTC
scholarship students continuing the program
beyond the freshman year may Incur an save
duty or reserve duty obligation.

The summer training requirement for students
in the four-year program is limited to the six-
week ROTC Advanced Camp, completed be-
tween the junior and senior years. Students at
the Advanced Camp are paid at the rate of
half the pay of a Second Lieutenant.

Two-, three-, and four-year scholarships are
available each year, and are awarded on the
basis of a national competition. In general, the
scholarships pay 80 percent of tuition and
fees, a flat rate of $390 for books and sup-
plies, plus a stipend of $100 per month. Non-
scholarship students in the final two years of
the program receive the $100 per month sti-
pend. For details on the scholarship program,
contact the Army ROTC Departmet.

In addition to the requirements outlined above,
Army Airbome, Ranger, Air Assault, Aviation,
Northem Warfare, and other Military schooling
and training programs are available on a vol-
untary basis to qualified students. Full details
on these programs are also available from the
Army ROTC Department.

Program of Instruction

The Army ROTC Program of instruction is
heavily based on the principles of leadership,
management, and ethical behavior. The pro-
gram has three equally important aspects. The
first consists of professional academic sub-
jects taught by the Office of Military Science
(First year, MS 111 and MS 121; Second
year, MS 21, MS 211, MS 221; Third year MS
31, MS 311, MS 321; Fourth year MS 411,
MS 421). The second consists of academic
subjects taught by the Institute and receiving
academic credit. This includes one semester
each in Written Communication, Human Be-
havior, Military History, Computer Literacy,
and Math Reasoning, The third consists of

professional training gained from leadership
laboratories (90 minutes a week) and one
weekend field exercise each semester. Partici-
pation in at least two years of the ROTC pro-
gram satisfies one-half of the Institute's
Physical Education Requirement.

Eligibility Requirements

The requirement for entry Into the Basic
Course of the four-year program is that the
student must be able to qualify for a commis-
sion before his or her 30th birthday. A nonciti-
zen may participate in and complete the first
two years of the program, but must at least
become a permanent raident alien in order to
enroll in and complete the final two years, and
receive a commission in the reserves.

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

Application Procedures

Application for the four-year program normally
begins by enrollment in MS 111. Students en-
roll In this course during the regular registra-
tion period at MIT. The student should contact
the Army ROTC Department if additional infor-
mation is desired.

Students interested in the two-year program
should apply through the Army ROTC Depart-
ment. Further details may be obtained from
Room 20E-126, MIT, Cambridge, Massachu-
settb 02139, (617) 253-4471. The director of
the program is Lieutenant Colonel Edward D.
Hammond, Corps of Engineers, Visiting
Professor of Military Science.
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Naval ROTC Program Available Programs

The purpose of the Naval ROTC program Is to
provide Instruction and training in naval scl-
ence subjects which, when coupled with the
prescribed MIT engineering or science curri-
cula, qualify selected students for commis-
slons in one of the many specialties in the
Navy. Primary officer program options avail-
able include aviation, submarines, surface
warfare, and the Marine Corps.

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

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

Upon completion of the program and receipt of
a baccalaureate degree, the scholarship grad-
uate is commissioned as an Ensign in the
Navy or Second Uoutenant in the Marine
Corps. College Program graduates receive
commissions in the Navy or the Marine Corps
Reserve. Newly commissioned officers report
directly to active duty within one year of com-
missioning (generally within a few months).
Upon completion of the active duty obligation,
the officer may be released to inactive duty,
but must retain the commission for a total of
eight years from the date of Its original
acceptance.

Program of Instruction

The NROTC program of instruction encom-
passes the science of nautical matters and
principles of management - all vital to being
a naval officer. The program has three Inter-
acting and equally Important aspects. The first
aspect consists of the professional academic
subjects taught by the Department of Naval
Science (outlined below). The second aspect
consists of the academic subjects taught by
the Institute. In addition to recommended
coursework, one year of calculus, physics,

English, American Military Affairs of National
Security Policy, and one term of computer sci-
ence, and an Indo-European or Asian lan-
guage are required. The third aspect consists
of the professional training gained from lead-
ership laboratories (two hours a week through-
out the school year), tours conducted to local
naval facilities, cruises aboard ship, and prac-
tical navigation and piloting practice conducted
aboard training craft.

Between academic years, midship personnel
attend a month of summer training aboard
ship and at-shore bases to become familiar-
Ized with Navy and Marine Corps procedures.
One two- or three-hour Naval Science subject
Is required each semester. Several of these
are presented In conjunction with MIT profes-
sors and carry academic credit.

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 years
of age by June 30 of the year of college grad-
uation; 3) physically qualified, and total visual
acuity must meet the current standards, cor-
rectable to 20/20 by the use of lenses. If you
do not meet all these criteria, but are still in-
terested In a Navy or Marine Corps commis-
sion, there are other financial assistance
programs available.

Application Procedure

Further inquiries should be addressed to the
Commanding Officer, NROTC and Naval Ad-
ministrative Unit, Room 20E-125, MIT, Cam-
bridge, Massachusetts 02139, or any US Navy
Recruiting Station.

Junior Year Abroad

Many opportunities are open for study in for-
eign countries through participation In one of
the excellent programs administered by non-
profit educational organizations or through an
individually arranged program. Plans for study
abroad should be worked out by each student
with his or her faculty advisor and the Office of
Career Services and Preprofessional Advising,
Room 12-170, (617) 253-4733. The Office of
Career Services can provide a great deal of
assistance and Information as a student plans
for study at another college or university.
Although almost any field can be studied
abroad, it is generally advisable to take most
professional subjects at MIT. By emphasizing
the language, literature, history, and culture of
the host country, the year abroad can be a
valuable learning experience.

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

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

Students who have participated in an ap-
proved one-year program may normally expect
to receive one year of equivalent credit toward
their MIT degree, upon successful completion
of their studies and subsequent return to MIT.
Students who wish to have transfer credit
posted to their MIT transcripts should submit
confirmation of approved credit (with neces-
sary signatures of approval) to the Registrar's
Office by the end of the 11th week (drop date)
of the term they return to MIT.
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Domestic Year Away

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

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

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

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

Students who wish to have transfer credit
posted to their MIT transcripts should submit
confirmation of approved credit (with neces-
sary Ognatures of approval) to the Registrar's
Office by the end of the 11th week (drop date)
of the term they retum to MIT.

Those students interested in these programs
should nonsuit the Office of Career Services,
Room 12-170, (617) 253-4733.

Harvard University

A limited number of MIT undergraduates Is
permitted to take one or two subjects at Har-
vard University (Faculty of Arts and Sciences)
for degree credit at no extra charge, provided
the subjects are not offered regularly at MIT.
Crose-registration is normally limited to upper-
classmen who must be regularly enrolled at
MIT and paying full tuition for the term in
question. No more than two regular subjects
nor more than one intensive subject may be
taken at Harvard In any one term. Arrange-
ments are made through the Humanities, Arts,
and Social Sciences Office. Letter grades
earned In Harvard subjects appear on the
transcripte of MIT undergraduates.

Wellesley-MIT Exchange Program

Participation in the Wellesley-MIT Exchange
Program can expand the educational oppor-
tunities for students of each institution. Under
this program, students may cross-register for
any courses at the other school, with the only
requirement being that they present the nec-
essary prerequisites. MIT students may use
Wellesley courses to meet certain Institute re-
quirements, as described later in the section.

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

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

MIT students register for a Wellesley course
simply by putting the course name and num-
ber on their MIT registration form or correction
form in the space marked "Cross Registration
at Wallesley." Students must also register at
Wellesley during the first week of classes.

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

MIT students receive letter grades for their
Wellesley courses unless 1) the course is des-
ignated mandatory "credit/noncredit" by
Wellesley, 2) they are freshmen under MIT's
"pass/no record" requirement, or 3) they are
juniors or seniors using one of their two MIT
electives for pass/fall. Under Wellesley's
credit/noncredit system, credit is awarded for
C-level work or above.

Students may take Wellesley courses to meet
a variety of MIT distribution and concentration
requirements. There are, however, some re-
strictions and special procedures, which are
described as follows.

Students generally cannot substitute Wellesley
courses for MIT Science Core courses (Chem-
istry, Physics, and Calculus) or Laboratory Re-
quirement courses. They may take Wellesley
courses to satisfy Science Distribution Re-
quirements, but need the approval of the
Committee on Curricula.

To meet the Distribution portion of the MIT
Humanities, Arts, and Social Sciences Re-
quirement, students may take the Wellesley
courses listed under the various fields in the
HASS Distribution section in this chapter.
Wellesley courses may be designated as part
of the Concentration In the Humanities, Arts,
and Social Sciences at the discretion of the
designated advisor in that field of concentra-
tion. Students may use Wellesley courses as
unrestricted electives toward fulfilling the Hu-
manities, Arts, and Social Sciences Require-
ment, but they must petition to do so. Petitions
may be obtained from the Exchange Office at
MIT or from ikey Spear In the Humanities,
Arts, and Social Sciences Office, 14N-409,
(617) 253-4443 (who can also answer ques-
tions pertaining to the Humanities, Arts, and
Social Sciences Requirement).

Wellesley subjects may be used to fulfill de-
partmental requirements with the permission
of a faculty advisor.
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Most examinations at Wellesley are offered on
a self-scheduled basis. Wellesley's academic
calendar differs from MIT's. Students are re-
sponsible for meeting Wellesley's end-of-term
deadlines. Students may obtain information on
end-of-term procedures from the Exchange
Office at MIT.

Students unable to complete their work due to
grave emergency or illness should contact the
Exchange Coordinator at Wellesley within 24
hours of the deadline to get further
Instructions.

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

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

The following areas of study are available at
Wellesley:

American Studies
Anthropology
Architecture
Art
Astronomy
Biological Sciences
Black Studies
Chemistry
Chinese
Chinese Studies
Classical Civilization
Cognitive Science
Computer Science
Economics
Education
English
French
French Studies
Geology
German
German Studies
Greek and Latin

History
Italian
Italian Culture
Japanese
Jewish Studies
Language Studies
Mathematics
Medieval/Renaissance

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

To be recommended for the degree of Bache-
lor of Science, students must have attended
the Institute not less than three regular aca-
demic terms, which ordinarily must include the
term of graduation. Also students must have
satisfactorily completed programs of study ap-
proved in accordance with the faculty regula-
tions, including the Geytoral Institute
Requirements described on the following
pages, and the Departmental Program of the
Course in which the degree is to be awarded.
A student must petition the Committee on Cur-
ricula tor any substitutions in the General Insti-
tute Requirliments. Departures from the
Departmernal Programs are allowed with de-
partmental permission. The Departmental Pro-
gram and the total degree requirements are
shown for most Courses in Chapter VII.

Bachelor of Science Degree Requirements

-General Institute Requirement

Science Requirement S subects
Chemistry (3.001 or 5.11 or SP 01)
Physics (8.01 or .012 or Sx and
8r02 or 8.022 or 8.02x)
Calculus 18.01 or 18.011 or 18.012 or
18.013 and 18.02 or 18.021 or 18.022 or 18,023)
Humanities, Art@, and Social
Sciences Requirement 8 subjects
Science Distribution RequIrement 3 subjects
Laboratory Requirement (12 units) I sublect

Total 17 Subiects
wrilng Requirement
To be satisfied in two stages
Physical Educeton Requirment
PLUS

Ossertmental Program and Unrestricted Elective.
As specified for each Course, IO-196 units in addition to the
General Institute Requirements. 2

Students can keep tra of r thir progress by checkcing off
the sublecte that count toward the 17-subiect General
Institute Requirnents (noting the restrictions on the
Science Distribution Requtrement); the remaining unite
then count towerd th addi'tion""l WI9" units for
departmental progrema and eletve credit.

Complete details on registration procedures
and orograms, as well as copies of the
Wellesley Bulletin and class schedules, are
available in the Exchange Office at MIT in
Room 7-103, (617) 253-1668. The Exchange
Office at Wellesley is located in Room 340B,
Green Hall, 235-0320 x2321 (through the MIT
tie line: 187-2321).

Tranafer students generally wit graduate under the require-
merts that apply to the Class they join when they enter MIT.
2
Departmental Programs can speciy or expect up to three
subiects from the General Institute Requirements, and must
make possie at Iast 48 units in unrestricted electives (usu-
ally more). The total of IO-190 units dose not Include ROTC
subiscl, i elected.

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

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

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

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

Chemistry

The requirement can be satisfied by taking
either 3.091 Introduction to Solid State Chem-
istry or 5.11 Principles of Chemical Science.
3.091 is designed for students who are partic-
ularly Interested in the chemistry of the solId
state. 5.11 presents an introduction to chemis-
try with an emphasis on basic principles and
their applications. Beginning fall 1990, a new
subject, SP 01 Chemistry, Materials, and Biol-
ogy, will satisfy the Chemistry Requirement.
SP 01 (along with SP 02, which can be used
as a Science Distribution subject) presents the
principles of chemistry, solid-state chemistry,
and modern biology in a unified manner.
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Writing Requirement

Physics

The Institute requirement in physics may be
satisfied through a variety of combinations of
fIrst- and second-term physics subjects. A ma-
jority of students find the 8.01-8.02 sequence
suited to their needs. 8.012-8.022 covers es-
sentially the same subject matter as 8.01-8.02,
but Is more advanced mathematically; calcumis
Is used freely from the beginning of the term.
The student is not obliged, however, to follow
through the whole of either of these se-
quences as a package, should some other
choice become more suitable. It is quite ac-
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 aiterna-
tive physics subjects during 1989-90.

Calculus

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

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

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

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

The basic features of the requirement are
early evaluation, a variety of ways to complete
the requirement, and Institute-wide involve-
ment. The requirement is to be satisfied in two
phases:

Phase One is concemed 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 750
or above on the College Board Achieve,
ment Test in English Composition with
Essay or a score of 5 on the College
Board Advanced Placement Test in En-
glish Language and Composition.

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

c) receiving a grade of pass in any one of
the following expository writing subjects:
21.334 Expository Writing Il for Under-
graduates: English as a Second Lan-
guage, 21.730 Expository Writing,
21.731 Writing and Experience, or
21.732 Introduction to Technical Com-
munication; or any equivalent subject In
Project Interphase, the Experimental

Study Group, the Integrated Studies
Program, or Concourse.

d) submitting a paper of five pages (1,250
words) or more of expository prose writ-
ten for any MIT subject or UROP activ-
ity and judged satisfactory by the
professor of the subject and by evalua-
tors for the requirement.

Students submitting papers for Phase One
must first pick up a cover sheet from the Writ-
ing Requirement Section of the Undergraduate
Education Office, Room 20C-105, for the sub-
ject instructor to sign. Instructors are encour-
aged to use the cover sheet to comment on
the student's writing before signing the sheet
and giving it to the student. The student then
retums the paper and the cover sheet to the
Committee office.

The specific goals and context of the writing
assignment should be explicitly or implicitly
stated, either by the instructor on the cover
sheet or by the student in the paper's
introduction.

Students normally complete Phase One by the
end of the freshman year and must complete
this stage of the requirement by the eighth
week of the first semester of their sophomore
year. Students who fail to do so will be con-
sidered to be in noncompliance with the re-
quirement and will then only be able to employ
the paper option for satisfying Phase One by
successfully petitioning the Committee on the
Writino Requirement.

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

Phase Two Is administered by individual de-
partments. Students should contact their De-
partmental 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
Two by registration day of the semester In
which they plan to graduate will be withheld
from the Degree Ust and will be added to the
D-ree Ust only by successfully petitioning
thek Departmental Writing Coordinator and the
Committee on the Writing Requirement.

I
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Humanities, Arts, and Social
Sciences (HASS) Requirement

Options for completing this phase are:

a) receiving a grade of B or better for the
quality of writing in a cooperative writing
subject within the general area of a stu-
dent's professional field. These cooper-
ative engineering and science subjects
include instruction and evaluation by
Writing Program faculty and provide ex-
cellent opportunities for satisfying Phase
Two.

b) receiving a 8 or better in any one of the
following advanced subjects in scientific
and engineering writing: 21.339 Work-
shop in Writing for Science and
Engineering: English as a Second Lan-
guage, 21.340 Workshop in Writing for
the Social Sciences and Architecture:
English as a Second Language, or
21.780 Science and Engineering
Writing.

c) submitting a paper of ten pages (2,500
words) or more of prose from any MIT
subject or UROP activity within the gen-
eral area of a student's professional
field that is judged satisfactory by the
instructor or supervisor and by evalua-
tors for the requirement. Students who
wish to use this option to complete
Phase Two should contact their Depart-
mental Writing Coordinator.

The Committee on the Writing Requirement
has published a brochure on the requirement.
Copies are available at the Writing Require-
ment Section of the Undergraduate Education
Office, Room 20C-105, (617) 253-7909. Stu-
dents are also encouraged to discuss any
questions they may have about the require-
ment with their Departmental Writing Coordi-
nator or with the Institute Coordinator of the
Writing Requirement, Dr. Lee Perelman.

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

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

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

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

2
Distribution. Three of the eight subjects must
be chosen from a specially designated list of
distribution subjects in the humanities, arts,
and social sciences. The three subjects are to
be selected from three separate categories or
fields and may be taken at any stage of the
student's undergraduate career.

3
Concentration. Before the third year, each
student selects a field of concentration. The
requirements for concentration are set by each
field and consist of either three or four sub-
jects. An individual's program of concentration
Is arranged in consultation with a designated
advisor in the field. A distribution subject in a
given category or field may also be counted
as one of the required concentration subjects
with the permission of the concentration ad-
visor. In Individual cases, a special interdisci-
plinary program of concentration may be
arranged with the approval of an advisor des-
ignated by the Dean of Humanities and Social
Science. This approval must be obtained
ahead of time, before the desired combination
of subjects has been completed.

The following fields of concentration
currently are offered:

American Studies
Ancient and Medieval Studies
Anthropology/Archaeology
Economics
Ethnic Studies
Film and Media Studies
Foreign Languages and Literatures
History
History of Art
Labor in Industrial Society
Latin American Studies
Linguistics
Literature A (Read In English)
Literature B (Read in a Foreign Language)
Music
Philosophy
Political Science
Psychology
Religious Studies
Russian Studies
Science, Technology, and Society
Sociology
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.
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HASS Information

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

DIstribution Subjects

Humanities, Arts, and Social Science Distribu-
tion subjects are humanistic in orientation, of
broad general interest, with a subject matter
clearly drawn from one or more of the disci-
plines in the Humanitieb, Arts, and Social Sci-
ences. Such subjects meet in sections small
enough to allow discussions in which every
student can participate, and - except for
some art subjects - they call for a substantial
amount of writing.

Almost all distribution subjects are without pre-
requisites and are appropriate for students at
all levels. Students are encouraged, though
not required, to take one or two distribution
subjects in their freshman year, in order to be-
gin satisfying the institute requirement and to
sample offerings of different fields.

Students are free to take more than the nec-
essary minimum of three distribution subjects;
those taken in excess of the minimum may be
used as electives toward completion of the
eight-subject requirement or in some cases,
with the approval of the relevant field, may be
accepted as part of a program of concentra-
tion. Note, however, that in no case may more
than one subject in a given category or field
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 Sci-
ence, emphasizing modes of Inquiry and
discourse that are qualitative and contextual.
HASD subjects aim to develop substantive
knowledge and analytical skills. They are to
have a broad intellectual range and include a
generous view of the alternative and often
competing assumptions, perspectives, and in,
tellectual tendencies in the field. They are to
incorporate, where appropriate, materials and
insights drawn from the full range of contem-
porary scholarship, including that on women,
minorities, and non-Westem cultures.

HASS-Distributlon Requirement
Undergraduates who enter as of academic
year 1988-89 must take three HASS-D sub-
jects from List A, which has been classified
into five categories. Each category consists of
subjects that are appropriate for students who
may never take another subject in that area of
learning, and the five categories together offer
a range of choices suited to the different inter-
ests, abilities, and preparations of MIT under-
graduates. Specifically, students must take
one distribution subject from categories 1 or 2,
which have a content within the humanities,
and one distribution subject from categories 4
or 5, which have a content within the social
sciences. The third distribution subject must
be taken from one of the three remaining
categories.

List A contains 1989-90 HASS-D subjects in
HASS-D categories:

1. Literary and Textual Studies. This cate-
gory consists of subjects devoted to the inter-
pretation of texts, to literary traditions, and to
genres.

21.003
21.004
21.006
21.009
21.021
21.044
21.211
21.239
21.289

21.299J
21.312

21.735
21.736

Introduction to Fiction
Major Poets
American Literature
Shakespeare
Comedy
New World Literature
Introduction to French Literature
introduction to German Literature
introduction to Contemporary
Hispanic Literature
New Women's Voices [SP 431J)
Mythic and Folk Motifs in
Russian Literature
Writing and Reading the Essay
Writing Across the Cultures

2. Language, Thought, and Value. Subjects
in this category focus on the study of con-
cepts, principles, and modes of expression
basic to our efforts to understand individuals
and their place in the universe.

21.001
21.002

21.008
21.048
21.204
21.234
21.264
21.278
24.00
24.01
24.04J
24.07

Great Books 1: Homer to Dante
Great Books II: Renaissance to
Modernity
The Bible
Darwin and Design
French IV
German IV
Russian IV
Spanish IV
Problems of Philosophy
Philosophy and Public Affairs
Justice [17.115,]
Classics In the History of
Philosophy

24.09J

STS 011

WC 108RE

Classics in Political Philosophy
[17.113J]
Ideas of Power in American
Literature, Art, and Culture
Introduction to Asian Reigionst

3. The Arts. Subjects in this category may
be drawn from music, the visual arts, drama
and dance, and film. They may be historical
and analytical, or they may be more directly
concemed with the creation of art.

4.601
4.602

4.605

21.011
21.60
21.611J

21.622
21.623
21.625
21.636
21.641
21.701J

21.702J
WC 248AR

Introduction to Art History
Modemism and Mass Culture:
1830-1968
Introduction to the History and
Theory of Architecture
The Film Experience
Introduction to Music
Music and Art: Contexts for
Hearing and Seeing [21.591J)
Western Music after 1750
Music of the Near and Far East
Vivaldi, Bach, and Handel
Jazz
Harmony and Counterpoint I
Introduction to Dramatic Art
[21.005J
Playwriting [21.737J]
Chinese Artt

4. Cultures and Societies. Subjects in this
category focus on human societies by examin-
Ing forms of social, cultural, economic, poitti-
cal, and religious organization and behivior.

9.00
14.63
17.201J

17.241

17.403

17.577

17.601

21,506

21.509
21.530J

SP 401
STS 065

Introduction to Psychology
Labor in Industrial Society
Politics and Public Policy
[11.007J]
Introduction to the American
Political Process
American Foreign Policy in a
Changing World
The Politics of Change in the
Third World
Communism, Revolution, and
Reform: Lenin to Gorbachev
Evidence and Argument in
Anthropology
Understanding Culture
The Contemporary Family
[SP 456J]
Introduction to Women's Studies
Psychology and Technology

twe"I"l Cose suP t
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5. Historical StudIes. Subjects in this cate-
gory focus on the development of peoples, in-
stitutions, or countries over a considerable
period of time.

11.015J

21.351
21.353

21.361
21.389

21.392

21.465

21.480

STS 001
STS 002

Riots, Strikes, and Conspiracies
in America [21.394J)
The Ancient World: Rome
The Emergence of Europe:
1000-1300
Europe in the 20th Century
The Last Hundred Years: Topics
in World History
War, Money, and Sex: Topics in
American History
Family, State, and Economy in
East Asian History
Islam, the Middle East, and the
West
Technology in American History
The Scientific Revolution

HUM-Distribution Requirement

Students who entered before academic year
1988-89 can satisfy the Distribution Require-
ment under the new HASS-D system or under
the old HUM-D (Humanities Distribution) sys-
tem, by taking three subjects from three differ-
ent fields on List B. List B includes both HUM-
0 and HASS-D subjects. Note, however,
whereas HASS-0 subjects can be used to
satisfy the HUM-D requirement, HUM-D sub-
jects cannot be used to satisfy the HASS-D
requirement. Students who entered before ac-
ademic year 1988-89 can also satisfy the
HUM-D requirement with subjects already
taken from the list that appeared in the 1987-
88 Bulletin. (Students who entered before aca-
demic year 1987-88 may complete the HUM-D
requirement with subjects from the list in the
1986-87 Bulletin, by petitioning the School of
Humanities and Social Science by add date of
the term in which the subject is taken.)

List B contains 1989-90 HASS-D/HUM-D
subjects:

Anthropology/Archaeology

21.50 Introduction to Anthropology
21.503 Introduction to Archaeology:

Paths to Civilization
21.506 Evidence and Argument in

Anthropology*
21.509 Understanding Culture*
21.530J The Contemporary Family

ISP 456J)*
21.540J Technology and Culture

(STS 075J]

Economics

14.63 Labor in Industrial Society*
14.71 Economic History

Film and Media

?1.011 The Film Experience*

Foreign Languages

21.204 French IV*
21.234 German IV*
21.264 Russian IV*
21.277 Spanish Ill
21.278 Spanish IV*

History

21.350 The Ancient World: Greece
21.351 The Ancient World: Rome*
21.352 From Caesar to Charlemagne
21.353 The Emergence of Europe:

1000-1300*
21.356 History of the Western World I:

1500-1815
21.357 History of the Westem World II:

1815-1970
21.361 Europe in the 20th Century*
21.369 Marx, Darwin, and Freud
21.376 Imperial and Revolutionary

Russia: Culture and Politics
21.389 The Last Hundred Years: Topics

in World History*
21.390 American History to 1865
21.391 American History Since 1865
21.392 War, Money, and Sex: Topics in

American History*
21.411 American intellectual and Cul-

tural History: The Modem Age,
1920-1980

21.416J American Women's History
[SP 420J]

21.460 East Asian History: China

21.461
21.465

21.480

21.481

24.00
24.01
24.04J
24.07

24.08
24.09J

24.900J

21.001
21.002

21.003
21.004
21.006
21.008
21.009
21.021
21.022
21.044
21.048
21.101
21.296

21.297J

21.299J
21.304
21.312

East Asian H'story: Japan
Family, State, and Economy in
East Asian History*
Islam, the Middle East, and the
West*
The Middle East in the Twentieth
Century

Linguistics and Philosophy

Problems of Philosophy*
Philosophy and Public Affairs*
Justice (17.115J]*
Classics in the History of
Philosophy*
The Human Mind
Classics in Political Philosophy
[17.113J)*
The Study of Language
[21 321J]

Literature A'

Great Books I: Homer to Dante*
Great Books li: Renaissance to
Modernity*
Introduction to Fiction*
Major Poets*
American Literature*
The Bible*
Shakespeare*
Comedy*
Tragedy
New World Literature*
Darwin and Design*
The American Novel
Introduction to European and
Latin American Fiction
Sex Roles in Fiction: Europe and
Latin America (SP 432J]
New Women's Voices [SP 431J]*
Modern European Drama
Mythic and Folk Motifs in
Russian Literature*

WC IT211 Dante (i! English)t
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21.211
21.216

21.239

21.240

21.285
21.287

21.289

21.60
21.611J

21.622
21.623
21.625
21.631
21.636
21.641
21.701J

21.702J

17.107

17.201J

17.241

17.243

17.403

17.543
17.577

17.601

9.00

Literature B.U

Introduction to French Literature*
French Culture and Society I1:
From the Occupation to the
Mitterand Years
Introduction to German
Literature*
German Culture and Society:
1750-1914
introduction to Spanish Culture
Twentleth-Century Latin
American Literature
Introduction to Contemporary
Hispanic Literature*

Music and Theater Arts

Introduction to Music*
Music and Art: Contexts for
Hearing and Seeing [21.591J)*
Western Music after 1750*
Music of the Near and Far East*
Vivaldi, Bach, and Handel*
Symphonic Music
Jazz*
Harmony and Counterpoint I*
introduction to Dramatic Arts
[21.005J)'
Playwriting [21.737J)*

Political Science

introduction to Political Theory:
Individual and Community
Politics and Public Policy
[11.007J)'
Introduction to the American
Political Process*
American Politics and Social
Change
American Foreign Policy in a
Changing Worid*
Political Change in Latin America
The Politics of Change in the
Third World*
Communism, Revolution, and
Reform: Lenin to Gorbachev*

Psychology

Introduction to Psychology*

Religious Studies

WC RE107 Critical Issues in Modem
Religiont

WC RE108 introduction to Asian Religions*t
WC RE262 The Formation of Islamt

Science, Technology, and
Society

STS 001 Technology in American History*
STS 002 The Scientific Revolution*
STS 006 History of Nineteenth- and Twen-

tieth-Century Science
STS 008 American Science Since the

1930s
STS 009 Military Enterprise and Techno-

logical Change
STS 011 Ideas of Power in American

Literature, Art, and Culture'
STS 019 The Profession of Engineering
STS 065 Psychology and Technology*

Sociology

WC S0102 Sociological Perspective: An In-
troduction to Sociologyt

WC S0103 Social Problems: An Introduction
to Sociologyt

Urban Studies

11.006J American Society: Values, insti-
tutions, and Variety [17.257J]

11.013J American Urban History I
[21.412J)

11.014J American Urban History 1I
[21.413J

11.015J Riots, Strikes, and Conspiracies
in America [21.394J]*

11.165 Law and Public Policy

Visual Art and Architecture

4.304 Creative Seeing
4.601 Introduction to Art History*
4.602 Modernism and Mass Culture:

1830-1968*
4.605 Introduction to the History and

Theory of Architecture*
4.642 19th-Century Art
4.651 20th-Century Art
WC 248AR Chinese Art't

Women's Studies

SP 401 Introduction to Women's Studies*

5ldsuri may aho000 oney o Olatrbion PuAbot in Ugia-
lurs, ~lr from is A or 5.

aldn0who have take any siid- or foulh-eve (krig ln-
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Writing

21.735 Writing and Reading the Essay*
21.736 Writing Across the Cultures*
21.755 Writng and Reading Short

Stories
21.760 Writing and Reading Poems
21.777 The Scientific Essay

Elective Subjcta

The remainder of the eight-subject require-
ment, above and beyond Distribution and
Concentration, may be fulfilled by the ap-
proved subjects in the humanities, arts, and
social sciences. These elective subjects may
be chosen from among most undergraduate
subjects offered in the School of Humanities
and Social Science, a substantial number of
subjects in the School of Architecture and
Planning, and a smaller number from the other
Schools. (Please note, however, that subjects
in the Sloan School of Management cannot be
used to satisfy the HASS Requirement unless
the subject description specifically indicates it
may be used for this purpose.) Appropriate
subjects taken by cross-registration at Harvard
University or Wellesley College may also
count toward the requirement; however, a pe-
tition must be submitted. Graduate subjects
(designated "G") may be used to satisfy the
requirement only by petition, which must in-
clude the instructor's signature.

Further information on elective subjects may
be found in the Guide to the Humanides, Arts,
and Social Sciences, available in the Humani-
ties, Arts, and Social Sciences Information Of-
fice, Room 14N-408.
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Science Distribution
Requirement

The Science Distribution Requirement is met
by taking three subjects designed for this pur-
pose. Available subjects are listed below. No
more than one of the subjects used to fulfill
the requirement can be taken in the student's
own department, and at least one of the three
subjects must be both taken outside the stu-
dent's department and not used to satisfy the
student's Departmental Program. Subjects
designated "J," which are offered jointly by
faculty members in the student's own depart-
ment, also fall under the departmental limita-
tion. If 3.091 or 5.11 Is used to satisfy the
General Institute Requirement in Chemistry,
then it cannot be used for the Science Distri-
bution Requirement. Science Distribution sub-
jects normally are taken in the second year,
but students who have the proper prerequi-
sites may begin taking them in the first year.

Through Science Distribution subjects, the stu-
dent can broaden and deepen the educational
foundation in basic science begun in the first-
year program. These subjects are designed to
give each student the opportunity to proceed
further in areas already studied, or to explore
other areas of potential interest.

The available Science Distribution subjects
vary in approach and emphasis. Some give a
systematic introduction to the fundamental
concepts and principles of a field; others Illus-
trate, through examples, some of the attitudes,
concerns, and methods that are characteristic
of professional work in a field.

Most departmental programs require 48 units
in the second year. In many cases, subjects
required by a department are also on the list
of Science Distribution or Laboratory Require-
ment subjects. Thus, students following a
particular Departmental Program may simulta-
neously satisfy some part of the Science Dis-
tribution and Laboratory Requirements.

Science Distribution Subjects

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

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

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

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

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

1.59J Materials 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 Physical and

Engineering Systems (3-0-9)
2.20 Fluid Mechanics (4-0-8)
2.40 Thermodynamics (4-0-8)
2.45J Fundamentals of Energy in

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

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

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

(5-0-7),
3.10 Chemical Physics of Materials

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

Buildings (3-0-9)
4.440 Bqsic Structural Theory (3-3-6)
5.11 Principles of Chemical Science

(5-0-7)'
5.12 Organic Chemistry 1 (5-0-7)
5.60 Chemical Thermodynamics (4-0-8)
5.61 Physical Chemistry (4-0-8)
6.002 Circuits and Electronics (4-2-9)
6.017 Introduction to Quantum Physics

(5-0-7)
6.018 Statistical Mechanics and

Thermodynamics (4-0-8)
6.034 Artificial Intelligence (4-0-8)
6.041 Probabilistic Systems Analysis

(4-0-8)
6.071 Introduction to Electronics (4-2-6)

7.01 General Biology (4-0-8)
7.05 General Biochemistry (5-0-7)
8.03 Physics Il1 (5-0-7)
8.04 Quantum Physics 1 (5-0-7)
8.20 Introduction to Special Relativity

(2-0-7)
8.243 Modern Optics (3-0-9)
8.263 Physics of Fluids (3-0-9)
8.282 Introduction to Astrophysics and

Astronomy (3-0-9)
8.286 The Early Universe (3-0-9)
8.291 J Planetary Science 1 (3-0-9)
8.292J Planetary Science 11 (3-0-9)
8.293J Dynamical Astronomy (3-0-9)
10.11 Computer Models of Physical and

Engineering Systems (3-0-9)
10.13 Chemical Engineering

Thermodynamics 1 (4-0-8)
12.01 Introduction to Geology (3-4-5)
12.02 Chemistry and Physics of Minerals

and Rocks (3-4-5)
12.107 introduction to Geophysics (3-0-9)
12.111 Chaos and Complexity (3-0-9)
12.114 Astronomy: Solar System (3-0-6)
12.126J Dynamical Astronomy (3-0-9)
12.131J Planetary Science 1 (3-0-9)
12.132J Planetary Science 11 (3-0-9)
12.21 Physics of the Ocean (3-0-9)
13.00 Computer-Aided Hydrostatics and

Hull Surface Definition (3-3-6)
13.51 Computer Models of Physical and

Engineering Systems (3-0-9)
14.30 Introduction to Statistical Method in

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

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

(3-0-9)
16.001 Unified Engineerng I (5-2-5)
16.008 Computer Models of Phyoical and

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

Statistics (4-0-8)
18.06 Linear Algebra (3-0-9)
18.063 Introduction to Algebraic Systems

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

(4-0-8)
18.703 Modem Algebra (3-0-9)
18.710 Abstract Linear Algebra (3-0-9)
22.006 Computer Models of Physical and

Engineering Systems (3-0-9)
22.02 Introduction to Applied Nuclear

Physics (3-0-9)
22.03 Engineering Design of Nuclear

Power Systems (3-0-9)
22.04 Radiation Effects and Uses (2-1-9)
SP 02 Chemistry, Materials Science, and

Biology (5-0-7)

Not soosble - Sovince Oms tion select, WNW a. en to ti-
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Laboratory Requirement Physical Education
Requirement

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

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

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

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

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

Laboratory Requirement Subjects

1.1011i
1.102
1.105J

1.106

1.107

1.108

1.53

2,671

2.6n
2.0

3.061

Decision Analysis Laboratory (3-4-5)
Transportation Laboratory (0-3-3)
Structural Engineering Laboratory
(0-3-3)
Laboratory Projects in Fluid
Mechanics (0-3-3)
Aquatic Chemistry Laboratory (2-6-
4)
Laboratory and Field Projects in
Environmental Fluid Mechanics (0-6-
6)
Constructed Facilities Project
Laboratory (1-5-3)
Measurement and Instrumentation
(2-3-7)1
Project Laboratory (1-3-2)
Manufacturing Processes and
Systems (3-3-3)
Mlelis Laboratory (1-5-6)

4.411 Building Technology Laboratory (0-
4-2)

4.415J Structural Engineering Laboratory
(0-3-3)

4.417J Design with Microclimate (3-3-6)
4.862 Holographic Imaging (3-5-4)
5.310 Laboratory Chemistry (2-8-2)
5.311 Introductory Chemical

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

Laboratory (3-8-1)
6.111 Introductory Digital Systems

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

(2-8-2)
6.141 Energy and Electromechanical

Systems Project Laboratory (0-10-2)
6.151 Semiconductor Devices Project

Laboratory (0-12-0)
6.161 Modem Optics Project Laboratory

(2-8-2)
6.162 Image Transmission Systems

Project Laboratory (0-12-0)
6.163 Strobe Project Laboratory (2-8-2)
6.182 Psychoacoustics Project Laboratory

(3-4-5)
7.011 Introduction to Experimental Biology

(2-8-5)
8.11 Physics Project Laboratory 1 (1-6-5)
8.12 Physics Project Laboratory 11 (1-6-5)
8.287J Observational Techniques of Optical

Astronomy (3-4-5)
9.50 Research in Brain and Cognitive

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

(0-6-6)
11.185J Design with Microclimate (3-3-6)
11.188 Social Research Methods (3-6-3)
12.052 Field Geology 11 (0-18-0)
12.066 Analysis of Geological Materials

(2-6-4)
12.117J Observational Techniques of Optical

Astronomy (3-4-5)
13.901 Ocean Engineering Laboratory I

(1-5-0)
13.902 Ocean Engineering Laboratory 11

(1-5-0)
14.31 Econometrics (3-4-5)
15.301 Managerial Psychology Laboratory

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

(1-8-3)
22.09 Principles of Nuclear Radiation

Measurement and Protection (2-6-4)
HST575J Bloelectronics Project Laboratory

(2-8-2)
TPPO1J Decision Analysis Laboratory (3-4-6)

Su staing 2.671 (12 units) receive 6 unit of Nbatory
2
Stuent takng 2.86 (9 unit) rece~v 6 unit o1 taaeWy

The Institute expects all students to complete
the Physical Education Requirement by the
end of the sophomore year. By that time, a
student should have accumulated the required
eight points of physical education credit (four
courses) and passed the swimming test or
taken a beginning swimming course. Credit
may be eamed by participation in the Intercol-
legiate Program (four points for a sport in sea-
son). A maximum of four points (two points
per year) may be eamed by physical activities
within the ROTC programs.

There are Advanced Credit Examinations
available for physical education credit in a
number of different activities, including a phys-
ical fitness test. Two points of credit are
awarded to students who pass one of these
proficiency tests. Appointments are made with
the Director of Physical Education. These
exams must be completed by the last day of
classes for that year. A maximum of four
points may be gained through Advanced
Credit Examinations.

Sophomore transfer students must complete
four of the eight-point Physical Education Re-
quirement, plus the swim requirement. Trans-
fer students beyond the sophomore year are
not subject to the requirement.

a-__ -_ -- Wbmh.0"
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Independent Activities
Period

Program Information

The program consists of both individual activi-
ties and team sports, with the major emphasis
placed on the development of skills that can
be utilized in later life. A student who elects
individual sports such as golf, tennis, sailing,
or squash will receive a strong background in
the fundamentals of the sport. Instruction in
physical education classes often leads to in-
tercollegiate or intramural participation.

Physical education courses are offered in tour
quarters (two quarters for each semester) and
also during the Independent Activities Period.
Students register for these courses in the
gymnasium on the day of or the day after thu
academic registration and on a specific date
halfway through each semester,

First Quarter:

Aerobic dance, archery, ballet I, 1I, jazz, part-
ner dance, introduction to dance, ultimate fris-
bee, golf, lacrosse, pistol, rugby, sailing,
scuba, sculling, exercise fitness, swimming
(beginning), table tennis, T'ai Chi, tennis (be-
ginning and intermediate), weight training, and
yoga.

Second Quarter:

Aerobic dance, badminton, basketball funda-
mentals, ballet I, 11, jazz, partner dance, fenc-
ing, hockey, judo, karate, pistol, exercise
fitness, skating (beginning), squash, swimming
(beginning and intenediate), table tennis,
weight training, and yoga.

IAP:

Aerobic dance, badminton, ballet I, jazz, part-
ner dance, fencing, hockey, box lacrosse, pis-
tol, exercise fitness, skating (beginning), figure
skating, squash, tennis (intermediate and
advanced).

Third Quarter:

Aerobic dance, basketball, ballet 1, 11, jazz,
partner dance, fencing, figure skating, hockey,
judo, karate, pistol, scuba, exercise fitness,
skating (beginning), squash, swimming (begin-
ning, advanced beginning), volleyball, weight
training, advanced lifesaving (part 1), and
yoga.

Fourth Quarter:

Aerobic dance, archery, ballet 1, 11, jazz, part-
ner dance, ultimate frisbee, lacrosse, golf
(beginning), pistol, sailing, scuba, sculling, ex-
ercise fitness, softball, squash, swimming (be-
ginning and advanced techniques), tennis
(beginning and intermediate), weight training,
advanced lifesaving (part 2), and yoga.

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

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

Activities

More than 600 activities are offered each year
on a wide range of subjects, both academic
and nonacademic. A list of subjects offered for
credit during IAP Is published in early fall.
Other activities are organized mostly by indi-
vidual volunteers during the fall. Activities may
be organized or attended by anyone at the In-
stitute: faculty, student, or employee.

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

The lAP Activities Planning Sheet offers tips
on organizing an activity, and provides an ap-
plication form for publicizing the activity in the
LAP Guide. Funds are available from the Insti-
tute and individual departments and organiza-
tions to help defray expenses. New and
student-led activities receive priority from the
Institute's IAP Activities Fund.

Tuition, Room, and Board

Full-time students in either the first or second
semester do not have to pay additional tuition
or room fees to the Institute during IAP. Stu-
dents can purchase additional points on their
fali-term meal plan to cover IAP, or they can
purchase a new plan for IAP and the spring
term at the beginning of January.

'A
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Academic Credit and Grades

A student may earn academic credit by doing
work under the direction of a faculty member
for a subject listed in the MIT course cata-
logue. The total cumulative credits a student
can qarn for all subjects is limited to six credit
hours, except by special authorization. A de-
partment head may approv6 the awarding of
up to 12 units in a single subject, but in all
other cases, undergraduates must petition for
approval from the Committee on Curricula,
and graduate students from the Committee on
Graduate School Policy. Credits received by
freshmen during IAP are not counted toward
their credit limits for the spring or fall term.

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

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

Students are asked to remind their faculty su-
pervisors that their IAP grades must be tumed
in by the last day of IAP. Grade reports will be
sent to the students and to their departments
at the beginning of the spring semester. Stu-
dents not receiving grade reports when ex-
pected should check promptly with their
supervisors or the Registrar's Office to be sure
the grades are submitted and recorded. Late
credit and grades must be submitted on spe-
cial reporting forms by the end of the following
spring term. IAP grades will not be accepted
after the end of the academic year.

Veterans' Benefits

Full-time students receiving Veterans' benefits
have been certified for the entire academic
year. Because the period between the first day
of winter vacation and the beginning of the
second term is more than a calendar month,
VA regulations require that IAP be treated as
a separate term, much the same as Summer
Session. To ensure uninterrupted benefits for
IAP, students must notify the Student Finan-
cial Aid Office, Room 5-119, (617) 253-4971,
by December 1, of their intent to attend IAP
full time. Students must receive credit, i.e., a
letter or pass/fail grade, to be entitled to VA
benefits. Anyone who receives VA benefits for
IAP but fails to earn sufficient credit will have
to return the money. Veterans should make
sure their instructors turn in their grade sheets
to the Registrar's Office on the last day of IAP.

Special Students

Applications for special-student status solely
for IAP will not be accepted. Special students
admitted to the first or second term do not au-
tomatically have IAP privileges. Those admit-
ted by the Director of Admissions must consult
the Admissions Office conceming their status
during IAP. Former students readmitted as
special students by the Committee on Aca-
demic Performance (CAP) or the Office of the
Dean for Student Affairs (ODSA) must consult
the appropriate office for permission to partici-
pate in IAP. If the special student has paid full
tuition during the first term or is admitted to do
so in the second, there will not be an addi-
tional tuition charge for IAP. If the student has
not been paying full tuition, he or she will be
charged either the minimum special student
fee or the amount necessary to bring tuition
for the term up to full tuition.

Special students wanting credit for IAP work
should consult the Registrar's Office, Room
E19-341, (617) 253-4781, if they were admit-
ted by CAP or ODSA, or the Admissions Of-
fice if they were admitted by the Director of
Admissions.

Student Exchanges

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

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

The Institute's regular cross registration with
Wellesley College remains in effect during
IAP. MIT students are encouraged to take ad-
vantage of their flexible schedules during IAP
to participate in Wellesley's winter term. In re-
turn, Wellesley students are invited to join IAP
activities.
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Admissions

Freshman Admissions

Secondary School Preparation

The majority of undergraduate men and
women enter MIT as members of the fresh-
man class, directly following completion of
secondary school studies. Most good public,
parochial, and Independent secondary schools
in the United States and equivalent schools in
other countries provide suitable preparation for
the student who takes full advantage of the
opportunities that such schools afford. The ef-
forts of secondary schools to achieve regional
accreditation are encouraged by MIT.

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

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

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

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

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

Application Procedures

Applicants are encouraged to write during their
junior year for information. Candidates In their
last year of high school must complete the ap-
plication process by January 1 of the year of
intended entrance. Early Action (available to
citizens and permanent residents of the US,
Canada, and Mexico only), has a November 1
deadline. There is a $45 application fee. No-
tices concerning the admission decision will be
mailed in early April. MIT may limit enrollment
In particular fields of study to balance re-
sources with student interest.

Personal Conferences (interviews)

Each applicant for admission to the freshman
class is required to have a personal confer-
ence with a designated member of the MIT
Educational Council near the applicant's
home. Council members are MIT graduates
who have been selected for their ability to rep-
resent MIT and for their Interest in young
people.

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

Prospective applicants and their families are
welcome at the Admissions Office Monday
through Friday between 9 am and 4 pm. Stu-
dent-guided tours of the campus leave the In-
formation Center each weekday (except
holidays) at 1 am and 2 pm. Students and
parents are welcome at the Admissions Office
after the tour for a group session with a mem-
ber of the staff.

Project Interphase

In order to help newly admitted underrepre-
sented minority students make a successful
transition from high school to the pace and
style of MIT, a special summer session called
Project Interphase is available. This program
offers seminars in mathematics, physics, and
writing. For more information, interested stu-
dents may write The Office of Minority Educa-
tion, MIT, Room 7-143, 77 Massachusetts
Avenue, Cambridge, Massachusetts 02139.

Deerred Admissions

Occasionally, students wish to take a year off
between secondary school and college. In
such cases, we recommend foliowing normal
admissions procedures, as if going directly on
to college, and then requesing deferral. If dur-
ing the 'deferred" year students take post-

secondary school academic work approximat-
Ing a full course load, they must reapply as
transfer students rather than matriculate as
deferred freshmen.

Advanced Placement

MIT has always encouraged students to move
ahead academically according to their capabil-
Ities. It offers four procedures by which stu-
dents entering from secondary schools may
receive credit and/or placement: 1) the Col-
lege Board Advanced Placement Program;
2) GCE A-levels, the International Baccalau-
reate and other foreign exams; 3) college tran-
script; 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 appropriate, advanced placement,
is given on the basis of a high achievement on
the tests (normally a score of four or five),
High scores on the humanities, arts, and
social sciences tests will enable students to
receive credit (9 units) applicable to the unre-
stricted elective requirements only. This credit
will not reduce the General Institute Require-
ment of eight one-term subjects in the areas
of Humanities, Arts, and Social Sciences.

In some secondary schools, selected students
take college-level subjects at a local college.
Such students may submit an official transcript
from the college showing subjects taken and
grades earned In order to receive MIT credit
under the regular college transfer procedures.

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

Entrance Examinations

All candidates are required to take the following
tests: the SAT or ACT and three one-hour
Achievement Tests in 1) Level I or Level I
Mathematics, 2) Physics or Chemistry or Biol-
ogy, 3) English or History. (Test requirements
vary for international students. See the section
on Entrance Examinations for Intemational Ap-
plicants later in this chapter for more details.)
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International Undergraduate
Admissions

Tnese examinations are offered in the princi-
pai cities of the United States and abroad. The
test dates, locations, and fees for the SAT and
Aetievement Tests are outlined in an informa-
tion Bulletin that may be obtained from most
guidance offices or by writing directly to the
College Board, Box 6200, Princeton, New Jer-
sey 08541. Information about the ACT may be
obtained by writing to American College Test-
ing Service, Box 168, Iowa City, Iowa 52243.

Candidates for admission for September 1990
must have completed the SAT or ACT and the
three Achievement Tests by the January 1990
testing date. The SAT or ACT or up to three
achievements may be taken on any scheduled
test date. Note that the closing dates for regis-
tration are usually four to six weeks (five to
seven weeks outside the United States) before
the test date. The testing agency should be re-
quested to send all scores directly - 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 citizens and
permanent residents of the US, Canada,
and Mexico)

MIT requires a complete set of application ma-
terials before considering a candidate for ad-
mission. A student who takes all the required
tests by the November test date and files all of
the application material by November 1 of the
senior year may request the Committee on
Admissions to review the application by mid-
December. If the test scores, school grades
through the junior year, and other qualifica-
tions are so excellent that the applicant will
clearly be acceptable later, the Committee will
offer admission immediately. If it feels that it
should compare the application with those of
other candidates, it will hold the application
until the usual time in April. A student who
seeks early consideration in this way is free to
file applications at other colleges and, if of-
fered admission at MIT, is not required to re-
ply to the Institute before the candidates' reply
date in early May. This, therefore, is not an
"early decision" plan in the usual sense.

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

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

Application Procedures

Students should write to the Director of Ad-
missions at least a year before they plan to
enter MIT for information about application
procedures. The Admissions Office will send a
Preliminary 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 at-
tested translations of the original into English.
In order to receive consideration, the Final Ap-
plication must be completed and returned by
January 1, and the required tests (including, if
appropriate, the Test of English as a Foreign
Language - TOEFL) must be taken on or by
the January test date. All students are urged
to register for the tests at least six to eight
weeks in advance of the testing date.

Preliminary Application forms or initial letters
of inquiry about admission received after No-
vember 15 will be too late for the next fall
term.

Personal Conferences

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

Facility in English

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

Entrance Examinations for international
Applicants

The College Board tests listed in the Entrance
Examination section of this chapter are the re-
quired entrance examinations. If English is not
the applicant's native language, the followinG
group of tests may be substituted: the Test of
English as a Foreign Language (TOEFL) and
two Achievement Tests - Physics, Chemistry,
or Biology - and either the Math Level I or
Level li 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 ma-
terial and information.
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College Transfer
Admissions

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

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

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

Transfer applicants will be asked to take the
tests prescribed in this chapter's section on
entrance examinations for freshman applicants
If they have not already done so. Transfer ap-
plicants from foreign countries are admitted
only for September.

Intemational transfer students should read
carefully the sections on Entrance Examine-
tions and Entrance Examinations for interna-
tional Applicants in this chapter.

Application Procedures

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

The applicant must assure that the following
documents are submitted:

1
A completed Application for Admission with
Advanced Standing, indicating all subjects that
will have been completed at the time of trans-
fer, and a nonretumable fee of $45. Final ap-
plications should be submitted by April 1 for
entry In September and by November 15 for
entry In February.

2
A certilled transcript of the college record to
date, including a statement of good standing.
A certified statement covering Pubjects subse-
quently taken should be sent as soon as it is
available.

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

4
Three evaluation reports, including two from
faculty instructors and one from the Dean of
Students or the applicant's chief faculty
advisor.

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

6
Standardized test reports, as appropriate.

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

Students who wish to have transfer credit
posted to their MIT transcripts should submit
confirmation of approved credit (with neces-
sary signatures of approval) to the Registrar's
Office by the end of the 11th week (drop date)
of their first term of registration.

Applications for Financial Aid

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

Advanced Credit

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

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

Applicants admitted with advanced standing in
architecture will be placed in the design se-
quence in accordance with their performance
on their first problem.

All remaining questions conceming 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.
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Costs for Undergraduate Students

Special Student
Admissions

The Institute can accept a limited number of
undergraduates who wish to carry on special
studies and who are not degree candidates at
MIT. The students enroll as Special Students;
they enjoy most of the privileges of the regular
student but are not eligible for campus hous-
ing or financial assistance from MIT. Special
Student status is granted for one term only,
and a new application for this status is re-
quired 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 available places in the classroom, labora-
tory, or studio.

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

Deadlines for filing applications are August 1
for fall term, January 1 for spring term, and
May 1 for summer term. Deadlines for interna-
tional student applicants are July 1 for the fall
term, December 1 for the spring term, and
April 1 for the summer term.

Undergraduate student costs for the academic
year 1989-90 at MIT will be about $21,150.
This includes tuition, comprehensive health
care services at the MIT Medical Department,'
and an estimate for the costs of room and
board, books, supplies, and personal ex-
penses. Cost of travel obviously varies signifi-
cantly and is not included. The cost of books
and supplies, clothes, laundry, recreation, and
other personal necessities vary widely, de-
pending upon interests, tastes, and needs, but
typically total about $1,810. There are many
kinds of dining and housing arrangements at
MIT and the range of student expenses for
room and board is broad. The Student Finan-
cial Aid Office uses a standard allowance of
$4,840 for room and board. Thus, total costs
for most undergraduates during the 1989-90
academic year will be in the range of $19,800
to $21,500 (excluding cost of travel), depend-
ing upon specific choices.

The following are the basic tuition and fees
at MIT for the academic year 1989-90 (which
are reviewed and likely to increase each year):

Tuition $14,500

Hospital and Accident
Insurance Policy' 408

The tuition for all regular undergraduates in
the first and second terms is $7,250 per term.
Full tuition in either term of the current year
covers the January independent Activities Pe-
riod. Tuition rates for the Summer Session are
published each year in the Summer Session
Catalogue, available in March.

Paymnt ot the tuiton Ie entls al regular and apecle rag-
telered students to comprehenaiva hWeth care eicO at te
Mrr Medical opatment, Including consultain with a wide
range of -pec-alat, diagnoet studies. and hopitaitzation in
lo MfT Infirmary. charges are mad. for completon of pr-

entry medial brine and Immunialons, obetetal care, Mu-
tines eyevmnaiton eletiv podiaty, c~ ontans OMeai,
hig aid avton, ear plercg, denaw e n e wep-
poiniments, contracepie devices, preacrptin drge, endmoee aurical proceduree and outide diagnotic tests which
shouW be o s by the studens hopa and accdent I-

The n student Inurance covers m rhoptallaon (other than
in te MIT Infirmary) due to accidents or lness. The Inur-
ance is requIred for an tudents, unlees tey can demonstrate
that they have equivalent coverage through anoher Insurance
program. A medical Insurance plan fora students pouse and
children is alo available. The additonal cost of insurance
coverage for the spous for outside hospitacare is $1,260.
&Aaapsaon Insurance for one or more chidren may be
purchaaed for $dos. A student wihdrawing during a term may
Canoel ths insurance and receive a credit, asof the and of
ste monih when cancelled, by llng request at the Student
nsuace O11e.

Regular undergraduate students who have
permission to take only a few subjects are ini-
tially charged full tuition. They may then apply
to have their tuition charged at the rate of
$230 per unit with the approval of the Faculty
Advisor and, if not a degree candidate, with
the additional approval of the Dean for Stu-
dent Affairs. In such cases, there is a mini-
mum fee of $1,380 for subjects and a
minimum of $805 for S.B. thesis. Upon recom-
mendation of a department, the Dean for Stu-
dent Affairs, in the case of an undergraduate
student, may set a special tuition rate in unu-
sual circumstances.

Special Students are charged at the rate of
$230 per unit taken either for credit or not for
credit. This unit fee applies up to a maximum
of $7,250 per term and is subject to the fol-
lowing minimum fees:

Members of the MIT Community3

Other Special Students
$1,380

2.070

Internship and cooperative programs offered
by MIT provide industrial and research experi-
once through a series of work assignments in-
terwoven with regular study at the institute.
The tuition fees for these programs are as
follows:

Aeronautics and Astronautics,
Course XVI-8 and Course XVI-C
Mechanical Engineering, Course Il-B
Nuclear Engineering, Course XXII-A
Ocean Engineering, Course XIII-C
$14,500

Electrical Science and Engineering or Com-
puter Science and Engineering,
Course VI-A
Engineering Intemship Program
$14,500

Materials Science and Engineering,
Course IlIl-B
$14,500

In each case, the first $7,250 is due on the
date when the first-term tuition is normally
due, and the additional $7,250 is due on the
date when the second-term tuition is normally
due. Upon recommenfation of the Depart-
ment, a special tuition rate for any cooperative
program may be set in an unusual case.

3
Includes special students who are full-time employees ot the
Insttute or who are dependents of full-time employees or reg-
ulr student.

V ~
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Financial Aid

Grants, Loans, and
Employment

For Aeronautics and Astronautics, Course
XVI-, during the regular term at the plant
students pay per unit tuition for eight units
16.80.

A student withdrawing before the start of a
term is not charged any tuition for that ten
and any tuition payments previously made
that term will be refunded. Students withdr
Ing during the first or second term are cha
one-twelfth of the stated tuition for the terr
each week from the starting date of the te
with a minimum two-week charge. A stude
financially obligated to the Institute for the
tion appropriate to the program approved I
his or her Faculty Advisor at the beginning
the term. Any subsequent reduction in fee
based on the date that cancellation of a si
ject or withdrawal from the Institute is effe
At that time, any excess payments which I
student has made will be refunded.

if the student receives financial aid throug
one of the Title IV Federally based studen
nancial aid programs, and aid is reduced a
consequence of the reduced tuition, the to
amount of Title IV aid (minus work eaming
divided by the total amount of aid awardec
(minus eamings), to determine the amoun
be credited toward the student's charges a
the amount to be retumed to the Title IV
programs.

Miscellaneous Fees

Application fee for undergraduate
admission

Late registration fee

Fee for late filing of degree application

Processing Charges for Late Changes I
Registration

A late change in registration, which require
the approval of the appropriate faculty con
tee, Is defined as adding a subject after th
fifth week or dropping a subject during the
three weeks of a term. The processing chA
for late changes is $25 for one subject or i
for more than one subject In a petition. Th
Is an additional charge of $25 for a retroac
change after the end of the term.

The miscellaneous fees and processing
charges listed above are nonrefundable, u
less levied in error.

Payment of Tuition and Otheir Charges

of The Bursar's Office gathers, bills, and collects
student charges and provides a student ac-
count statement of that activity. These charges
originate in the offices from which the student

m1, receives institute services. The student ac-
for count statement, mailed monthly when activity

'aw- has occured on an account, will reflect the
rged charges (of tuition, fees, housing, library fees,
n for etc.) and payments (by cash, finanical aid, tul-
rm, tion awards, etc.) for institute costs, additional
nt is amounts dus, and payment deadlines.
tul-

by Payment in full or a satisfactory arrangement
of for payment Is due prior to the beginning of

s is each term, in August and January. New
ib- charges and credits that occur after the initial
cted. statement will appear on subsequent state-
:he ments. If a student anticipates that he or she

may not be able to pay their entire account by
the August or January deadlines, the payment

I options available from the Bursa's Office
t fi- should be considered. Participation in the Bur-
is a sary Payment Plan allows an installment pay-
tal ment arrangement over four months each term
1s)19 (three months during the summer). The inter-

est rate is currently .83% per month (or 10%
t to annual percentage rate). The MIT Parent Loan
nd Plan allows parents to borrow funds for four

years of educational expenses and to extend
the repayment over a longer period of time.
Currently up to $17,000 per year ($88,000
maximum) may be borrowed at a 12.5% an-
nual percentage rate. Contact the Bursar's Of-
fice in Room E19-215 or by calling (617) 253-

$45 4132 for the forms needed to participate in
these programs.

25
If a student falls to make satisfactory arrange-

25 ments for payment and has amounts out-
standing after a payment due date, that

n balance will be subject to late fees of 1.5%
per month (or 18% annually). Additionally, out-
standing balances at the end of a term, Includ-

s ing independent Living Group charges, may
umit- prevent registration for the following term or
s graduation, if the student is a degree
last candidate.

arge
$30 The staff of the Bursar's Office should be con-
pre tacted for assistance with payment options,
tive questions about your statement, or aitema-

tives should payment difficulties arise, and
with issues related to long-term educational or
short-term emergency loans.

The Student Financial Aid Office provides
grants and loans based on the financial need
of the Individual student, as determined by
analysis of a statement of family financial con-
dition. This will be provided by means of the
Financial Aid Form of the College Scholarship
Service. A copy of the most recent parental
Federal tax return is also required in support
of aid applications.

MIT Is fortunate in having received gifts from
many benefactors, alumni, and friends to help
support the educational needs of MIT stu-
dents. There are currently more than 500 such
scholarships from which student aid is an-
nually drawn. Additionally, there are about 60
loan funds that have been established for spe-
cial purposes. The Student Financial Aid Of-
fice reviews applications and makes awards
from the most suitable institute grant and loan
resources. Applicants need not request aid
from a specific fund. Any need that is not met
by a grant may be offset by long-term loans or
employment.

Students are expected to work and/or borrow
to meet the first incremental portion of their
need. Student loan funds allow the student to
pay part of the cost of his or her education on
long-term credit under favorable financial
terms. However, loan fund capital is limited,
and MIT student loans are granted to meet
systematically calculated financial need only.
Undergraduate loans are provided from sev-
eral sources, Including the Perkins Loan Pro-
gram, the Stafford Loan Program (formerly
GSL) Program, and the Institute's own Tech-
nology Loan Fund.

Jobs are not assigned; rather, students are
expected to arrange employment most suita-
ble to their own talents and available time.
The Student Employment Office maintains list-
ings of positions to assist students seeking
jobs. Employment is usually available on cam-
pus in dining facilities, residence halls, offices,
libraries, and laboratories. Listings of off-cam-
pus positions are also available. Students'
eamings from part-time work depmd on expe-
rience, and, of course, availability vf time.
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Applications for
Financial Aid

All students considering MIT are strongly
urged to explore all areas of financial assis-
tance, including govemment scholarship and
loan programs. A number of states sponsor
scholarship programs for residents, and infor-
mation concerning eligibility may usually be
obtained from secondary school guidance
counselors. ROTC programs at MIT may also
provide substantial scholarship support. The
Federal Stafford Loan Program for students
and the Parent Loans for Undergraduate Stu-
dents Program are administered by individual
states. Local banks and lending institutions
should be able to answer initial inquiries con-
cerning the availability of loans under these
programs.

Parents uf students considering MIT might
also want to request additional information
about the Institute's Parent Loan Plan (briefly
described in the Payments section) and other
long-term financing options.

Entering Freshmen

Stucents who wish to be considered for finan-
cial aid should complete the appropriate form
included with the ApplicatIon for Freshman
Admission and Financial Aid. In addition, the
Financial Aid Form (FAF) appropriate to the
applicant's tate of residence must be submit-
ted to the College Scholarship Service. An ap-
plication for admission is not prejudiced by an
application for aid. The two decisions are en-
tirely separate - need criteria have no bear-
ing on admissions, and admissions criteria
have no part 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 loan
funds that are made available to exceptionally
well-qualified international undergraduate stu-
dents who demonstrate financial need. Inter-
national students who wish to be considered
for financial aid should complete and return
the appropriate form included with their admis-
sions material by tle February date specified.

Because financial aid funds are severely lim-
ited, students should seek aid from sources
other than MIT. International students
should make all arrangements for their fi-
nancial obligations to MIT for their entire
stay In the United States before leaving
their countries.

Transfer Students

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

Upperclass Students

MIT awards are made on an annual basis,
and recipients are required to reapply each
year for continued assistance in the following
year. Upperclass financial aid applications are
sent to the term addresses of current aid re-
cipients in early February; upperclass students
who have not been receiving assistance may
also apply at this time by obtaining the new
forms from the Student Financial Aid Office.
Part of the application process requires a copy
of the most recent parental Federal tax return,
and all applicants are expected to apply con-
currently for a Federal Pell Grant, a state
grant where applicable, and for any and all re-
newable grants received in prior years.

A student's eligibility for MIT undergraduate
grant funds will end when the student receives
an initial degree, or after the equivalent of
eight terms, whichever occurs first. Eligibility
for Pell Grants may continie beyond the
eighth term, under some conditions, but ends
with the taking of an initial degree.

Eligibility for undergraduate loans continues
through all undergraduate programs; and, of
course, a student becomes eligible for the
higher loan maximums that pertain to graduate
students upon admission to a graduate
program.
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Graduate Education at MIT

Organization of the
Graduate School

For almost a century, tne MIT Graduate
School has provided an ideal environment for
advanced study by faculty and students work-
ing together to extend the boundaries of
knowledge. The institute has traditionally been
a national leader in engineering graduate edu-
cation, and its doctoral programs in mathemat-
le and the physical and life sciences have
also attained national prominence. In addition,
top-ranked graduate programs in economics;
political science; linguistics; science, technol-
ogy, and society; architecture; urban studies;
and management have broadened the spec-
trum of graduate education.

The most important factor in the effectiveness
of the graduate programs at MIT is the quality
of the faculty. MIT is proud of its nationally
and internationally recognized faculty of schol-
ars and academic leaders, who are also effec-
tive teachers and research collaborators.

The broad scope and high quality of its gradu-
ate education have made MIT an International
leader. About a third of its graduate students
come from foreign nations. In recent years, an
increasing number of minority students have
participated in academic work at all levels; the
Institute has seen over the last few years an
increasing number of women attending MiT's
graduate programs. This representation of stu-
dents from diverse backgrounds contributes
greatly to the richness of the MIT community
and to the excellence of the Graduate School.

Graduate education at MIT places special em-
phasis on the relevance of science and tech-
nology to the complex problems of society.
Such problems typically require an interdisci-
plinary approach involving expertise in several
different departments.

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

Although most graduate students find their in-
terests served by programs available within a
single department, many elect to work in inter-
disciplinary fields (described in Chapter VI),
which may reach into two or more depart-
ments and involve work in any of MIT's labo-
ratories. Special committees provide guidance
in certain areas such as biomedical engineer-
ing, economics and urban studies, environ-
mental engineering, instrumentation, man-
agement of technology, medical engineering,
medical physics, operations research, technol-
ogy and policy, trasaportation, and health pol-
Icy and management. In other flaids,
Interdepartmental programs are administered

by ad hoc committees appointed for each stu-
dent and approved by the Dean of the Gradu-
ate School.

MIT's libraries are a major resource for gradu-
ate study. Comprehensive collections are
available in fields where MIT concentrates its
teaching and research efforts. Through partici-
pation in the Boston Library Consortium, grad-
uate students, faculty members, and research
staff have access to extensive research col-
lections outside the Institute.

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

Graduate students are encouraged to use
MIT's extensive athletic facilities. Teams com-
posed of both undergraduate and graduate
students participate in intercollegiate competi-
tions, and the intramural athletic program.

Graduate students also share in the cultural
and social activities and recreational facilities
at MIT. Concerts and dramatic performances
are frequently given by Institute groups and
professional performers. Leaders in many
fields give lectures and seminars on the cam-
pus, which are open to all members of the In-
stitute community. MIT students also take
advantage of the numerous cultural and intel-
lectual opportunities in the Boston area, in-
cluding free admission to the Boston Museum
of Fine Arts and the Museum of Science. A
more detailed description of campus activities
can be found in Chapter II of this catalogue.

Independent Activities Period

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

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

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

Each department exercises a large measure
of autonomy for its graduate programs, under
general guidelines established for the Institute
as a whole. Each department has a depart-
mental committee on graduate students, in-
cluding one or more graduate registration
officers, to administer department and institute
graduate procedures.

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

Master's Degrees

Graduate students may pursue work leading
to any of the following degrees: Doctor of Phi-
losophy, Ph.D.; Doctor of Science, Sc.D.; En-
gineer's degrees; Master of Science, S.M.;
Master of Architecture, M.Arch.; and Master In
City Planning, M.C.P. Graduate programs are
described in Individual department statements
in Chapter Vii.

Each graduate student is officially enrolled in
one department or Course. The programs are
not limited, however, to subjects offered In a
single department. Subjects and research pro-
grams may be chosen from several depart-
ments, with the approval of the departmental
faculty advisor to ensure that the overall pro-
gram is integrated and well balanced with re-
spect to a major field of study.

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

MIT degrees are "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 Insti-
tute community. The amount of time required
to attain any one degree varies.

Degrees are awarded by the Corporation of
the Institute upon the recommendation of the
faculty. Favorable faculty action is based upon
approval by the Committee on Graduate
School Policy on recommendations from the
appropriate departmental committees on grad-
uate students.

Master of Science With and Without
Specification

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

The choice of area of specialization must be
approved by the committee on graduate stu-
dents of the department in which the student
is enrolled. Approval of the entire program
must be obtained from this committee and
from the student's faculty advisor. A special
interdepartmental committee, approved by the
Dean of the Graduate School, may be ap-
pointed to supervise a program in an interde-
partmental field.

The satisfactory completion of the Master's
degree requires the student to be in residence
as a full-time regular graduate student for a
minimum of one regular academic term (not
the summer session). Every degree candidate
working on a thesis must register for thesis in
all semesters during which his or her thesis
research or writing is actually in progress and
during the term his or her name appears on
the degree list.

Master of Architecture

The graduate degree of Master of Architecture
is awarded upon the satisfactory completion of
a program of study of at least 164 subject
units approved by the Department of Architec-
ture, of which 96 units must be in "A" sub-
jects, and the completion of a thesis
acceptable to the Department of Architecture.
The candidate must also have been in resi-
dence for a minimum of four regular academic
terms. A student who enters without previous
experience In a department of architecture
may take as long as eight academic terms to
complete the degree.

Master in City Planning

For the degree of Master in City Planning, the
student must have satisfactorily completed a
minimum of 120 units, of which at least 42
un's must be "A" subjects. The student must
also have completed a thesis acceptable to

the Department of Urban Studies and Plan-
ning, and have been in residence for a mini-
mum of two regular academic terms.

Simultaneous Registration for Two
Master's Degrees

Single thesis. This degree plan is intended
for qualified graduate students who seek aca-
demic recognition in two professional fields
that, although distinct, have a substantial inter-
disciplinary connection. The interdisciplinarity
is implemented both by a balanced choice of
academic subjects, made with the advice of
each of two departments, and by selection of
the thesis topic.

To satisfy the minimum requirements for the
program, the student must complete (in addi-
tion to thesis units) at least 132 subject units,
of which 66 units are unique to each depart-
ment. At least 42 of each group of 66 units
must be graduate "A" subjects. In those in-
stances where, for a single regular Master's
degree or program, a department or program
has established unit requirements in excess of
the foregoing minima, the department or pro-
gram requirements prevail. Such excess of
units in one department may not be applied to
the program in the other department.

Students pursuing a Master in City PlannIng in
addition to a second Master's degree must
have both programs approved in the usual
way, but the subject units for the M.C.P. can
be lowered at the discretion of the Department
of Urban Studies and Planning.

Individuals who wish to qualify for a Master of
Science degree in Real Estate Development,
in addition to a Master of Architecture or Mae-
ter in City Planning degree, will be required to
satisfy all the subject requirements of each
program. Specifically, candidates for the
M.Arch. degree must take 164 subject units
(of which 96 units must be "A" subjects), and
M.C.P. degree candidates must take 120 sub-
ject units (of which 42 units must be "A" sub-
jects). 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 "A" subjects. Students may submit a
single thesis provided it is acceptable to the
graduate committees of each program. It is
expected that such dual-degree candidates
will be in residence at least one term longer
than expected if enrolled in a single-degree
program.

Participation in a dual-degree program is lim-
ited to students who are already registered in
one department and who meet the admissions
criteria of the second department. At least two
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Engineer's Degrees Doctoral Degrees

regular terms prior to completion of the pro-
gram, the student must submit to each depart-
ment a statement of educational objectives
along with a detailed program plan that in-
cludes a description of the proposed thesis
topic. The total program must meet with the
approval of each department and a petition
approved by the Dean of the Graduate School
describing the program must be filed with the
Registrar.

The thesis research must be done under the
supervision of an approved member of one of
the two participating departments, with the
other department providing a thesis reader.
The thesis must be of superior quality. The
single thesis cannot be used to satisfy the the-
sis requirements of any additional graduate
degree prugrams.

In special cases, the Standing Committee of
an approved Interdisciplinary Program may act
in lieu of one of the two participating
departments.

Two theses. Occasionally an individual, al-
ready admitted to the Graduate School, may
wish to simultaneously pursue two distinct
Master's programs, fulfilling the thesis require-
ment with a separate thesis for each degree
program. In such cases, the usual unit re-
quirements for each program apply separately.
Registration for two degrees is contingent
upon approval by the second department of a
request for admission. Such a request can be
initiated by a petition approved by both depart-
ments and approved by the Dean of the Grad-
uate School.

Simultaneous Award of Bachelor's and
Master's Degrees

An undergraduate student of the Institute who
is enrolled as a candidate for the Bachelor's
degree may be admitted by a department as a
candidate for the Master's degree. Students
must register as graduate students for at least
one regular academic term (not summer ses-
sion) to 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 require-
ment, If any. A student wishing to pursue this
type of academic program must submit an ap-
plication for the Graduate School In the usual
way, as well as file a petition with the Regis-
trar, which has been approved by the stu-
dent's undergraduate faculty advisor and the
graduate regitration officer of the appropriate
department.

The program for an Engineer's degree re-
quires more advanced and broader compe-
tence in engineering and science subjects
than for the Master's degree, but with less
emphasis on original research than a doctoral
program. In general, the Engineer's degree re-
quires two academic years beyond an under-
graduate degree.

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

Satisfactory completion of a program of ad-
vanced study and research approved by the
appropriate department or interdepartmental
committee of the School of Engineering is re-
quired. The minimum program consists of at
least 162 subject units (exclusive of thesis
units) and the completion of an acceptable
thesis. The candidate must also have been in
residence for a minimum of two regular aca-
demic terms. Registration is required of every
degree candidate working on a thesis in all
periods during which the thesis research or
writing is actually in progress and during the
term his or her name appears on the degree
list. A department may accept a Master's the-
sis of superior quality for the Engineer's de-
gree only if the student intends to use that
document to fulfill the requirements of a single
Master's degree.

MIT offers the degrees of Doctor of Science
and Doctor of Philosophy, interchangeably, In
the engineering and science departments (ex-
cept biology) and in the fields of medical engi-
neering and medical physics. The degree of
Doctor of Philosophy is awarded in architec-
ture, biology, economics, linguistics, manage-
ment, philosophy, political science, brain and
cognitive sciences, urban studies and plan-
ning, and from Whitaker College. These de-
grees certify creditable completion of an
approved program of advanced study in addi-
tion to a research dissertation of high quality
based on original research.

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

Graduate study and research leading to a
doctoral degree must be pursued under the di-
rection of the Committee on Graduate School
Policy for at least four academic terms. In
some cases, the required period of residence
may be reduced. but in no instance can it be
reduced to less than two regular academic
terms and one summer session.

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

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

Thesis

A doctoral thesis requires at least one full-time
academic year of research, but most doctoral
research efforts take a substantially longer
time. Each doctoral candidate Is required to
register for thesis in all periods during which
work is actually in progress.

The investigation must be carried out under
the supervision of an MIT faculty member or
senior staff member approved by the depart-
ment. Work already accomplished elsewhere
that has not been approved by a department
cannot be accepted in fulfillment of the thesis
requirement.

A
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Cross Registration at Other
Institutions

An oral examination on the thesis will be held
after it has been submitted and evaluated by
the examiners.

Non-Resident Doctoral Thesis Research
Status

While doctoral thesis research is ordinarily
carried out while the student is in residence at
the Institute, on some occasions it may be es-
sential or desirable that the student be absent
from the campus during a period of his or her
thesis research or writing. Permission to be-
come a non-resident doctoral candidate must
be sought from the Dean of the Graduate
School at least one month prior to Registration
Day of the term during which the student
wishes to register in this category. Consult the
Graduate School Manual for additional infor-
mation on non-resident status.

Minor Program

Although there is no institute requirement of a
minor for the doctora: degree, certain depart-
ments require that candidates take a number
of subjects outside their major field.

Language Proficiency

There is no Institute language requirement;
however, several departments require that a
candidate be able to read or speak one or two
foreign languages with intermediate compe-
tence. Typically, a student may satisfy the re-
quirement in one of three ways: 1) by fulfilling
the requirement before entrance by passing
one or more intermediate or advanced sub-
jects with a grade of C or better; 2) through
examination by the Foreign Languages and
Literatures Section of the Department of Hu-
manities; or 3) by taking a two-term subject in
a language or languages offered by the For-
eign Languages and Literatures Section of the
Department of Humanities. Depending on stu-
dent demand, the Section offers a choice of
two-term language subjects, stressing the abil-
ity to read or to speak in French, German,
Russian, or Spanish.

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

Harvard University

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

Requests for registration under this coopera-
tive arrangement must be approved by the
MIT department of registration and should be
confined to subjects 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 instruc-
tors. The procedures to be followed are given
in the Graduate School Manual.

Wellesley-MIT Exchange

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

Woods Hole Oceanographic Institution

MIT, in conjunction with the Woods Hole
Oceanographic Institution, offers graduate de-
gree programs in oceanography and oceano-
graphic engineering. All decisions, from

admission to the conferring of the joint degree,
are made by consensus of MIT/WHOI joint
discipline committees. The programs in ocean-
ography involve the Departments of Biology
and Earth, Atmospheric, and Planetary Sci-
ences at MIT. The oceanographic engineering
programs involve the MIT Departments of
Civil, Chemical, Electrical, Materials Science,
Mechanical, and Ocean Engineering. Informa-
tion regarding the program may be obtained
from the MIT Joint Program Office or the Edu-
cation Office at WHOI.

Boston University

A cross-registration agreement has been
made between the MIT Departments of Eco-
nomics and Political Science and the African
Studies Program of Boston University. Details
of the procedures to be followed are similar to
those for Harvard-Mf cross-registration.

Brandeis University

A cooperative arrangement also exists be-
tween the MIT Department of Urban Studies
and Planning and the Florence Heller Gradu-
ate School for Advanced Studies in Social
Welfare at Brandeis University. Cross-registra-
tion is restricted to one or two subjects per
term in the areas of social welfare at Brandeis
and urban studies at MIT.

Tufts University

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

Regular Graduate
Admissions

A Regular Graduate Student is an applicant
who has been admitted to the Institute and Is
registered for a program of advanced study
and research leading to any of the post-bac-
calaureate degrees offered by MIT. A student
registered in a program of study leading to the
simultaneous award of the degrees of Bache-
lor of Science and Master of Science must ap-
ply to the Graduate School and be registered
as a graduate student for at least one aca-
demIc term (not the summer sessionl of his or
her program of study.

To be admitted as a Regular Graduate Stu-
dent, an applicant must have received a Bach-
elor's degree or Its equivalent from a college,
university, or technical school of acceptable
standing. Applicants are evaluated by the de-
partment in which they propose to register on
the basis of their prior performance and
professional promise. These are evidenced by
academic records, letters of evaluation from
Individuals familiar with the applicant's capabil-
Ities, and any other pertinent data fumished by
the applicant. While high academic achieve-
ment does not guarantee admission, such
achievement, or other persuasive evidence of
professional promise, Is expected.

Some engineering departments require stu-
dents seeking P Doctoral degree to qualify first
for a Master's degree.

Undergraduate Requirements for Advanced
Degrees

In addition to preparation in the specific field
of interest, most departments require signifi-
cant work in mathematics and the physical
sciences, but some require as little as a year
each of college-level work In these disciplines.
Requirements of individual departments are
given in Chapter VII of this catalogue. Stu-
dents with minor deficiencies in preparation
may be admith .- to the Graduate School;
however, defictnces in prerequisite or gen-
eral or professional subjects must be made up
before the student may proceed with graduate
work dependent on them.

AppilectIon Procedures

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

Students wishing to enter in June or Septem.
bor nould apply on the prescribed forms by
January 16 (excepions to tha deadine will be
found In the applicatIon packet); candidates for

admission 'n February should apply by No-
vember 5. Howevei, applications submitted
later may be consic ered if vacancies still exist.
Fees will not be retimed to late applicants,
but may be applied to an application consid-
ered in the next term Candidates for admis-
sion who are also applicants for financial aid
should observe the same deadlines.

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

Applications for admission should be re-
quested from the Director of Admissions,
Room 3-103, Massachusetts institute of Tech-
nology, Cambridge, Massachusetts 02139.
(Exceptions: the Sloan School of Management
and the Departments of Chemistry, Physics,
and Urban Studies and Planning should be
contacted directly for application forms.) A $45
application fee (except for the Master's Pro-
gram in tie Sloan School, where the fee is
$90 if applying from the US and $100 if apply-
Ing from overseas) must accompany all appli-
cation forms. All inquiries regarding graduate
admission to the Sloan School are sent to the
Directors of the Master's or Doctoral Programs
(whichever is appropriate), Room E52-112,
MIT, Cambridge, Massachusetts 02139. Appli-
cations for readmission after an absence of
five years or more must be approved by the
Dean of the Graduate School as well as the
department.

Notification about admission for September Is
sent as soon as action is taken (usually before
April 1); for February applicants, notification
usually is sent as soon as the application is
complete. Admission of a student who is in the
final year of work toward a Bachelor's degree
may be conditionally approved until subse-
quent evidence is provided that the degree
has been awarded.

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

Examinations

Many departments require applicants to sub-
mit scores in the Aptitude Test and the appro-
priate Advanced Test of the Graduate Record
Examination. The requirements specified by
the departments are included in the MIT grad-
uate application material. For a test applica-
tion, write to the Graduate Record
Examination, Educational Testing Service, Box
955, Princeton, New Jersey 08640.

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

Special Graduate
Students

Graduate student applicants who are citizens
of countries other than the United States must
have received a Ikthelor's degree or Its
equivalent from a college, university, or techni-
cal Institute. The academic record and all cre-
dentials must Indicate the ability of the
candidate to complete an approved program
of graduate utudy and research. Applicants
are evaluated by the academic departments.
Admission is granted on a competitive basis.
Competence In written and spoken English is
expected.

Students whose native language Is not English
and whose schooling has not been predomi-
nantly In English, must take the Test of
English as a Foreign Language (TOEFL).
TOEFL is administered by the Educational
Testing Service. Students wishing to take the
TOEFL should do so no later than the Novem-
ber test date. A score of 575 is the minimum
considered acceptable. Write directly to the
Educational Testing Service, Princeton, New
Jersey 08540, USA, for registration material
and Information.

The Final Application for Admission from inter-
national Students may be obtained from the
Director of Admissions, Room 3-103, Massa-
chusetts Institute of Technology, Cambridge,
Massachusetts 02139, or, in the case of the
Sloan School, from the Directors of either the
Master's or Doctoral Programs, Room E52-
112. Applicants must submit complete applica-
tion materials to the appropriate office.

Please refer to the previous section concern-
ing individual departmew.i9 foquirements for
the Graduate Record Examinations.

A Special Graduate Student is one who usu-
ally has received a Bachelor's degree and
whose intended program of study is essen-
tially graduate In nature. Special students are
not degree candidates. All applications are
made through the Admission# Office. Applica-
tions for the specific subjects will be evaluated
and approved by the Graduate Committee of
the appropriate department(s). Admission is
valid for only one term; a student must seek
readmission each term to continue at the Insti-
tute. Those applying for Special Graduate Stu-
dent status for the first time must pay a $45
application fee. A new fee is required after two
terms. To be allowed to continue as a Special
Graduate Student, satisfactory academic per-
formance must be maintained.

The deadlines for filing Special Student appli-
cations are May 1 for the summer term, Au-
gust 1 for the fall term, and January 1 for the
spring term. Deadlines for international special
student applicants are April 1 for the summer
term, July 1 for the fall term, and December 1
for the spring term.

Applicants whose native language is not En-
glish must submit the Test of English as a
Foreign Language (TOEFL) as 'ioted in the
section on International Gradua e Admissions.
A score of 575 Is the minimum considered ac-
ceptable. The 1-20 or IAP-66 wll not be issued
for subject registration of less than 32 units.

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

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

Graduate Student Status for Research
Staff Members

In view of their full-time responsibilities on as-
signed research and their corresponding sal-
ary scales, staff members of the Office of
Sponsored Programs (OSP), Lincoln Labora-
tory, or the Charles Stark Draper Laboratory
may not be full-time Regular Graduate Stu-
dents, but may, under certain conditions, be
granted the status of Special Graduate Stu-
dent. However, an OSP appointee or an em-
ployee of the Lincoln Laboratory or the Draper
Laboratory who desires to work for an ad-
vanced degree must be admitted as a Regular
Graduate Student and complete the residency
and other requirements of the degree program
to which the individual has been accepted.
This individual may not continue to hold a re-
search staff appointment nor can any research
work while employed be included as part of
the thesis for an advanced degree.

Any OSP appointee or an employee of the
Lincoln Laboratory or the Draper Laboratory
may, by written permission from the director of
the division (or his or her designate), apply for
admission as a Special Graduate Student for
enrollment in one subject only per term (but
not thesis), either as a listener or for academic
credit. Acceptance for such enrollment will be
granted if, in the opinion of the instructor, the
Individual is qualified to undertake the subject
and if section size permits. For this type of en-
rollment, the student will be assigned to an
appropriate registration officer and will pay,
whether as a student or listener, the fee es-
tablished at the Special Student rate.

Other Employment

A graduate student may not Interrupt an aca-
demic program to accept employment on the
academic, administrative, or research staff, or
as an hourly employee at MIT, the Lincoln
Laboratory, or the Draper Laboratory either
during the academic year or the summer, un-
less the approval of the department head and
of the appropriate academic Dean has been
obtained, and unless the work as an employee
is unrelated to the student's thesis research. A
thesis release form indicating such approval
must be submitted to the appropriate Person-
nel Officer to effect such employment. A grad-
uate student may not include in his or her
thesis any material based In whole or In part
upon work done while holding an academic or
research staff appointment.
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Costs for Graduate
Students

The following are the basic tuition and fees at
MIT for the academic year 1989-90 (which are
reviewed and likely to increase each year):

Tuition, $14,500

Hospital and Accident
Insurance Policy2  408

The tuition for all regular graduate students,
including graduate student staff, in the first
and second terms is $7,250 per term, except
for students entering the Sloan Master's Pro-
gram in September 1989 and thereafter for
whom the tuition is $7,950 per term. Full tul-
tion In either term of the current year covers
the January Independent Activities Period. The
minimum term tuition charge for registration
for doctoral thesis upon readmission as a resi-
dent student is $10,875, if not registered dur-
ing the preceding regular term. The tuition for
all regular graduate students including fellows,
trainees, and academic staff in the 1989 sum-
mer session was $4,830. Special tuition rates
apply to other students in the summer ses-
sion. These are published each year In the
Summer Session Catalogue, available in
March.

Special Students (except in the Sloan School
of Management) are charged at the rate of
$230 per unit taken either for credit or not for
credit. This unit fee applies up to a maximum
of $7,250 per term and is subject to the fol-
lowing minimum fees:

Members of the MIT Community 3  $1,380
Other Special Students 2,070

Any resident graduate student making prog-
ress toward a degree is expected to register
and is considered a full-time student. If a
graduate student requires only part of a term
to complete the thesis, Initially, full tuition for
the term is charged, and adjustments to tuition
are made at a later date. If the student was
registered for thesis as a resident student in
the immediately preceding term, regular or
summer, tuition for thesis will be adjusted after
acceptance by the department of the com-
pleted document on the basis of a charge of

Payment of this fW entities al regular and Specal reglatared
students to comprehensive health care services at the MT
Medical Department, including consultation with a wide range
of speclalles, diagnostic studies, and hoepitallution in the
MIT Infirmary. Charges are med. for completion of prr-entry
medical frms and imunizations. obetencal care, routIne
ey examinatons, electie podiatry contact lens service.
hearing aid evalutons, ear piercing, dental care, missed ap-
posnte contracoplive devices, prescrtion drugs, and
tose surgical proadurs and outlide diagnostic tests whh
should be covered by #he studenrs hospital and accident in-
sWans pOy.

$605 per week from the starting date of the
term, with a minimum of $605 for the Master's
or Engineer's degree and $1,210 for the Doc-
toral degree. If the Immediately preceding term
was the summer term and If the graduate stu-
dent was not registered for thesis In that sum-
mer term, but was registered for thesis in
residence in the previous second term, the
minimum tuition for thesis is $3,825. A student
who continues to hold a fellowship, trainee-
ship, or graduate staff appointment for the re-
mainder of the term after delivery of the thesis
continues to be regarded as a full-time student
and the tuition will not be adjusted. In unusual
circumstances, the Dean of the Graduate
School may set special tuition rates for gradu-
ate students.

Doctoral thesis research is ordinarily carried
out while the student is in residence at the In-
stitute. However, on some occasions, it may
be essential or desirable that the student be
absent from the campus during a period of his
or her thesis research. Permission to become
a non-resident doctoral candidate must be
sought from the Dean of the Graduate School
at least one month prior to the opening of the
term during which the student wishes to regis-
ter in this category. Prior to submission, the
request must be approved by the student's
thesis supervisor and by the representative to
the Committee on Graduate School Policy
from the student's department of registration.
Students who are permitted to undertake nn-
resident thesis research must register as Non-
Resident Doctoral Candidates and pay tuition
equal to approximately 15 percent of the regu-
lar full tuition ($1,085 per term for 1989-90).
Following completion of the non-resident pe-
riod, the student must retum to resident status
for completion and presentation of the doctoral
thesis. If the student requires only part of this
first term back in residence to complete the
thesis, the tuition will be adjusted subject to a
minimum of $3,625. Please consult the Gradu-
ate School Manual for additional information
on non-resident status.

2
The MIT Student insurance covers hospItalizatIon (other than
in the MIT infirmary) due to accidents or lness. The insur-
ance is required for all students, unless they can demonstrate
that they have equivalent coverage through another insurance
program. A medical Insurance plan for a studenr's spouse and
children is also avalalo"e The additional cost of insurance
coverage for the spouse for outside hospital care is $1.200.
Hospitalization insurance for one or more children may be
punihased for o405. A student withdrawing during a term may
cancel this insurance and receive a credit, as of the end of
the month when canceled, by fling a request at the Student
Insurance O1lice.
3
includes special Students who ea fultime employess of the
Institute or who we dependents of ful-time employees or rag
ular studenis.

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

Aeronautics and Astronautics, Course XVI-C
Mechanical Engineering, Course Il-B
Nuclear Engineering, Course XXII-A
Ocean Engineering, Courso XIII-C
$14,500

Chemical Engineering Practice,
Course X-A
$7,250/term

Electrical Science and Engineering or Com-
puter Science and Engineering,
Course VI-A
Engineering Internship Program
$14,500

Materials Science and Engineering,
Course Ill-B
$14,500

In each case, the first $7,250 is due on the
date when the first-term tuition Is normally
due, and the additional $7,250 is due on the
date when the second-term tuition is normally
due.

The tuition fee for Special Graduate Students
in the Sloan School of Management (except
for employees of the institute or their children)
is $390 per unit of registration, with a mini-
mum charge of $3,510. There is a maximum
charge of $12,000 per term for full-time Spe-
cial Graduate Students enrolled in the pro-
gram. Students interested in the Management
of Technology Program should consult the
Sloan School of Management with regard to
fees.
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A student withdrawing before the start of a
term is not charged any tuition for that term
and any tuition payments previously made for
that term will be refunded. Students withdraw-
Ing during the first or second term are charged
one-twelfth of the stated tuition for the term for
each week from the starting date of the term,
with a minimum two-week charge. A student is
financially obligated to the Institute for the tul-
tion appropriate to the program approved by
his or her faculty advisor or graduate registra-
tion officer at the first of the term. Any subse-
quent reduction in fees Is based on the date
that cancellation of a subject or withdrawal
from the Institute is effected. At that time, any
excess payments which the student has made
will be refunded.

Graduate Living Costs

Living expenses for graduate students vary
widely depending on such factors as marital
status, availability of resources, interests, and
tastes. Monthly living costs (housing, food,
and personal expenses) range $1,000-$1,900
for a single graduate student, $1,300-12,700
for a married graduate student, and $1,475-
$2,950 for a married graduate student with
one child. These cost estimates do not in-
clude tuition, books, or the Hospital and Acci-
dent Insurance Policy. Campus housing for
graduate students is limited and less than half
of the graduate student population can be ac-
commodated in Institute housing. On-campus
dining opportunities are available to graduate
students.

Miscellaneous Fes

Application fee for graduate
admission $45

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

Domestic applicants 90
International applicants 100

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

Library processing fees
Doctoral theses 35
All other theses for
advanced degrees 23

Processing Charges for Late Changes in
Registration

A late change in registration, which requires
the approval of the appropriate faculty commit-
tee, is defined as adding a subject after the
fifth week or dropping a subject during the last
three weeks of a term. The processing charge
for late changes is $25 for one subject or $30
for more than one subject in a petition. There
is an additional charge of $25 for a retroactive
change after the end of the term.

The miscellaneous fees and processing
charges listed above are nonrefundable, un-
less levied in error.

Payment of Tuition and Other Charges

The Bursar's Office gathers, bills, and collects
student charges and provides a student ac-
count statement of that activity. These charges
originate in offices from which the student re-
ceives institute services. The student account
statement, mailed monthly when activity has
occurred on an account, will reflect the
charges (of tuition, fees, housing, library fees,
etc.) and payments (by cash, financial aid, tul-
tion awards, etc.) for Institute costs, additional
amounts due, and payment deadlines.

Payment In full or a satisfactory arrangement
for payment Is due prior to the beginning of
each term in August and January. New
charges and credits that occur after the initial
statement will appear on subsequent state-
ments. If a student anticipates that he or she

may not be able to pay their entire account by
the August or January deadlines, the payment
options available from the Bursar's Office
should be considered. Participation in the Bur-
sary Payment Plan allows an installment pay-
ment arrangement over four months each term
(three months during summer). The interest
rate is currently .83% per month (or 10% an-
nual percentage rate). The MIT Parent Loan
Plan allows parents to borrow funds for four
years of educational expenses and to extend
the repayment over a longer period of time.
Currently up to $17,000 per year ($68,000
maximum) may be borrowed at a 12.5% an-
nual percentage rate. Contact the Bursar's
Office in Room E19-215, or by calling (617)
253-4132,

If a student falls to make satisfactory arrange-
ments for payment and has amounts out-
standing after a payment due date, that
balance will be subject to late fees of 1.5%
per month (or 18% annually). Additionally, out-
standing balances at the end of a term may
prevent registration for the following term or
graduation, if the student is a degree
candidate.

The staff of the Bursar's Office should be con-
tacted for assistance with payment options,
questions about your statement, alternatives
should payment difficulties arise, and with Is-
sues related to long-term educational or short-
term emergency loans.

r -
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Financial Aid

Fellowships, Traineeships,
and Scholarships

MIT makes available financial support to grad-
uate students from a variety of sources and in
several different forms - fellowships, scholar-
ships, traineeships, teaching and research as-
sistantships, on-campus employment, and the
Technology Loan Fund. Many forms of sup-
port are granted solely on the basis of merit,
while others are granted on the basis of finan-
cial need or a combination of merit and need.

Neither a department nor the Institute itself
has the financial resources to provide support
for all deserving students. Thus, it is important
that prospective students explore all sources
of aid available outside MIT to find means of
financing their graduate programs.

information on fellowships and other financial
aid resources is available from departments
and the Office of the Dean of the Graduate
School, Room 3-138. Information on loans is
available from the Student Financial Aid Of-
fice. Room 5-119.

At MIT, fellowships (and/or traineeships) differ
from scholarships. A fellowship award to a
graduate student covers tuition, partially or
fully, and in addition provides a stipend to help
defray living expenses. A scholarship, in the
Graduate School context, covers all or part of
tuition only. Most awards are made on the ba-
sis of academic merit; in some instances, fi-
nancial need is a factor, but in any case, the
recipient must be enrolled as a regular resi-
dent student.

Insofar as fellowships, scholarships, and re-
search and teaching assistantships are pro-
vided for tuition payments, these funds are
nontaxable.

Where fellowships are less than tuition, and
where an accompanying stipend exists, a por-
tion of the stipend may be applied against the
remaining tuition, and that portion 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-
ships, on the other hand, are taxable regard-
less of the amount of nontaxable tuition
provided.

The Institute annually receives funds from in-
dividual and corporate donors for the support
of fellowships and scholarships. In addition,
government agencies and private foundations
provide grants and fellowships - often directly
to outstanding students for use at institutions
of the student's choice. But occasionally these
funds are directed to MIT for Institute designa-
tion of recipients.

Applicants to the Graduate School who seek
financial support from any of the fellowships,
traineeships, or scholarships administered by
MIT, including those granted by national agen-
cies and foundations for award by the Insti-
tute, should check the appropriate Items on
the regular Application for Admission to the
Graduate School. Applicants will be consid-
ered for awards for which they are eligible
after they have been accepted into a graduate
program. Currently enrolled graduate students
who seek financial support should consult with
the appropriate departmental office.

Applications for fellowship aid for the aca-
demic year, beginning in June or September,
must be filed by January 16. Applications for
fellowship aid filed after this date are consid-
ered only if funds are available. Final action
on applications is taken on the recommenda-
tion of departments to the Graduate School at
the end of March, after the announcement of
awards to applicants by the national agencies
and foundations under their national competi-
tive programs. A student who wins such a
fellowship may be eligible for only a supple-
mentary award in accordance with MIT's
guidelines. For further information on these
guidelines, please see the Graduate School
Manual.

In accordance with a resolution of the Council
of Graduate Schools in the United States, en-
dorsed by most graduate schools 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 canceled.

Every student holding a fellowship, trainee-
ship, or scholarship for graduate study at the
Institute must register as a full-time regular
graduate student for the period of the award. If
a student withdraws from the Institute before
tenure expires, the award must be relin-
quished, and the student will be required to
refund any sum already paid to the extent that
the Dean of the Graduate School deems
appropriate.
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Teaching and Research Loan Funds Other Employment
Assistantships Opportunities

MIT employs about 600 graduate students
each year as part-time instructors or teaching
assistants to aid the faculty in grading under-
graduate quizzes, instructing in the classroom
and laboratory, and conducting tutorials.

The departments regard seriously the benefits
of a teaching assistantship as a preparation
for a career in university teaching, and the In-
stitute offers a prize each year - the Goodwin
Medal - for conspicuously effective teaching
by a graduate student.

The units for which an Instructor or teaching
assistant may register as a student are deter-
mined by the department in light of the stu-
dent's assistantship duties, program of study,
and compensation.

Appointments to teaching assistantships are
made upon recommendation of the head of a
department. A student who wishes to be con-
sidered for a teaching appointment should
write to the department. Only full-time gradu-
ate students who are candidates for advanced
MIT degrees may be appointed. An MIT appli-
cation for financial aid is required for all teach-
Ing assistants who are US citizens or
Permanent Residents.

Each year about 2,500 graduate students at
MIT hold appointments as research assistants.
The principal duty of a research assistant is to
contribute to a program of departmental or in-
terdepartmental research.

Most students welcome the opportunity to par-
ticipate as junior colleagues of the faculty In
an ongoing research project that frequently in-
fluences their choice of thesis topic. Appoint-
ments to research assistantships are made by
the department head to full-time students who
are candidates for advanced MIT degrees.

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

Teaching and reearch assistants receive sti-
ponds 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, scholarships, etc.)
may receive supplementary stipends as teach-
Ing or research assistants In accordance with
Institute and departmental guidelines.

A graduate student's first recourse for loan as-
sistance should be a Stafford Loan (formerly
GSL). To establish one's eligibility for this
need-based loan, it is necessary to file 1) a Fi-
nancial Aid Form (FAF) through the College
Scholarship Service and 2) the MIT Graduate
Loan Application. The maximum loan per year
is $7,500, and interest for first-time Stafford
Loan borrowers is 8% Increasing to 10% In
the fifth year of repayment. Massachusetts
banks will lend to residents of any state. Gen-
erally, students should apply with lenders from
whom they have already taken a Stafford
Loan. Where a student qualifies for the maxi-
mum loan, MIT, as an authorized lender under
the Massachusetts Stafford Loan program,
can make the loan. Application forms and de-
tails of the application procedure may be ob-
tained at the Student Financial Aid Office,
Room 5-119.

For need remaining after a maximum Stafford
has been obtained, non-Federal MIT loans
from the Technology Loan Fund are available.
In determining need for this program, as well
as the Stafford program, MIT compares stu-
dent resources available including assets, us-
Ing appropriate student budgets. Need is
determined within limits based on those bud-
gets. Technology loans bear 9% or 12% inter-
est and require a cosigner.

Other loans are available through outside
agencies that are not based upon a formal
need analysis. An example of this type of loan
is the Supplementary Loans for Students Pro-
gram (SLS), a Federally connected loan that is
handled through banks. (This program was
formerly called the PLUS/ALAS programs.) Al-
though MIT is not an SLS lender, the Student
Financial Aid Office in Room 5-119 can pro-
vide information about this and other similar fi-
nancing plans.

International Students

Students who are not US citizens or who do
not possess a permanent resident visa are not
eligible for Federal loans, nor are they elIgi-
ble for MIT loans during their first year at
MrT. International students must be prepared
to meet their expenses for the first year with-
out recourse to loans from the Institute. Con-
tinuing intemational students should have a
reasonable plan to meet expenses at MIT,
which must not be limited to MIT loans. All
loans will require a coolgner who Is a olti-
xen or permanent resident of the US or
Canmda.

Employment is available both on or off cam-
pus. The Student Employment Office, Room
5-119, keeps up-to-date listings of job oppor-
tunities which are open to graduate students.
Some positions are available directly through
the academic departments, laboratories, and
administrative offices on campus. Graduate
students who hold full-time research or teach-
ing assistantships or who receive full support
on fellowships or traineeships are not usually
eligible for such employment. The Office of the
Dean of the Graduate School should be con-
suited for approval before undertaking such
employment.

International students may work on campus,
but may require special permission from the
US govemment to work off campus. Citizens
of other countries should consult the Dean for
Student Affairs international student advisor
before accepting employment.

Graduate Residents

Regular resident graduate students who have
completed at least one graduate year at MIT
or new students who have been MIT under-
graduates may apply to the Dean for Student
Affairs for positions as Graduate Residents.
Such positions provide room and board but no
stipend.
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Academic Procedures

Registration

Complete information on registration procedures
maybe found in the "MIT Registration
Instructions," available each term to continuing
students In December and May In the Building 10
Lobby. After this time, the ket Is available In the
Registr's Office, Room E9-335. Additional
details may be found in the Guide tor
Undegraduates and Faculty Advisors and the
Graduto School Manual.

Procedure for Retention of Student
Status at MIT

Once admitted (or readmitted) to MIT, a person
becomes a student at the start of the term for
which he or she was admitted. Regular student
status Is retained until graduation, unless the
student withdraws or Is disqualified. For the fall
and spring terms, undergraduate and graduate
students must complete the following steps In
order to continue sdent status during that term:

1) registration material Issued by the Registrar
must be completed and returned according to
Instructions; 2) all Institute and Independent Living
Group charges must be paid when due, or
satisfactory altermative arrangements must be
made with the Bursar or the independent Living
G ; 3) registration forms must be approved by
the faculty advisor or registration officer
and returned to the Registrar's Office; and 4) the
ID validation stioker must be pcked up by the
student according to instructions.

if a student has begun the regtration es
but wishes to withdraw, he or she mu notifythe
Office of the Dean for Student Affairs if an under-
graduate, or his or her registration officer, if a
graduate student.

A person wishing to be reinstated as an under-
g raduate must apl for readmission through the

fflce of the Dean for Student Affairs. A person
wishing to be reistated as a graduate student
must y for readmission through the Admis-
sions and the student's registration officer.

People on campus who are not regltered during
a term are not considered students and have no
student privIleges.

Undergreduats and raduate students registered
in thes term n their student status
throughout following summer, whether or not
they ter for the summer session, and cease
beingstucnIfthey do not ister in the fail
(although the rules for student atus with regard

toiw orpyment are mm a ifrn)
Graduate se making progress towardl a

degeedurngthe summer must rgster for the
summer ssonin accordance wihteGraduate
School regulations.

Registration Procedures

All students register for their subjects on
Registration Day at the beginning of each term.
New graduate students should pick up fall-term
regiration material during the summer in the
Retgisrar's Office, E19-335.

All students at MIT are assigned an advisor.
Advisors to freshmen are MIT faculty and staff,
assigned at the beginning of the freshman year.
(Freshmen may change advisors through the
Undergraduate Academic Support Office. Room
7-104.) Upperelass undergraduates who have
declared a major will be assigned a departmental
advisor. Each graduate student is assigned to a
faculty member in his or her department who also
serves as the student's registration officer. Each
student's proram must be approved by his or her
advisor, an an es may be made only with the
advisor's approval.

All subjects to be taken during the current term,
including thesis, cross-registration with Wellesley,
and ROTC, should be listed on the Registration
Form. A separate procedure is used for cross-
registering with Harvard. The units for independ-
ent study and thesis subjects should be Indicated.
The units for thesis are listed as laboratory units.

A third- or fourth-year undergraduate student
who wants to take an elective subject Pass/Fall
using the Junior-Senior Pass/Fall option should
be sure to Indicate P/F beside the subject on the
Registration Form. The faculty advisor and student
should be sure that the subject to be designated
Pass/Fall is not being used to fulfill either a
department or an Institute requirement, and that
the student does not take more than a total of two
subjects under this o ton during his or her junior
and senior year. The Pass/Fall option is not
available to graduate students.

Correction (Add/Drop) Cards sined by the
student's facut sor for un ergraduates and
registration ofer for graduate students should bo
used for all changes in registration after Registra-
tion Day. The specific deadlines for such changes
are listed in the academic calendar, found in
Chapter I of this catalogue. The instructor's
signature is also required if a sub ect is added
ae the first week of th term. Al Correction
Cards should be hand delivered by the student
to the Registrar's Office, Room El 9-335, or to
the Undergraduate Academic Support Office,
Room 7-i.

The Registrar's Office sends out a "Status of
Registration Form" to every student during the
fourth week of the term. Additional StatusFrms
are sent out at three-week intervals to every
student for whom ths Registrar has received a

Correction Card since the previous set of Status
Forms was issued. On these forms will be listed
the student's program as it is recorded in the
Registrar's Office. This will confirm the student's
registration and help identify any discrepancies. If
th Registrar's Office has received no change in
the student's registration, then no further Status
Forms are generated after the fourth week
of the term.

The Institute holds each student fully responsible
for checking the accuracy of his or her Initial Reg-
istration Form and any subsequent Correction
Cards submitted to the Registrar's Office, for en-
suring that the Registrar is provided with a correct
current mailing address, and for carefully review
ing each Status of Registration Form generated by
the Registar to make sure that it accurately re-
flects he or her registration. Steps to eliminate any
discrepancies should be taken promptiy by the
student. The student should keep copies of the
original Reistration Form and al subsequent
Correction Cards and Status of Registration Forms
as evidence of having foliowed these procedures.

If an undergraduate wishes to add or drop a sub-
ject or to make or change a Pass/Fall designation
after the deadline dates, the student must petition
the Committee on Academic Performance (CAP),
Room 7-104. Graduate students must petition the
Office of the Dean of the Graduate School. Such
petitions are not automatically approved.

An undergraduate student who wishes to
withdraw during a term or arrange for a leave of
absence must see a dean in the Student Assis-
tance Services Section of the Dean's Office, Room
5-106. Graduate students should consult their
registration officer, department graduate office, or
the Office of the Dean of the Graduate School.

Subject Credits and Designations

The credit hours (units) for each subject indicate
the number of hours spent each week In class and
laboratory, plus the estimated time that the
average student spends each week in outside

Sreparation, for one regular term. Each subject is
listed with three credit numbers, showing In
sequence the units allotted to: class; laboratory,
design, or fieldwork; and preparation. Each unit

ents about 14 hours of work per term. The
tonit credit for a subject Is obtained by adding
together all the units shown. The units for each
subject are indicated in the subject descriptions
listed in Chapter Vil. Additional Information
regarding subject desi nations may be found at
the beginning of Ch.ar Vill on the page titled
Explaatory Notes.
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Academic Performance
and Grades

The typioal undergraduate student load, based Grade Reports and Transoripts
on a four-year program, Is 45 to 48 units per term.
However, If approved by his or her facu advisor, Grade reports are issued by the Registrar at the
a student may follow a program leading an S.B. end of each term and summer session to all regis-
degree In either more or les than tered students. Students may order transcripts of
eignt terms. their academic record at the Registrar's Office.

Room E19-335, upon presentation of a receipt
Ught-Load Registration from the Cashier's Office, Room 10-180, at a cost
by Undergraduates currently set at $2 per copy.

The Institute feels that the concept of a four-year
residential colie, ruiring a ful-time academic
program, Is ental tote MIT undergraduate
experience. An MIT degree represen not only a
specified number of credit units and a collection
of subjects, but an intensity and continuity of
involvement in an academic enterprise and an
Immersion In the culture of MIT as well. In general,
therefore, MIT is not an appropriate place for
pursuing an undergraduate education on an
extended, part-time basis.

Requests from students for light-load registration
status are handled under the following policy:
Once enrolled as a regular student, an

udrraduate may not cyalgh loa of
subjects (register for fer an 2 units for more
than a total of two terms without petitionin the
Committee on Academic Performance (C P). 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.

Students whose load drops below half-time (as
defined in the registration instructions published
each year) should check with the Bursar's Office
regardIng possible impact on repayment and
grace periods of outstanding loans.

Advanced Standing Examinations for
Undergraduates

lb qualify for an Advanced Standing Examination,
an undergraduate student must never have been
registered for or attended class in the subject
conoerned. A freshman who takes such an exam
shall iscelve the grade of P for ing
performance, but no record will be kept of failing
performance. For all other students, a grade
ranging from A to F as usual will be recorded on
the rserp. Any passin grade entities a student
to full ored for the subjec T-or freshmen, such
credit will vount toward the 60- or 63-unit credit
lmit unless the exam is taken either In the
September or February examination period (see
Credit Limit for Freshmn in 111).

in fail 1990, te d for passing
Standing Exam In the freshman year

lbe a or better performance, and the
freshman credit limit will be 54 unite in the fall term
and 61 units in the spring term.

Final Examinations

Final examinations are held at the end of each
term; the schedule is Issued about two 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 E19-338, 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 equivalent
toafalln gade excep opresentatiornvo

adqut eviden o ns or other valid
reason for the absence. The Dean for Student
Affairs (for under raduates) or the Dean of the
Graduate Schoolifor graduate students) may
permit a student whose term work has been
satisfactory to take the next scheduled
examination on the subject. The instructor may, if
the evidence warrants, issue a final grade without
requiring a postponed final examination.

Undergraduate Academio Standards

It is the responsibility of the Committee on
Academic Performance (CAP) to see that
minimum academic standards proposed by the
individual departments are consistent throughout
the Institute for undergraduates and conform with
the rules and regulations approved by the faculty.
In view of the indMdual nature of student
academic performance, it is impossible for the
CAP to set forth rigid standards of academic
qhrformance to be used throughout the institute.

9 Institute generally expects undergraduate
students to complete the requirements for a single
S.B. degree In four yeare; this establishes a normal
load of subjects at approximately 45 units of credit
per term. Normally, however, the CAP accepts a
minimum academic record of at least 36 units of
credit with a term rating of 3.0 or above on a 5.0
scale at the end of any regular term. unleon the
Committee has specifically notified an IndMdual
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 stu-
dent on an Individual basis. Consideration Is given
not only to the grades received in the various sub-
jects for which t student Is registered, but also
to the total number of subject units, the nature of
the subjects themselves, and all Ose factors In
the student's own personal situation that may have
affected his or her academic performance In a
given term. More detaled Information concerning
the procedures followed by the CAP at the end of
term in reviewing the academic records of under-
graduate students is given In the Guide for

ndergraduates and Faculty Advlsors. This booklet
is published by the CAP approximately every four
years. Copies are malled to all sophomores and
undergraduate faculty advisors by the Committee
at the 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 student
is considered to be making satisfactory progress
as long as at least 33 units per term have been
completed with a term rating above 3.0 at the end
of any regular term. All undergraduates whose
performance falls below this standard will be
considered, for Title IV purposes, to be under CAP
review during the subsequent term. A student will
be considered to be making satisfactory progress
if the CAP does not withdraw permission for the
student to continue.

.1. NAW---
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Graduate Academic Standards

It Is the responsibility of the Committee on
Graduate School Policy (CGSP) to monitor
minimum academic standards for graduate
students and s lal graduate students in
accordance w the rules and regulations of the
faculty. The CGSP reviews the academic records
of all graduate students at the end of each term
(Including the summer session), and students with
cumulative ratings of 3.5 to 4.0 are given particular
attention. Consideration Is given not only to low
grades, but to other factors affecting a student's
performance in meeting the requirements for the
degree program in which he or she Is enrolled.

Recommendations for action by the CGSP are
made by departmental! graduate committees.
Unless extenuating circumstances are found, stu-
dents who are not making satisfactory progress
towards a degree may be denied permission to
continue or may be warned that without substan-
tial improvement the following term, they may be
refused further registration In the Graduate School.

More detailed Information concemning procedures
followed by CGSP may be found In the Graduate
School Manual. It is also important for students to
be Informed of individual department require-
ments and expectations concerning academic
performance.

For Title IV pu es, a graduate student is
considered to bmaking satisfactory progress as
long as his or her cumu ative grade point average
exceeds 4.0, and If the number of terms of
enrollment does not exceed five for an S.M.
candidate or 10 for a Ph.D. or So.D. candidate,
Graduate students whose performance falls below
this standard will be considered, for Titie IV
purposes, to be under CGSP review during the
subsequent term. A student under CGSP review
will be considered to be making satisfactory
progress If the CGSP does not withdraw
permission for the student to continue.

Grades

The grades to be used for undergraduate and
graduate students who satisfactorly complete the
Work of a subject by th end of the term ae:

A
performanc, demonstrating a

peror r ng of the subject matter, a
ndation of extensive knowledge, and a skillful

use of concepts and/or materials.

B
Good performance, demonstrating capacity to
use the appo te concepts a
understanding of the subject mt and an ability
to handle t prblems and materials encountered
In the subject

AdequateperFormnc, demonstrati an
adequate understand of the subjecmatter, an
ability to handle r ' simple prtoe, and
adequate preparation for on to more
advanced work in the field.

D
Minimally acceptable performance, demonstrating
at least partial famillarity with the subject matter
and some capacity to deal with relatively simple
problems, but also demonstrating deficiencies
serious enough to make it Inadvisable to proceed
further In the field without additional work. (Note:
Some departments may require students with
D-level performance in certain prerequisite
subjects within the departmental program to do
additional work before proceeding with the
follow-on subject, which could include retaking
the prerequisite.]

P
When the use of the single passing grade P is
authorized, it may reflect performance at any of
the levels. A, B, C, . (This definition will change
beginning in fall 1990, with the grade of P mean-
ing C or better performance In many subjects,
including all subjects taken by freshmen.)

The following notations are used by the Registrar
for satisfactory completion of work in
circumstances indicated:

8, notation for credit awarded for work done
elsewhere.

SA, notation for satisfactorily completed doctoral
thesis. Doctoral theses are not graded.

The grades and notations to be used for subjects
not passed or not completed are:

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

0, absent. This grade Indicates that the student
was progressing satisfactorily during the term but
was absent from the final examination or absent
during the last two weeks of the term, or both. An
0 grade carries no credit for the subject.
Unsatisfactory performance because of absence
throughout the term should be recorded as F.

OX, absence satisfactoril explained to and ex-
cused by the Dean for Stuident Affairs In the case
of an undergraduate student or by the Dean of the
Graduate School In the case of a graduate stu-
dent. The faculty member In charge of the subject
will be notified when an 0 Is changed to an OX.
An OX carries no credit for the subject. However,
the faculty member In charge mus provide the
student the opportunity to receive a credit-carry-
ing grade. This may be done with or without the
Instructor requiring a postponed final examination
or other add on evaluation procedure.

DR, a notation to be used only on the student's
internal record for a subject dropped after the fifth
week of the regular term.

I, Incomplete. The grade of I Indicates that a minor
part of the subject requirements has not been
filed and that a passing grade is to be expected
when the work is completed. The grade I for 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'

might be a paper or a laboratory report. The work
is to be completed before the end of the fifth week
of the succeeding term of the regular academic
year, but the deadline may be extended with
explicit approval of the faculty member in charge.
Graduate students must petiflon the Office of the
Dean of the Graduate School to record a grade
after a deadline. For undergraduate students, if the
work is not completed before the end of that term
(with the exception noted below), the I grade will
be changed to the notation R on the intemal
grade report and the student must register for and
repeat the subject in order to receive credit. When
completion of the subject requires resources
which are normally but not continuously 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,
UROP or "At Plant" registration (internship or
Industrial practice), which has progressed
satisfactorily, but has not been completed. Grade
given upon completion of the work In a later term
also covers this term. Faculty members must
obtain approval from the Committee on Curricula
or the Committee on Graduate School Policy to
use the grade of J In subjects other than thoe
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 signiflcantly,
the student may expect that grade to be failing.

T, temporary notation. It Is used for subjects
which cover the equivalent of one term's work, but
are scheduled over parts of two normal grading
periods. Prior approval must have been obtained
from the Committee on Curricula for under-
graduate subjects or the Committee on Graduate
School Policy for graduate subjects. This notation
is recorded only on the student's Intemal record.
A permanent grade must be assigned when the
subject is finished.
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End-Of-Term
Regulations

The Faculty Regulations governing end-of-term
examinations and assignments, together with the
Faculty Policy Committe's interpretation, are the
folli, and apply to both undergraduate and
graduate subjects:

Major assi nments should be assigned early
enough to alow students the opportun to
manage their time effectively throug ho the term.
Instructors are asked to provide, during the first
three weeks of classes, a clear and complete
description of the requirements in each subject,
including the due dates for required work and the
schedule of examinations during the term.

Final examinations are held during the final
examination period following each term, and must
be scheduled through the ffice 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 r, or oral resentation may fall due
during last wee of classes.

* Each subject in which no final exam is given
may have at most one of the following during the
last week of classes: either a one-hour quiz may
be Ivan during a regularly scheduled class

ro or one assignment (term lab report,
ta-home exam, problem set, or presentation,
etc.) may fall due. (A quiz of one and one-half
hours is allowed, but only if done within a regular
class period.)

* It is Inpropriate for comprehensive
examinat (exams covering most of the term's
work) to be given at any time other than during
the final exam period.

- No classes, examinations, or exercises of any
kind may be scheduled beyond the end of the last
regularly scheduled class in a subject except for
final exams scheduled through the Registrars
Office. Any formal reviews of subjects should be
held during regular class periods, but the rule
does not exclude the possibility of sessions after
the last day of classes at which the instructing staff
Is available to answer questions of students Who
choose to attend. (The Architecture design
reviews that occur during finals week are
considered to be equiv ant to final examinations
and are scheduled by the Department.)

* No assignment of any kind maiy be given that
falls due after the last regularly scheduled meeting
of the class for that ubj This does not prevent
an instructor from givng an extension to an
indidual studen., but an extension should not
need to be given to the majority of the class.

' Any departure from these rules requires
permission of the CAP for undergraduate subjects
or the CGSP for graduate subjt - and that any
such approved exception will be announced early
in the term and emphasized roplatey. Asking
students to vote on some deton from the rules
is not an acceptable procedure.

Faculty or students with questions regarding the
i ton or application of any of these

rovsions should contact the Chairman of the
Farulty or request the assistance of the CAR
Room 7-103. 253-4164,
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Institute Regulations

Policies and Procedures

MIT assumes that all students come to the Institute
for a serious purpose and expects them to be re-
sponsible Individuals who demand of themselves
high standards of honesty and personal conduct.
D sappntments In this expectation have been
rare. Terefore, it is MIT's policy to have as few
rules and regulations as are consistent with effi-
cient administration and general welfare.

Fundamental to the principle of Independent learn-
Ing and professional rowth is the requirement of
honesty and integrity n conduct of one's aca-
demic and nonacademic life. Maintenance of a
healthy living and leaming environment requires
that all members of the community exercise due
respect for the basic rights of one another.

Academic Honesty

Cheating, plaglarism, unauthorized collaboration,
and other orms of academic dishonesty are
considered serious offenses for which disciplinary
penalties can be imposed.

Some academic offenses by students can be
handled directly between the faculty member and
the students involved. In some cases, it may be
necessary for the department head to review or
otherwise to assist in, the resolution of the matter:
When a dispute cannot be resolved satisfactorily
within the department, a complaint against a
student can be brought to the Committee on
Disoipline. as explained in the section on
Complaint and Disciplinary Procedures.

Institute Policy on Student Absence and
Religious Beliefs

Massachusetts state law regarding student
absence due to religious beliefs has been adopted
by the institute as follows:

Any student who is unable to attend classes or
participate In any examination, study, or work
requirementona particular day beause ofhis or
her religious beliefs Is excused from any such
acy. The student will be given the opportunity
to make up the work that was missed, provided
that the makeup work does not create an
unreasonable burden upon MIT

The institute will not levy ees or charges of any
kind when allowing the student to makeup
missed work. In addition, no adverse or prejudicial
effects will result to students because they have
made use of these provisions.

Institute Polley an Racist Behavior

Racist behavir whether subtle or blatant, is
unacceptable at MIT It will be addressed with

and decisive action whenever it occurs.
er and racist behavior interfere with an

Indiiduals growth and well-being In the
academio and living environments at MIT.

The institute is serious about the elimination of
racism and is committed to a confidential and
thorough handling of any allegation of racist
behavior. In such situations, it will be the Institute's
aim to protect the rights of all Individuals Involved
and to safeguard the welfare of everyone in the
MIT community.

Any member of the MIT community who believes
that he or she has encountered racist behavior is
encouraged to raise the issue, or lodge a
complaint, in accordance with established
grievance procedures. Additional information on
procedures for following up on concems
regarding racism and racist behavior is available
from the Office of the Dean for Student Affairs,
including a brochure entitled You Can Make a
Difference that outiines parallel routes within the
Institute for addressing racist behavior.

Additional information on conduct and discipline
may be found in the position paper by the Com-
mittee on Discipline entitled "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 policies and interests of
the Institute. Moreover, many forms of harassment
have been recognized by the US Equal
Opportunity Commission and the courts as
violations of the olvil rights laws.

Harassment Is defined as verbal or physial
conduct that has the irtent or effect of unreason-
ably interfering wi* any individual's or group's
educational and/or work performance at Mi, or
creating an intimidating, hostile, or offensive
educational and work environment on or off
campus. Harassment on the basis or race, color,
sex, religion, handicap, national origin, or sexual
orientation Includes harassment of an Individual in
terms of a stereotyped proup characteristic, or
because of that parson s Identification with a
particular group. With reference to sexual harass-
ment, the definition also Includes unwelomsed
sexual advances and requests for sexual favors
which might be perceived as explicitly or implicitly
affecting educational or employment decisions
concerning an indvdual.

Any member of the MIT community who believes
that he or she has been harassed is encouraged
to railse the Issue, or iodg a complaint, in
accordance with establish~ed grievance
procedures. 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 Tell
Someone, that outlines pa'allel routes for
addressing harassment concerns.

Additional information on conduct and discipline
may be found in the position paper by the Com-
mittee on Discipline entitled "infractions of the MIT
Code and Violations of Law, which is available
from the Office of the Dean for Student Affairs.

Institute Policy on Hazing

In accordance with Massachusetts state law
( Chapter 536), the Institute has adopted the
ollowing policy statement on the crime of hazing:

The term hazing is defined by law as "any
conduct or method of Initiation into any student
organization, whether on public or private

ropery, which willfully or recklessly endangersth physical or mental health of any student or
other person.' Such conduct Includes but Is not
limited to beating; whipping; branding; forced
calisthenics; exposure to the weather; forced
consurnation of any food, Ilquor, beverage, drug
t other substance: or any other brutal treatment
o? forced physical activity that may affect the
rnysical health or safety of the person.

According to the law, anyone identified as tr e
principal organizer as well as any partiolpant in the
crime shall be punished by a fine of not morc that
$1,000 or by imprisonment for not more than 100
days, or both.

Any person witnessing a hazing incident must
report the Incident to the MIT Campus Police.
Failure to make such a report is punishable by a
fine of not more than $ .

The heads of all student organizations should
receive a copy of the law from the Office of the
Dean for Student Affairs at the time of fall
registration and are required to sign an
acknowledgment stating they have received a
copy. Anyone desaring a copy of the law should
contact the Dean's Office.

MIT considers acts of hazing to be extremely
serious offenses to the community and will treat
offenders accordingly. The MIT interfratemity
Conference has also developed its own policy on
hazing, which is applicable to all fraternities,
sororites, and independent living groups.
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Policy Statement on the Use of Alcohol

MIT supports the observance of all laws and
regulatio overning the sale, purchase, and
serving of Cohollo berages all members of
its community and expects that e laws will be
adhered to a all events associated with the
Institute. This Includes activities on the MIT
campus, In MIT-approved independent living
groups, and at off-campus functions sposored
or supported by MIT or any of its affiate groups.
A reference gu e to existing state laws Is available
from the Office of the Dean for Student Affairs.

The Institute strongly encourages all faculty, staff,
and students to become famliar with these laws
and to consider the associated penalties and other
potential risks that can result from violations.

Included in these laws are those that govem
driving under the influence of alcohol, the
purchase of alcohol by and for persons under the
legal drinking age, and the serving of alcohol to
persons who are either under age or intoxicated. It
should be noted that the drinking age in
Massachusetts was raised to 21 on June 1, 1985.

The Institute does not intend through its guide-
lines or policies to restrict the responsible use of
alcohol by members of the MIT community who
are of the legal drinking age in Massachusetts, or
older. However, efforts to observe existing laws
and regulations in an environment in which the
major of the undergraduate student body will
not be of drinking 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/Orien-
tation alcohol ,licy is available in the Office of
the Dean for Stident Affairs.

Other Personal Conduct

All members of the MIT community are expected
to conduct themselves with proper respect for one
another and for each other's property.

Improper use of Institute property or facilities,
including keys, computers, telephones, and so
forth, or misuse of MIT's name, or violation of
Institute regulations, may result in disciplinary
proceedings within the Institute, or legal
proceedings outside of MIT, or both.

Off-campus misconduct is not a basis for MIT
action unless the Institute considers such
misconduct to be in violation of the educational
mission of the Institute or to be a clear and
present danger to Institute functions. The Institute
reserves the right to determine its jurisdiction on a
case-by-oaaebasis. Student status In no sense
renders an Individual student Immune from the
jurisdiction of civil or criminal courts and other
government authorities. All MIT actions must
conform with applicable law.

MIT handles Internall ome Incidents that might
give rise to civil or oiml'al liability. This Is done
with the understanding bvr the outside community
that MIT deals seriously with such offenses.
As is the case for many universities, local authori-
ties often rely on MIT to resolve such issues as
long as the Internal policies and procedures are
effective and adequate. MIT action by Itself, how-
ever, does not preclude the possibility of other
judicial remedy.

If an Infraction causes a student to be involved
both in Institute disciplinary proceedings and in
criminal proceedings, and if an Institute decision
might prejudice the court case, the Institute will
usually hold Its decision in abeyance until after the
criminal proceedings have been concluded.

MIT traditionally has placed considerable
responsibility on students governing groups to
deal with problems in the student community, e.g.,
the Dormo Council and the Interfratemity
Conference. Nearly all Institute houses and
independent residences have judlolal procedures
that deal with disputes and violations of rules and
regulations occurring in their living groups.

Problems and disputes that cannot be resolved at
the local level are referred to the Office of the
Dean for Student Affairs for advice, guidance, or
resolution. In appropriate cases, the Dean may
place the student on disciplinary warning or
probation or may prohibit a student from living In
an Institute resience.

Complaint and Disciplinary Procedures

Students who believe that they have been treated
Improperly for any reason are encouraged to raise
their concems. Difficulties with other students
should be pursued within the living group or
department when apropriate, or else brought to
the Committee on Dicipline. Concerns relating to
academic or work situations should be raised
direotly 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 themselves of
the assistance of the Office of the Dean for
Student Affairs or the Office of the Dean of the
Graduate School. In situations where a student
feels wrongly accused and unjustly penalized, the
student may request advice and assistance from
the Office of the Dean for Student Affairs
regarding the possibility of further discussion
among the parties or referral of the case to the
Committee on Discipline. Students may also bring
concerns to the attention of either of the two
Special Aseistants to the President.

It is Institute policy that IndMduals will not be
reprimand or discriminated against for initiating
an inqui or complaint and that the rights of the
Individual ainst whom a complaint is made will
be protected.

Anyone In the MIT community - including
Individual students, faculty members, and
employees of the Institute - may bring a
comolaint a ainet a student to the Committee on
Discpline. The Committee Is composed of six
faculty members, five students, and the Dean for
Students Affairs, ex officio. It adjudicates oases of
academic offenses, violations of institute
regulations and standards, and other Infractions
alleged to have been committed by students.
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Privacy of Student Records

A complaint against a student must be submitted
in writing to the Office of the Dean for Student
Affairs or to the Chairperson of the Committee on
Discipline. There are procedures to protect the
rights of a student, Including assistance In
preparing a defense. The student who has been
charged may select an advisor from the MIT
community to assist him or her In preparing a
response to the o e(s) and to attend the
Committee hearing w the student; the person
making the chae has the same rights.
Statements at a Committee hearing are made by
the person who brought the char e, by the
student who Is charged (if he or a echooses to
speak), and by witnesses. Detailed procedures of
the Committee on Discipline are given In the
'Statement of Discipline Committee Procedures,"
which is available from the Office of the Dean for
Student Affairs. Among the sanctions available to
the Committee are reprimand, Informal probation,
formal probation with or without monitoring, and
recommendation to the President that the student
be suspended or expelled. Formal probation,
suspension, and expulsion are noted on the
student's transcript for a specified period. Such
notation may be removed upon writen application
to the Committee under conditions set fort In the
statement referenced earlier.

This procedure serves also as the rievance pro-
cedure for students as required bytie IX of the
Federal Education Amendments of 1972 with re-
gard to grievances arising out of alleged
discrimination on the basis of sex, and for handi-
capped students alleging failure to comply with
Sections 503 and 504 of the Rehabilitation Act of
1973. Inquiries concerning the Institute's policies
and compliance with applicable laws, statutes, and
regulations (such as Title IX and Section 604) may
be directed to Dr. Clarence G. Williams, Special
Assistant to the President and Assistant Equal Op-
portunity Officer, Room 3-221, (617) 253-4558.

Additional information on conduct and discipline
may be found in the iton r by the
Committee on Dis line en "Infractions of the
MIT Code and M~ole ~ons of Law," avaliable from
the Office of the Dean for Student Affairs. A
description of the grievance procedures for
persons employed at MIT is included in Policles
and Procedures.

The Family Educational Rights and Privacy Act of
1974 (sometimes called the "Buckley
Amendment') gives students certain rights,
consistent with the privacy of others, to review
records, files, 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, fles, and data that they believe are
Inaccurate, misleading, or otherwise In violation of
their privacy and other rights. This Act also
imposes certain controls on access to Information
about students.

Under the Act, "education records" means those
records which are directly related to a student and
are maintained by MIT Education records at MIT
include those that are kept by the offices of the
Registrar, Admissions. Dean for Student Affairs,
Dean of the Graduate School, Bursar, Student
Financial Aid, UROP academic departments and
advisors, standing committees of the faculty,
Alumni Apsolation, and the Archives. Certain
records ate not included as education records
under the Act. They include personal files held by
Institute faculty and staff that are not accessible or
revealed to others, certain records of the Campus
Police, and medical records maintained by the
Medical Department.

Review of Records and Challenges to
Record Content

Subject to the exceptions stated below, all
education records of the Institute that are
identified with an individual student or former
student will be available for review at the request
of tiat individual. A student may make a request
directly to the custodian of the record or to the
Office of the Dean for Student Affairs. A student
shall not be permitted to review those spefic
portions of his or her education record that refer to
other identified students. Individuals may
challenge the content of their education record
with the custodian or through the Office of the
Dean for Student Affairs. If a dispute remains
pertaining to the accuracy or completeness of the
record, the student shall be afforded a hearing.

Information about students assembled prior to
January 1, 1975, under promises of confidentiality,
explicit or implicit, will not be made available for
review by the concerned students without the
written consent of the author. A letter of
recommendation that was placed In a student's
education record after January 1, 1975, will not be
made available to the student for review, if the
student has previously waived his or her right to
review that specific letter.

Under the Family Educational Rights and Privacy
Act of 1974, an MIT student who has applied for
admission to, but has not yet attended, another
component unit of MIT (e.g., a graduate school or
department) does not have the right to review his
or her education record within that component
unit unless and until the student begins to attend
that unit. However, individual departments may
choose to disclose such Information to such a
student.

Although medical records maintained by the
Medical Department are not considered education
records under the Family Educational Rights and
Privacy Act of 1974, they are regulated by
Massachusetts law relating to the rights of patents
and residents of health facilities. Under this law,
students have the right to confidentiality of their
medical records as well as the right to inspect and
to obtain a copy of these records.

Disclosure of Information about Students

Disclosure of Information in education records to
persons within or outside the Iniue, except as
Indicated below, requires the student's written
consent. The written consent must be signed and
dated and must include a specification of the re-
cords to be disclosed, the purpose of the
disclosure, and the party to whom the disclosure
may be made. Upon request, the student shall be
provided with a copy of a record that is disclosed
pursuant to this consent. A record of each request
and of each disclosure must be made part of the
education records to which the student has ac-
cess. Institute officials may have access, without
the student's prior consent and without a record
being made, to specific student records in which
they have a legitimate educational Interest. For this
purpose, Institute officials Include both academic
and administrative personnel. Only those Institute
officials acting in a capacity Intended to further the
educational Interests of the student and possess-
Ing a clear need to obtain Information about the
student may have access to that Information. For
example, faculty advisors may have access to rele
vant education records of their advisees. In
addition, custodians of students' educational re-
cords shall exercise responsibility to treat personal
information with appropriate care and discretion
and not exchange such Information unnecessarily,
and to ensure that the transfer of Information be-
tween persons not In the same office or working

roup serves a legitimate Institute purpose.
ere such transfer is unusual, prior notice

should be given to the Individual and where practi-
cable, permission should be obtained.)
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Motor Vehicles

Under the Family Educational RI and Pivacy
Act, education records may be Isclosed without a
student's prior consent to officials of another
educational Institution In which the student seeks
or intends to enroll, or in which the student is
enrolled concurrently. In such cases, the student
must be notified of the disclosure, provided with a
copy of the disclosed records if he or she
requests, and granted an o rtun for a hearing
to challenge the contents of th disclosed records.
All educao records that are released to persons
or organizations outside of MIT must be released
on the condition that they will be used only for
their stated purpose and that no other party will
have access to them without the student's written
consent. The disclosed material should contaln a
statement to the effect that acceptance of these
materials constitutes an agreement to abide by
this condition.

Students who hold temporary, non-immigrant
visas with F-1 claification ar required by the US
Immigration and Naturalization Se (INS

n for these visas, to authorize MIT to
to upon its reuest, certain

Information and ocumn about themselves. A
detailed description of the Information subject to
these requirements is available In the Offic of the
International Students' Advisor. It is MIT's policy to
release such Information only to the extent
required by law.

Certain personally Identifiable Information from a
student's education record, designated by the
Institute as directory information, may be released
without the students9 prior consent and without a
record being made. is Information Includes
name, term and permanent addresses. term
phone number, term e-mail address, department,
olass, degrees received, dates of attendance. and,
for an Intercollegiate athletio team member, wel ht
and height. A student has the right to withhold
designation of any or all of thes Categories of
information on himself or herself as directoy
information. To exercise this right, a student
should submit by the end of ie second week of
the fall term a request form available from the
Regletrar. Intercollegiate athletic team members
who wish to withhold the designation of weight
and heigh as directory Information should contact
the Sports information Director In the Athletic
Department. The Student D , and equivalent
einotronlo verons, although most of the
irrmation Nsted above. are prrl for
use by members of the MIT Communrty.
information In the Olro may be
available to persons of M In
response to Inure about seiidIddae
ProvidIng the Dhrooory or smlar Heidngs to
persons outside MIT or using the Directory for
non'-Insttuts purposes Is prohibite.
Massachusetts W permits local munici to
obtain oensus Informaton. similar to dirootxv
Information, P rt to students living InMI
residences. n the cas of court orders or
subpoena for informnation, the affected individual
shold be noiled imeditlyand the release of
such inform flon should then mad l an
oflor of the Institute who has been
autorized to do so.

AdmInIstration of Institute Policy All motor vehicles operated by students must be
registered each yew with the MIT Campus Police.

Ouetions concerning this policy may be directed Falire to reIse will result in a $28 fine. This
to the Den for Student ffaire; Chairman of t rgiron 5 required whether or not a paring
Committee on Privacy; or the Vice President In the sticker Is obtained. Students should also note that
Office of the President, who is the senior offier state law requires that out-of-state cars operated
responsible for overseeing Institute rations with by students be registered with the Campus Police.
respect to the protection of Individu priacy.
Students who believe that their rights under the Parking facilities at MIT are limited. In general, the
Act have been abridged by the Institute may file Institute cannot provide parking for resident
'omplaints with the FERPA Office, Department of students. With the approval of the Dean for
Education, Washington, DC 20201. Student Affairs, a limited number of spaces is

available for assignment to students with physical
Letters of Recommendation handloaps requiring use of an automobile and to a

few other undergraduates. Parking Is prohibited
studnt' reqestfor leter f rcommndaion and towing Is In effect on Memorial Drive In front

A student's uest for a letter of recommendaon MIT between the hours of 7 and 10 am.
to be written by Institute faculty or staff constitutes Students are advised to avoid bringing an
a consent to disclosure and should, therefore, be automobile to MIT, if possible.
made in writing.

A student or former student may voluntarily waive
his or her right to review or receive copies of let-
ters of recommendation or other documents sent
to MIT or written by a member of the MIT faculty
or staff in connection with admission to educa-
tional Institutions, ploy t, or consideration
for an honor or recognin. Such a waiver must
be In writing and must include adequate Identifloa-
tion of the concerned Indidual, the author of the
lette end the purpose for which the letter Is in-
tended. Such waivers must not be requIred as a
condition for admission to, receipt of financial aid
from, or receipt of any other services or benefits
from any agency or Institution. Faculty and staff
should not encourage waivers unnecessarily.

Personal Files of Faculty and Staff

The personal files of members of the faculty and
staff that concern students, including private
correspondence and notes which refer to
students, are not regarded as education records
and are not per se subject to review by students.
However, if the personal files are made available to
others within the Institute or to parties outside MIT,
then they are a part of a student's education
records, and the student has a right to review
those personal files.

Students who plan to bring motor vehicles to
Cambridge should take careful note of the
information regrdi nent Massachusette
laws mailed reg ation material. In addition,
since the rate of car thefts In this state is one of
the highost in the nation, serious consideration
shoul be giv to equipping automobiles with
anti-theft devices.
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Interdepartmental Study
and Research

Advances In knowledge and concem with the
functioning of modem society have led research.
are to become Interested in complex problems
that can no longer be adequately resolved from
the vantage pont of a single academic depart-
ment. There is thus an increasing tendency at MIT
for faculty and students from different fields to
work together in a variety of groups, laboratories,
centers, and programs that cut across departen.
tal or School lines. Some of these opportunities
lead to degrees or form the basis for a 'minor-
program; many can be explored through the vari-
ous interdepartmental organizations and research
facilities available at MIT

These Interdepartmental educational oppotnites
and research facilities are listed in this chapter and
described in detal. The specific opportunies for
undergraduate and graduate studente In each of
these areas are outlined within the description of
the program or facility

Some of the interdepartmental programs and re-
search facilities provide opportunities for under-
graduates to enge in research or study as part
ofa de en m or. and some provde a way
to broaden a student s educational experience.
Undergraduates enrolled in a variety of depart-
ments may find valuable possibilities for thesis
work and participation In thes Undergraduate Re-
search Opportunities Program (UROP).

Most of the Institute's major interdepartmental or-
ganlzatione and research facilities listed In this
chapter offer graduate students opportunities for
interd ental research, inoludi thesis topics
(and of research assistantships). e of the
interdepartmental educational rams have
been formally approved for students by
the Committee on Graduate hoot Policy. An in-
terested student must be admitted by one of the
regular academic departments In order to partici-

atehin an trd ent pgram (except in
Operations Research). Each of these programs
has a standing faculty committee that administers
the p ram, but degrees in the field of study are
grante by the student's department of registra-
ion. The descriptions of these prrams indicate
in the title the advanced degree(s) that are offered;
e.g., (S.M.), (Ph.D.). Other study or research op-
portunities may be fields of study that lead to ad-

v d ngrams or as interdepartmental
programs administered on a more ad hoc basis.

The opportunities for Interdepartmental study and
research at MIT include:

Acoustics
Archaeology and Ancient Technology (see

Center Tor Materials Research In
Archaeology and Ethnology)

Artificial Intelligence Laboratory
Astronomy and Astrophysics
Bates ynear Acceleator (s Laboratory

for Nuclear Science)
Biomedical EngIneerIng
Biotechnology Process Engineering Center
Bltter National Magnet Laboratory
Center for Advanced Engineering Study
Center for Advanced Visual Stuis
Center for Biological Information Processing
Center for Cancer Research
Center for Conitive Science
Center for CoMputatIonal Research In

Economics and Management Science
Center for Environmenta[ Health Sciences
Center for Information Systems Research
Center for International Studies
Center for Materials Research In

Archaeology and Ethnology
Center for Materials Science and Engineering
Center for Real Estate Development
Center for Space Research
Center for Technology, Policy, and Industrial

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

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

Double Competence in Humanities/Social
Science and Science/Engineering)

Integrated Study Program
Interdisciplinary Programs in Humanities
Interdisciplinary Research O rtunities for

Undergraduates (see UR O)
Laboratory for Computer Science
Laboratory for Electromagnetic and

Electronic Systems
Laboratory for Information and Decision

Systems
Laboratory for Manufacturing and

Productivity
Laboratory for Nuclear Science
Law-Related Studies
Leaders in Manufacturing Program
Lincoln Laboratory

Management of Technology Program
Matenals Processing Center
Media Laboratory
Middle East Program
Mineral Resources Engineering and

Management
Mini and Mineral Resources Research

Instte
MIT-Japan Science and Tchnology Program
Nuclear Reactor Laboratory
Oceanography and Oceanographic

Engineering
Operations Research Center
Operations Research
Plasma Fusion Center
Power Engineering
Prram in Polymer Science and

Technology
Programs for Double Competence

In Humanites/Social Science and
Science/Engineering

Real Estate Development (see Center
for Real Estate Development)

Research Development, Office of the
Dean, School of Architecture and Planning

Research Laboratory of Electronics
Science, Techno, and Society
Sea Grant College 'rram
Spectrosoopy Laboratory
Statistics Center
Technology and Development Program
Technology and Policy
Transpti Center for

Transportation Studies)
Undergraduate Research Opportunities

Program (UROP)
Undergraduate SemInars
Unspecified 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 Robota. This area includes studies in vision, tao- arrays are used for image analysis on optical
tile sensing, manipulation, legged locomotion, and telescop. Looking toward the future possibility

Acoustical study and research are carred out the development of robust architectures for mobile of gra -wave astronomy, Instruments for the
within the Departments of Mechanical Engineer- robots. detection of gravitational radiation are now under
Ing, Ocean Engineering, Eiectrical Engineering development.
and Computer Science, Aeronautios and Astro- Desian and Analysis System. Engineers design,
nautlos, and Architecture. analyze, debug, and explain complex engineered Some of the theoretical research 's related directly

stems using reasoning that Is relatively de. to observational programs as In the study of
Acoustical work generally supports the principal nderstanding this reasoning requires the abity planetary dng systems, tho interpretation of inter-
activities within the departments, such as In to deal with such notions as causality and the in- planetary plasma measurements, and the evolu-
communications, machine design, propulsion and teraction of constrainte. Applications apply partcu- tion of X-ray binaries. Other efforts are devoted to
guidance, and structural design. Subjects In larly to mixed numedial and symbolic computing understanding the general circulation of planetary
acoustics have few prerusites and can be environments for sclentists and engineers, testing atmospheres, star formation, the dynamics of both
readily taken by students any department. and diagnosing electronic devices, and program- Isolated and Interacting galaxies, and problems of
Undergraduates should be able to take several ming environments, relativistic and high-energy astrophysics ranging
acoustics courses from the offerings of various from the origin of the universe In the Big Bang to
departments. At the graduate level, it is possible Learnin and Natural Lan Recent work has the formation of galaxies, the mechanisms of su-
to set up more specialized interdepartmental concented on theories exp ning how new situ- pemovae, and the origins of cosmic rays.
programs of suy and research in acoustics. The ations can be analyzed in terms of remembered
unspecified mauuer a UUWUUe inl 5rigiwifg w"s case studies and on ideas that enable the rules of The George R. Wallace Jr, Astrophysicalone to s alize in acoustis. Anotr obiy natural language syntax to be inferred from exam- Observatory is a versatile faclliy for research andIs to er the doctoral progra of one of m pes. Applications are oriented toward supplying teaching In optical astronom. Observatory,deprtmnt.andto stalis a pecal acuty decision makers with usable computer expertise, located In nearby Westford, Massachusetts, has
committee with representatives of the appropriate and designers with creative design tools. two optical telescopes of 16- and 24-inch dame-deortent. for the program. The degree re- ter with unique electronic Instrumentation. The
c=vemay . eatnna or dsgaea telescopes are used In formal instruction for stu-
spe ia de ta or des a Sophisticated ideas for pro- a nda n on

gramming languages and computer architectures dentratic tojecs sed tlage istofruentu-
Acoustics subject. fall generally within three cate- are a major research theme. Current work focuses tjr ation to th Wallace ObsetyFmay
gorise. Th firs consists of basic aubiot at bot on massively parallel machines and on scalable, be iobtion conthelactin POe aory m y
undergraduate and graduate levels. Tese message-oriented models of computation. Elliot, Ded b nt of Earth, Atmosr , and
subjects are taught within the Departments of Plan Sciences, Room 54-422, MIT,
Electrical Engineering and Computer Science, Further Information is available from Professor Cambridge, Massachusetts 02139, (617)
Mechanical Engineering, and Architecture. A soo- Patrick H. Winston, Director, Artificial Intelligence 253-756 or 253-6308.

odgopof subject. supot the various Laboratory, Room NE43-816, MIT, Cambridge,
r a in acou These Include sub- Massachusetts 02139, (617) 253-6754.
eots e ation neural physiology T nheuHasta Rad Observato a raduae
and perception of speech. sound vibrato and oporuite oo ndrraut apdctraut
wave prpagaIon, aerodynamlo noise, a m - Astronomy and Astrophysics s dent research, both for spectroscopy of the
cal ultrasonics. A third set of subjects is In "profes- interstellar medium and for very-long-baseline

Includes noise control, Observatories and Faolities interferometry. The Haystack Guervatory is also
architectural acoustics, and sonar applications, A located In Westford
complete listing of the various acoustics subisots
Is contained In the brochure Acoustics at Mir Teaching and research In astronomy and The McGraw-Hil Observato at Kit Peak in Art-

Involvpi s more than 25 faculy memert mf tha zona Is operated jointly by MiT, the University of
Students wishing further Information should con- Departments of Physics; Earth, Atmospheric, and Michigan, and Dartmouth Colege. it has two tole-
tact Professor Richard H. Lyon, Department Of Planetary Sciences; Mathematics; Electrical Engi- scopes of 52-inch and 96-inch diameter, both
Mechanical Engineering, Room 3-3W6 MIT, neerioand Computer Science; and Chemistry. with modem instrumentation. It Is used for re-
Cambridge, Massachusetts 02139, (617) The subject. offered and the opportunities for search by students and faculty.
253-2214. graduate and undergraduate research cover a

correspondingly broad spectrum. Experimental programs with student pivticipation
nrunows nmwgmnce, iLsorswry Involve Instrumens launcned on board seinnes

Instrument development and observationall pro- and interplan trspacecraft. In addition, MIT stu-
The primary goal of the Artificial Intellgence Labo t rams avm dents and tall rve at other Installations such

toehp1o gasanie th apptonu of moe sthe Natioal Radio Astrnomy Oboa nratory Is to understand how computers csn be tsohnology totestudy of objects as diverse as as th ainlRdoAtooyOsraoyIn
Maide to exhilbit intelilgefrice. 1wo corollary goal. the Ong* of plaei n clusters of galaxies. Fo West Virginia and New Mexico and the National

*~5 uma in~l ur- exa radio telecpe as single dishes or Asrio ro oo and oos hey ubse --------
stand ortain aspect. of *u nu C. trnsonlental into arrays, are used toR e n
rent research includes work on ro nglish- determine the structure of radio galaxies and to of both the Kitt Peak National beervatory
language understanding, leaning and automatic analyze the formation of complex molecules In Cerro-Tololo inter-American Observatory In Chile.
debugging, common-snse reasoning, enginer- Interstellar space. X-ray satellites are used to
ing p soe lvin, manufacturing produovity, measure the temperature and composition of Astronomy and astrophysics subjt, which arecomputer architecture, and human uwVOIPMint Intergalactic matter and to study the properties of offered at the undergraduate and graduate lev-

therrmonuclear explosions on neutron stars. els, are primary given by the Department of
Graduate student Y are enrolled In the Plasma detectors on deep-space probes are used Physics, and Earth , and Planetary

of Ecand Cm- to explore the properties of the Intn Sciences. Further informat, includIng a corn-
Slence, Mechanical E n, Brain and mediu and the magnetospheres the pl pete list of astronomy and yslos sub

eScences, ,or ulstc out to Nne.Radar scanners are u from maybe obtained by contaoting Proe Claude
Phl~sphyndegrauat. gt ivoled Earth and from planet-orbiting spacecraft to map R.anizare, Room 37-501, MIT, Cambridge,

rg URa m~t the topography of Venue. fto-dmensional CO Massachusetts 02139, (617) 283-7800.
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Biomedical Engineering

There are many graduate degree opportunities
(So.D.. Ph.D.) in blomedIoal engineering at MIT,
and students and faculty in many departments are
conducting research In this area. These research
Interests, spanning the life sciences, physics, and
engineedring, have led to the development of pro-
grams of graduate study for students wishing to
pursu careers in these rapidly evolving fields.

ach of these programs has evolved out of the
interests and professional specialties of the artici-
pating faculty. Many are based primarily INh
academic departments of the School of Engineer-
ing and therefore are 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 affiliated with teaching hospitals in
the Boston area.

There are currently four graduate programs in
biomedical engineering available to graduate
students at MIT These are (in order of Increasing
medical and clinical content): 1) departmental
prams In the School of Engineering; 2) MIT
lntrndepartmrentall Doctoral Program in Biomedical
Engneering; 31 Harvard-MIT vision of Health
Scieces and Technology Doctoral Program in
Medical Engineering and Medical Physics; and 4)
combined M.D.-Ph.D. programs.

The choice among the flrA three of these pro-
grams depends on the desired breadth of expo-
sure to the medi and iwfe sciences and the ca-
reer goals of the student particularly with respect
to the clinical aspects of biomedical engineering.

1) A student who is primarily attracted by a basic
enginee ing discipline that is applicable to biologi-
cal problems, and who intends pursue a profes-
sional eineerig career that may lie outsi e of
the field of biomedical engineering. Is advised to
apply for the departmental program. A back-
ground In mathematics and the phyical sciences
isa noeesary prerquisite for gr tudy In
boneiol ineering prom th u theSchool of Engineig Prearaio in th lgi-
cal scienceough desirable, Is not required.
Active biomedical research Is pursued in the Do-
pafelmet of Aeronautics and Astonautics.
Chemical En nn Electrical Engineering and
computer aterials Science and Engi-
neering, Mechanialo Engineering, Nuclear Engi-
neering, and Physics.

Further Information cn departmental programs
may be obtained from the graduate registration
oficer of the appropriate department.

AThntdepwatmental Doctoral Program in
i lEni ng at MIT has been de ned

for students who wisha broader exposure to
life sciences. and who wish to pursue research of
an tsrdlsopia chaoar. This pr s ad-
mi~nstered utind s uspices of ft ~r -MIT

Committee on Biomedical Engineering and Physl-
cal Sciences. The program Is aimed at developing
biomedical engineers who can function well in
both the fields of engineering and life sciences as,
for example, bioengineere concerned with control
systems and with instrumentation for asrospace
medicine; blomaterials scientists Interested in de-
veloping materials for artificial organs and pros-
thetlo deviues; experts in fluid flow who are seek-
Ing a er understandin of how the cardlovas-
o system functions; and systems engineers
interested in designing automated laboratories,
model emergency rooms, operating rooms, and
patent facilities. Graduate students from any de-
partment who possess or are completing an engi-
neering master's degree may apply for admission.
Students should normally apply or admission to
the MIT engineering department most closely re-
lated to the field of their undergraduate major and
should contact Professor A. J. Grodzlnsky, Room
38-377, MIT, Cambridge, Massachusetts 02139,
(617) 253-4969. The Guide to Biomedical Engl-
neering and Physics at Mr7 and Havard desr bes
both educational programs and research activities.
Copies are available from Professor Grodzinsky at
the above address.

3) The HST Doctoral Program in Medical Engl-
neering and Medical Physics is a nominal five-
year pr ram designed to educate individuals
who will well qualified as engineers or physi-
cists, and who, with extensive knowledge of the
medical sciences, may engage in productive, in-
dependent inves ation o important problems at
the Interface of technology and clinical medicine.
The Program provides a ihorough graduate expe-
rience In a ciass"ca discipline of engineering or
physics, and also requires considerable study in
the basic medical sciences. In addition, students
are afforded a unique opportunity to leam impor-
tant clinical skills and acquire an in-depth under-
standing of clinical care, medical decision making,
and the role of technology in patient care.

To be considered for admission, students must
have completed at least a B.S. degree in an ngi
nearing discipline or in physics. Those Individuals
who have completed only thes bachelor's degree
prior to matriculation In the P ram must apply
simultaneously to the HST DM and the appro-

te aduate department. Admission to the
EMP Program uires affirmative assessment

by both departmen and HST Admission com-
mittees. Students who have completed a masters
degree need apply only to the HST DMslon. Fur-
ther information may be obtained from Professor
R. G. Mark, Room E25-519, MIT, Cambridge, Mas-
sachusetts 02139, (617) 253-7818.

4) The biomedical sciences curriculum of the Har-
vard-MIT DMsion of Health Soiences and Tech-
nology leads to the M.D. at Harvard Medical
Schdol and may be combined with studies lead-
Ing to the SM. or the Ph.D. In one of the MIT de-
partments. Students interested in such combined
degree programs must independently to the
department of Interest and tlo Harvard Medica

School. Further Information may be obtained from
Professor R. 0. Mark, Room E25-619, MIT,
Cambridge, Massachusetts 02139, (617)
253-781-

Biomedical engineering Is also of increasin
Interest to undergraduate students at MIT investi-
9ations on such varied topics as blomaterials,
blologloal control systems, and mechanisms of
sensory perception, to name only a few, involve
faculty and students from most of the engineeri
departments. Much of this research Is carried o2
In interdepartmental laboratories In collaboration
with workers from medical center. in the Boston
area. Undergraduates wishing to explore this
developing area have ample opportunt within
their regular departmentamjor throug elective
subeots, s lai laboratory projects, and the
senfor thee These studies should be of special
Interest to students who are enrolled In a premedi-
cal curriculum. Further information may b ob-
tained from Professor L. R. Young, Room 37-207,
MIT, Cambridge, Massachusetts 02139, (617)
253-7805.

Biotechnology Process Engineering Center

Established at MIT through the National Science
Foundation, the Biotechnology Process Engineer-
Ing Center (BPEC) provides a unique opportunity
for education and research at the forefront of
biotechnology. At the BPEC, the fundamentals of
advanced manufacturing technologies are devel-
oped through the applicatons of engineering prin-
oples to the life sciences. Another Importan
objective of the BPEC is to establish active ooi-
laborative prorams with Industry that will train
professionals ?n the disciplines of biotechnology,
expand research activities, and promote innova-
tion. The SPEC involves both undergraduate and
graduate students and postdoctoral fellows. Re-
search Is led bi 15 faculty members from the De-
partments of Chemical Engineerin, Biology, and
Electrical Engineering and Computer Solenoe.

The SPEC centralizes the various programs avail-
able for the study of biotechnology and provides a
structure for new educational Initatves. For under-
graduates, a strong base in chemical engineering

vides an ideal background for further studies In
hnoiogy. A liberal pollo for elective courses

In several departments is avalable to undergradu
ates In order to fulfil interdisciplinary needs and
foster cross-disolin education. In addition,
research oo nties I biohnology are avaI
able to all M undergraduates through the MIT
Unde raduate Research Opportunties Program
(URO). UROP positions, for pay or for acaemio
credit, are available dudng the summbr and the
academic year.

Within the S.M. and Ph.D. programs In Chemical
Engineering, biotechnology education focuses on
the core subec in Chemical Engi.
e plemented by electives in Cheioal

Engineering and Biology.
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The are four main focal points for research at
OPEC:
Genetics and Molecular Biology: Work Is directed
toward the synte of human proteins (by IVne
Insertion Into animal cells and yeasts). Spec
problems Include control of RNA processIng and

trnlation, active expression In stationary cells,
and gnetio approaches to control protein
oxreton.

Bloreactor Design and Operation: This segment of
the research program involves the development of
fundamental eng neerin prinolpe for large-scale

roduction using anim cell culture, including
eactor design, scale-up, and operation.

Effient Recovery of Biochemical Processes: Bl-
ologlats and engineers work together to develop
Innovtie yet generic sclutloo for the reovry of
a variety o prn prouots and to olucidate the
fundamentals of un operation of biochemical
product recover Current prorams Include work
on oroas-fiow membrane fltraio, extraction of
intracellular proteins, affinity separations chroma-
tography, and continuous adsorption processes.

Biochemical Process Systems Enflineering:Wr
Isdevotedto thedevelpmentof systra engi-
ners approaches and tools for the analysis,

evlaioadcontrol of complete bioheiclo
process flowhets. Projects Include design of
exp systems for the development of biohemi-
clpr synthesis and simulation in the de-

Soomplet blogweesing system; and sy-
apprach" modelrig anaysis, and

Further Information may be obtained from the Of-
fice of the Director, Professor Danlel 1. C. Wang,
Biotechnology Process Engineering Cer Room
21A-207, MIT, Cambridge, Mass usetts 01239
(617) 263-0606.

Bitter National Magnet Laboratory

The Francis Bitter National Magnet Laboratory,
supported by the National Soince Foundation,
conductsa &program of research and development
i sciene and eingineering In area Invclving

magneticflds.

Continuous fields to 30 tees are available in a
variHety of High mant field and

are used for molecules o-
logcal nterest Both the field and

are mode avi aon a routine bas to research
groups from other MIT departments and from i-
t h roughouthe world In addition, the

Laboato operte pulsed magnets011 (gng fields
up to 45 ees and a magneicahlly room

-fwl-in sn

The Laboratorys solid-state physics research pro-
gram is an experimental and theoretical study of
semiconductors, magnetic materials, and super-
conductors. Molecular biology studies are carried
out using high-esl~ion nula magnetic reso-
nance spectrometry and the Mossbauer effect.

The Laboratory conducts research and develop-
ment programs aimed at the practical application
of magnetc fields to technology and medicine.
Current projects include studies of the weak mag-
netic fields of the human body, studies of ma9 -
netio separation techniques, and developmen of
nuclear magnetic resonance Imaging systems.

Collaborative rams are carried out with the
Departments of P yalos, Electrical Engineering
and Computer Science, Mechanical Engineering,
Nuclear Engineering, Materials Science and Engl-
neering, Chemistry, and with the Plasma Fusion
Center. These collaborative programs include par-
ticipation by undergrduates and graduates
working on thes ndergraduate students In the
UROP program and others are also employed.

Additional information may be obtained from the
Director, Professor David Ltster, Building
NW14-3220, MIT Cambridge, Massachusetts
02139, (617) 263-880.

Center for Advanced Engineering Study

Th mary goal of the Center for Advanced Engi-
nern tudy (CAES) Is to Improve and extend

the capabilities and effectiveness of professionals
In engineering and the sciences by providing criti-
cal learning opportunities on campus and at the
workplace. Through Its varied programs, the Can-
ter creates vital communication linka between In-
dustry professionals and the academic/research
community at MIT. In this way, the Center plays a
critical role In transferrin Important developments
in new and emerging o and technological
fields to industry.

The Auanced Study Program at CAES is in-
tended for engineers, scientists, and technical
managers who wish to pursue academic studies
on campus that are tailored to their needs end
backgrounds. Participants attend academic
courses and seminars, Individual studies
guided by faculty membesand participate In
ongoing research proets. Enrollment may be for
one or more semesters, either on a full- or p-
time basis. wre with , Fo

time ~ C...~w.I1brary. A car-
tiePrgawarded upon satisftory completion of
the Program.

CAES Video Courses extend the on-campus aoa-
demlo program throuth truinofvd-
based education. CAES has produced more than
50 in-depth, high-qualty video oourses in engi-
neering science, and manageoment. Each course
is taug t bya Iading authoity In the field an
designed speIfloally for use by professionals at
the workplace. A course manual with problems
and sol one ns included to enhance the leaning
experience. An estimated 30,000 learners at a dis-
tance utilize these courses annually. Recent re-
loases Include: Advanced Composites, by
Professors Mar and Lagace. Scheduied releases
include Fundamentals of Image Pracessing by
Professor Schreiher Analysis of Welded Struc-
tures by Professor Masubuchi; and Machinery
Noise and Diagnostics by Professor Lyon.

In Its headquarters In Building 9, the Center oper-
ates a profeesonal-leve studo complex. Broad-
cast-quality, mult-camera recording and editing
equipment Is used in the production of studio, as
well as In-classroom course and symposia.
CAES staff manages and operate. all aspects of
video production. Studio ocurses in development
Include: Manragement of Innovation by Professor
Von Hppol, and Lasers and Optics by Professor

The Center works closely with the facuty In tne
development of edu nal rams. e sle-
tion of topics and the b the coveg are
Influenced by Industry needs. The ccupling-be-
twen CAES and the MIT campus is also Wong.
Most video course. produced by the Ceniter are
avalabie at he MIT libraries for use by students,
faculty, and staff, and t symposia are always
open fo the MIT community.

In an effort to extend MIT's unique resource, the
MIT faculty, to Indus"r professionals via effeotlve
educational program, an experimental alternative
format is beln planned. Regular MIT oou se ar
to be offered na modular format and ta ght on
cam us beginning the fall of 1989. Thes courses
will oter regular IT credit and the parilpants wll
have the status of 'Special Student.

Another new Initiative to begin I 1989 is Saturday
Programs on Campus or a 'Day with a Professor'
These short course wil be tutorial In nature and
emphasize fundamentals while spenin a ay
with a faculty member and coming away with t
feeling that an opportunity to examine a topic In

beenxpore through d 1ntorec.
tio. Maximum enrollment per course wil be
limited to approximately 30, and lunch with faculty
will be provided. The programs will also be
attractive to out-of-towners. snce a weekend In
Boston can be scheduled with spouses.
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In addition, the Center In partnership with Tel.-
communications Services, has Installed a satellite
downlink to receive a variety of educational pro-
grams which are being made available to the MIT
community via the campus television network. We
will also uplink selected timely management and
engineering subjects. MIT broadcasts will be orga-
nized around single themes focusing on practical
applications and useful Information taught by one
speaker and conducted over several hours In a

e da We will transmit simuitaneously on KU-
band and CU-band to businesses and govem-
ment agencies.

Further, the Center participates In a unique Initia-
tive to provide continuing education for electrical
engineering faculty In US colleges. Several two-
week long intensive courses are offered during the
summer by various participating universities and
Industrial organizations at multiple locations In the
US. Topics vary from Artificial Intelligence to Digital
Signal Processing. These programs are offered
under the aegis of the American Society for Engi-
nearing Education.

Recenti, the MIT Video Production Services
group ha been In rated into the Center for Ad-
vanced Engineering tudy. In addition to its stu-
dio-based video courses, CAES will now provide
a consolidated, full-range of video services to the
MIT community at reasonable cost Documenta-
ries, laboratory demonstrations, hel sessions and
so on can be video either at CAES studios
or on location as needed.

A limited amount of work space also is available
for a small number of research fellows and gradu-
ate students. Undergraduates may participate in
the Center through UROR A catalogue listing the
Center's educational offerings, in association with
the Department of Architecture, Is available in the
Office of the DIrrctor, Professor Otto Piene, Build-
ing W1 1, 40 Massachusetts Avenue, MIT,
Cambridge, Massachusetts 02139, (617)
253-4415.
Center for Biological Information
Processing
The Center for Biological Information Processing,
established in 1984 within the Whitaker College of
Health Sciences, Technology, and Management,
serves as a focal point for collaboration among
researchers in artificial intelligence, engineering,
and the neurosciences. The purpose of the Center
Is to foster an interdiscIplinary approach to the
study of Information processing In the brain,
where computational theories Ih the areas of vision
and motor control are developed and tested within
the framework of neurophysiological, psychologi-
cal, and other experimental approaches.
The Center brings together faculty, postdoctoral
fellows, visiting scientists, and students. Through
seminars, collaborative research efforts, and
Informal Interaction, the Center promotes
communication among researchers from diverse
disciplines, complementing the computational
approach with the necessary experimental talent.
These activities enable researchers with computa-
tonal bakgrounds to study the brain sciences,
.uhila namnhinr)%Inf an a rim n+l amw.hnfn.

ate research are available through the UROP pro-
gram. Seminars In cancer research both for credit
and as public colloquia of the Center are available.
Further Information may be obtained by contact-
Ing the Office of the Director, Professor Phillip A.
Sharp, Room E17-110, MIT, Cambridge, Massa-
chusetts 02139, (617) 253-6400.

Center for Cognitive Science

Cognitive Science Programs

The Center for Cognitive Science provides an in-
tellectual and administrative focus for Individual
and rollaborative research in cognitive science at
MIT. In addition, a committee of the Center dis-
seminates Information about graduate and under-
graduate study in cognitive science.

Members of the Center represent the Departments
of Electrical Engineering and Computer Science,
Unguistlos and Philosophy, and Brain and Cogni-
tive Sciences (which offer subjects appropriate for
training In cognitive science), as well as the Artifi-
cial Intelligence Laboratory and the Research
Laboratory of Electronics.

A number of cooperative activities Involving mem-
bers of the Center and scientists at other institu-
tions with programs in cognitive science are
planned or in progress, and the members of the
Center maintain active relations with scientists
working at other academic, medical, and research
Institutions In the Boston area.

Finally, In coo ration with Industry, CAES con- a tan in t cputati re h o a
ducts researc In program development, as well inction. The Center administers a program of postdoctoral
as Innovative educational methodologies and de- fellowships that bring young scholars to MIT to
livery systems Research opportunities at the Center are available work with members on the Center's research pro-

for a small number of graduate students who jects. In addition, a visiting scientist program Is
For more information on CAES and its programs, meet the requirements for admission in the De- maintained that brings more senior researchers to
contact Professor Shaoul Ezekiel, Director. Center partments of Biology, Brain and Cognitive Sol- the Center. The Center also coordinates a number
for Advanred Engineering Study, Room 9-215, enoes, Electrical Engineering and Computer Si- of research projects In the areas of cognitive
MIT, Cambridge, Massachusetts 02139 (617) ence, Mathematic, Physics, and the Harvard-MIT science pursued by visiting and permanent mem-
263-3783 Division of Health Sciences and Technology. The bars of the Center. Computer-based laboratory

Center offers a limited number of UROP opportu- and research facilities are maintained within the
Center for Advanced Visual Studies nities for undergraduate students. Center to support the conduct of such research.

Further information regarding current research
The Center for Advanced Visual Studies provides projects, and a listing of memos Oublished by A Cognitive Science Seminar, a series of coliqula,
artists of achievement with the opportunity to ex- members of the Cen are awailable from the As- and te publication of an Occasional Paper Series
plore new artistic forms. Collaboration through a sistant to the Directors, Room E25-201, MIT, serve to disseminate scientific InformatIon and
working dialogue any artists, scientists, and Cambridge,provide for the mutual exchange of students and
engineers Is 01primary in the explora. 253-05(1. workers in the field.
tion of new creaive obJ .Mutually beneficial
contact between argetCenter for Cancer ReseWrh Further information may be obtained from
lst to develop the technical competence to utilize The Center for Cancer Research provides facilities Professors Samuel Jay Keyser, Steven Pinker, or
advanced technology, for lnterdepartmimtal work In various phases of Syivain Bromb~erger, Codirectors, Room 20(3-225,

fundamental cancer research. The Center's facuRy MIT, Cambridge.Massachuset 02139, (617)
The Center's main areas of Interest are: environ- are drawn from the of Biology. ra- 253-7358.
mental nd designdevelopeal arltio me- at students ir any o MIT departments may
dia work; interaction of art, scienc, and technol- ask to do doctrai thesis research under the su-

y; celebrations; and education towrd the new pervislcn of the faculty of the Center. If accepted,
- vido, holography, computer-aided design hey ma be elble for support as research assis-

andl programming, lar art, sky t. tnts in Cent. Opportunities for undergradu-
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The undergraduate bachelor's degree program in
cognitive science is described un er the Depart-
mont of Brain and Cognitive Sciences in Chapter
Vil of this catalogue.

At the graduate level, no formal Interdisciplinary
degree program is offered at present. Graduate
students who wish to have Information or guld-
ance about avaliable resources across depart-
ments should consult the chairman of the Com-
mittee on Graduate Studies in Cognitive Sciences,
Professor Samuel Jay Keyser, Room 20D-212,
MIT, Cambridge, Massachusetts 02139, (617)
253-4141.

Center for Computational Research In
Economics and Management Science

This Center's purpose is to advance knowledge
about modeling In economics, statistics, and man-
agement. This Is accomplished through algo-
rithmic research and related software develop-
ment, performed by researchers representing the
varied quantitative disciplines that underlie modem
comp r-intensive modeling. These disciplines
include econometrics, statistics, computer sci-
ence, and operations research. Computer imple-
mentation is performed using interactive tools, of
which the single most important is a comprehen-
sive software environment called TROLL. TROLL
contains tramming tools and standard func-
tions that facel tt the rapid Implementation of ex-
perirnental algorithms and also provides a model-
ing environment for applied studies. The system
provides all standard techniques, and many ox-
perimental ones, for building and using econo-
metric models.

Recent research at the Center has focused on the
evaluation end improvement of model reliability
usin graphics, methods for copIng with muiticol-
linea, nonlinear optimization, robust estimation,
ARIMA time-series models, and the use of artificial
intelligence concepts in statistical or econometric
model building.

Center for Environmental Health
Sciences
Whitaker College of Health Solences and
Technology

The Center for Environmental Health Sciences
was established through the collaborative efforts of
faculty in the Departments of Chemistry, Chemical
Engineering, the MIT Energy Laboratory, and the
Divislon of Toxicology. These faculty are now
joined by faculty from the Departments of Biology,
Civil Engineering, and Materials Science and En g-
neering to form an Institute-wide association wit
the common goal of Identifying the chemicals re-
sponsible for induction of cancer or genetic de-
fects in humans, recognizing the environmental
sources of those chemicals and devising appropri-
ate means to reduce human exposure. The center
is funded by the National Institute of Environ-
mental Health Sciences. Its associated research

rams are funded by NIEHS, the Office of
oHe and Environmental Research (US Depart-

ment of Energy), and the National Cancer Insti-
tute. These research programs have provided
challenging Interdisol inary problems for gradu-
ate and undergraduat students.

Oil and coal combustion effluents, food contami-
nants, hazardous waste storage and disposal, and
air and water pollution areamn the practical
problem areas In which muldl sopilnary teams are
at work. A primary mods of research Involves ana-
lytc chemist working with engnring re-
searchers to measure and Ident the chemical
components from experimental and practical com-
bustion systems or wast sites. Toxicologists
evaluate the biologloal actvt of the raw mixtures
by measuring their mutagen opotenoy In bacteria
and human cells. The combination of analytical
chemi'y and toxicology Is then used to identify
specific compounds In the mixtures that are re-
sponsible for the biological activity.

Center for Information Systems
Research

The Center for information Systems Research
CISR) was established at the Sloan School of
anagement in 1974. CISR's activities focus on

research aimed at Improving the effectiveness of
Information-processing too e and techniques
available to managers In the private sector and
policy makers in the public sector. There is a rec-
ognized need to institute more effective relation-
ships between academics and private and public
sector managers In a joint effort to improve the
management of information technologies.

Research at CISR is pragmatic, problem-based,
and application-driven. Research efforts are per-
formed primarily in application areas of Interest to
managers and policy makers. A set of corporate
sponsore provides both funding and assistance in
defining and investigating signfcant research ar-
eas. Research on fundamental issues affecting
both the public and private sectors is being per-
formed in such areas as 1) managerial use of
computers, 2) Information Technology, 3) the
management of the Information systems function,
and 4) the impact of information systems on or-
ganizations. CISR disseminates significant re-
search findings to the information systems user
community through teaching, seminars, working
papers, and publications.

The background of CISR's faculty ranges from
computer science and electrical engineering to
law, psychology, and organizational behavior.

Each year, a number of master's degree graduate
students in management information systems per-
form their thesis work and course projects in con-
Junction with ongoing CISR research. In addit-
Ph.D. and master's students are often invoi.a'.
CISR projects as research assistante.

Research and educational efforts have become
The Center's research complements activities in increasingly dependent on the Center's develop- Further informetion about the Center may be ob-
several MIT departments and laboratories. The ment of means to measure the presence and blo- tained by contacting the Office of the Director, Dr.
links include active participation in Center projects logical effects of environmental chemicals John F. Rockart, Room E40-193, Sloan School of
by faculty members of the Sloan School of Man- direotiy in humane. The goal is to discover which Management, MIT, Cambridge, Massachusetts
agement collaboration with the Statistics Center environmental chemicals (if any) are primarily re- 0213g, (617) 253-2348.
ar the rat Research Center on projects sponsible for significant genetic changes in ordi-of mutual iterarl, anc use of Center-develoiped nar humane. A speclil emphasis Is given In those Center for International Studies
software by the Departments of Economics, Politi- ge changes known to be required for human
cal Science, ard Ci Engineering. cancer. Finally, the Center is home for the Pro-

gram in Genetics and Toxicology, which fosters The Center for International Studies engages in
Several graduate students work as research assis- collaborative studies toxicologists and mo- research on international issues and on foreign
tant at the Center, and underaduates, partiol- lecular biologists at MIT dArvard with Interests developments that are of International interes. The
pate in UROP projects. sometimes use In basic mechanisms of geneoti change. Center is dedicated to advancing knowledge of
the Center's resources in doing theses. comparative and Itemational studies and policy

ls. There are opportunities for graduate stu-
Further information may be obtained from the Di- The Center Director is William G. Thilly, Professor do and visiting solar to participate in the
motor, Professor Roy E. Welech, Room E40-129, of Applied Biology, Room E18-666, MIT, Center's research projects. The Center also has
MI', Cambridge, Massachusetts 02139, (617) e. Massachusetts 0213, (817) an active program of research workshops and
253-8411. 23-MI visitors' seminars.
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Located within the Center Is the Defense and Further information may be obtained from the DI-
Arms Control Studies Program - a graduate rector, Professor Myron Weiner, Room E38-648,
teaching and research ram. The teaching MIT, Cambridge, Massachusetts 02139, (617)
pr ram is closely as with the Department 253-8093.
of itical Science and inoorates an important
focus on science and technology. The research Center for Materials Research Inprogram and a summer program on nuclear Archaeology and Ethnology
weapons and arms control are under the auspices
Or Cne LARIIr.

The Soviet Security Studies Working Group ad-
dresses topics in Soviet military poicy such as
Soviet use of mathematical modeling in military
planning; weapons innovation, research and de-
velopment and the structure and Influence of the
Soviet defense industry.
The Center also maintains the MIT-Japan Science
and Techno y Program that provides Intemships
In Japan for T science and engineering stu-
dents with Japanese language capabilities, sup-
ports a variety of Japan-related research at MIT,
maintains an interdisciplinary project on the Japa-
nese technology process, and sponsors work-
shops and symposia-
Seminar XXI, Foreign Politics nd the National In-
terest, is a Washington-based education program
run by the Center for senior military officers, gov-
emnment officials and executives In the national
security policy community. The ram seeks to
develop within this community te critical abilit to
assess competing theories of the connections be
tween politics, the economy and society in foreign
countries and to explore the implications of these
alternative interpretations of national alms and be-
havior for US foreign policy

Archaeology and Ancient Technology Program

The Center for Materials Research In Archaeol-
ogy and Ethnology (CMRAE) encourages new
directions for research in anthropol y, archaeol-
ogy, art history and related humanigo and social
soence disciplines by providing them with an ex-
panded technical base In the sciences of organic
and inorganic materials. The Center was estab-
lished in 1977 and includes eight institutions in the
greater Boston area: Boston University, Brandeis
University, Harvard University, the University of
Massachusetts, MIT, the Museum of Fine Arts of
Boston, Tufts University, and Wellesley College.
MIT serves as the Center's coordinating Institution.

The Center's research activities are carried out in a
network of shared laboratories at member institu-
tions, which are used by students and faculty of
those Institutions as well as by visiting scholars
and graduate students who join the Center for
shorter periods. The materials research laborato-
ries include, among others, metallurgy, ceramics,
lithics, archaeobotany, and zooarchaeology. The
research program of the Center emphasizes rigor-
ous laboratory study of artifacts and other kinds of
cultural remains in order to determine the nature

MIT also offers an undergraduate program in Ar-
chaeology and Ancient Technology. Through a
combination of archaeological fieldWork, labora-
tory studies, and subjects, this program attempts
to improve the understanding of how pre-modem
people adapted their material environment to their
needs. We also study how oultures, Interacting
with materials, produced technological systems
which, in turn, helped to shape the cultures them-
selves. This area of study combines the scientific
examination and experiments of the materials
laboratory, the scientific excavation of archaeologi-
cal sites, the aesthetio feel of the technology and
appreciation of Its products, and the historical and
anthropological study of the contexts of the tech-
nologies in specific places and times. The sub-
jects, given in the Anthropology/Archaeology Pro-
gram and in the Department of Materials Sdience
and Engineering, focus on different ancient socle-
ties and different ancient technologies, 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 currently under study in the
Laboratory for Research on Archaeologloal Mated-
als and in the field Include examination of pre-
Columbian metalworkin In the Andes and in
Mesoamerica, an investigation of the change from
tempera to oil medium In painting of the Italian
Renaissance, and a study of a pottery-making
village in coastal Ecuador. Interested students
should contact Professor Heather Lechtman,
Room 16-401, MIT, Cambridge, Massachusetts
02139, (617) 253-2172; or Professor Arthur
Steinberg, Room 208-131C, (617) 253-6968.

The Center also manages the Japan EndowmentWu wurO or Ing m or w h Wl iny ar Center for Materials Sclon@e and
the result of a gift from the Department of Foreign composed and the extraction and processing re- Engineering (CMSE)
Affairs of the Japanese government. The Center gimes they have undergone. u a grant from the

ovides a limited number of grants each you to Suppore p ough rnt fo dh
MIT faculty and staff working In the area of energy The Center offers graduate-level subjects in the Natonal Sclence Foundts on. the Center funds
policy and related technology. The Endowment io CMRAE Graduate Laboratory (208-012). These coordinated research efforts on selected
artioulady intended to encourage collaboration in are open to graduate studets and senior under- Interdisciplinary materials problems, and funds the
h area between the United States and Japan. graduates from all oipating Institutions. Each initiation of seed projects related to these topics.

subject is heavily lbratory onented, runs for a The Center also maintains and operates 12 central
Among the seminars and workshops sponsored full year, and covers a single class of materials analytical facilities in support of Its research
by the Center are the MIT-Harvard Joint Seminar (e.g., ceramics or metals), or a method for inter- programs. The facilities are open as well to all
on Political Development, the MIT-Boston Univer- preting archaeological data (e.g., computers in qualified users in the MIT Community.
s South Asia Seminar, the Emile Bustanl Middle archaeology). CMSE presently conducts research In the follow-East Seminar , the Political EconomyIofAdvanced Ing areas: 1) superconductivity, 2) phases andindustrial Nations Seminar, the IfouOn Per The Center runs a Summer Institute, which offers phase transitions, 3) ntheesi and properties ofspootives on the State In Third Wrd Develop- a one-month, intensive laboratory course open to novel polymers, and deformati and fracturemuot workshop, the Defense and Arms Control raduate students and scholars from ineons of high-temperature aloys.Studes Seminars, and the Future of International thogou h United Sae n bodMigration Seminars. roughout States and abroad This research Is conducted by teams of students
The Center also maintains research activities in the Further Information about the Center may be ob- ants the Shool of Seend Enn eit-nfields of international science, technology and tained from the Director, Professor Heather Chemical Engneering, Chen",.uy, Eiectoll Eng-public po, ene olay International conflict, Lechtman, Anthropolyr ogy Psring Sc e aterials Sccomnuniainpocy and international environ- and Department of Mateanls Science and ingi and Engineering. Mechanical Enginering, Nu-mental Issues. neaing, Room 8-138, MIT, Cambridge, Massa- clear Engineering, and Physics. Graduate and
Each yew the Center nts a number of acs- chuset 02139, (617) 263-1375. undergraduate students participate actively in alldemics, Joumalists, government officlis, both aspect of the CMSE research pram. Student
from the United States and abroad, as Visiting Fel- registration and most staff apinents are han-
lows. These follows are supported b her univer- ed by the academic departments.
sities, governments, or foundations. work on
problems relevant to the Center's areas of Interest.
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The central analytical faclities maintaned by
CMSE are professionally staffed and contain ex-
cellent, up-to-date Instruments. Included are
crystal growing and characterization laboratories;
spectrosoopic facilities; scannin, transmission,
and scanning-transmiselon elecon microscopy;
analytical compositional analysis: Ion microprobe;
Ion Implanter; production of rapidly quenched par-
ticulates of metallic, ceramic, electronic, and poly-
merio materials; state-of-the-art high-resolution
X-ray scattering at the Brookhaven National Ught
Source; X-ray diffraction and X-ray topographlo
techniques; a polymer facility; and scanning
Auger, ESCA, and SIMS analysis available In the
Surface Analytical Facility. Also available are the
von Hippel Reading Room and a student machine
shop.
Annual MIT rts entitied Research In Materials
at MiT and Po er Research are available
through CMSE Administrative Office, Room
13-2098, MIT, Cambridge, Massachusetts 02139.

Center for Real Estate Development

Real Estate Development (S.M.)

The Center for Real Estate Development pro-
vides an intellectual focus for research on issues
affecting the development process. Faculty asso-
clated with the Center are drawn from the Depart-
ments of Architecture, Urban Studies and Plan-
ning, Civil Engineering, Economics, and the Sloan
School of Management. Current research Interests
of the Center include intemational capital flows
and their impact on domestic re estate markets;
the interaction between tax polky, monetary pol-
icy, and the availability of capital for development;
understanding the dynamics of market response
to disequilibrium in the supply and demand for
rental housing; the process by which building and
public spaces combine to form cities; the evolving
structure of the real estate industry; affordable
housing; and research on new forms of public/pri-
vate prospects.

Center for Space Research
The Center for Space Research offers students,
faculty, and profeslonal research staff opportuni-
ties to participate in a broadly based program of
space-related research. Its projects draw upon
the interests and expertise of scientists and engi-
neers from many MIT departments and laborato-
ries. Research prrams are carried on, for exam-
ple, in X-ray and planetary astronomy, space
plasma and gravitational physics, and the life sci-
ences. These experimental studies usually involve
experiments carried by balloons, sounding rock-
ets, orbiting satellites, or deep space probes. The
experimenal programs are supplemented by
closely related programs of ground-based re-
search in similar fields and by laboratory develop-
ment of suitable instrumentation for the s ace-
based and ground-based experiments. An active
program of theoretical studies in astrophysics is
also supported by the Center.
Laboratory facilities include X-ray sources, particle
accelerators, vacuum chambers, and conventional
electronic test and machine tool equipment. Ex-
tensive data handling and computational facilities
are available for the analysis and reduction of scl-
entific data. An experienced and well-equipped
group of engineers and technioians provides de-
sign, construction, and testing of experiments in
support of the flight programs.
The variety of scientific and technical problems
that arise in thes Investigations affords numerous
opportunities for graduate thesis research. In ad-
dition, there is major particIpation by undergradu-
ate students in programs of data analysis and in
the development of new Instruments. Further infor-
mation may be obtained from the Office of the
Director, Professor Gordon H. Pettengill, Room
37-241, MIT, Cambrideil Massachusetts 02139,
(617) 253-7501.
Center for Technology, Policy, and Industrial
Development
The Center for Technology, Policy, and Industrial

The Center encourages interaction between mem- Development brings together on-campus re-
bers of the dovelopment industry and the aca- sources for teaching and research of science-
demic community through seminars, colloqula, and technolo -Intensive policy Issues. Current
lectures, and a series of summer courses. The initiatives involv faculty and students from engi-
Center is supported In part through memberships neering, science, law, planning, management, and
from firms and individuals active in the develop- the social sciences. Participants from the public
ment industry. poloy and private sectors join with MIT personnel
The Center also seree as the home for the Mas- in Investigating how technology and Industrial de-
ter of Solence In Real Estate Development pro- velp may be a solly respon-
gram, an Interdepartmental degree program which
oombires education in design, planning, con- Established in 1985, the Center encompasses sev-
struction, management, finance, and marketing. eral major programs including the intemational
The program is Intended to pre students to Motor Vehicle Program, the Hazardous Sub-
assume positions of reponslt pvate devel- stances Management Program, the Material Sys-
opment companies, , govern- tems Laboratory, and research into the semioon-
ment agencies, nonprofit development organiza- ductor I These programs are International
tion., sd consulting firms. The program requires In scope. In ition, Independent researchers are
12 months of Inn study Futher information purl studies in environmental management
about the Center or the Master of Science in Real and dedslon making, risk assessment, energy
Estate Development may be obtained from James management, and the ethical Implications of In-
MoKlla, Director Center for Real Estate Develo lus development abetted by technology. Inter-
ment, W31-310, MIT, Cambridge, Massachusetts disolpi Initiatives in communloations and on
02139. global ronmental change are also under way.

The centerpIece of tL. educational initiative at the
Center Is a Master of Science degree program In
Technology and Policy. The Technology and Pol-
ly Program also offers a Ph.D. (see description
under Technology and Policy in the chapter). The
faculty of the Hazardous Substances Management
Program has developed a series of four related
courses for graduate and undergraduate stu-
dents covering the technical, managerial, and de-
cision making Implications of Industrial chemicals
in the environment. Seminars and meetings de-
signed to maximize the sharing of information and
persetives between academios, policy makers,
and Industr personnel address current issues
under consideration by the ongoing research
programs.

Graduate and undergraduate students interested
in further information on the Center may contact
the Director, Professor Daniel Roos, Room
E40-209, MIT, Cambridge, Massachusetts 02139.

Center for Transportation Studies

Transportation (S.M.)

The Center for Transportation Studies was es-
tablished to promote Interdepartmental coopera-
tion In innovative research and to provide a focal
point for educational programs In transportation
within the Institute. The Center's research involves
all modes of transportation, both passenger and
freight, in both the public and private sectors. It
ranges from broad conceptual planning to the
specifics of equipment design and operations
analysis.

The Center promotes interaction among faculty
members from all Schools at MIT as well as other
universities and organizations concerned with
transportation, recognizing that the solution to
complex problems requires close ties betweei
technological possibilities and their social, eco-
nomic, ecological, and political ramifications.
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Recent research projects Include development of
algorithms and computer software for istloal
and network problems; urban and subu con-
gestion; inteligent vehcle highway technology;
advance d r information systems; the develop-
ment of railroad track maintenance models; load
planning for LTL trucks; studies of the airline in-
dustry under deregulation; development of dy-
namio models of transportation systems; expert
systems applied to transportation problems; find-
Ing ways of Improving productfty In railroads,
trucking, and transit design of transit net-
works; comparisons of express bus and rail rapid
transit; large-scale database systems In transpor-
tation; development of specific standards for high-
way maintenance and study of the performance of
materials used in road construction; concrete
bridge deck deterioration; studies of railroad
equpment and automation and how they might
be improved; the economics of ocean transports-
tion of oil; and guidelines for urban plannin. The
Center also has been involved in major in
Egypt Spain, and Brazil dealing with infrasrc
ture, railroads, and operations management. Re-
search sponsorship includes a range of govern-
mental and Industrial organizations affording stu-
dents wide opportunities for involvement In newly
evolving research areas. Full-time and part-time
research assistantships are awarded to graduate
students each year Undergraduates also may
participate in sponsored research through UPU:'RP

Graduate rograms leading to the master's and
doctoral dre, as well as professional training,
are available through the departments assoclated
with the Center, including Aeronautics and Astro-
nautios, Civil Engineering, Econorcs. Mechanical
Engineering, Ocean Er nefrig, Poliical Sci-
ence, Sloan School of Mansgement, and Urban
Studies and Planning.

The Master of Soenae in Transpootttion, an in-
trdilinary dree offered by graduate depart-
ments, but administered by the Cente.t Is de-
signed to repare students either for careers in

s or or for doctoral work. Students with a
vait fbackgounds includ=1 egneeringo-w

o scie, mang , I re, urn
studies, and operations research partilpate in the
program. Entering students should have a basic
knoWlegie of economics, calculus, and

The degree requirements Include 1) the satief-
tory completion of at least 72 units (typically 7-9
subjects), Including 18 units In core subjects 38
units Inaprogram area, ad 18 units of 9e3vs,

&a- .Lb..

The remainder of the program builds upon spe-
offc program areas of professional Interest, such
as air, ocean, urban, or freight transportation;
transportation systems analysis; and transportation
logistics and carrier management. Students in the
MST program draw heavily on the subject offer-
ings at the letitute in many areas, includin Infor-
mation systems, various management disciplines,
urban studies, economics, engineering, and politi-
cal solence.
Students admitted to the Master of Science in
Transportation may propose programs of work in
a second lid leading to a second master's de-
gree. Some examples of second areas include
engineering, operations research, urban studies,
and mangement. The student must be formally
admitted for study in the second field and must
apply for admission at least two regular terms be-
fore completion of the program. Normally, the stu-
dent must complete the subject requirements for
both degrees but may submit a joint thesis.

The Center for Transportation Studies attempts to
provide finanoia asssta In the form of fellow-
ships and research and teaching istantship$, to
all qualified students In fields where the Center Is

Students interested in coming to MIT for transpor-
tation studies or in learning more about the Center
and its programs should write to Professor Joseph
M. Sussman, Director, Center for Transportation
Studies, Room 1-123, MIT, Cambridge, Massa-
chusette 02139. For each admitted stdent an ap-

edepartment of registration will be se-
oo0 t ebased on the Individual's background and

area of specialization.

Clininal Research Center

The M1T Clinical Research Center is a small, fully
equipped and staffed research hospital on cam-

rtg,.hat enables Interested scientists to porform
research with human subjects and allows students
at all levels to gain experience with human sub-

and human disease. Research projects in
ress are in the areas of metabolism, psychia-

n, neurology, and clinical pharmacoloy. Most
projects Involve collaboration between asio and
clinical scientists.

The facilities of the Center are open to all dep.t
ments in the Institute, and its principal inves ga.
tort are faculty members from many different de-
artments. Although most patients hospitalized in

Clinical Research Center come from the Bos-
ton area, many are referred from other parts of the
United States or from abroad. Research opportuni-
ties are available for undergraduate and graduate
students contemplating careers in the medical
sciences and for posdoctoral physicians.

as VW 4J V W .MUwI1Uw~l W1US WJ.)MFA IUW.
The specified core conlets of two subets- Further information may be obtained by
1T'anspcion System Analysis and ranspor- contacting the Office of the Director,
tion Ecnomic# - and establishes a common Dr. Richard J. Wurtman, Room E17-445, MIT,
methodoloal framework for analyzing a broad Cambridge, Massachusetts 02139, (617)
spectrum ol transportation problems. 263-3091 or 283-3092.

Concourse Program for First-Year
Students

Freshmen who wish to have the ambiance of a
small school in their first-year studies may elect
the Concourse Program. Concourse offers the
standard curriculum for freshman year taught by
MIT faculty in the sciences and humanities. A
group of about 60 students take these courses
and are encouraged to work together. Faculty and
tutors are available to students directly. The pro-

amo and provides credit for, the Institute
Requirements of the first year.

Draper Laboratory

The Charls Stark Draper Laboratory (formerly the
Instrumentation Laboratory) separated from MIT in
1973, to become an independent nonprofit re-
search and educational organization. Mechanisms
exist to permit the continuation of joint research
actMties and to allow the Laboratory to continue
its unique contributions to the Inattute's educa-
tonal rogram. Opportunities are available in the
Vi-Arogramthe Engineering Internship Pro-
gram, the XVI Co-op Program, the Second Sum-
mer Program, and part-tme empolyment. Draper
fellowships for S.M. and Ph.D. candidates are de-
scribed In the Graduate School Manual.

The professional field of interest has traditionally
been the instrumentation of practical problems in
dynamic geometry, e.g., guidance and control of
aerospace and marine vehicles. The Laboratory Is
mission-oriented. Probably the most publicized
achievement of the Laboratory has been the
Apollo guidance and control system. Draper Labo-
ratory leadership in the US space program Is oon-
tinuing with the Space Shut Program. In addi-
tion, the Laboratory has been broadening Its areas
of activities In Instrumentation to other filds such
as geophysical and oceanographic engineering.

The Laboratory experience in instrumentation has
resulted in new computer science activities and
software applications In Industrial automaton, con-
trol for advanced energy systems, and specialized
communication.

A number of MIT faculty members maintains a
close association with the Laboratorv, and thesis
research opportunities exist that fulfil the resi-
dency requirement for an MIT degree In all phases
of systems engineering, including basic theory,
maemaical analysis, computer studies, compo-
nent design and evaluation (mechanical, electrical,
and optical), and system synthesis. Students are
in direct contact daily with the professional staff of
engineers and scientists of the Laboratory, and
thus loam to appreciate the economic and human,
as well as the techn, aspects of a system. Un-
dergraduate and raduate students also may be
employed by the and work directly on
a project. These opportuns provide an eoellert
technical Internship that greatly broadens the stu
dents' educational experience.



Interdepartmental Study 89

Draper Laboratory, within walking distance of the
main campus, Is loated at 665 Tech Square,
Cambridge, Massachusetts 02139. Further Infor-
mation may be obtained by contacting Mr. John
Sweeney, (617) 268-2393, or Institute extension
182-82393.

Economics and Urban Studies

A doctoral program is offered jointly by the De-
partments of Economics and Urban Studies and
Planning at MIT This program alms to interate
the analytic emphasis of economics, together with
its research opportunities, with the Institutional and
policy orientation of urban studies. Both research
and active Intervention into urban problems bene-
fit from such a comoination because of the corm-
plex and context-boundedness of urban issues.
A wider variety of career opportunities Is available
than to specialists In either foeld alone. Students
desiring to enter the program must be admitted to
both departments and then explicitly to the Joint
Program. Specific requirements are as follows:
Economics - the same as for the Economics
Ph.D. except 1) only two mrjor fields and no ml-
nor, instead of two major and two minor fields,
2) economic history is not required. Urban Studies
- the same as for the USP Ph.D. except- substitu-
tion of an Economics general examination field for
one of the required Urban Studies fields. One dis-
sertation is required, with acceptance by both do-
artments. The pr ram Is administered by an

nformal Standing mmittee.

Further information Is available from Professor
Jerome Rothenberg, Room E52-355, MIT,
Cambridge, Massachusetts 02139, (617)
253-2674, or from Professor William C. eaton,
Room E62-274A, (617) 253-1723.

Energy Laboratory

Energy Study and Research

The Energy LtrAboratory was established in 1972
to provide a focus for strengthening and broaden-
ing energy Activities on campus, with emphasis on
ondu ting research to answer questions or ilumi-

nate eery Issues. Energy Laboratory research
rots hie year involve About 100 research staff,
7QfAmity, and 250 students from most of MIT's
aocadnic departments. Graduate and under-

raduate students are an integral part of the inter-
sciplinary research teams working on both fun-

damental and mission-oriented projects that ad-
dress both technical and socioeconomic aspects
of important energy Issues.

The Eno arkets, Pricing, and Regulation pro-
ram uc reeac onthineaiob-

energy mark and the macrosoonomy,
and reviews rnd evaluates *nergmar-
ket and environmental policy Inlss des

The Center for Energy Policy Research is organ-
ized to conduct policy research, and to contribute
to improved domestic and international energy
policy making through publications and confer-
enoes. Current Center research programs include
Industry organization and regulation, with empha-
sis on electrilo utilities; intemational energy markets
(especially oil and natural gas markets); studies of
energydead prouoit, and economic

growh; eveopig nw methods of project and
contract evaluaion; and energy technology as-
sessment. The Center's research programs are
supported by corporations, govemments, and
nonce.porate Interest grous. These Associates
participate in conferences discuss the Center's
research and to work on topical ensN policy Is-
sues. The work of the Center is done y faculty
and students from several MIT deparents, par-
tioularly the School of Managemnt and the De-
partment of Economics, and by professional staff
members from the Energy Laboratory.

The Energy Engineering program focuse upon
research in the engineering solenos needed to
enhance energy use in toohnical Industries. Active
research areas Include thermal plasma materials
processing, automated welding, en ineering
analysis and design methods, and facture me-
chanics/fracture control. The research aim Is to
bge the gap between the science base and
exi industria practice by providing methods,
models, and data that will allow for Improvement in
technical products and processes.

The Combustion Research Facilities program em-
phasizes parallel modeling and experimental in-
vestiations of combustion processes of gaseous,
liquid, and solid fuels In both steady and unsteady
operation. A special feature of the experimental
studies Is that fundamental flame data are ob-
tained 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 oxida-
tion and pyrolysis of fuels and on techniques for
controlling emissions from these processes. Stud-
ies of the formation of mutagens In hydrocarbon
combustion Involve a team effort among engineer-
ing, analytical chemistry, and biological sciences.

The Fuels Research Center focuses on research
on conversion of primar energy resources to liq-
uld and gaseous fuels. Enery companies cooper-
ate to support and offr noo to the program.
Currenlt projects cover alreasov of actviie

ineiang the comminution of ovrrgy miner-
ls, dissocti adsorption of small molecules,

advanced drillingtechnology, coal pyrolysis, and
gas desufurion

The Transportation Propulsion program conducts
Current research is directed toward developing research on both Imprv #A**- engines andl
and implementing a model of energy and soon- developing nrw concepts. Atvtis ae based in
omy Interacn =WE pt, nd to evaluating the the Sloan Automotive Laborao ainclude fun-
Environmental 's Advanced UtIl- damenta an appied research relevant to Internal
Ity Simulation Model - a lao-scale computer combustion engines, work on altative propul-
model used to analyze national air quality policies. sin concept, and policy and teology studies.

Research in the Environmental program seeks to
Identify and reduce the environmental Impact to
energy-related facilities and involves a diverse
range of research projects, Including cooling sys-
tems for electric power plants, water management
Issues associated with coal development, Impacts
of sold rain, and local effects of air emissions.

The Electric Utility prgram serves to Inform par-
tilng companis ut ongoin MIT research

es, to identify and discuss ity needs and
priorities, and to develop research projects re-
sponsive to those needs. The member organiza-
tons currenty partiolpating In the program Includ,
18 utilIties; 12 other organizations invo ed in sup-
plying fuel, equipment, or services to the Industry;
and one government agency.

The Nuclear program has the following broad ob-
Sectives: 1) to provide direct technical contribu-
ons to nuclear plant reliability and safety; 2) to

Investigate possible Improvements In nuclear plant
design for more efficient utilization of nuclear res-
sources; and 3) to develop and communicate In-
formation to the public and nuclear power Industry
that will improve the efficient utilization of nuclear
power.

The Energy-Efficient Buildings and Systems pro-
gram examines the behavior of existing buildings
and components and seeks to develop new tech-
nologies with better energ efflolenc. Currently
projects include studies o the transfr and aocu-
mu a on of moisture In structures, air circulation in
Interiors, new envelope materials, and aging char-
aoteristlos of closed-cell foam Insulation.

The Center for Innovative Mining Systems is a joint
program with Pennsylvania State University, It is
directed toward coal mining and emphasizes the
development of simplified systems suitable for
remote control, thereby removing miners from
regions of high risk.

Further Information about the Energy Laboratory
may be obtained by contacting the Headquarters

ofo, Room E40-455, MIT, Cambridge, assa-
ohusette, 02139(617) 253-3400.

Undergraduate prorams In energy study and
research are avallable In most deparment at MIT,
including all those In the School of EngLleering
These prepare students for careers In energ
field that can be entared Immediately upo gradu-
don. Such programs include not only the basio
sciences but ale the applied sciences, such as
fluid and solid mechanic, heat, controls, chemical
processes, economics, and materils, Specialized
suts lead more directly toward careers, as In

epoaionfr and production of uranium and
fossil fuels, development of alternative energy
sources such as soat wind, and geotierml'n pe-
troleum refining; manufacture of synthetic fuels;
conventional and nuolear gene on of electric

, energy conservation in building, transpor-
tiond manufacturing; and energy policy, in

addition, all undergraduate enan , programs
provide preparation for graduae workn the field
of energy.
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Many opportunities exist for undergraduates to
work on ensigy-reiated research projects offered
by the centers, laboratories, and academic depart-
ments. This research can be done for thesis or
other academic credit or for pay under the Under-
raduate Research O Pror r-

or nfomaion ncluglit o frarspro-
grams, subjects, and research topics related to
energy, is available through the Oce of the Dean
of Engineering, Room 1-206, MIT, Cambridge,
Massachusetts 02139.

Graduate programs that prepare students for ca-
reers in the energy field are available in all of the
Schools at MIT. There are many opportunities for
students interested in all aspects of oner sol-
ence, engineering, management, and poicy.
While the Energy Laborator provides a focus for
energy research at the insti ute, a great deal of
energy-related work Is also under way In
other centers and laboratories, and in the aca-
demia departments.

Students Interested In graduate work in the energy
field should first gain admission to the academic
department whose program best matches their
background and interests. An individualized pro-
gram of advanced study and research can be ar-
ranged by a balance of fundamental and interdis-
ciplinary subjects that deal with diverse aspects of
energy supply, utilization, and policy, and by se-
lectIon of an appropriate thesis topic. Energy advi-
sors have been appointed in each department to
provide Information on elective subjects, degree
programs, and research opportunities. A brochure
containing further Information and the list of advi-
sors is available from the Office of the Dean of
Engineering, Room 1-206, MIT, Cambridge,
Massachusetts 02139.

ESO (Experimental Study Group)

ESG is open to freshmen and sophomores inter-
ested In participating In a small, Informal academic
Froram offers credit primarily In core sub-

Sthrough self-paced tutorials, small classes,
and study groups. The details of the program can
be found In Chat Il, Undergraduate Education.
Information can obtained directly from ESG by
contacting Professor Vernon Ingram or Holly
Sweet Room 24-612, MIT Cambridge, Massachu-
setts 02139, (617) 253-776i.

Health Solences and Technology

Integrated Studies Program
The intVrated Studies Program offers a group of
about freshmen opportunity to examine tech-
nologles in both their cultural and hIstorical frame-
works. The distinguishing feature of the program
Is hands-on work In various technologies such as
cooking; weaving; blacksmithln ; and clock, com-
puter, and engine assembly. ISP students fulfill
theIr General [nstitute Requirements In calculus,
physics, chemistry, and ASS Distribution sub-
jects within the Program. ISP Is described in
greater detail In Chapter III of this catalogue.
Interdisciplinary Programs In Humanities
The School of Humanities and Social Science of-
fers a number of subjects and programs of an
Interdisciplinary nature for undergraduates. De-
scriptions of the various Interdisciplinary programs
can be found under the School of Humanities and
Social Science In Chapter VII of this catalogue.
Laboratory for Computer Science
The Laboratory for Computer Science is an Inter-
departmental laboratory whose principal goal Is
research In computer science and engineering.
The Laboratory Includes 17 research groups, cur-
rently staffed by approximately 350 faculty, stu-
dents, and sta members. The academIo mem-
bers of the Laboratory are from the Departments
of Electrical Engineenng and Computer Science,
Mathematics, Humanities, Architecture, and the
Sloan School of Management.
The Laboratory for Computer Science, formerly
Project MAC, was established in 1963 for the ad'
vancement of time-uhared computer systems. It
developed the Compatible TIme-Sharing System
(CTSS), one of the first time-shared systems In
the worid, based on pioneering work at what was
then the MIT Computation Center. Subsequently,
the Laboratory developed Muflts, an improved
system that introduced several new concepts In
time-sharing. These two major developments
stimulated research activities In the application of
on-line computing to such diverse fields as engI-
neering, architecture, mathematics, biolo y, medi-
cine, library science, and management. nce that
time, the Laboratory's pursuits have expanded,
leading to pioneering research in Expert Systems,
Computer Networks, and Public Cryptography
The Laboratory Is now enga In a broad front of
research activities th span four principal areas:
1) Parallel Systems; 2) ystems, Langua and
Networks; 3) Intelligenitliystems; and4) Theory.

(UROP). Facilities are provided for these research
and special projects to both graduate and under-
graduate students.

Further Information may be obtained by cntact-
Ing Paula Vanoini, Room NE43-109, MIT
Cambridge, Massachusetts 02139, (617)
253-5844.

Laboratory for Electromagnet and Eleotronlo
Systems

The Laboratory for Electromagnetlo and Electronic
Systems (LEEQ) is a coalition of 18 faculty and
seven research staff from the Departments of
Electrical Engineering and Computer Science and
Mechanical Engineering. Disciplines represented
include power electronios, automatic control, elec-
tromechanlos, continuum mechanics, heat and
mass transfer, high voltage and Insulation re-
search, quantitative physiology, cell b~ology sy-
teme analysis and economics. InteraionM 
other Institute and area laboratories contribute to
the success of the highly Interdisciplinary research
that is the style of this laboratory.

Power electronics research es from device
analysis and fabrication to oirou design and
systems development and control. A major our-
rent effort Involvng aspects of all these is aimed at
developing a 10 Mhz switching converter and
fabricating it In the Microsystems Technolog
Laborato rs. A unique power circuit simula on
facilIty Is provided by the MIT Pari Simulator,
developed In LEES. Interactions w industry are
channeled through the MIT/Industry Power Elec-
tronics Colleglum. Research is also Involved with
the modeling, analysis, estimation, and control of
electric machines and bulk powsystems.
S lal Interest centers on Integrating
e tomehanios, power electronis, and digital/
analog signal processing In motors for equipment
ranging frm appliances to hIgh-performanoe
robots. LEES members are currently completing a
10 MVA superconducting altemator with the
Cryogenics Laboratory, which is a major step
forward In the development of large-scale genera-
tion equipment, as well as a test ied for identify-
Ing basic Issues conoemed with the electrical
performance of now classes of materilis under
conditions of simultaneous electrical, mechancal,
and thermal stress.

MIT's rams In health sciences and technology The Laboratory for Computer Science fosters par-
are organized within the Harvard-MIT DMslon of tiolpation in research by undergraduate and
Health Sciences and Technology (HST). The Medi- graduate students. Research assistantships are
cal EnIneer/Medloal Physics and BiomedIcal En- available to graduate students for work In all as-
ginen portions of the HST program is do- pects of the research program, and undergradu-
scribed In this chapter. Additional Information atsr may work at the Laboratory under Under-
about HST may be found at the end of Chapter Vil graduate Research OpportuniWee Program
in this catalogue.
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It Is the electrical behavior of gases, liquids, and
solids - especially combinations of these - that
is the sub of the high-voltage research at
LEES, the objective of understanding micro-
discharges in gases and solids and the evolution
of charge in liquid dielectrieos, electrooptical and
digital techniques are being used to shorten the
time scale and increase the sensitivity and the
spatial resolution with which phenomena can be
observed. Applications include pulsed power en-
ergy storage, power generation, processing and
transmission apparatus, and the development of
new matels captors. In one current inter-
discplIna prject With the Microsystems Tech-
nology Lbratory and the Energy Laboratory,
micro-disharges, electromechanloly Induced
vibrations, micro-dilelectrometry. and chemical
sensing are combined with electrical and thermal
measurements to discern trends in the operation
of transformers and to predict their future
performance.

These and other activities involve the discipline of
continuum electromechanios. Electrifloation phe-
nomena associated with electrokinetic processes
In liquid dielectrics - used to both insulate and
cool transformers and switch-gear - are in this
category, as is work on sensors and actuators for
deducing electrical, magneto, mechanical, and
thermal parameters and variables In heteroge-
neous systems.

Work on the continuum electromechanics of carti-
lage focuses on the role of electrical forces in dis-
eases such as osteoarthrtis and on the role of me-
ohanloal 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 electrically contr' uled transport
through p lectrolyte membranes is aimed at
drug delr systems and protein separations in
blotechnology. The effects of environmental eleo-
trio and fields on biological systems are
being stud over a wide frequency range, in-
oludrn that of electric power systems. The elec-
tron beam and other high- e radiation facli-
ties have a long tradition of medical applications.
These facllities are a resource In promoting physi-
Cal and chemical processes.

Another discipline activity within LEES is con-
corned with energy and power systems analysis.

Ai programs within the laboratory ae 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.
Melcher, Room 10-172, MIT, Cambridge, Mas
chusetts 02139, (017) 253-4947.

Laboratory for Information and
Deolsion systems

The Laboratory for Infc..natlon and Decision Sys-
tems Is an Interdepartmental laboratory for re-
search and education In systems, communica-
tions, and control. Computers and computation
play an important role in this research. The Labo-
ratolIs staffed by over 100 faculty, research sci-
enti , and graduate students principally from the
Departments of Electrical Engineering and Com-
puter Science, Mechanical Engineering, and
Ocean Engineering. Research falls into three main
areas:

1) Research In Communication Science and Sys-
tems ranges from studies of the underling Infor-
mation 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 networks. Some of
the topics In this program are routing, flow control,
the communication complexity of distributed algo-
rithms, contention resolution In broadcast net-
works, protocols, failure recovery, and topological
design. A research program on fundamental as-
pects of local-area communication networks with
optical fiber links has been initiated.

2) Research in Systems and Control Science
ranges from fundamental studies in deterministic
and stochastic systems, multivarlable and adaptive
control, nonlinear estimation and statistical signal
processing, and large-scale and distributed sys-
tems to application areas such as command and
control systems and operation and control of
complex manufacturing processes. In addition,
development of algorithms and special computer
structures for estimation, signal processing, com-
puter vision, and control systems are integral parts
of this research.

3) Research in Computer and Information Sys-
tems is concerned with basic problems in the use
of computers in complex information transfer and
retrieval systems. One study Involves expert inter-
mediary systems to assist end-user access to het-
erogeneous databases. A second project deals
with analytical and experimental investigations of
electronic document-delivery networks applicable
to Interlibrary resource sharing.

The Center for Intelligent Control Systems, estab-
lished October 1, 198, Is an interuniversity, Inter-
disoilivhry center for research in the foundations
of Intelliqen machines and control systems, and Is
located admInIstratilvelywithin MIT's Laboratory for
Information and Decision Systems. The Conte Is
operated by a consortium coneisting of Brown
University, Harvard Universty, and MT Dr. Sanjoy
K. Mitter, Professor of El Engineering at
Mrr, serves as Director of the Center with Profes-
sore Roger W Brocket and Donald McClure, from
HarvardUniversity and Brown Univi, respec-
tively, as Associate Directors. The Center will in-

voea roximstel 30 faculty, six pstdctoral
sludo~and $ P.D. students. Tersac

and educational mission of the Center is directed
toward the fJrther development of the conceptual
and mathematical aspects of the study of intell-
ge control systems, drawing on relevant work In

mathematics, statistics, communloations, and
computer science, as well as work In control the-
ory itself. Further Information about the Center can
be obtained from Center Headquarters, Room
35-308, (617) 263-2142.

Research opportunities are available In the Labora-
tory for both undergraduate and graduate stu-
dents. Undergraduates may partcipate through
UROP

Further information ma be obtained by contact-
ing the Offices of the Codirectors, Professor S. K.
Mitter, Room 35-308, MIT Cambridge Massachu-
sette 02139, (617) 263-2160, and roisor A. G.
Gallager, Room 35-206, (617) 253-2533,

Laboratory for Manufacturing and Productivity

The Laboratory for Manufacturing and Productivity
is an interdisciplinary center for education and
research in manufacturing and productivity at MIT.
The goal of the Laboratory is the advancement of
manufacturing science and technology.

The Laboratory educates scientists and engineers
In the analysis and synthesis of products, proo-
esses, and manufacturing systems. Fundamental
research conducted in the Laboratory leads to
Innovation in manufacturing process technology
and better understanding of planning, design, and
production operations. The L ratory seeks to
establish a rational foundation for manufacturing
based on a systematic understanding of the com-
plex Interactions amon? the many areas of manu-
facturing including desegn, processing, assembly,
inspection, and quality control.

The Laboratory draws upon faculty and staff In the
Departments of Mechanical Engineering, Electrical
Engineering and Computer Soience, Civil Engi-
neering, Materials Science and Engineering and
Ocean Engineering, as well as the Sloan iScool of
Management. Important perspectives are contrib-
uted by the representatives of Industrial firms as-
soolated with the Laboratory's cooperative re-
search programs.

Current research programs Include flexible auto-
mation and robotics, polymer processing, tribol-
ogy, manufacturing quait, manufacturing sye-
tame, and manufacturing design integration.

In addition to resea projects sponsored by Indi-
vidual organizations, a large prprto of the
Laboratory's work Is supported by several oor-
tia of industrial firms. Amongtwos are the MIT-in-
dur Polymer Processing ram and the
Tribloy Research Program.

Opportunities for undergraduates, ano graduate
students are available for thesis researth and
UROP projects. A limited number of postdoctoral
research positions are also available.

Additional information may be obtained from the
Director, Professor David E. Hardt, Room 35-238
MIT, Cambridge, Massachusetts 02139, (617)
283-2252.
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Laboratory for Nuclear Science
Bates Linear Accelerator Center
Center for Theoretical Physics
The Laboratory for Nuclear Science performs
basic research In nuclear and elementary particle
physIcs. It supports research Interests o faculty In
the Department of Physics by maintaining and
administering facIlitIes adapted to studies In high-
onery and nuclear physics. The Laboratory oper-
ates the Bates Unear Accelerator Center and the
Center for Theoretical Physics. In addItion, the
Laboratory provides a machine shop, drafting and
technical Illustration, electronics degn facility,
and a computer facility for staff and students.

As part of the nuclear physics program, members
of the Laboratory are engaged in experiments at
the Bates Linear Accelerator, the Brookhaven
Tandem-AGS Accelerator, and the Los Alamos
Meson Physics Facility. The high-energy physics
program Involves experiments at the CERN In
Geneva, Switzerland, the Fermi National Accelera-
tor Laboratory, the Stanford Unear Accelerator,
and at the Gran Sasso Laboratory in Italy.

Among many projects are theoretical studies of
nuclei and elementary particles; experimental pro-
grams using a variety of detector techniques to
study strong, electromagnetic, and weak Interac-
tions of elementary particles and other high-en-
ergy phenomena; aplication of high-speed elec-
tronio computer tec niques to the roblems of
nuclear and elementary particle data analysis; nu-
clear studies using heavy-Ion accelerators; and
programs in medium-energy nuclear research
with electrons, photons, protons, and plons.

Students participate In the entire range of research
programs in fulfilling their graduate and under-
graduate degree requirements or as participants
In UROP
Further Information may be obtained from the
Office of the Director, Professor Arthur Kerman,
Room 26-505, MIT Cambridge, Massahuset
02139, (617) 253-2395.
The William H. Bates Unear Accelerator Center,
funded by the US Department of Energy for use
by MIT research staff (principally In the Laboratory
for Nuclear Science and the Department of Phys-
ics), Is available for use through a formal users
organization to qualified researchers nationwide.

The Laborato supports a broad program of re-
search In romantic Interactions with nuclei.
Faolities are aval for hIgh-precilson/hlgh-
resolution electron scattering, photoreactlon In-
cluding pion production, and coinoldence studies.
The maximum electron energy available Is1 GeV.
A polarized electron source makes possible stud-
les of padty violation In electron scattering and
spin effects In nuclear reactions. A storage rn is
under construction and, upon completion, wilf
provide high-duty factor beams and a novel Inter-
nal targe capabli y.

The research participation of pysice students, as
undergraduate laboratory assistants working on
UROP projects and through graduate thesis work,
Is encouraged and forms an Important pert 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. Monitz,
Room 26-403, MIT, Cambridge, Massachusetts
02139, (617) 253-7515.

Law-Related Studies

Undergraduate and graduate students Interested
In the legal or public policy aspects of their field or
the legal profession In general, may take a wide
range of undergraduate or graduate subjects.
Among the over 30 law-centered subjects In 10
departments are syllabi covering the American
legal structure, the judicial process, constitutional
history, and legal as of planning, manage-
ment, environmen affairs, ocean resources, con-
struction, transportation, industrial safety, coin-
puter science, and technology.

in addition to several lawyers on the teaching
staffs of many different departments, there are
lawyers on the administrative staff who ar) willing
to meet and talk with students. Many of these indi-
viduals are members of the Pre-Law Advisory
Council, and are pleased to assist students Inter-
ested In the legal profession. MIT undergraduates
from nearly evry department have gone on to law
school. MIT's technically oriented undergraduate
training serves students well In law school and In
future practice. Law schools are very eager for
MIT applicants.

The Office of Career Services and Preprofessional
Advising, Room 12-170 and Room 12-185, (617)
253-4737, and members of the Pre-Law Advisory
Council provide guidance and information for stu-
dents Interested In going to law school. The Chair-
man of the Council Is Professor J. D. Nyhart. All
students interested in a legal career should phone
or come by the office for information about law
school.

Leaders for Manufacturing Program (M.S.)
The Leaders for Manufacturing Program Is a
24-month double master's degree program be-
ginning In June of each year, open to Incoming
graduate students planning a career in manufac-
turing companies. Offered jointly through the
School of Management and five departments in
the School of Engineering (Aeronautics and Astro-
nautls, Chemical Engineering, Electrical Engi-
neering and Computer Science, Materials Sconce
and Engineering, and Mechanical Engineering
the program also Involves close cperation wi
11 manufacturing companies, including on-site
research. It focuses on holistic engineering and
management by integrating the management and
engineering disciplines, and by emphasizing
teamwork, the management of change processes,
and leaming by doing.
The rigorous curriculum, including projects, off-
campus research, seminars, and classroom work,
Is developed and taught by faculty from both
Schools. The coursework and research culminate
in a single thesis leading to a Master of Science
degree In both Engineering and Management.

Application to the program can be made through
either the School of Management or any of the five
prcipating engineering departments. Program
Information, applications, and curriculum materials
are available from: the Leaders Program Office,
Room 9-321, MIT, Cambridge, Massachusetts
02139, (617) 253-1055; the MIT School of Man-
agement Master's Program Admissions Office,
Room E52-112, (617) 253-0449 or -3730; the five
participating engineering departments; and MIT
Graduate Admissions, Room 3-103, (617)
253-4897. Application materials are dus back to
the office through which application was made by
January 15, 19. Applicants must meet the re-
quirements for admislon to both the School of
Management and a paiticlpating department in
the School of Enineerng, and must take either
the GRE or GMA regardless of the policy of
the school or department trough which they are
applying.
Uncoln Laboratory
The Uncoln Laboratory Is a Federally sponsored
center for research and development in advanced
electronics, with special emphasis on applications
to national defense. The Laboratory is staffed and
operated by MIT and located in Lexington,
Massachusetts.
Uncoln Laboratory activities extend from funda-
mental Investigations In science, through techno-
logical development of devices and comp ts
to the design and development of compex sys-
tems. A continuing program of research in
advanced electronics techniques provides a
background of experience and ideas for work in
specific programs, as well as a source of new
scIentiflo and technological advances for civilian
and military application.

j
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Specific programs include satellite communica-
tions, reentry studies and technology, computer
systems and digital signal processing, Image
prooessing space surveillance, and alr traffO con-

rl. Reseh also is conducted In the fields of
optics, solid-state devices, radar systems, and
machine intelligence.

Opportuntes for research In many of these tech-
nical areas are available to MIT faculty members
and qualified undergraduate and graduate stu-
dents. Inquiries may be directed to Mr. Alan A.
Grometstein. Assistant to the Director, LIN A-163,
(617) 981-7024, or Institute extension 181-7024.

Management of Technology Program (S.M.)

This Is a 12 month executive education program
leading to the degree of Master of Science In the
Management of Technology, aimed at meeting the
growiyn worldwide demand for managers who
can help bring advances in technology to the mar-
k aos In the form of new products and manu-
f processes. It is designed for men and
women with engineering or science backgrounds
- and five to 10 years of technical work experi-
ence - who wish to leam to understand, develop,
and manage both the new and established tech-
nological resources of public and private organiza-
tions In a lobal economy of rapd change. Of-
fered nly by the MIT Shools of Engineering
and anageme;t, this is the nation's Irst ad-
vanoed degree program focusing directly on the
management nology.

The rigorous curriculum, developed and taught by
faculty from both Schools covers three elements:
1) underlyIn core subjects In management and
analytic megods, 2) In-depth studies on manage-
ment of technical programs and organizations.
and 3Va thesis reiating to the management of
technia rams and ,rgapzatlons. Partiolpat-
ing dep rnts include the Sloan School of Man-
a ement and all eight departments in the School
oEngineering.

Application material Is available on throuh the
office and Is due back in office by
15 All applicants must take the GMAT

and all n apicants must submit scores from
the TOEFL.

Appliation material and complete Information on
Program objectives and the curriculum are avail-
able from the Program Office, Room E52-125,
MIT Cambridge, Massachusetts 02139, (617)
253-3733.

Materials Processing Center
The Materials Processing Center (MPC tran-
scends the traditional academic boun aries to
provide an Interdisciplinary focus on the process-
ing and performance of materials. The MPC's
founders realized that the properties of all tpes of
materials arise from their structure - from te
manner in which their constituent atoms ag-
gregrate into crystallne arrays or into disordered
amorphus structures. A recurring theme through
all MPC research is, therefore, the interrelation-
ships of structure-propertles-performance
through processing control.

To develop and exgand the fundamental scientific
and technological ase of materials processin
the MPC follows a three-pronged approach w
programs in interdisolplinary research, education,
and technology exchange.
Fragments of many basic yet critical materials
rocessing problems are studied in normally

Isolated academic departments. To bridge these
divisions and focus research on a processing
problem as a whole, the MPC coordinates faculty
expertise and facilities from a number of MIT
departments, prinoipally Materials Science and
Engineering, Chem stry, Mechanical Engineering,
Electrical Engineering and Computer Sdlsnce',
and Chemical Engineering. MPC research inoor-

r ates all engineering materials Including metal-
li, ceramio, polymeric, and electronic materials.
The MPC uses two educational programs to attract
outstanding students to the studyof materials
processing. Special sumr scholarships bring
exceptional undergraduate students from across
the country to MIT to partilpate in on ng mate-
rials research projects. MPC awards f lowship

apointments to outstanding first-year graduate
de Investigating some aspect of atera

processing. Other graduate students are sup-
ported by research prorams funded by grants
and contracts through e MPC.
The MPC also conducts continuing education pro-
grams to help keep professional engineers and
scientists abreast of recent tech loal Informa-
tion. A new program brings high-sc science
teachers on campus for an Intensive, one-week
course that illustrates how engineers make direct
use of chemical and physical solentific principles
to meet the technological challenges and needs of
commerce and sol.
The MPC builds upon the strong links that MIT
has traditionally had with both Industry and gov-
ernment. Through the Industry Colleglum, the
MPC provides a forum for Industrial represents-

tives to discuss their needs and problems with
researchers in the university. Each year, the MPC
sponsors symp Ia on a variety of materials proo-
essing top los encourage the flow of information
on recent scientific and technological develop-
ments between the university and Industry. The
MPC also encourages and sponsors the appoint-
ments of Industry and government 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 253-5463, or Dr. G. B. Kenney, Associate Direc-
tor, Room 12-007, 253-3244, MIT, Cambridge,
Massachusetts 02139.

Media Laboratory

The Media Laboratory addresses the quality of life
in an electronic age by focusing on the invention
and creative use of modem media. "School of the
Future," "Movies of the Future,' synthetio hologra-
phy, computer music, computer animation, elec-
tronic publishing, computer vision, and advanced
typographlos are exanoles of ongoing research

rams, all of which address one or more as-
of a future, high-quality, human-like Inter-

ebetween peope and machines.

The Laboratory is largely funded by Industry, In-
cluding founding oompanles that helped finance
MIT's new Wiesner Bulding, In which the Labora.
tory Is housed. The research groups enjoy MIT's
densest population of new and advanced comput-
ing resources, Including a m ively parallel su-
peroomputer, five mainre, 120 hIgh-end
workstations, and over 250 personal computers.
The facility Includes a 200,000 cubic foot experi-
mental media facility for large-scale and perform-
ing arts experiments.

Research at the Media Laboratory is tighti oou-
pled with the degree prams in Md e rts and
Sciences, a description of which can be found
under the School of Architecture and Planning. All
incoming students receive full-time research as-
sletaftehipe. Faoulty affiliated with the program
believe that there Is a unique discipline in the mak-
ing at the intersection of the communication and
cognitive sciences.
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Middle East Program

The Middle East Program at MIT Is an Interdisolpil-
nary course of study taken In conjunction with the
graduate program in a student's chosen depart-
ment. The focus is on techno , development,
and public policy. Its purpose enable stu-
dents with an interest In the Middle East to de-
velop an expertise In the area, within the context of
a coherent program of stud. The program Is de-
signed to equip students an understanding of
the pro es of nomio ohange, techno-

logca deopmnt, plitical chang, FInstttonal
development, and international business and
investment patterns in the region.

This program draws on MIT's unique strength In
the areas of science and technology to offer a
course of study distinct from a conventional -area
studies* approach to the Middle East.

The Program is based on the participation of fac-
ulty from the Departments of Political Science,
Civil Engineering, and Urban Studies and Plan-
ning; the History Section of the Department of Hu-
manities; the Sloan School of Management; the
Program In Science, Technology and Society; and
the Aga Khan Program In Islamic Architecture.
Further Information is available from Professor
Nazli Choucri, Department of Political Science,
Room E53-493, MIT, Cambridge, Massachusetts
02139, (617) 253-6198.

Mining and Mineral Resources Research
Institute

Mineral Resources Engineering and
Management (S.M., Eng., Ph.DJ

The Mining and Mineral Resources Research
Institute (MMRRI) 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 encourags interdisci II-
nary activities for graduate students and calls st-
tention to opportunies for careers in mineral re-
source neering and management. The direct
support eMMRRI, whih comes from the US
De of the Interior, includes funding for a
limited number of fellowships and scholarships
and for some research activities.

The Departents of Civil Engineering; Mechanical
En*rn; Materials Soience and Engineering;
E , , and Planer Sciences;
Ocean Engineering, Economcs; Management
and Political Science are involved, as Is the En-
ergy Laboratory. Some of the major problems be-
Ing addressed are findin m l resources, ex-
tractn andl processing them economically and In
an environmentally acceiptabie manner, and re-
ducing our need for mineral resources and substi-
tuting one resource for the other. Undergraduate
and graduate InterdIsol i rams of study
in Mineral Resources Enng nd Manage-
ment describedlatr), r senthe academic0
side the MMRRI.

Information on the various activities of the Mining
and Mineral Resources Research Institute and on
departmental advisors and speolal programs of
study may be obtained from the Office of the Di-
rector, Professor John F. Elliott, Room 4-138, MIT,
Cambridge, Massachusetts 02139, (617)
253-3305.

The Mineral Resources Engineering and Man-
agement (S.M., Eng., Ph.D.) rogar provides
formal educational op n 1es t graduate stu-
dents with interests In the mineral resources field.
The academic subjct and research avallable
throughout the Institute make it possible to offer
programs in several areas of conoontration, lead-
ing o a variety of careers In the mineral resources
field. Studies in the MREM program can lead to
the Engineer, Ph.D., or Master of Science corre-
sponding to the department of registration.

The MREM program consists of four subpro-
grams: 1) The exploration subprogram exposes
students to the geological, technical, and decision
theoretical aspects of exploration. 2) The extrao-
tion subprogram provides a background for de-
sign of surface or underground mines, selection
and development of mining machinery, manage-
ment of large projects, and resolution of environ-
mental problems. 3) The processing subprogram
deepens the student's physical and chemical edu-
cation and leads to the analysis and design of in-
dustrial processes including their managerial and
environmental aspects. 4) The resource manage-
ment subprorgram encompasses a wide range -
systems engineering, economics, and public pol-
Icy - as well as problems of substitution and of
related resources (water, energy). Emphasis in the
resource management subprogram can be placed
on engineering, management, or public policy.
The resource management subpr ram also pro-
vides an MREM general overview, med at stu-
dents desiring a broader education.

For the Master of Science degree, a student usu-
ally will take at least 75 percent of the required
credit units from one o the subp rams and the
remaining credit units from one of t other sub-
programs. Engineer and Ph.D. students usually
will concentrate at least half of their credit units in
one of the subprograms and take the remaining
credit units from at least two of the other subpro-
grams. Research projects suitable for thesis Work
are conducted in most of the partiolpatinp depart-
ments (Urban Studies and Planning; C Ei
neering: Chemical Engineeing; Mechanical Engi-
neering; Materials Science and E ineering;
Ocean gineering; Earth, Atmos r9o, and
Planetary Sciences; Economics: itoWal Solence;
Sloan School of Management).

Students desiring to pursue their studies In the
MREM program should apply for admission to
graduate studies In the deportment bes suited to
their Interests. Students will be awarded the
graduate degree In this department.

A prospectus containing detailed Information on
the MREM program, Indluding listings of academic
subjects In each of the subprograms, possible
research areas, and the M REM faculty contacts In
each of the participating departments, may be
obtained from Professor Herbert H. Einsteln,
Room 1-330, MIT Cambridge, Massachusetts
02139, (617) 283-3598.

MIT-Jspan Science and Technology Program

The MIT-Japan Science and Technology Prram
was created In 19S1to establish MITas aaderlIn
educating American scientists and engineers
about Japan. An associated goal Is to faoilitate
collaborative research among Japanese and
American scholars. Both aims are sooomplished
through the devepment of three areas of Inte-
grated activl; - education, research, and pub-
Io service - In the US as well as In Japan. The
Program Is administered by the Center for Interna-
tional Studies at MIT and Is open to anv under-
graduate or graduate student. Students usually
enroll In the program after completing their degree
requirements, but c an enter at any time.

The Program pvdes intemships to science and
engineeng s ents who have acquired Japa-
nese language capabilities and a cultural under-
standing of the country. A student Is sent to Japan
only after having the equivalent of two years of
training in the Japanese language through credit
or nonoredit study. Students also must a d ori-
entation seminars on Japan and a two-day retreat.
The Program trains and supervises the placement
of 15 to20 students each year. Some of the pri-
vate firms that have hosted these intems are
Toshiba, Nipon Electric Company (NEC),
Matsushita, and Hitachi. Other intems have stud-
led at the Faculty of Engineering at Tokyo and
Kyoto Universities, as well as at national
laboratories.

Joint research efforts at MIT under the ausploes of
the Pram include an exchange program,
funded by the Japanese government, for interna-
tional enery policy studies In the Energy Labora-
tory and enter for International Studies. The
Sloan School of Management, the E Labora-
tory, the Laboratory for Architecture alnning,
and the Bitter National Magnet Laboratory partici-
pate in various research projects with Japanese
scholars and practitioners. In addition, the Pro.
gram has supported research in Japanese linguis-
tios for Pro Athena and a study of the manage-
ment of research and development in Japanese
computer firms.

In the public service area, the Program sponsors
several workshops and symposia to keep Amer-
can government and Industry abreast of Japanese
scientific and technical developments.

Further Information may be obtained from Ms.
Patricia Gerolk In the Offloe of the Director, Room
E38-755, MIT, Cambridge, Massachusetts 02139,
(617) 253-3142.
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Nuclear Reactor Laboratory A ourrent summary report is available and de-
scribes the activities at the NRL in greater detal.
For Information, Inquire at the Office of the Direc-

The Nuclear Reactor Laboratory (NRL) provides tor, Professor Otto K. Hacng, Room NW12-208,
the focus for a wide range of research programs MIT, Cambridge, Massachusetts 02139, (617)that Involve the use of nuclear! adiations. Re- -253-4201 or 253-4202.
search programs in various MIT departments and
centers - Inoluding Physics; Materials Science
and Engineering; Earth, Atmospheric, and Plane- Oceanography and Oceanographic Engineering
tary Sciences; Chemical Engineering; Mechanical (S-M., Eng., Ph.D., Sc.D.)
Engneering; Nuclear Enginhering; and the Pro-
gram in Toxicology in the Whitaker College - are
supported by the capabilities in the NRL. Facilities
of the Nuclear Reactor Laboratory are also used
for teaching and research activities by other insti-
tutions. The NRL provides special services to re-
glonal hospitals and industries, 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 solences, life sciences, geo
sciences, and the environment; neutron and nu-
clear physics: neutron scatterin studies of solids,
liquids. and dense gaes; radiation effects on ma-
terials; bulk and near surface radiation damage
studies of nuclear and fusion reactor materials;
reactor physics; dose reduction in power reactors
and reactor engineering; nuclear medicine: and
isotope development.

The NRL orates a five-million watt research re-
actor (MITR-ll) which is one of the largest univer-
sity reactors. Recent redesign and rebuilding of
MITRE-li has significanty enhanced the neutron

ma-ray intensity and the reactor's

Experimental facilities and instrumentation at the
NRL include neutron diffractometers; two- and
three-axs. polarized beams, spin flippers; neutron
Inelastic scattering spectrometers; a neutron inter-
ferometer; magnetic and cryogenic sam e con-
trol; a wide vaietyof sample irradiation acilities
with fast and slow neutron fluxes up to 10"
om' and so; a temperature-contrcled in- Ile
faciiity that allows simultaneous neutron and lon
bombardment; and a fast reactor blanket facility

Other experimental facilities and inatrumention
Include a thermal column with large hohiraumn;
radlochemistry laboratories; hot cells for disman-

9or~ l=g nuclear d eteto equipment trace
fcliis;n a materials cr ton labo-

ratory; and shielded hot oelis for handling and
testing radioactive materials.

Undergraduate students are Involved in the o-
erution of the reactor and in the research a i
through special projects or senior theses. Gradu-
ate student thesiresearch Is carried on in the
various research area mentioned sarler.

MIT and the Woods Hole Oceanographic Institu-
tion (WHOI) on Cape Cod offer joint programs of
graduate study and research for students with
special interests in biological oceanography,
chemical oceanography, marine geochemistry,
marine geology, marine geoph=cs, oceano-
graphic engineering, andpy ocean rphy.
Thse raduate programs are administer by
commies drawn from the faculty and staff of
both Institutions. Students accepted to the Joint
Program have access to the extensive Intellectual
and physical resources available for advanced
study at both WHOI and MIT The program is de-
scribed In detail at the end of Chapter VI I.

Operations Research Center

Operations Research (S.M., Ph.D.)

The Operations Research Center (ORC) pro-
vides educational and research opportunities for
students and faculty Interested in the Interdisolpil-
nary field of operatione research. Operations re-
search OR Is the professional discipline that
deals wit th application of scientific methods to
decision making. OR draws upon Ideas from engi-
neering, management, mathematics, and psychol-
ogy to contribute to a wide variety of application
domains, The field is closely related to several oth-
er fields in the "decision sciences" - applied
mathematics, computer science, economics, in-
dustrial engineering and system. engineering.

The Operations Research Center is organized as
an interdepartmental center, structured to take
advantage of the expertise of faculty drawn from a
variety of departments, including the Sloan School
of Management, Electrical Engineering and Com-
puter Science, Aeronautics and Astronautics,
Mnathetis Ci Engineering, Ocean Engineer-
Ing. Ura Stdies adPanning, adNuc ea n-
ginerin The OA comp sed of proxi-
matelyS affiliated faculty and 50 grauate stu-
dents. Both a master's and a doctoral d ree pro-
gram are offered. An Important feature of te
programs Is their Interdisciplinary structure. In ad-
ditn to following a set of core courses, students
are encouraged to design a curriculum that is tal-
lored to their professional and research interests.
The program provides a strong background in the
theoretical foundations of operations research and
the practical techniques used In building models
for a wide variety of applications. The ORC pro-

vides a range of micro-, mini-, and mainframe
computer facilities, with associated software, for
model building and algorithmic experimentation.

The core graduate curriculum for the S.M. degree
consists of Applied Probability (6.431), Decision
Analysis (15.06). Applied Statistics (15.075), and
Introduction to Mathematical Programming
(15.081J/6.251J). Master's degree students con-
tinue with three additional graduate-level subjects
and prepare a thesis in an area of research con-
centration. Employment opportunitles for gradu-
ates of the S. M. program exist in technical staffs of
private firms, often in the services sector of the
economy, as planners In governmental agencies,
and in private consulting firms.

Doctoral degree students are expected to take
core subjects, Statistical Methodology (15.077),
and Introduction to Mathematical Programming
(15.081). Advanced subjects include: Discrete
Stochastic Processes (6.262), Decision Analysis

15.065), Introduction to Stochastic Processes
15.071), Statistloal Methodology (15.076/18.457J),
etwork Optimization (15.082), Combinatorial

Optimization (15.083), Nonlinear Programming
(15.084J/6.252J and Analysis (18.100). Doctoral

re cand a must qualify for continuation In
the programn by passing Dualifin and General
Examinations which are taken in the first and sec-
ond years of a typically four-year program.
Coursework in a minor program foilowe, In addi-
tion to pursuing an original research project under
the guidance of a doctoral dissertation committee.
The formal academic program Is supplemented
by teaching and research assistantship opportuni-
ties for most doctoral candidates. Graduates of the
Ph.D. pro ram often assume faculty or consulting
positions I n the US and abroad. In addition to the
degree requirements specified above, students at
the ORC must fulfill a writing requirement and a
computer literacy requirement.

Students wishing to concentrate specifically In
operations research at either the master's degree
or doctoral degree level may apply directiy to the
interdepartmental graduate program. This can be
done by following general IT raduate admis-
sions procedures and by nserng, "Operations
Research - interdepartmnental Program," on the
application materials Instead of a departmental
designation.

Further Information about the Operations Re-
search Center and the degree programs Is con-
tained in a brochure entitied Graduate Education
at the Operations Research Center and Is available
from the Oprations Research Center, Webster
BuIldig E40-164), MIT, Cambridge, Massachu-
settd 1 . Individual questions may be ad-
dressed to either of the Codirectors, Professors
Thomas L. Magnanti and Amedeo R. Odoni, or to
Marcia V. Chapman, Assistant Director.
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Plasma Puslon Center
The Plasma Fusion Center, formed in 1976, pro-
vides a focus for experimental and theoretical
studies in plasma sclence, fusion energy develop-
ment, and related engineering disciplines. It pro-
vides the leadership required for effectively under-
taking all Department of Energy sponsored fusion
research at MIT The timely development of fusion
energy is one of the most technically complex
challenges facing sooty,

The Plasma Fusion Center fosters independent
creativity, and helps integrate the collective fusion
activities into a cohesive program with the follow-
ing broader Institute goals:-

- to provide, both nationally and intemationally'
strong technical leadership for the development of
fusion energy:

- to the Intelletual environment for the
educational training of students, research

eentists, and engineers.

Fusion research activities at the Plasma Fusion
Center fall into five major programmatic divisions.

The Fusion Systems Division is concemed with
overall design and reactor physics investigations
of the next generation of major fusion devces;
understanding the potential characteristics and
tnoogy requi ntso power-pr oi g
fusio rats: and developin new reactor de-
sign concepts and advanced plasma diagnostics

n both actve and Ive measurements of
e radiat.

The Fuelon Technology and Engineering Division
alma to provide critical engin g supt for
operating confinement experimentl n advanced
design projects. It also develops advanced high-
field copper not technology and supercon-
ducting magnet hnology for the national fusion
program.
The Applied Physics Research Division is
developing the basic experimental and theoretical
understanding of plasma heating and confinement

, inolud research on tokamak aye-
es, advanced concepts, fusion theory

and computations, and diagnostics and laser
development.
The Troldal Confinement Experiments Division is
developing a basic understanding of the stability
and tsport properties of high-temperature
toroidal at reactor-level conditions and

and testing concepts for optimization
of the oconfinement approach to magnetio
fusion. The subprogram areas include the
ALCATOR C-MOD bkamak facility, which Is now
under construotion.

The Coherent Electromagnetlo Wave Generation
DMsion is developing a basic experimental and
theoretical understanding of coherent radiation
generation by free electrons for wavelengths in the
1 Am to 1 om range. Partloular emphasis is being
placed on the development of free electron lase
cyclotron masers (gyrotrons), and novel radiation
sources.

In the last decade, many results )f great signifi-
canoe to the International effort to develop fusion
energy have been obtained in the ACLATOR A
and C high-field tokamake, the major experimen-
tal facilities in the Plasma Fusion Center Program.
For example, ALCATOR C established a wold
record in obtaining the highest product of plasma
densv times confinement time, and was also a
world leader in developing techniques to drive
current by radio- uency waves. VERSATOR 11
is used to study particular research aspects of
toroidal plasmas, such as heating and current
drive. The overall program has a baianoeo between
experimental and theoretical studies. Fusion activi-
tie In the Departments of Electrical Engineering
and Computer Science, Materials Science and
Engineering, Mechanical Engineering, Nuclear
Engineering, and Physics, as well as the Francis
Bitter National Magnet Laboratory and the Re-
search Laboratory of Electronics, are affiliated with
the Plasma Fusion Center

The Center's programs provide an excellent forum
for the training of students and professional re-
searchers. Approximately 80 graduate students
and 20 undergraduate students are currently In-
volved at all levels of thesis work; undergraduates
also participate through UROP

Further information i y be obtained from the
Office of the Director, Professor Ronald R. Parker.
Room NW16-288, Cambridge, Massachusetts
02139, (617) 253-5553.

Power Engineering

interdepartmental academic and research pro-
grams in power engineering are available in the
Departments of Aeronautics and Astronautics,
Electrical Engineering and Computer Science,
Mechanical Engineerng, Ocean Engineering, and
Nuclear Engineering. These programs cover a
broad range of energy-related Issues. Research is
conducted at the Gas Turbine Laboratorv, Labora-
tory for Eloctromagneo and Electronic Systems,
Sloan Automotive Laboratory, Energy Laboratory,
Heat Transfer Labort, Cyogl Engineering
Laboratory, and at the uolear or

A graduate student enrolled in any of the above
departments may construct from among various
subject offerings and research activities an aca-
demic program and thesis research. In addition to
sub tting spoclflc toplo in power nl-
nee ng, many other related subjects are available
on such topics as thermodynamics, fluid mechan-
ios, heat transfer, control theory, materials, straus
analysis, vibrations, cryogenics, and combustion.

Research assistantships are available for graduate
students, and some part-time employment is
available for undergraduates. For further informa-
tion on the programs and on financial support,
contact the Graduate Registration Officer of one of
the participating departments.

P ram In Pol or Science and
nology (PPST

The Schools of Engineering and Science have
established a graduate program In polymers, it Is
open to qualified students admitted to the gradu-
ate proram of any MIT department. It consists of
an Inti academic phase in which all students
participate (regardless of previous background
and research nterest), followed by research In a
selected area of specialization. The program leads
to the doctoral degree; If desired, a masters de-

me can be obtained through the student's
apartment.

The ocre curriculum, taken by all students, pro-
vides a common base in the fld of polymers. It is
broad, rgorous, and covers both elementary and
advanced subt spanning the entire range from
the molecular level to the continuum. This curricu-
lum takes up the first two semesters In the gradu-
ate program.

The tranim from the academic phase to re-
search is marked by the qualifying exam, which
consists of both oral and written sections. The ex-
ams are offered at the end of each spring term
and are based on the PPST core curriouTum. Suo-
oessful completion of the exam leads to selection
of a research project and the preparation and de-
fense of a thesis proposal.

Any faculty member at MIT can act as a research
supervisor. The thesis supervisor(s) advises the
graduate student on a continuing basis throu h-
out the time of the research project. Complon
and successful defense of the thesis before PPST
and departmental faculty fulfill the requirements
for the doctoral degree.
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For more information on this program, Including
details of admission and financial aid procedures,
contact Professor Fred McGarry, Director, Program
In Polymer Science and Technology, Room
E19-356, MIT, Cambridge, Massachusetts 02139,
(617- 253-3115.

Programs for Double Competence In
Humanities/Social Science and
Solence/Engineering

At MIT there are several ways for an undergradu-
ate student to achieve intellectual "dual literacy" or
"double competence," an education that includes
study in depth in both Humanities/Social Science
and Science/Technology ireas: 1) double major-
ing, which brings two S.E. degrees; 2) joint major-
Ing, which combines dist r!:nes from both areas
In a single deg program - Course XXI-E (Hu-
manities and Engineering) and XXI-S (Humanities
and Science); 3) a degree In a science or engi-
neering discipline, complemented by a minor pro-
gram in a Humanities, Arts, or Social Science feld.

Further information may be obtained from Profes-
sor Philip S. Khoury, Associate Dean, School of
Humanities and Social Science, Room E51-230,
MIT, Cambridge, Massachusetts 02139, (617)
253-2601 or 253-4443.

Research Development
Office of the Dean
School of Architecture and Planning

The Office of the Dean of the School of Architec-
ture and Planning fosters research contributing to
the understanding, education, and practice of ar-
chltecture, planning, real estate development, and
closely rel&ted fields. Research based in the
School covers a wide range of topics. Examples of
current activities focus on: real estate develop-
ment; energy conservation and appropriate tech-
nolog; techniques for assessing the environ-
men impacts of development and for mediating
disputes co.1ceming such developments; solar
architecture; neighborhood and community devel-
opment; use of media as a tool for public partici-
pation In community planning; housing technolo-
gy and building assessment Interior quality;
and job generation. Housing accessibil is now
the target of major School-wide researc activity.
The research activities are worldwide.

Research Development in the Office of the Dean
involves a wide variety of ple and institutions
both Inside and outside IT including faculty and
students from MIT departments and centers, as
well as from other educational institutions; the
alumni of the School of Architecture and Planning;
architectural and plannin oners; and client
grou such as firms, pu agencies, and com-
muni organizations. esearch involves graduate
and ndeadute students from several MIT

, through research assistantshilps and
U Rt

Further informatlon may be obtained from Michael
Joroff, Director of Research Development, Office
of the Dean, School of Architecture and Planning,
Room 4-209, MIT, Cambridge, Massachusetts
02139, (617) 253-1354.

Research Laboratory of Electronics (ALE)

Established in 1946 as the Institute's first interde-
partmental laboratory, the Research Laboratory of
Electronics provides faculty members and their
students, both graduate and undergraduate, with
the diverse services and facilities of a large labora-
tory to conduct research in two major areas -
electronics and optics - together with language,
speech, and hearing. In addition, smaller groups
are focused on atomic and molecular phys cs,
plasma physics, radio astronomy, digital signal
processing, image processing, electromagnetics,
and communications. Participants come primarily
from the De ents of Electrical Engineering
and Compur Science, Physics, Chemistry, Ma-
terials Science and Engineering, and Linguistics
and Philosophy.

Research in electronics and optics covers a broad
spectrum of concerns ranging from electronic
materials and fabrication through high speed elec-
tronic and optic devices to electronic and optical
circuits and, finally, logic, architecture, and large-
scale systems. RLE brings together fundamental
theoretical and experimental work In the nature of
materials and surface Interfaces with practical de-
vices, circuits, and systems oriented to high-
performance applications.

The program in language, speech, and hearing
includes linguistic work in phonology coupled with
the structure and design of systems for text-to-
speech conversion and speech recognition, as
well as fundamental work on articulatory phonet-
ics, sensory communication, and auditory
physiology.

Additional research fool Include fundamental stud-
les in atomic, molecular, and optical physics such
as radiation modes and basic constants, theoreti-
cal and experimental research in plasma physics,
radio astronomy and astrophysics, digital signal
processing theory and hardware architecture, digi-
tal processing of two-dimensional signals (includ-
ing high-resolution television), studies of electro-
magnetic propagation 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 super-
vised by academic faculty members and students.
Aproximately 60 facut members are affiliated

RLE. They work over 300 graduate stu-
dents 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 con-
tacting the Office of the Director, Professor
Jonathan Allen, Room 36-413, MIT, Cambridge,
Massachusetts 02139, (617) 253-2509.

Science, Technology, and Society

The Program in Science, Technology, and Society
(STS) focuses on the ways in which scientific,
technological, and social factors interact to shape
modem life. It traces the impact of scientiflo ideas
and technological practices on society and culture
and examines the role of social, political, and cul-
tural considerations in shaping developments In
science and technology. STS draws its faculty
from the social and natural sciences, engineering,
and the humanities. Various opportunities for re-
search and study are available at the undergradu-
ate and graduate levels. A more detailed descrip-
tion of the Proram is given in the School of Hu-
manities and Social Science section in Chapter
VII. Further information may be obtained from the
Office of the Director, Professor Kenneth Keniston,
Room E51-110, MIT, Cambidge, Massachusetts
02139, (617) 253-4062.

Sea Grant College Program

The MIT Sea Grant College Program funds and
coordinates multidisciplinary research, educational
programs, and advisory services to further de-
velop ocean and coastal resources. Following the
lead of the National Sea Grant College Program,
created by Congress in 1966, MIT recognized that
science and engineering should play vital roles in
advancing our use of the oceans. The designation
of the Institute in 1976 as the nation's 12th Sea
Grant College strengthened its existing programs
of ocean research and education. Today, with Sea
Grant support MIT expertise and facilities are
regularly used to solve technological, social, eco-
nomic, and political problems associated with ma-
rine resource utilization and coastal zone
development.

Sea Grant research strives for balanned use of
oceans and coasts, prudent harvests of food and
useful materials fl m the sea, the prudent extrac-
tion of offshore oil and undersea minerals, and the
application of engineering to improved methods of
working in and on the seas. At present, the princi-
pal departments involved in Sea Grant research
Include Civil Engineering, Mechanical Engineer-
ing, and Ocean Engineering. Students participate
directly in most Sea Grant research projects at
both gradute and undergraduate levels, and
support Is available for UROP projects.

The Sea Grant College Program also supports
innovative education at MIT in ocean use and
coastal zone development. The Program has sup-
ported new curricula and textbooks in the field of
ocean engineering. A joint project with the Masse-
chusetts Maritime Academy Is providin new edu-
cational opportunities for professional fishermen.
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MIT Sea Grant's Advisory Services publishes tech-
nical reports, sponsors symposia, and works with
local governments, businesses, and organizations
to transfer comprehensive information to the pub-
lic on the many facets of resource development in
the oceans and coastal zones. Joint research pro-
grams, conducted with related businesses and
Industries, assure the efficient and timely dissemi-
nation of new technologies and research results.

For more information on Sea Grant College Pro-
ram poects and services, contact the Office of

aDrcor, Professor Chryssostomos Chryssos-
tomidis, Room E38-302, MIT Cambridge, Massa-
chusetts 02139, (617) 253-7041.

Spectroscopy Laboratory
The George Russell Harrison Spectroscopy Labo-
ratory Is dedicated to advancing knowledge of the
structure and dynamics of atoms and molecules
and the properties of liquids, solids, and biological
materials utilizing the techniques of modem spec-
trosoopy. These techniques include the use of
lasers, signal processors, computers, and
electrooptic devices.The Spectroscopy Laboratory
encourages participation and collaboration among
staff members in various disciplines of science
and engineering. At present, several departments

rincipally Chemistry, Physics, Biology, Electrical
ngin ng and Computer Soence, and the Har-

vard-MIT Division of Heah Sciences and Tech-
nology) are involved. In addition, scientific visitors
from the US and abroad participate in the work of
the Laboratory.
Current research area Include high-resolution
laser spectroscopy of excited vibrational and elec-
tronic molecular levels, CARS studies, kinetics of
intermediates in organo-metallic complexes, laser
optical pumping of atoms, infrared and optical
double resonance experiments, laser saturation
spectroscopy, coherent transients, photon ech-
oes, laser-nuclear spectroscopy, superradiance,
Rydberg atoms, structural studies of biological
molecules using Raman techniques and x-ray
diffraction data, technical holography, and applica-
tions of lasers in medicine.

The Laboratory houses two resource centers. The
MIT Laser Research Center, supported by a grant
from the National Science Foundation, is devoted
to physical science research. The Laser Blomedi-
cal eearc Center. suprted by a grant from
fth National Institutes ofHealth, is devotedl to
bIomedical research. The two centers make avail-
able to researchers from various university and
industrial research Institutions one of the most ex-
tonsive collections of lasers for spectroscopic re-
saroh in the US. Facilities include excimer and

Nd; YAG-pmped pulsed dye lasers, Ion laser-
pum dye ars, picosecond lasers, CW
anpulsed CO lasers, pulsed and CW Raman
spectrometers. micr~ocmputers, and auxiliary sig-
nal processing equi

Many graduate and undergraduate students per-
form thesis research in the Laboratory: UROP pro-
jects are offered in many areas of laser research.

Further information on the Laboratory may be ob-
tained from the Office of the Director, Professor
Michael Feld, Room 6-014, MIT, Cambridge, Mas-
sachusetts 02139, (617) 253-7700.

Statistics Center

The Statistics Center, in conjunction with cooper-
ating departments and Schools, helps to coordi-
nate undergraduate programe In statistics and of-
fers interdepartmental MS. and Ph.D. degrees in
statistics. It also provides a focal point for re-
search, teaching, and consulting activities in statis-
tics at MIT.

In order to concentrate (or minor) In statistics as
an undergraduate, it is necessary to work out a
program that will also fulfill the requirements of a
department at MIT. This is most easily done in a
department that has several facu members
teaching statistics subjects, e.g. ivil Engineering,
Economlcs, Mathematics, and the Sloan School of
Management.

A typical undergraduate program should include
probability (e.g., 18.440 or 6.041), statistics (e.g.,
15.075, 18441, or 1.15), linear algebra (18.06),
and at least three additional statistics courses,
such as stochastic processes (6.262, 18.445), time
series analysis (18.446), methodology (15.076w
sampling (18.454), experimental design (18.455),
econometrics (14.388), and decision analysis
(15.065).

Since much of modem statistics and data analysis
involves computation, computer science subjects
are also very useful. A coherent group of three
subjects in an area of application (usually in the
student's undergraduate department) is also im.
portant. For those interestd in the theoretical as-
pects of statistics, these subjects could be partlaliy
replaced by subjects in mathematics and/or com-
puter science.,
For further Information, contact the Statistics Cen-
ter or Professor Roy Welsch (Sloan School), Pro-
fessor Daniel McFadden (Economics), Professor
Peter Huber (Mathematics), or Professor Yosef
Sheffi (Civil Engineering).

Students considering MIT for graduate study in
statistics should seek the advice of the Statistics
Center about which department or School would
be most appro for admission to MIT. Once
admitted to a e nt (or School), students
pursue S.M. Ph.D. programs In statistics in
the department or under the general guldarce of
an interdepartmental committee established
through the Dean of the Graduate School. The
Statistics Center can also provide assistance in
obtaining financial support.

The Statistics Center encourages graduate stu-
dents already at MIT to obtain a minor In statistics
or an S.M. In statistics while studying for other
graduate degrees, especially the Ph.D.

Usually, S.M. d ree programs can be completed
In one year by students with backgrounds in linear
algebra, probability, and statistics. A thesis is re-
quired for the S.M. degree and almost all theses in
recent years have made contributions to applied
projects. The doctoral programs for students in
statistics can be individually planned in collabora-
tion with various MIT departments.

Major theoretical fields of interest at the Statistics
Center are recursive estimation, robust regression,
categorical data analysis, statistical computing and
graphics, detection of influential data, time-series
analysis, choice models, econometrics, survival
analysis, decision analysis, and probability theory.

Fields of application have ranged from microbiol-
ogy and astrophysics to economics, and from the
health sciences to the Massachusetts Lottery. De-
partments in which Center members are Involved
include Civil Engineering; Earth, Atmospheric, and
Planetary Sciences; Economics; Electrical Engi-
neering and Computer Science; Mathematics; and
the Sloan School of Management.

The statistical consulting service at the Center
gives students and faculty the opportunity to col-
laborate with researchers at MIT and neighboring
institutions on projects covering the full range of
statistical theory and practice on real problems.

While much of theoretical statistics draws heavily
on mathematics, applied statistics is increasingly
linked to computer science via numerical analysis,
graphics, concurrent computing, and the develop-
ment of expert systems for data analysis. These
topics are a part of the rapidlygrowing field of
computational statistics, whic often forms a basio
part of the Statistics Center's interdepartmental
programs.

Further information, including a list of the statistics
subjets offered at MIT, may be obtained by con-
tacting one of the Codirectors, Professors Daniel
McFadden, or Roy Welsch, Room E40-1 11, MIT,
Cambridge, Massachusetts 02139, (617)
253-8722.
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Technology and Development Program

The primary objective of the Technology and De-
velopment Program (TDP) Is to provide a focus at
MIT for interdisciplinary research and education
related to the role of science and technology In
the socioeconomic growth of developing coun-
tries. More specifically, the goals of the TDP are to
promote an awareness among MIT faculty and
students of the relationships among science, tech-
nology, and develo ment; to provide a focal point
for the activities of aculty, students, and visiting
scholars interested In the field of technology and
development; and to serve as a resource or or-
ganizations outside MIT (govemment, academic,
private sector) that wish to explore the Institute's
understanding of developing countries - particu-
larly their socIoeconomic and technological
problems.

The TOP is administered by a policy committee
with faculty from the Schools of Engineering, Hu-
manitIes and Social Science, and Management.

The MIT/Cairo University Technological Planning
Program was initiated in 1976, under TDP aus-
pices, to assist Cairo University in the establish-
ment of a Development Research and Technologi-
cal Planning Center. Modeled on similar centers at
MIT, this organization now provides an Institutional
mechanism at Cairo University for faculty mem-
bers to conduct contract research with Egyptian
and intemational organizations on development
topics. Recently, the TDP has begun research on
a reglonal and country basis in Latin America, the
Middle East, Africa, and Asia.

TDP provides educational and research opportun-
ties for master's candidates Interested In specific
areas of technology and development. Admission
to MIT must first be obtained from the appropriate
academic department. The student should then
submit a proposal for study to the TDP policy
committee for approval. Details of the program are
available upon request. Students may receive fi-
nancial support In the form of research sals-
tantshi associated with current TOP research
proj=.

Further Information about the program, Including a
list of current research projects, may be obtained
from the Office of the Director, Professor Fred
Moavenzadeh, Room 1-173, MIT, Cambridge,
Massachusetts 02139, (617) 253-7178.

Technology and Policy (S.M.)
The Technology and Policy Program prepares

r ong en ndwomen for competent leadership
n the constructive development of technology. IF
educates "engineers and scientists with a difer-
ence," persons with both strong technical founda-
tions and skills In dealing with Important social
concems. It Is unique in the opportunities it pro-
vides tc c o'mbine a base In technology with skills
in identifying, analyzing, and implementing solu-
tions to policy Issues.
Students in the Program work on problems in the
wide range of technological fields available at MIT,
for example computers, electronic systems, and
communications; energy production and manage-
ment; Industrial innovation and productivity; disar-
mament; regulation of chemicals and pollution;
transportation; marine and mineral resources; of-
fice automation; space technology; and solar and
nuclear energy. A list of theses completed in the
Program Is available on request.
The Master of Science in Technology and Policy
leads directly into practice, or continued study at
MIT or elsewhere. Challenging jobs In industry,
consulting, and govemment, both In the US and
abroad, are open to our graduates.
Many graduates of the Program proceed to
doctoral studies, either through departmental or
Interdepartmental arrangements. Overall, our
graduates at MIT constitute the largest group of
technology and policy doctorates at any university.
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 strong preparation, If not a degree,
In technology. The technology focus requires a
concentration of three advanced subjec In a
specific technological area, complemented by a
distribution of three subjects In the policy environ-
ment. The policy focus requires a three subject
concentration In policy studies, complemented by
a distribution of three subjects In technology. Both
tracks require three subjects each in the methods
of policy analysis (typloally Including TPP 21, En-
gineering Systems Analysis, and 15.011, Applied
Microeconomlos); and In a required core of inte-
grated subjects. Academic credit Is routinely
granted for comparable work done elsewhere.
Students determine individual curricula In consul-
tation with their faculty advisors. We expect them
to take full advantage of all the subjects available
at MIT and, through cross registration, at Harvard.
All students take the two core subjects, TPP 11J,
and TPP 12J Proseminar in Technology and Pol-
icy. The Proseminar helps students confront policy
issues as they really are - complex, difficult, often
Ill-defined, and full of conflicting values. It Is the
element that distinguishes this Program from just
a set of subjects, and it provides the common
ground whore students meet to discuss Issues of
technology and policy.

A thesis Is required. This is a major analysis In the
student's field of Interest. Students prepare for this
effort by taking TPP 13J, the Master's Seminar.
Theses frequently are published as reports or pro-
fessional papers. Many graduates regard the the-
sis as the most significant part of their eduoation at
MIT
Because clear expression Is a practical necessity,
students must demonstrate sufficient writing skills
before beginning their thesis. New students take a
diagnostic written exam In September. A seminar
or course In technical writing may be required,
depending on the results,
Students with prior Interest and capabilities In
technology and policy can complete the degree
program in one calendar year. Others may need
an additional semester.
Students typloally obtain part-time jobs to support
their education. These are mostiy research assis-

tnhp on MIT projects that match their area of
specialton, for example, In the Canter for Tech-

nology, Policy, and Industrial Development and
the nergy Laboratory. A number of students will
also find it desirable to work In off-campus Intem-
ships. Teaching assistantships are also available.
Student funding Is available through a number of
grants and gifts to the Program. A Xerox
Fellowship Is awarded annually to a student
interested In communications studies, Bernard
Rabinowitz Fellowshirs are awarded for leadership
In technology, the Rnkalor Fellowship Is given to a
student oriented to practice, a Champion
Intemational Thesis Fellowship Is available for work
on environmental Issues, and several Jessie B.
Noyes Foundation grants support students In
watr management studies. everal other partial
tuition fellowships are available and are
awarded on the basis of excellence and need. The
Program also offers two prizes: Best Thesis Award
and the Alumni Award for Excellence and
Leadership, which carries a tuition stipend.
Applicants should have a strong basis in engineer-
ing or science. Minimum GRE scores are 600 on
the Quantitative and 400 on the Verbal. TOEFL
scores must exceed 580. Applicants for the policy
focus should submit a writing sample. Apica-
tions are reviewed by the Program and the MIT
deparent corresponding to their particular inter-
ess. This process starts January 15 and cand-
dates are notified as soon as possible.

The Program enrolls about 25 students each year.
The class Is limited to maintain close, collegia re-
lationships between faculty and students, and to
provide the best possible Integration of Technol-
ogy and Policy.
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The Program faculty consists of representatives
from the Departments of Aeronautics and Astro-
nautics, Chemical Engineering, Civil Engineering,
Electrical Engineering and Computer Science,
Materials Science and Engineering, Mechanical
Engineering, Nuclear Engineering, Ocean Engi-
neering, Political Science, and Urban Studies and
Planning, as well as from the Center for Technol-
ogy, Poicy, and Industrial Development, the En-
ergy Laboratory, and the Program in Science,
Technology, and Society.

Further information may be obtained by contact-
Ing the Chair, Professor Richard de Neufville,
Room E40-251, MIT, Cambridge, Massachusetts
02139, (617) 253-7693; the Associate Chair, Pro-
fessor Michael Lipsky, Room E53-463, (617)
253-2951; the First-Year Advisor, Dr. Richard
Tabors, c/o Room E40-252; or the Director of the
Center for Technology, Policy, and Industrial De-
velopment, Professor Daniel Roos, Room
E40-202, (617) 253-5322.

Undergraduate Research Opportunities
Program (UROP)

The Under raduate Research Opportunities Pro-
gram (URP) provides undergraduates the op-
portunity to participate with MIT faculty and re-
search staff in a wide range of research activities
throughout the Institute. Students may participate
in ongoing research or find a faculty sponsor for a
self-originated project. Work may be done for
credit, pay, or on a voluntary basis. The same aca-
demic 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 Undergraduate Education
Office, Room 20B-141. New listings are an-
nounced each week in Tech Talk. Further informa-
tion may be obtained by contacting the staff at the
UROP Office, Room 20B-141, or by calling (617)
253-7909. Students interested in research also
may contact various laboratories and centers di-
rociy. For Information about the o rtunies for
Interdisciplinary research, see the esripton of
the various Interdepartmental laboratories, centers,
and programs in the UROP Directory and In this
chapter of the catalogue.

Undergraduate Seminars

The Undergraduate Seminars Program offers an
opportunity for students to interact with faculty
members in small, informal class settings. Semi-
nars vary tremendously both In style and topic;
some are oriented around small. informal class
discussions while others bring In speakers, go out
on field ti or Involve extensive laboratory

ects. So seminar Instructors also serve as a
man advisor to students In their class. Each

spring term, several seminars are hosted by
indidual living groups. Many of the topics are
interdisciplinary, and taught jointly by members of
several departments. Other seminar topics are of

particular interest to faculty members but are
outside of their department's usual scope.

For more details about the program, including
tities and descriptions of seminars, see the Under-
graduate Seminar Program booklet, issued twice
yearly, and the Freshman Advisor Seminars issue
of the MIT Bulletin, mailed in the summer to enter-
Ing first-year students. These publications are
available from the Undergraduate Academic Sup-
port Office, Room 7-104, MIT, Cambridge, Massa-
chusetts 02139, (617) 253-6771.

Unspecified Degree Programs for
Interdisciplinary Study (S.B.)

In a number of departments it is possible to pur-
sue a less specialized "major," leading to an un-
dergraduate degree that does not specify a pro-
fessional field. To enroll for such a degree without
specification, the student registers in the normal
way in the department chosen. The flexibility of an
unspecified degree program, coupled with
appropriate advice from the home department and
from other departments, can give students a valu-
able opportunity for Interdepartmental study.

Wallace Geophysical Observatory

The George R. Wallace, Jr., Geophysical Observa-
tory is a unique research facility designed to
monitor ground motions and to aid in the develop-
ment and testing of now seismic and other geo-
physical instrumentation. It is also a key compo-
nent of MIT's nine-station seismic network in New
England.

The Observatory, located 35 miles north of Boston
in Westford, Massachusetts, has a large, multi-
room underground vault and a surface control
room. The vault has a controlled temperature envi-
ronment and instrument piers resting directly on
the basement granite. The Observatory contains
sensitive seismometers and instruments for moni-
toring ground tilts and the earth's tidal motions.
The Observatory also serves as a key station of
the GEOSCOPE global seismic network. The sur-
face building houses a work area and control and
recording instruments. Data from the Observatory
are telemetered directly to the Earth Resources
Laboratory of the Department of Earth, Atmos-
pherio, and Plane SIences. The data from the
Observatory and the New England Seismic Net-
work are recorded, analyzed, and displayed by
three dedicated Compaq computers networked
with two MicroVAX's and a VAX 8800 to facilitate
data sharing and transfers. Data from the Observa-
tory along with the numerous resources of the
Department provide a unique facility for under.
graduates, graduate students, and staff to pursue
research conceming the Interior of the earth.

Further information may be obtained by contact-
Ing the Director, Professor M. Nafi Toksoz, Room
E34-440. MIT, Cambridge, Massachusetts 02139,
(17) 253-7852.

Whitehead Institute for Biomedical Research

The Whitehead Institute for Biomedical Research
provides educational and research opportunities
for graduate and undergraduate students In the
biological sciences.

At the Institute, developmental biology Is studied
using the modem tools of molecular biology. The
goal is to understand the processes by which the
fertilized egg develops into a mature organism.
Three major themes stand out in the investigative
strategies of scientists at the Whitehead Institute.
In approaches that focus primarily on gene struc-
ture, scientists examine the most Important Indi-
vidual genes in a particular developmental system.
A second approach to understanding develop-
ment at the molecular level employs defective de-
velopmental systems. Researchers try to Identify
and analyze the altered genes that cause the de-
velopmental defect. A third approach, that of cell
biology, looks at the interplay of the molecules
produced by individual genes.

The Institute is an independent, free-standing re-
search facility adjacent to the MIT oampus in
Cambridge Center. It is affiliated with IT through
its faculty, who are also members In the MIT De-
partment of Biology. Four other independent in-
vestigators hold positions as Whitehead Institute
Fellows. Approximately 200 scientists are on the
Institute staff.

Each year, a number of graduate students pursue
Ph.D. degrees at the Whitehead Institute through
the MIT Department of Biology. Undergraduate
students pursue research objectives through the
MIT Undergraduate Research Opportunities Pro-
gram (URO P). Further information may be ob-
tained through the Office of the Director, Professor
David Baltimore, Whitehead Institute, 9 Cambridge
Center, Cambridge, Massachusetts 02142, (617)
258-5183.

Program In Women's Studies

The Program in Women's Studies offers unique
opportunities for Interdisciplinary study and re-
search for both undergraduate and graduate stu-
dents. The primary objective of Women's Studies
is to encourage the reexamination and rein-
terpretation of existing data, as well as to promote
new research about women and gender in all dis-
ciplines. It offers new perspectives in fields as di-
verse as anthropology, history, bio y, psychol-
ogy, engineering, and literature. Students can take
a Humanities concentration, minor, or major (by
petition) in Women's Studies. The curriculum In-
cludes two core subjects - Introduction to Wom-
en's Studies and Contemporary Issues In Wom-
en's Studies - and a selection of subjects from
many departments at the Institute. Special Inde-
pendentstudytopcs and UROP projects can be

nged. To iInterdepartmental research,
the Women's Studies Research Room in the Hu-
manities Library offers the MIT community a multi
disciplinary resource for the study of women and
gender. The Program is described in greater detail
In Chapter 11I of this catalogue.
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School of Architecture and Planning

Architecture (Course 4)
Urban Studies and Planning (Course 11)

The first university instruction in architecture In
the United States began at MIT In 1865, and the
second program In planning started in the
1930s. The present School of Architecture and
Planning continues in the forefront of architec-
ture and planning education, benefiting from the
special collaborations fostered in a university of
science and technology.

The School is particularly concerned with ser-
vices for communities that traditionally have
lacked access to professional help. These oals
are furthered by a culturally diverse student
body and faculty, recruited with a special em-
phasis on minorities and women. The School's
students - more than 100 undergraduates and
400 graduate students from throughout the
world - are trained to deal with clients and
projects at every level and scale of society and
in virtually every corner of the globe.

The School provides an unusual range of pro-
fessional competencies. From one of the
School's academic degree programs a gradu-
ate may embark on a career in architectural
design or teaching; in planning for a neighbor-
hood or city or remote rural area; in real estate
development for the public or private sector; in
politics as an elected official; in the arts as a
filmmaker or a graphic designer versed in the

t use of the latest computer tools; in the commu-
nications industry as a researcher developing
the potential of electronic media.

Departments and Special Programs

The School is host to the Department of Archi-
tecture, the Department of Urban Studies and
Planning, and the Media Arts and Sciences
Section. These divisions offer undergraduate,
graduate-professional, and doctoral programs
in architecture, planning, and media arts and
sciences, which prepare students for practice,
research, and furthe' study.

Two special programs allow mid-career practitio-
ners from minonty communities, who work in
urban and regional development in the US and
in developing countries, to study and pursue
independent research during one academic
ear. In addition, the general Institute su port
or cross-registration at Harard Univers gives

professional students the opportunity to enrich
their education at the Graduate School of De-
sign and the Kennedy School of Govemment,
among other areas.

International engagements and their relation to
educational and professional goals are an
important factor in the reach and Influence of
the School. These Include master's degree
tracks for planners in developing areas and
design for Islamic cultures, the Special Program
in Urban and Regional Studies (SPURS), and
the Aga Khan Program for Islamic Architecture.
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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 opportu-
nity to gain field experience and to formulate
Ideas for new proposals. Recent projects have
represented the areas of energy conservation
and appropriate technology, building econom-
ics, design research, environmental impact
assessment, dispute resolution, solar design,
special needs housing, neighborhood and
community development, and management of
public participation for large-scale urban design
P rojcts. Areas of intemational focus include

ousing for developing countries and architec-
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 art and design; and
the interaction of art, science, and technology.

Media Laboratory

Computer Resource Laboratory

A computer facility shared by the Departments
of Architecture and of U-Ian 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 approaches 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, B.A.
Associate Dean

Diane McLaughlin, M.B.A.
Assistant Dean for Administration

Deborah Cohen, MA.
Assistant Dean for Resource Development

Michael Joroff, M.C.R
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, MA.
Director. Center for Advanced Visual Studies

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 affected 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 organizations. Faculty are drawn
from the School s two departments, the Depart-
ment of Economics and the Department of Civil
Engineering and from MIT's Sloan School of
Management.
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Media Arts and Sciences
Section

At MIT, the term Media Arts and Sciences signi-
fles 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 pr ram in the Department of
Architecture. The Sec on offers undergraduate
and graduate subjects (numbered 4.800 to
4.999) and graduate study leading to the mas-
ter's and doctoral degrees. Its academic pro-
grams are intimately linked with research pro-
grams within the Media Laboratory, which is
made up of 11 researon groups: Electronic
Publishing, Learning and Epistemology, Speech
Research, Music and Cognition, Advanced
Television, Spatial Imaging, Graphics and De-
sign, Vision Science, Filmideo, Computer
Graphics and Animation, and Human-Machine
interface.

Master of Science

Students in the Master's program are required
to complete their studies in a common culture
that includes advanced placement or an MIT
experience with computer prramming, image
and signal processing, spatialmaging, vision
science, and studies of epistemology. The
degree is awarded upon the satisfactory com-
pletion of an acceptable research thesis. 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. Including a
proseminar, which is intended as preparation for
a general examination In a major and two
supporting fields, and a program of faculty-
supervised research, which students begin In
their first year. These lead, In turn, to the
development of a pr ram of original and
significant research wgin one of the research
groups, and to the completion and oral defense
of a dissertation on that research.

Research Assistantships

The Media Laboratory strives to offer financial
msilstmnce, to all successful applicants In the
form of research assistantshipa, which are
themselves an iportant of aduate edu-
cation, Assisltanthips require pation In
research programs within the edia Laboratory;
assistants normally register for two subjects and
receive academic credit for part of their re-
search.

Inquiries

Additional information concerning graduate
academic and research programs, admissIons,
and aseislantshipe may be obtained from Linda
Peterson, Room 1-218, Mi Cambridge,
Mas~ahsetts 02130. (817) 253-5114.

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.F.A.
Professor of Visual Studies

Marvin Lee Minsky, Ph.D.
Donner Professor of Science in the Department
of Electrical Engineering and Computer Science

Nicholas Peter Negroponte, M.Arch.
Wiesner Professor of Media Technology
Director, Media Laboratory

Seymour Aubrey Papert, Ph.D.
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 Sciences

Tod Machover, M.M.
Associate Professor of Music and Media

Alexander Paul Pentland, Ph.D.
NEC Career Development Professor of
Computers and Communications
Associate Professor of Computers,
Communication and Design Technology

David Louis Zeltzer Ph.D.
Associate Professor of Computer Graphics

As utant Professors

Edith Karin Elebeth Aokermann, Psych.D.
Assistant Professor of Media Technology
Fukutake Career Development Professor of
Research in Education

Glorianna Davenport, M.A.
Assistant Professor of Media Technology

Bemd Girod, Dring.
Assistant Professor of Media Technology

Van Jay Wedeen, Ph.D.
Assistant Professor of Biological and Medical
Imaging
Whitaker College

Visiting Professors

Patrick A. Purcell, M.Des.
Associate Professor of Computer Graphics

Marilyn C. Schaffer, P.0.
Associate Professor of Early Childhood
Education

Adjunct Professor

Arun N. Netravali, B.Tech., M.S., Ph.D.
Adjunct Professor of Media Technology

Lecturer

Andrew Benjamin Uppman, S.M.

Technical Instructors

Victoria l. Bippart
Stuart R. Cody
Joseph DeRuvo
William Francis Kelley
Gregory L. Tucker

Administrative Staff

Linda Gay Peterson

Professor Emeritus

Jerome Bert Wiesner, Ph.D.
Institute Professor Emeritus
President, Emeritus
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Department of Architecture

William Lyman Porter, M.Arch,
Ph.D.
Muriel and Norman Leventhal
Professor of Architecture and
Planning
Head of the Department

Leon Bennett Groisser, So.D.
Professor of Structures
Executive Officer

Professors
Stanford Anderson, M.Arch., Ph.D.
Professor of History and
Architecture

Julian Beinart, M.C.P, M.Arch.
Professor of Architecture
(On leave, fall)

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

Imre Halasz, Dipl.Arch.
Professor of Architecture

TUnney F. Lee, B.Arch.
Professor of Architecture and
Urban Studies and Planning
Head, Department of 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 Cuiture
Chairman, Aga Khan Program for
Islamic Architecture

John Randolph Myer, B.Arch.
Professor of Architecture

Otto Plane, M.A.
Professor of Visual Design
Director, Center for Advanced
Visual Studies

Maurice Keith Smith. B.Arch.
Professor of Architecture
(On leave. spring)

Associate Professors

James Axley, M.Arch., Ph.D.
Associate Professor of Building
Technology

Ranko Bon, Ph.D.
Associate Professor of Building
Economics and Technology

Eric Dluhosch, 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
(On leave, fall)

William Hubbard, B.Arch.
S 'M 'Arch.S.
Associate Professor of Architecture

Jan Wampler, M.Arch.
Associate Professor of Architecture

Assistant Professors

Benjamin Buchloh, M.Phil.
Assistant Professor of the History of
Art

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

Leslie Keith Norford, Ph.D.
Assistant Professor of Building
Technology

Francesco Passanti, M.Phil.
Assistant Professor of the History of
Architecture
Clarence H. Bkacaal Career
Development Professorship in
Architectural History

Visiting Professors
Paolo Ceccarelli, Ph.D.
Professor of Urban Planning

James McKellar, M.Arch., M.C.P
Professor of Architecture

Henry A. Millon, B.Arch., M.Arch.,
Ph.D.
Profe sr of History and
Architect ire
(Fall)

Erich Schneider-Wessling, Dipl.lng.
Professor of Architecture
(Spring)

Adjunct Professor

Richard Chester Tremaglio,
M.Arch.
Adjunct Professor of Architecture

Principal Research Associates

Reinhard Goothert, M.Arch., Ph.D.
Timothy E. Johnson. S.M.

Research Associate

Robert Smyser, M.L.A.

Lecturers

Michael Buckley, M.A.A.S.
Thomas Chastaln, MArch.
Renee Chow, M.Ar,.i%
John Crowley, M.Arch.
Fernando Domeyko, Dipl.Arch.
Dennis Frenchman, M.Arch., M.C.R
John Furlong, M.L.A.
Nabeel Hamdi, Dipl.Arch.
Shun Kanda, M.Arch.
Masood Khan, S.M.Arch.S.
Yim Um, M.Arch.
Earl Mark, M.Arch., S.M.
Wellington Reiter, M.Arch.
Carl Rosenberg, M.Arch.
Peter Roth, M.Arch.
Lawrence Vale, S.M.Arch.S., D.Phil.

Technical Instructor

Christopher Dewart, B.A.

Administrative Offler

Anne Shepley, B.A.

Assistant to the Head of the
Depart'nent

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 Bemhart Anderson,
M.Arch.
Professor of Architecture, Emeritus
Dea of the School of Architecture
and Planning, Emeritus

Herbert Lynes Beckwith, M.Arch.
Professor of Architecture, Emeritus

Pietro Belluschi, Dott.ing., LL.D.,
So.D., D.F.A.
Professor of Architecture, Emeritus
Dean of the School of Architecture
and Planning, Emeritus

Horaclo Caminos, Arq.
Professor of Architecture, Emeritus

Eduardo Fernando Catalano,
MArch.
Professor of Architecture, Emeritus

Albert George Henry Dietz, So.D.
Professor of Building Engineering,
Emeritus

Richard Filipoweki, 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
Director, Cinter for Advanced
Visual Studies, Emeritus

Robert Ormerod Preuseer
Professor of Visual Design,
Emeritus

Chester Lee Sprague, M.Arch.
Assoolate Profemor of
Architecture, Emeritus

Waclaw Plor Zalewski, D.Tech.Sol.
Professor of Structures, Emeritus



Department of Architecture

(Course 4)

Undergraduate Study

The Department of Architecture Includes a
number of diverse fields of interest In architec-
ture and the arts. The programs encourage
students to combine theoretical Interest with
tangible application and to consider the social
consequences of their work. The diversity of
attitudes and working methods :i the Depart-
ment make possible a variety of alternative
career paths. Undergraduate and graduate
students have the opportunity to structure their
own academic programs to suit their special
aptitudes and Interests within an overall curriou-
lum framework.

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 tudies, and the Doctor of Philosophy.
The Department Is composed of five discipline
groups: environment and methods; architecture
studies; building technology; history, theory,
and criticism of architecture and art; and arts
and media technology. Students in each degree
program are encouraged to take subjects In the
different discipline groups.

Architectural design is taught from a broad
range of perspectives linking several common
concems: 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 phy ical form (natural and
cons and sociol oIal patterns of use.
The role of e architects less often seen 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 add or alter
over time.

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 complexi. Introductory studios
provide a basic architectural design background
and vocabul and help undergraduates de-
cide whether ey want to continue in architec-
ture. The intermediate studios provide a range
of experiences of form-making in which individ-
ual faculty present their particular ways of
exploring a design issue. The advanced studios
give graduate students the oprtunity to sharp-
en their skills and to develop ir own attitudes
of form-making. In their theses, students carry
through a project of their own from concept
through theory and design to a final product.

The School's new computer center is available
to experiment with modeling techniques, graph-
10 representations, design methods, and assis-
tance with the design process itself. In addition,
students may participate in research work In
these areas.

The emphasis in Environment and methods 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, and 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, houiing and settlement forms in devel-
oping counfries, self-help processes, and
design in non-Western cultures. Central to
these topics l% 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.

Buildin t echnology ncludes teaching and
applicas one of the fndamentals of technology
as well as research In technology for the nex
generation of buildings. Topics Include building
structures, materials, industrialized building
systems, energy In buildings, solar architecture,
and economics, Subjects include fundamentals
of technology, applications to buildings, design
studios, laboratones, and independent research
projects. Students may, for example, study
problems of energy resources and technologies
and use this to design physical environments or
buildings for the next decade embodying
concepts currently in research. Research facilI-
ties include the Energy Efficient Buildings and
Systems Program, the Ughting Laboratory, and
the MIT Solar Building No. 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 architc-
ture and art group emphasizes ways of devel-
oping and organizing concepts as well as
understanding the physical and social context of
an architect's and artist's works. The group is
most concerned with the creative process Itself,
both in understanding the meanings of archi-
tects' and artists' actions and, more importantly,
in being able to contribute directly to analytica
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
premises, te process, the final product, and

e implications (social, formal, and other) of
proposed action and nonaction. They study the
development of and changes In significant
attitudes about architectural works.

The Department offers two undergraduate
courses of study. Course IV leads to the Bache-
lor of Science in Art and Design, and Course
IV-B leads to the Bachelor of Science.

Bachelor of Science In Art and Design
Course IV

Course IV offers a flexible program for students
In four possible areas of concentration: visual
arts: architectural design; building technology
(including structures, building process, energy
systems, and environmental control); and
history, theory, and criticism of art and archltec-
ture. Within a broad framework, students devel-
op 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 Introduc on 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 art and architecture.

Undergraduates interested In technology and
architecture should consult a faculty advisor in
Building Technology. They can plan a course
concentration Including structures, thermal eys-
tems, building systems, computer-aided deal n,
and economics. A joint program with a d-
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-
nito get deeply Involved in a particular sub-
fie -

Students who plan to continue their studies for
the graduate degree, Master of Architecture,
must apply for admission to the graduate
M.Arch. program. Students who have fulfilled
the reuirements for the Bachelor of Science in
Art an Design normally are able to satisfy the
requirements for the M.Arch. in two years If they
include in their undergraduate program a suffi-
cient number of professional subjects. This re-

uires careful use of a student's Unrestricted
lectives.

Students who intend to continue with graduate
studies in the visual arts, building technology,
and history, theory, and criticism of architectre
should consult with an appropriate faculty
member to design a program of study which
establishes the basis for graduate study.



Graduate Study

Bachelor of Science in Art and Design

Bachelor of Science In Art and Design
Course IV

Generaln Iutute nequremente 17 sub(eete

Science Requirement S
Humanities. Arts, and Social Sciences Requirement [one
subject can be satifie by subjects In the Departmental
Program] I
Science Distribution Requirement [can be satisfied
by 4.440, plus appropriate subjects] 3
Laboratory Requirement .1

TOTALSUbOcts 17

PLUS

Departmental Program Unite

Subjeet names below ame tloned by credit Wt, and by
prerequlstes N any (corequlals in Itellcs)
Reqi*ed subjects: SI-84

4.01 Introduction to Architectural Design i, 12

4.04 Introduction to Archiectural Design 1l. 12: 4.01

4.440 Basic Structural Theory. 12: 8.02. 18.02
One subject from each of the folowing our groups:
oup 1 1nronmental Technology

4.831 3-D Computer Graphics, 12

4.401 What is a Building?, 9

4.42) Fundamentals of Energy In Buildings, 12: 802.
1802

Group 2 History of Art and Architeoture
45 Introduction to the History and Theory of

Architecture, 12
4.842 1th-century Art 12
4.61 20th-Century Art. 12

Group social Contx
11.001 introduction to Urban Design and

Development, 12
11.002 Introduction to Public Policy Analysis

and Government Action. 12

11,131 The Urban Neighborhood, 12

Group 4 Aft
4.301 Fundamentals of Visual Design, 12

4.304 Creative Seeing. 12
4.322 Introduction to Three-Dimenilonsi

Design. 12: 4.301

Psened Supee upto 72
A cohenentr sat of * subjects within one of the fWd noe
of concentration (In addition toea reelrictedI elective In the area):
Architectural Design; Building Tlinolog History. Theory. and
Citicism of Arctecture: Visual As. (A 21- or 24-unit design
subject would couit as two sublects) See Depafiment for
delans

U:it 04 Bsimnd Pre"a the dee elSfy
Ni. GwItIIISIIU5RSIIIUO5SI(1111-14)

Wieeav seses Neow"est48

Bachelor of Science Course IV-B

Course IV-B is offered for students who find that
their basic Intellectual commitments are to
subjects within the Department of Architecture
but whose educational objectives cut across
departmental boundaries. These students may,
with the approval of the Department, p lan a
Course of study that meets their indidual
needs arnd Interests while Including the funda-
mental areas within the Department. For exam-
pie, students might create a coherent rram
combining subjects in architecture w t' rubjects
in urban studies and planning, computer
sciences, systems analysis, acoustics, etc.

As earl as possible, students should discuss
their intrests and Intended programs with
Department faculty members. Students desiring
to follow 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-
stcted, 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 one
subject each from three of the four groups
hown in the Course IV curriculum, plus a

coherent program of planned electives (96
units) leading to a well-defined Interdiscipilnary

oal. Further details may be obtained from the
Department.

Students in either program of the Department of
Architecture may, upon consultation with a
faculty advisor, exercise flexibility In scheduling
Completion of the General Institute Require-
ments, It should be emphasized, however, that
any program of studies that involves postponing
first-year physics and mathematics limits the
possibilities of transferring easily to (or taking
advanced subjects in) those departments that
presuppose the completion of most of the
General Institute Science Requirements by the
end of the sophomore year.

The Department offers five graduate degree
porams - the Master of Architecture, the

ar of Science in Architecture Studies, the
Master of Science In Buildin hnoy, the
Master of Science In Visual Studie, andthe
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-
onstrateda high ievel of competence and
achievement In their field.

The Master of Science in Architecture Studies
program stresses research and inquiry in the

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
proram Initiated In the area of History. Theory,
and Criticism, but is being expanded to other
areas - spfelflcly Design Methodology, and
Media Tech. ioj.

Master of Architecture

The Master of Architecture is awarded upon the
satfactory Completion of an approved program
of at least 184 units, of which 96 units must
in "A" subjects, and an acceptable thesis.
Completion ordinaril requires at least two years
of residence beyond 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-
halffyears of residence to fulfill the requirements
for M.Arch. degree.

The professional M.Arch. program is seen as
being diverse and open-ended with many views
of an ate theory and practice of arohl-
teoture avai , yet with a general set of
shared concems. These include a commitment
to design, a concern for the behavior of people

an hr pamrticilpation In creating architecture,
an interet In Inquiry and criticism, a view of the
environment as a i and developing phe-
nomenon, an Interest I the relation between the
built environment and institutions, a re for
the material processes of builddiingnds.
Ceam for the spatial and temporal contextsl of
buildings.

*Only one subject In the fields of visual Arts and Design.
History of Art and Architeclure. and Urban Studies used in
fulfillment of the Departmental Program may be used to satisfy
the Humanities, Afts, and social Sciences (HASS) ResuIrement.
Sudnt cnMa the sM department ar of concen-
tration and MASS Fild of ConcenratOn.

I" un ftr o 11.N. D" 111" 0 ISO



Architectural design studios are the center of
the M.Arch. degree program. Students must
re nize that there are many possible profev-
alonaroles, and therefore must assume much
of the responsibility for structuring their own
educational programs. While the professional
curriculum specifies that a student study a
range of subjects In several interrelated fields,
students in the M.Arch. program have a number
of choices within each of the study areas of-
fered in the Department, and have the opportu-
nity to concentrate in one area which they may
define.

Master of Science 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
students 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 a roved proram
of study and the completion of anaccepablethesis. an Deant requires two full aca-
demio years of residency.

The program has a strong interest In the meth-
ods of Inquiry, development and testing of
knowledge, and the building and pplication of
theory as it pertains to the built en ronment. It
allows students to specialize in areas in which
they wish to obtain particular abilities. The three
m areas of study are:

1) Environmental Design - a joint enterse of
the Department of Archtecture and the part-
ment of Urban Studies and Planning. Major
interests include environmental design, models
and evaluation, poicy analysis, behavior and
programming, and history and theory.

2) Hosing and Settlement Design - which
concentrates on Issues of human habitation as
related to design, and deals with problems in
developing countries. Subareas of research and
teaching are methods, behavior studies, tech-
nology, and settlement design.

3 Design for Isiamic Societies - which con-
centratest on loome concerningrioaan
cultural ien In lie design bu ldngs and
tow relatnship between urban design and
arohitectural form In Islamic and other non-Wes
term sociletles. Subareas of research ar appro-
priate b technology, climate, conservation
and Presenvtin and t development of new
design vooaibulsitee.

An additional area - History, Theory, and
Critiolsm - admits only a few S.M.Aroh.S.
students each year. They work alongside doc-
toral students in the program, and, as a result,
are able to carry their learning experience back
to architectural practice or design education.
The strength of the faculty in this area lies In the
period from the late Middle Ages to the present.

About 70 percent of the students in the
S.M.Arch.S. program come from outside the
United States; thIs encourages the exchange of
Ideas across cultures. Students often use a site
In their home countries as a base for their
theses.
Master of Science in Building Technology

This program provides a focus for graduate
students interested in the development and
application of advanced technology for
buildings. Students in this program take relevant
subjects In basic engineering disciplines along
with subjects which apply these topics to
buildings.

The program concentrates on tie development
of the next generation of technology for build-
ings as well as the Innovative application of
state-of-the-art concepts to building s me.
Research programs, In many cases jointly
carried out with faculty and students In the
School of Engineering, include advanced
thermal Insuiation concepts, solar energy
building envelope systems, composite
materials, air circulation In building Interiors,
monitoring and controls, building simulation,
building management and economics, and real
property management.

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
unique range of disciplines and professions
withIn the Department of Architecture and
emphasizes the study of Westem (19th and 20th
centuries) and Islamic architecture and urban-
lam, and methodological issues that Inform or
link historical and practical work. A small num-
ber of Ph.D. candidates may work in close
association with the faculty and its research In
two areas: building technology; and studies in
Islamic architecture and urbanism ( of the
A Khan Program for Islamic Arch re). In

ition, some students are working in the area
of design m Y and studies in architec-
ture anid envronta structure.
Candidates for the program should have a
Master's degree or the equivalent. Previous
university work may be in academic or profes-
sional schools, and in the history of arcnitecture;
someproessonal experience Is recommended
also. Candidates with degrees from other instftu-
tions are required to be In residence for two
academic years.

Each student admitted to the program should
consut with one principal profesor to work out
both a three-person advisory committee and a
general plan of study. Progress through the
p follows a sequence of subject work,
qu alying papers, general examination In major
an minor fields, and dissertation writing and
defense. Proficiency in two languages is man-
datory. Students are encouraged to take sub-
jects appropriate to their programs In other
departments at MIT, and at Harvard and Welles-
ley; active collirbeation with MIT's gallery and
exhibitions prigram and with other institutions in
the Boston- cambridge area also is possible.

Inquiries

Further information conceming undergraduate
and graduate academic programs in the Depart-
ment, admissions, financial aid, and assistant-
ships may be obtained from the Department of
Architecture, Room 7-303, MIT Cambridge,
Massachusetts 02139, (617) 258-8436.

I
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Department of Urban
Studies and Planning

Tunney F. Lee, B.Arch.
Professor of Architecture and
Urban Studies and Planning
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

Ralph A. Gakenheimer, M.R.P,
Ph.D.
Professor of Urban Studies and
Planning and Civil Engineering

Gary Hack, M.Arch., M.U.P, 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
(On leave, fall)

Merton Kahne, M.D.
Professor of Social Psychiatry

Langley Carleton Keyes, Ph.D.
Professor of City and Regional
Planning

Gary T. Marx, Ph.D.
Professor of Sociology

Karen R. Polenske, Ph.D.
Professor of Regional Political
Economy and Planning

William 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

Donald Allen Sohon, Ph.D.
Ford Professor of Urban Studies
and Education

Lawrence E. Susskind, M.C.P,
Ph.D.
Professor of Urban Studies and
Planning

Lance Taylor, Ph.D.
Professor of Nutritional Economics

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

Joseph Ferreira, Jr., S.M.E.E..
Ph.D.
Associate Professor of Urban
Studies and Operations Research

Merrie G. Klapp, Ph.D.
Associate Professor of
Environmental Studies and
Planning
(On leave, spring)

Lynne Bayer Sagalyn, M.C.P, Ph.D.
Associate Professor of Planning
and Real Estate Development

Bishwaprlya 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

Assistant Professors

Edwin Mel1ndez, Ph.D.
Assistant Professor of Urban
Studies and Planning

Paul Smoke, Ph.D.
Assistant Professor of Political
Economy and Planning

Lyna L. Wiggins, Ph.D.
Assistant Professor of Urban
Studies and Planning

VIsIting Professors

Ronald Ferguson, Ph.D.
Associate Professor of Public
Policy

James McKellar, M.Arch, M.C.R
Director, Center for Real Estate
Development

Richard Schramm, Ph.D.
Associate Professor of Economics

Michael Wheeler, J.D., LL.M.
Professor of Law
Director of Education, Center for
Real Estate Development

Adjunct Professors

Philip Barnard Herr, M.C.P
Adjunct Professor of City Planning

Melvn H. King, M.Ed.
Adjunct Professor of Urban Studies
and Planning
Director, Community Fellows
Program

Senior Lecturers

Michael Joroff, M.C.P
Director, Laboratory of Architecture
and Planning

Edward J. Logue, L.L.B.

Lecturers

Peter Droege, M.Arch.A.P

Louise Dunlap, Ph.D.

John Ehrenfeld, Sc.D.
Senior Research Associate

Dennis Frenchman, M.C.P, M.Arch.

Gillian Hart, Ph.D.
Director, Special Programs for
Urban and Regional Studies
(SPURS)

Donna Marie Horse Grant, Ed.M.

Amy Schechtman, M.C.P

Administrative Officer

Rolf R. Engler, A.S.A.

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.R
Professor of City Planning,
Emeritus

Usa Redfield Peattle, Ph.D.
Professor of Urban Anthropology,
Emeritus

Lloyd 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

The Department of Urban Studies and Planning
(DUSP) offers several degree and nondegree
programs: Bachelor of Sdience In Planning;
Master of City Planning; Master of Science in
Urban Studies and Planning: Doctorate in Urban
Studies and Planning; joint pr rams with the
Departments of Arch ture, C vil Engineering,
Political Science, and Economics; a special
Program in Urban and Regional Studies (for
mid-career professionals from less develop
areas); the Community Fellows Program (for
mid-career professionals from communities of
color in the United States); and special student
status for part-time mid-career professionals
Interested in taking individual courses.

City and regional planners in the US and other
parts of the world are involved in a variety of
activities aimed at shaping the pattern of human
settlements and providing housing, public
services, employment op runities, and other
crucial support systems at comprise a decent
living environment. Planning encompasses not
only a concern for the structure and experience
of the built environment, but also a desire to
hamess the social, economic, political, and
technological forces that give meaning to the
everyday lives of men and women in residential,
work, and recreational settings. Planners oper-
ate at the neighborhood, metropolitan, state, or
national level, in both the public and private
sectors. Their tasks are the same: to help frame
the issues and problems that receive attention,
to formulate and Implement programs and
policies responsive to Indivdual and group
needs, and to work with and for various com-
munities In allocating both economic and natu-
ral resources most efficiently and most equit-
ably.

Planners are often described as "generalists-
with-a-specialty." Specialties have been thought
of in functional terms (such as housing, trans-
portation, land use, health care) or in terms of
the geographic levels at which decision making
takes place (neighborhood planning, town
planning, regional planning, planning for nation-
al development. Subspecialties within the
planning field also have been described in
erms of the roles that planners are called upon
to play, such as manager, designer, regulator,
advocate, evaluator, or futurist.

The Department of Urban Studies and Planning
seeks to educate professionals and scholars
who as practitioners are able to deal with the
processes of urban and regional development,
environmental planning and design, and public
policy analysis and implementation. The Da-
ment Is committed to educating planners who
can advccate the Interests of underrepreented
constituencies.

A focus on practice and the development of
practice-related skills is central to the Depart-
ment, particularly to students In the professional
degree (M.C.P ) program. One means of aso-
qurring ese practice-related skills and of
Integrating them with classroom knowledge is
through the Department's fieldwork and intern-
ship programs. Through fieldwork, students can
acquire competence by working with capable

racttioners and then bringing eld experiences
ack into the academic setting for reflection and

discussion. Students may work In community
organizations or government agencies, or under
the direction of faculty members Involved In
field-based projects for outside clients. Academ-
Ic credit Is awarded according to the time
committed. In some cases stipends are related
to fieldwork or internship programs.

Specific opportunities for concentration and
specialization available to students are Included
in the descriptions of the degree programs that
follow.

During the month of January. the Department of
Urban Studies and Planning offers a series of
"mini-subjects" in specialized fields not covered
by the regular curriculum - unique opportuni-
ties proved by the Institute-wide January
Independent Activities Period. Some of these
are student-organized activities that subsequent-
ly have been incorporated into the academic
program.

The Minor Proram offers students the opportu-
nity to explore basic issues in this Interdisciplin-
ary field.

The Minor Program In Urban Studies and Plan-
ning consists of six subjects arranged into three
levels of study as follows:

Tier 1: One subject:

11.001 Introduction to Urban Design and
Development

Tier II: Four subjects from the following:

11.006J

11.007
1 1.008J
11.013J
11.131
11.166

American Society: Values, Institutions,
and Variety
Politics and Public Policy
Economic Structure of Cites
American Urban History I
The Urban Neighborhood
Law and Public Policy

Tier Il: One subject:

11.195 Special Topics in Urban Studies
and Planning

Bachelor of Selence In Planning
Course XI - Option 1

The Department of Urban Studies and Planning
offers an Interdisciplinary preprofessional pro-
gram designed to prepare students for careers
as planners, analysts, advisors, and managers in
either the public or private sectors. Course work
stresses knowledge and skills for: 1) defining
and responding to community needs, 2) eva-
luating and designing public policies and pro-
grams, and 3) allocatng resources In an effi-
cient and equitable manner.

The core of the program provides basic knowl-
edge of community and environmental systems;
the social science concepts used to describe
them; and the methods and techniques with
which they can be analyzed, planned, and
changed. Students begin with one Introductory
subject linked to either the design or policy side
of planning, plus three social science subjects
Introducing basic concepts from the disciplines
of sociology, political science, and economics.
The two-su ject sequence in planning and
applied social research then builds on these
Introductory subjects to develop skills in pract-
cal poblem solving. Students are also expected
to sen their analec skills through both the
required statistics su ject and the laboratory.

Student participation In departmental research
and public sector internships is an important
part of the program. Faculty members will help
students formulate, design, and undertake a
personal project synthesizing what they have
leamed. Te project may involve a focused
attempt at analysis, or a report on a problem-
solving experience accomplished either through
a fieldwork assignment or as the result of a
workshop.

Students are free to develop their own special-
izations in consultation with their advisors or
may select one of the three areas suggested by
the Department:

Environmental Planning serves students
seeking carers in managing and analyzing the
quality of the environment. Students may subse-
quenfly become specialists in planning, law,
engineering, or other "environmental profes-
sionis" such as landscape architecture, water-
resource management, and a-pollution on-
trol. This specialization examines the form and
function of natural and urban systems, tech-
niques for describing and evaluating environ-
mental change, approaches to analyzing and
Implementing environmental policy, and mecha-
nisms for asseseing the choices posed by the
environmental Impacts of technological ad-
vances.



Department of Urban Studies and Plannina 113

Neighborhood and Communiy Planning
emphasizes the study of the buit environment;
and techniques of describing, evaluating, and

ding spatial and physical change. Students
learnout interactions between communities
and the people who Inhabit them. They acquire
skills in defining needs and goals, In assessing
altemative development patterns and policies,
and methods for implementing planned
changes in urban areas. The specialization
relates economic and political aspects of devel-
opment to planning methods and theory.

Public Polly, Urban Management, and the
Law focuses on the nature of public Institutions,
the processes of policy formation, analysis, and
implementation, and research and management
techniques for planning and executing public
policy. Subjects examine factor that Influence
public choices - political and economic inter-
ests, social structure, and value considerations.
Fieldwork and internship subjects give students
experience that helps develop skills in analysis
and management. This specialization prepares
students for subsequent work in government
public administration and management, and
law.

Bachelor of Science In Planning

Bachelor of Science In Planning
Course XI - Option 1

oeneral ntitute Require ente 17 sjecls

Science Requirement 5

Humanitie' Arts, and Social Science
Requirement (all but three Humanities
Distribution subjects can be satisfied by
&ubjects In the Departmental Program) I

Science Distribution Requirement' 3

Laboratory Requirement (can be satisfied by 11.188
or 17.203 In the Departmental Program] -1

TOTAL Subjects 17
PLUS

Departmental Program Units

Subject names below are followed by credit units, and by
p'erequeltes rany (corequlesles in Nice)
Required subects: 10
Omup 1: Introduation
One of the following fo subjects:

11.001 Introduction to Urban Design and
Developrivent. 12

11.002 Introduction to Public Policy Analysis and
Govemment Action. 12

Goup If: Social Science
11.0081 American Society: values. Institutions,

and Valet 12
11 .007J Politics and Public Policy 12

14.01 Principles of Microecononics. 9

Group lil: Planing ad Appled socialReeerch

11.003 Planning and Applied Social Research 1. 12:
11.007J. 14.01

17.203 Political Science Laboratory. 12

11.188 Social Research Methods. 12

6.041 Probabilistic Systems Analysis, 12 18.02

Group Iv: senior Project
Senior Project (10-24 units)

Plrmed Electives: at
A coherent selection of five subjects in planning and ap
social science developed In consultation with the stude
departmental advisor. The student must Include at least
additional social science subject, such s It .008 Econ
Structure of Ciles or 11.014J American Urban History I1
12 units of approved internship. fleidwot, or workshop
once: and at least three subjects compising an approv
of specialization (described In teM).

Uitsa i DepartmntallPrograml thaft ale. eatfV
thie onerdhietitute eqbilente

Unrestiloted Ulectives

Total Unite Reqired for the B.S. Degree Beyond
te General Institute Requiremewte

Bachelor of Solence In Planning
Course XI - Option 2

This option, in cooperation with Civil Engineer-
ing, Is designed for students who want to com-
bine the Skile of the two fields. Such programs
concentrate, for example, on environmental
engineering, on transportation systems related
to [and development, or on constructed facilities
and environmental planning. Other combina-
tions are possible.

The program is administered by a committee of
faculty representing the two departments.
Applications are made directly to this committee
through either department. The committee
advises students on the choice of 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 Combined Program
Committee confirms the student's participation
In the program.

3-117 Bachelor of Science In Planning
Course XI - Option 2

General Institute Requiremente 17 Sublecte

Science Requirement 5
Humanities. Aits, and Social Sciences
Requirement (one subject can be s-lls-
fled by 1.OIJ In the Departmental Program]' I

Science Distribution Requirement [2
subjects can be satisfied by 1.00 and
18.03 in the Departmental Program] 3

Laboratory RequIrement2  4
TOTAL Subjects 17

PLUS

Deparmental ProWam Unite

least 45
plied
nt's

Subject names below are followed bycredt unfle, and by
pretequises N any (corequlaitea In ic.)
Required subjects:

1.00 Introduction to Computers and Engineering
Problem Solving, 12

72

one i.0iJ Engineering Aspects of Economic Analysis. 12
omic
at least 1.02 Optimal Design of Engineering Systems, 12; 1.00

experi- 1.03 introduction to Probability and Statistics for
ed area Engineers, 12; 18.03

One of the bllowing two subjectse
11.001 Introduction to Urban Design and

Development, 12
11.002 Introduction to Public Policy Ana.

lysis and Government Action. 12
72-02

150

pehs
18.03 Differential Equations. 12; 18.02*

A computer-related subject such as 1.00 introduction to
Computers and Engineering Problem Solving Is suggested a
one subject.
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Graduate Study

sanned Electives: 72
Including:

Subjects which assure breadth and depth In the area of
specialization (at least 18 units)

CMI Engineertng subjects (at least 18 units)
A special studies project or thesis which requires a
synthesis of knowledge within the scope of the Joint
program (at least 12 units)

Unit# I Departmental Ptogruin that also satisy
the seral Institute Requirententa (36)

Unrestticted Electilm 72

Total Units Requiredforthe 1.. Dso Beyond
the Oenrwal institlute Reqiuiremtents 0

Bachelor of Science In Planning
Course XI - Option 3
Urban and Regional Planning In Developing
Countries

This option provides training in urban studies
and planning in the setting of developing coun-
tries. It is designed particularly for those stu-
dents who come from developing countries or
who are preparing to work in such places.

Students electing this option must take one of
the two introductory subects offered by the
Department, the Urban Studies laboratory, and
the thesis; and a set of subjects in issues of
regional development, and the politics, econom-
ics, and social aspects of development. Elec-
tives are chosen in conference with the stu-
dent's advisor and are intended to develop a
basic competence in analysis and planning in
some specific areas.

The major problem area foci available are
housing, trarsportation, and urban policy, but
arrangements ean be made to combine work in
other departments such as Architecture, Civil
Engineering, Economics, or Political Science.

Five-Year S.B.-M.C.P. Option

MIT undergraduate planning majors may apply
for admission to the Department s Mast n
Planning (M.C.P) Program at the end of their
junior year. Students accepted into the five-year
program are exempted from the undergraduate
thesis requirement and receive both the Bache-
lor of Science and the Master in City Planning at
the end of five years. Admission is limited to
those undergraduates who have demonstrated
exceptional professional promise. More informa-
tion on the five-year program can be obtained
from the Director of the Undergraduate Urban
Studies Program or the Chairman of the M.C.P.
Committee.

*Animate prerequisites are listed in the subject description.

Up to 27 additional units of unrestricted electives may be
obtied i three of the planned electives In the Departmental
Program are designated as the student's Field of Concentra-

2
Suggested subject - 11.188.

The Department of Urban Studies and Planning
offers graduate work leading to the Master in
City Planning and the Doctor of Philosophy. The
Course is open to students with varying
backgrounds. Urban studies, environmental
studies, architecture, political science, civil
engineering, economics, sociology, law,
management, geography, and public adminis-
tration all offer suitable preparation. Applicants
from other fields are also accepted. Undergrad-
uate preparation for urban studies and planning
usually differs from that required for scientific
degrees at MIT. Further information concerning
academic programs in the Department,
admissions, and financial aid 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 planning
field is the Master in City Planning M.C.R). The
Department of Urban Studies and lanning
provides graduate education for men and
women who assume professional roles in public
and private agencies, in the United States, and
abroad. The Department seeks to provide
M.C.P students with the skills and specialized
knowledge needed to fill traditional as well as
emerging planning roles.

The two-year M.C.R Program emphasizes the
mastery of the tools necessary for effective
practice and is therefore distinct from liberal arts
programs in urban affairs. An intensive course
of study stresses skills for policy analysis and
institutional intervention. The Master's Program
is recognized by the American Planning Assoc-
ation.

The M.C.P program offers professional training
mainly within the context of the institutional
processes and cultural values of more devel-
oped countries, and is described in the
following paragraphs. For those students from
develop)n areas of the world or for those with a
primary Interest in such areas, a modified option
is available, summarized in the subsequent
section on Master in City Planning for Develop-
ing Areas. Because the M.C.P /DA program has
a departmental admissions process that
explicitly takes into account educational
backgrounds and professional experience
acquired abroad, applicants must specify
interest in the M.C.P/Developing Areas option
on their application forms if they wish to be
admitted to that program.

A student's plan of study in the M.C.P program
is set forth In a program statement developed
jointly by the student and faculty advisor. The
program statement describes the purposes and
goals of study, the proposed schedule of sub-
jects, the manner In which competence In a
specialization is developed, and an indication of
a possible thesis project topic. The rogram
statement Is submitted at the end o the first
semester of study to the M.C.P Committee,
which monitors each student's progress.
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Degre. Requirements. Students are expected
to take a mininum of 30 credit units each term
(about three subjects) or a minimum of 120 total
units, in addition to the thesis.

The Professional Core. Three subjects, taught
in conjunction with each other durng the
student's first term In the Department, constitute
a "core experience" that we view as central to
the professional program. The core subjects
are:

11.200 Planning and institutional Processes,
11.206 Core Practicum, 11.210 Political
Economy for Planners I, 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
required to take an introduction course in one of
the four curriculum focus groups.

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.P students select an area of specialization
by the end of the first semester, tailored to
Individual students' Interests. Specializations at
the M.C.P level include:

Design and Development combines the tradi-
tional area of environmental design and real
estate development. This specialization Involves
conceptualizing, guiding, and Implementing
changes in the spatial environment. Work in
environmental design Involves acquiring knowl-
edge about the Interactions between people
and the settings they inhabit: understanding the
historical evolution of current forms of settle-
ment; learning methods for anal ing, program-
ming, designing, and Implementng environ-
mental change; anticipaing and coping with the
Impacts of changes in the form and functioning
of human settlements; and developing pro-
cesses for regulating and managing environ-
ments over time. Real Estate Development
focuses on the planning and management of
urban development, and especially on design,
location, and financing.

Emphasis is on analysis of the financial
dimensions of real estate, public policies that
affect private development, incentives In the
development sector, land-use regulations, and
assessment of markets and housing needs.
Publio-private partnerships for real estate
development construction issues, and the
operation of financial markets are other
Important subjects. Students may elect to
pr rsmsubjects offered as part of the Real

EDt Program, which is
described In CatrVI.

Environmental Planning and Policy empha-
sizes the study of the legal, Institutional, and
economio tools by which society conserves and
manages Its environmental resources. Substan-
tive areas of concern Include energy facility sit-
Ing, pollution control, land use, growth manage-
ment, and coastal zone management. Students
examine the Interactions between built and nat-
ural systems, techniques for describing and
evaluating changes in environmental quality.
approaches to environmental policy analysis,
and mechanisms for assessing the choices

sed by the environmental Impacts of new
hnology.

Housing and Community Development inte-
grates economic, social, and political theories of
development with planning and implementation
methods. While the development of the whole
community Is necessary, the emphasis Is on the
delivery and provision of housing and employ-
ment. Studies include national and local hous-
ing employment policies; legislative, administra-
tive, and private institutions; and financial
analysis of public programs and private capital.
Other studies include the impact of housing,
capital, and labor markets on the operation of
the local economy; strategies for Intervening In
neighborhood income and employment struc-
tures; analysis of current and alternative policies
toward neighborhoods; arjd the development of
new techniques for defining community needs,
assessing altemative policies, and 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 developed country
perspective and those who are following the

oping Area option (see below). The first
g roup of students will generally take 11.200 for

eir core requirement subject on institutional
process; those in the latter group or those who
are more interested in an international compara-
tive perspective on planning and plannin
Institutions, 11.205. Regional policy and devel-
opment planning Involves the study of econom-
Ic growth and locational change. Emphasis Is
Cn the production and distribution of goods and
services; job creation and employment pro-
cesses; development finance, trade, migration,
and capital flows' techniques for ng
regional development: and the evalu on of
International regional economic polcies. Cur-
rently, special attention is paid to the application
of regional input-output techniques.

The department cooperates with several depart-
ments at MIT in teaching and research In Trans-

rtation Planning. Coordination Is provided by
e Center for Transportation Studies described

In Chapter VI. Topics of special interest include
transportation systems analysis, transportation
policy studies, transportatin technology
assessment, and the management of transporta-
tion enterprise. A number of faculty members
and students are interested in the relationship
between transportation and particular problems,
such as regional development, urbanization,
and the pricing of commodities. Work spans
developed and less developed countries.

All students are required to submit a thesis on a
topic of their choice. The Department encour-
ages M.C.P students to avoid the traditional
perception of the thesis as a "minidissertation,"
and to think instead of a client-oriented, profes-
sional document, which bridges academic and
professional concems. While most of the thesis
work occurs during the last semester of the
second year, students are urged to begin the
process of defining a thesis topic early in the
second year.

Students in the M.C.P Program are encouraged
to integrate fieldwork and internships with
academic course work. The Department pro-
vides a variety of Individual and group field
placements involving varying degrees of faculty
participation and supervision. Academic credit is
awarded for field experience, although some
students choose instead to participate In the
work-study financial aid program. The Depart-
ment also sponsors a variety of seminars In
which students have an opportunity to reflect on
their field experiences.

Master of City Planning/Developing Areas
Option

The requirements for this professional degree
option are similar to the regular M.C.P program.
However, while the core and specialized sub-
jects of the regular program tend to emphasize
practice In developed countries, the M.C.P/DA
program places greater weight upon cultural
and institutional comparisons and on the plan-
ning skills for regional and urban growth and
development in Asia, the Middle East, Africa,
Latin America, and the Caribbean region. Stu-
dents with an interest in the development prob-
lems of disadvantage regions in the United
States, Canada, Europe, and Japan should in
most cases apply to the regular M.C.P program
and should specify the regional policy sub-spe-
cialization.

As an altemative to the core subject, 11.200,
Planning and Institutional Processes, students In
the M.C.P/DA have the option to take 11.205,
Planning Roles and Institutions in Developing
Countries, which stresses the role of institutions
in shaping planning processes in third world
countries. Students may test out of the other
two required core subjects, 11.210, 11.220, as
described earlier. For the Regional Economic
specialization under the M.C.P/DA option,
additional economics and quantitative methods
courses ma be required after review of the
student's pror course work and diagnostic test
results.

Possibilities for specialization under the
M.C.R/DA option include: Planning Process,
Implementation and Evaluation; Regional Eco-
nomic Theory and Planning; Transportation and
Infrastructure Planning; Housing Problems and
Policy; and Urban Settlement Planning. It is also
possible to construct specializations in environ-
mental design, real estate, land management,
and environmental policy and planning.
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Simultaneous Master's Degrees In City
Planning and Architecture

Students who have been admitted to either the
Department of Urban Studies and Planning or
the Department of Architecture are Invited to
9 ropose programs for joint work In the two

elds leading to degrees In both fields. Degree
combinations may be M.C.P-M.Arch. or
M.C.P-S.M.Arch. S. Program proposals must be
made prior to the student's final academic year
In the first degree program and are considered
during the spring admissions process. Normally,
students are expected to meet the core require-
ments of both degrees, but may submit a joint
thesis and count some subjects completed for
one degree toward the other, thus decreasing
the overall time required for the two degrees.

Double degree p rams may include an
Innovative combina on of work In any of the
fields of specialization of the two departments.
They may represent preparation for professional
roles that bridge the two fields or the definition
of new roles that are needed but not yet de-
fined. Students pursuing dual degrees work
with advisors in both departments.

Simultaneous Master's Degrees in City
Planning and Transportation

Students who have been admitted to study for
the Master of City Planning or the Master of
Science in Transportation are invited to propose
programs for joint work leading to Master's
degrees in both fields. The details of this pro-
gram are described in Chapter VI under the
center for Transportation Studies.

Simuitanseous Master's Degrees in City
Planning and Real Estate Development

Students who have been admitted to the Master
of City Planning Program may pose pro-
grams that include as well all o the required
subjects for the Master of Science in Real Estate
Development. Information on this program is
given under the School of Architecture and
Panning at the beginning of this chapter. Stu-
dents may submit a joint thesis and count some
subjects completed for one degree toward the
other, thereby decreasing the overall time
required for the two degrees.

Doctor of Philosophy

The Ph.D. Is geared to serve as the advanced
degree In planning or urban studies. Admission
requirements are substantially the same as for
the Master's degree, while more emphasis is
placed on academic preparation In the student's
proposed area of specialization. We do not
require a M.C.P or equivalent for admission for
Ph.D. studies.

The doctoral program emphasizes the develop-
ment of fundamental research competence and
flexibility in the exploration of qu ons that no
single academic discipline can address. Stu-
dents work under the mentorship of a faculty
advisor. They may center their activities on any
subfield in which the Department of Urban
Studies and Planning has faculty expertise.

After successful completion of a required first-
year doctoral paper and general examinations,
each Ph.D. candidate must write a doctoral
dissertation which gives evidence of the capac-
ity to do independent research. To be eligib e
for financial ald, students in the Ph.D. program
must be registered for at least 30 credit units
each term.

Students must take oral and written general
examinations In two fields: a broad intellectual
discipline (environmental design, urban and
regional economics, economic develo ment,
policy and Institutional analysis specialization,
urban history) 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 policy, negotiation and
dispute resolution, planning in developing
countries, public finance, regional development,
transportation and city planning).

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 participate in the re-
search program of the Center, which brings
together faculty and students with active profes-
sionals in real estate development companies.
Specialized work Is available in such fields as
real estate finance, development policies, and
relationships 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 proparation. A minimum of
120 units, plus 30 units for the dissertation (a
minimum of 150 units) Is required for the Ph.D.
degree. However, students who have not com-

leted a Master's degree in a related field prior
o admission to the Ph.D. program will be
expected to complete a minimum of 180 units,
plus 30 units for the thesis (a minimum of 210
units). Previous work at MIT or elsewhere may
count toward the degree. The general require-
ments for the Ph.D. are specified in Chaptor IV.

Interested and qualified students can undertake
joint doctoral programs with the Department of
Political Science or the Department of
Economics.

Master of Science in Urban Studies and
Planning

The majori of raduate students in the Depart-
ment are eer aster of City Planning students
or doctoral candidates. Under special circum-
stances, however, admission may be granted to
candidates seeking the Master of Science
degree. The general requirements for the S.M.
are given In Cha ter IV. For further information
conceming the SM. option, contact the Depart-
ment Head, Room 7-344, MIT

Nondegree Programs

A limited number of nondegree students are
admitted to the Depament each term. This
special student status Is especially designed
for mid-career proessionals Interested in devel-
oping specialized skills, but it also Is available to
others.

Every year 10 to 12 women and men from
various parts of the United States are selected to
participate in the Community Follows Program,
a 10-month nondegree program that seeks to
expose the Fellows to a range of political and
Ideological positions bearing on the existence of
people of color In America and the development
of their communities. The Program promotes
the belief that people of color in America cannot
achieve maximal economic and political devel-
opment without the sharing and/or pooling of
their talents, skills, and resources.

The Special Program for Urban and Regional
Studies of Develo Ing Areas (SPURS) pro-
vides an opportun for a small number of
mid-career professionals to spend a year at MIT
studying the problems of urban and regional
change within a broad context of national devel-
opment. The majority of students are from
developing countries, and SPURS offers partici-
pants the opportunity to work with people
Interested in similar problems.

Further information on these nondegree
programs is available from the Department.
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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 accelerating technological ad-
vances, coupled with Increasingly scarce and
expensive resources, the profession of engi-
neering is occupying an increasingly important
role, both in creating the complex systems
society needs and wants and in ensuring that
these systems meet societal goals for the hu-
man environment. Never have the challenges
and opportunities for careers In engineering
been more exciting or more promising than
they are today.

Engineering is a creative profession concerned
with developing and applying scientific knowl-
edge and technology to meet societal needs
within ph sical, economic, human, political,
legal, an cultural constraints.

The growing influence of technology on all the
functions of society such as energy and natural
resource production, manufacturing and materi-
als processing, health care and human rehabili-
tation, Information, education, defense, con-
struction, and transportation have created a
large demand for engineering graduates, not
only to enter the professional practice of engi-
neering, but to bring the strengths of an engi-
neering education to related fields such as law,
medicine, management, and govemment.

The primary objectives of the School of Engi-
neering at MIT are to educate and prepare men
and women for leadership in industry, govern-
ment, and educational Institutions; to advance
the knowledge base of the engineering profes-
sions; and to influence the future directions of
engineering education and practice.

The educational programs in the School em-
phasize the understanding of fundamental
principles; facility with experimental, computa-
tional, and analytical methods; development of
skill in the creative processes of engineering
such as design; and the development of a
self-confidence and versatility of mind that
prepare the Individual for a lifetime of leaming
and professional growth.

The academic departments in the School pro-
vide the primary homes for faculty, students,
and degree programs, and provide continuity
and stability for the basic engineering disci-
plines. However, the departments increasingly
share common interests in the broad areas of
application to which their individual disciplines
and technologies apply. Among the major
applications of concern in most of the engineer-
Ing departments are energy supply, conversion,
and conservation; transportation (air and space,
ocean, urban, rail, and automotive); communi-
cation and information processing (including
computer design and utilization); manufacturing
and processing; construction; materials and the
extraction and processing of natural resources;
environmental issues; and biomedical engineer-
ing and biotechnology. The approximately 35
Interdepartmental centers, laboratories, and
programs in which the School Is involved pro-
vide the mechanisms and facilities for faculty
and students to undertake collaborative re-
search and engage in educational programs
dealing with these and other interdisciplinary
applications of importance to society. Many of
these are described in Chapter VI.
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Engineering Internship
Program

Through Its departments and various interde-
partmental groups, the School of Engineering
offers a wide variety of educational programs.
Large numbers of undergraduate students often
enroll in some graduate subjects, and all stu-
dents are strongly encouraged to particlpate in
a variety of research, engineering applications,
and public service projects. Together, these
activities and interactions provide a rich educa-
tional experience.

The School of Engineering offers formal gradu-
ate degree programs In both the departmental
areas and a number of Interdepartmental areas
including Biomedical Engineering, Environmen-
tal Studies, Instrumentation, Operations Re-
search, Materials, Mineral Resources Engineer-
ing and Management, Technology and Policy,
and Management of Technology. In addition,
numerous other interdepartmental opportunities
exist at both the undergraduate and graduate
levels. With the faculty and resources of all the
departments available, the student is able to
develop a program that satisfies his or her own
intellectual and professional objectives. The
student interested In an interdepartmental
program will find it helpful to study the depart-
mental descri tions as well as to read the spe-
cific sections n Chapter VI covering interdepart-
mental opportunities that combine disciplines
from MIT's four other Schools with those of the
School of Engineering.

Undergraduate degrees are awarded by the
departments of the School but can embrace
several interdepartmental fields as well. Several
departments also offer "undesignated" de-
grees, which lead to the Bachelor of Science
without departmental designation. The curricula
for these programs offer students opportunities
to pursue rograms of studies that are broader
than coul be accommodated within a normal
four-year departmental program.

Most undergraduate departmental ree
programs in the School are accredi b the
Accreditation Board for Engineering and Tech-
nology. However, given their more general
nature, accreditation has not been sought for
any undesignated degree programs. Holders of
an accredited-program degree can generally
take examinations for professional registration
with fewer years of experience than holders of
unaccredited or non-engineering program
degrees. Also, an accredited degree may be
required for certain jobs. As the situation varies
markedly from field to field, students should
discuss the question of accreditation with their
faculty advisors when considering undesignated
degree programs.

For undergraduates, the first-year curriculum
encompasses study of physos, chemistry,
mathematics, and human es/social sciences,
while still offering students many opportunities
to make contact with engineering through
undergraduate seminars, research opportuni-
ties, and elective subjects. In the cecond year,
students typically continue these sevdies with
subjects leading toward the fulfillment of the
Science Distribution; Laboratory; and Humani-
ties, Arts, and Social Sciences requirements. An
undergraduate student normally becomes
affiliated with a particular department as early as
the beginning of the sophomore year, and from
that time on works closely with an advisor from
that do artment or program. Altematively, a
student mar elect to delay this choice until the
start of the unior year without necessarily
delaying graduation beyond four years.

However, a student with an interest in engineer-
ing is encouraged to become involved with one
of the engineering departments even during the
freshman year, for example, through the Under-
graduate Research Opportunities Program or
the Undergraduate Seminar Program.

Many opportunities exist for individual Initiatives.
For example, significant numbers of students
find it possible o combine their primary under-
graduate degrees with a second undergraduate
degree in another area, such as management,
polcal science, economics, one of the
sciences, or another area of engineering. Others
organize their programs so as to receive under-
graduate and graduate degrees simultaneously.
Completion of the undergraduate degree re-
quirements in less than four years is also possi-
ble In some cases.

The School also offers an extensive program in
continuing education through the Center for
Advanced Engineering Study. Its oal Is to
improve the capabilities and effectveness of
practicing engineers. Priority Is given to advanc-
ngthe arts and sciences of applications, rather
than remedial instruction, in both technical and
managerial-technical areas. Further details on
this Interdepartmental program may be found in
Chapter VI.

The Engineering Internship Program is national-
ly recognized for its excellence. It combines
traditional on-campus academic programs with
off-campus work experience in industry and
govemment. Such experience can be an Impor-
tant aspect of a sound engineering education
and can also help students make more In-
formed choices among the on-campus educa-
tional offerings, as well as obtain a better under-
standing of career opportunities available to
them after graduation.

The Engineering Internship Program Is similar to
the VI-A Intemship Program in the Department
of Electrical Engineering and Computer
Science.

Emphasis is placed on ensuring that students in
the program are placed in rewarding "real-
word" company assignments that extend the
leaming expr rience into areas that are not
available at MIT. There is extensive faculty
participation and advising in both the on- and
off-campus components of the program.

The Engineering Intemship Program is de-
signed principally as a joint undergraduate and
graduate program that leads to the simulta-
necus award of the S.B. and S.M. degrees in an
engineering department upon successful com-
pletion of all degree requirements.

Programs have been established in the Depart-
ments of Aeronautics and Astronautics (Xl-C),
Civil En ineering (1), Electrical En ineering and
Compur Science (Vi), Materials Sclence and
Engineering (Ill-B), Mechanical Engineering

-B), Nuclear Engineering (XXll-A), and Ocean
Engineering (XIIi-C).

Program Description

The following eneral description Is typical of
most participaling departments. Please see the
listing in the appropriate department for unique
features of each program.

Students normall enter the program in the
summer after their sophomore year at MIT.
Sophomores in good standing in the School of
Engineering are eligible to apply for the pro-
gram and must be selected by a participating
company during the on-campus interview
process.

The program consists of three work assign-
mentsat the same industrial firm or govemrnment
agency. Work assignments of three months'
duration each occur after the student's second
earat MIT and one after the third year. During
e first term of the fourth year, a student applies

to the department for admission into the gradu-
ate program. For those students who are ac-
cepted to the graduate program, there Is one
additional work assignment of seven months'
duration after the fourth year. Additional or
substitute work assignments are possible.
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School-Wide Electives

For those students who are not admitted to the
departmental graduate program or do not con-
tinue on to graduate school for other reasons,
the Internship Program will terminate at the end
of the spring term of the fourth year at the S.B.
level.

Students who are accnpted to the raduate
prram will often do a combined S.B.-S.M.
theis on a topic related to their work assign-
ment. Usually, for such a thesis, the research will
be performed prImarIl In-plant during the final
work assignment, un dr combined supervision
of company staff and an MIT faculty member.

Students are paid during their periods of resi-
dence at the participating companies and
should expect to receive a travel allowance.
There are nc obligations on either side regard-
Ing further employment.

Further information on the program may be
obtained from the department of registration or
from John R. Martuccelli, Director, Engineering
Internship Program, MIT, Room 1-211,
Cambridge, Massachusetts 02139, (617)
253-8051.

The School of Engineering offers a set of
School-Wide subjects, each of which is of
Interest to students from a number of depart-
ments in the School. A School-Wide subject
may: 1) integrate knowledge from several
disciplines and Illustrate the commonality of the
Intellectual underpinnings of the departments In
the School of Engineering, 2) be at the Interface
between the academic program of the School
of Engineering and the programs of other
Schos at MI 3) be a serv ce subject to en I
neering students and other students, and 4)

ermane to many engineering students, without
Ing ntral toany one departmental program.

A li current School-Wide Electives ollows.
Please note that registration for these subjects
takes place through one of the departmental
numbers. Subject descriptions may be found at
the end of the subject description chapter of
this catalogue.

Computer Models of Physical and Engineer-
In stems U(2) SD
1.2,2.101, 3. 10.11, 13.51, 16.008, 22.006

En ineri Risk-Benefit Anal sis (A) G(2)
1.1, 2. 1 3.577, 6.9 38 , 10.816, 13.6 1,
16.794, 22.82

Engineering Systems Analysis (A) G(1)
1.146, 2.192, 3.56, 13.62, 16.784, 22.821,
TPP 21

Entrepreneurship G(2)
2.942, 3.566, 6.936, 10.801, 13.78, 16.672, 22.86

inventions and Patents U(1)
3.172, 6.901, 16.673, 22.084

Management In Engineerin U 1)
2.96, 6.930, 10.806, 13.52, 10 , 22.002

Nuclear War: Threat and Avoidance U(2)
HASS
6.934, 8.208, 13.91, 16.994, 17.465. 22.003,
STS 061

Nuclear Weapons and Arms Control:
Technolog and Policy ssues 9(1)
6.932, 13, 16.995.1 486, 22.841

Optimal Design of Engineering Systems U(1)
1.02,. 6.94, 13.671

Probabilistic Models In Engineering U(2)
1.06, 6.939, 13.672, 16.793

Office of the Dean

Gerald Loomis Wilson, Sc.D.
Vannevar Bush Professor
Professor of Electrical and Mechanical
Engineering
Dean
(On leave, fall)

Jack Leo Kerrebrock, Ph.D.
Richard Cockburn Maclaurin Professor of
Aeronautics and Astronautics
Associate Dean
(Acting Dean, fall)

Donna R. Savicki, B.S., M.S.
Assistant Dean for Administration

William H. Ramsey, S.B.
Director, Engineering Special Programs

Pamela Hart, B.A.
Administrative Officer

School Professors Without Departmental
Affiliation

Judah Leon Schwartz, Ph.D.
Professor of Engineering Science and
Education

Nicholas A. Ashford, Ph.D.
Associate Professor of Technology and Policy

Lawrence L. Buociarelli, Ph.D.
Associate Professor of Engineering and
Technology Studies

James M. Utterback, Ph.D.
Associate Professor of Engineering

Professors Emeriti

Alfred Adolf Heinrich Kell,
Dr.Rer.Nat.
Professor of Ocean Engineering, Emeritus
Ford Professor of Engineering, Emeritus

Myron Tribus, Ph.D.
Professor of Engineering, Emeritus
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Department of Aeronautics
and Astronautics

Eugene Edzards Covert, So.D.
Professor of Aeronautics and
Astronautics
Head of the Department

Professors

John Dugundjil, Sc.D.
Professor of Aeronautics and
Astronautics

Shaoul Ezekiel, Sc.D.
Professor of Aeronautics and
Astronautics and Electrical
Engineering
Director, Center for Advanced
Engineering Study

Edward Marc Greltzer Ph.D.
H. Nelson Slater Professor of
Aeronautics and Aslonautics

Norman Douglas Ham, Sc.D.
Professor of Aeronautics and
Astronautics

Walter Mark Hollister, Sc.D.
Professor of Aeronautics and
Astronautics

Karl Uno Ingard, Ph.D.
Professor of Aeronautics and
Astronautics and Physics

Jack Leo Kerrebrock, Ph.D.
Richard Cockbum Maclaurin
Professor of Aeronautics and
Astronautics
Associate Dean, School of
Engineering

Marten Teodor Landahl, Tekn.D.
Professor of Aeronautics and
Astronautics

James Wah Mar, Sc.D.
Jerome Clarke Hunsaker Professor
of Aerospace Education

Winston Roscoe Markey, So.D.
Professor of Aeronautics and
Astronautics

James Elliot McCune, Ph.D.
Professor of Aeronautios and
Astronautics

Earl Morton Murman, Ph.D.
Professor of Aeronautics and
Astronautics
(On leave)

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 Velde, Sc.D.
Professor of Aeronautics and
Astronautics

Harold Yehuda Wachman, Ph.D.
Professor of Aeronautics and
Astronautics

Sheila Evans Widnall, So.D.
Abby Rockefeller Mauz6 Professor
of Aeronautics and Astronautics

Laurence Retman Young, Sc.D.
Professor of Aeronautics and
Astronautics

Associate Professors

Edward Francis Crawley, So.D.
Associate Professor of Aeronautics
and Astronautics

Alan Harry Epstein, Ph.D.
Associate Professor of Aeronautics
and Astronautics

Robert John Hansman, Jr., Ph.D.
Associate Professor of Aeronautics
and Astronautics

Daniel Edgar Hastings, Ph.D.
Associate Professor of Aeronautics
and Astronautics

Paul Alfred Lagace, Ph.D.
Associate Professor of Aeronautics
and Astronautics

Manuel Martinez-Sanchez, Ph.D.
Associate Professor of Aeronautics
and Astronautics

Lena Valavani, Ph.D.
Associate Professor of Aeronautics
and Astronautics

Assistant Professors

David Lee Akin, So.D.
Assistant Professor of Aeronautics
and Astronautics

Harold Luchsingen Alexander,
Ph.D.
Charles Stark Draper Assistant
Professor of Aeronautics and
Astronautics

Mark Drela, Ph.D.
Assistant Professor of Aeronautics
and Astronautics

Michael Bryce Giles, Ph.D.
Esther and Harold E. Edgertoi
Assistant Professor of Aeronautics
and Astronautics

Michael Jeffrey Graves, Ph.D.
Boeing Assistant Professor of
Aeronautics and Astronautics

Steven Ray Hall, Ph.D.
Boeing Assistant Professor of
Aeronautics and Astronautics

Belgacem Jery, Ph.D.
Assistant Professor of Aeronautics
and Astronautics

Andreas Hubertus von Flotow,
Ph.D.
Charles Stark Draper Assistant
Professor of Aeronautics and
Astronautics

Adjunct Professors

Richard Horace Battin, Ph.D.
Adjunct Professor of Aeronautics
and Astronautics

Rudrapatna V. Ramnath, Ph.D.
Adjunct Professor of Aeronautics
and Astronautics

Senior Lecturers

Saul Sigmond Abarbanel, Ph.D.
Charles Oswald Cary
William Rede Hawthorne, Sc.D.
Yao Tzu U, Sc.D.
Rene Harcourt Miller, M.A.
Robert Channing Seamans, Jr.,
So.D.
Edward Story Taylor, S.B.
Henry Philip Whitaker, M.S.
John Regnier Wiley, S.B.

Lecturers

Paul Jon Cefola, Ph.D.
John Jacob Deyst, Jr., So.D.
Donald Charles Fraser, So.D.
Betsy Gldwitz, Ph.D.
Stephen James Madden, Jr., Ph.D.
John Pascal Vinti, Sc.D.
Leonard Stephen Wilk, M.S,
Joseph Yamron. S.B.

Technical instructors

Jeffrey Christopher DITulilo, B.S.
Allan Ralph Shaw
Edward Donald Weiner, A.S.EE.

Administrative Officer

Helen Robbins Ralne

Administrative Staff

Phyllis Anr.a Collymore, A.A.
Anne Marie Maynard
Elizabeth Zotos, B.A.

Senior Research Engineer

Charles McMaster Oman, Ph.D.
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Department of Aeronautics
and Astronautics
(Course 16)

Undergraduate Study

The primry goal of the Department of Aeronau-
tics and A onautios is 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 faculty
teach the basic phenomenology that underlies
the vehicle-oriented activities associated with
Aeronautics and Astronautics. A broad soeo
technology s required to design and de of
such disparate air and space vehicles - rang-
In 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-atmospheric or one-stage-to-orbit vehicles
- yet a common knowledge lies In the scientific

fundamentals and procedures for their applica-
tion to specific missions. A basic foundation of
this kind, followed by subjects treating special
topics appropriate to a particular vehicle, pro-
vides our graduates with a background that aids
their 'life-long" education and maturation, and
supports continued success in the increasingly
complex and sophisticated profession of engi-
neering.

Through research and consultatlon 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 development of advanced vehicles
and associated systems. No individual -
sesses sufficient insight to foresee all o the
critical vehicles and their uses two decades
from now, yet the underlying mathemaical,
physical, and chemical principles will not be
altered drastloally. Thus, today's student will be
well served by learning fundamentals and
acquiring earning skills In order to continue to
learn as needed.

The Department is fortunate to have a faculty
dedicated both to teaching and advising stu-
dents and to conducting research. It I this
combination of vehicle- or system-oriented
teaching and research Interests that provides a
sense of excitement to both classroom and

The reports that are written by students desorib-
ing their laboratory and project activities may
also be used to satisfy the MIT Writing Require-
ment. Undergraduates must also fulfill 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 learn how to learn, how to use
basic principles to solve 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 profvtuly every
subject, from the dpoint of its uity 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 activtes of the De-
partment through the Undergraduate Research
Opportunities Program. The various research
opportunities available to graduate students are
outined under Graduate Study.

The graduate educational environment com-
bines the classroom and the laboratory. As the
students proceed from the Master's to the
Doctoral Program, the laboratory, in the broad-
est use of the term, becomes the focus for
learning. This focus occurs naturally as an
outcome of the faculty's research Interests.

Aero/Asto graduate education Is characterized
by contnued 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
copir with unstructured problems, creating the
flexibi needed for a long and successful
career, within and beyond the sphere of

Bachelor of Science In Aeronautics
and Astronautics
Course XVI

Undergraduate study In the Department leads to
the Bachelor of Science in Aeronautios and
Astronautics at the end of four years. The ourdo-
ula provide flexibility to meet the needs of

rofessonals In aerospace ativities rangng
from fundamental research to responsibles
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.8. or to continua on to graduate
studies in any of the speolalties. It includes: 1) a
fall-spring uence of subjects called Unified
Engineen , 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 subjects are taught cooperatively by a
number of faculty members. Their purpose Is to
introduce new students to the disciplines and
methodologies of aerospace engineering at a
basic level, with a balanced exposure to analy-
sis, empirical methods, and design. The areas
covered Include statics, dynamics, structures,
fluid mechanics, thermodynamics, ropulsion,
control, and systems engineering. Sevral
laboratory experiments are performed and a
number of systems problems which Interrelate
the disciplines are Included.

Unified Engineering is usually taken in the
sophomore year; it fulfills t prerequisites for a
variety of Advanced Required Subjects and
Electives which deal more intensively with
subjects In the six main aeas of Aeronauts
and Astronautics described In t introduction
to the Department. Altrnatvel, a student may
take Unified Engineering In the junior yo, and
complete the Departmental requirements In the
senior year; this also provides a well-rounded
engineering education and excellent preparation
for graduate study.

laboratory instruction. This statement is as true Aeronautios and Astonauos The Advanced Required Suboos treat moreIn sophomore classes as In t advanced, Th rdaetahn n eerhatvs fcomletely and in greater depthr the material to
relatly specialized, disciplinary subjects for raduate teaching and r ties of te ntroduced In Unified
upecl"students. ate subj evve fro the research and u- Engineerin and In the other basic required
Classroom actiy is supplemented by laborato. professional interests of the faculty and, in turn, ubjeso ens quat breat of preps-

ry eercses a rojct abo~~,anda peli- erve to Introc students to the areas of ' ration In each student's education, a distiutiouneo orosemct classa a e eh Teaching activities areinformally from among the undergraduate subjects is
required frall d . Such activities expose organized Into six dMsions of Instruction: Me- requi.
young engineers to the complexitles that exist chanios and Physics of Fluids; Structures, Each student has the opportunity In the Under-
Wher actual hardware is used, as compared Materials, and Aeroelasicity; Prusion and graduate Projects Laboratory (18.622 to
with the idealization usually present in analytical Energy Conversion; instrumenta on, Guidance gondeve, rganie, and execute an In tdual
actMit0s. The design- or systems-oriented and Control; Biomedical Engineering; and experimental project under the supervision of a
sub In partcular shows the Interrelationship Aeronautical and Astronautal Systems. Re- faculty member. A proposal is prepared; oral
and'compromisee amng the several disciplines search is conducted in several departmental and written report of the results are required.
when they ae applied to a vehicie. This 161 laboratories, each of which Is described briefly Te writtenpject reports are ctally reviewed

tmstelessons learned In Unified Engineer- In the section on Graduate Study. In addition, fo srti l and expslii bfaculty from
Ing and In the advanced, professional-el the Department maintains close Interaction with the School of Humani and SWal Scence.
undergraduate subjcts in Aeronaue and the Charles Stark Draper Laboratory.
AstronAutics.



Department of Aeronautics and Astronautics 123

The Systems Enginoering subject requires
students, as a team, to pul together their under-
graduate education through the design of an
operating system such as a manned space
station or a vertical takeoff airplane. For maxi-
mum benefit, students should have completed
all other Departmental requirements for the S.B.
degree.

To take full advantage of the unique research
environment of MIT undergraduates are oncour-
aged to become involved In the research activi-
ties of the Department through UROP the
Undergraduate Research Opportunities Pro-
gram. Many of the faculty actively seek under-
graduates to become a part of their research
team. Specific areas of research opportunity are
outlined 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 R uIrement, 2) that an Introductory
dlgItal compng programming subject such as
1.00,2.10, or 6.01 be taken as early as possi-
ble, and 3) that 21.780 Scientific and Engineer-
Ing Writing be taken as part of the Humanities,
Ans, and Social Sciences Requirement.

Any one of several programs leads to the de-
gree of Bachelor of Science In Aeronautics and
Astronautics, and all are accredited by the
Accreditation Board for Engineering and Tech-
nology. If desired, the student may request an
unspecified degree, Bachelor of Science. This
degree Is not so accredited.

Program 1 Aeronautical and
Astronautical Engineering.

Program 1 Is appropriate for students desiring a
broad exposure to aerospace engineering In the
normal four years of residence at MIT The
required subjects may be supplemented with
additional advanced undergraduate subjects or
graduate subjects according to individual inter-
ests. Further details on concentrations In the six
main as of Aeronautice may be obtained
from the Department.

Bachelor of Science in Aeronautics and
Astronautics
Course XVI
Program 1 Aeronautical and Astronautical
Engineering

oewe'al rinetiute Requiremente 17 subiees

Science RequIrement 5
Humanities, Arts, and social sciences Requirement 5

science Distribution Requirement (two of the required three
subjects can be satisfied from among 6.071, 8.03.18.03,
and 16 o in the Departmental Program] 3
Laboratory Requirement [can be satisfied by 18.622 In the
Departmental Program) 1

TOTAL Subjects 17
PLUS

DpWtmenta Prosa Unite

Subject names below are Ibllowed by credt uns, and by
prerequiensf #any (corequlftes In lS )
Basis Required subiests: es

3.064 Materials Technology 12
6.071 Introduction to Electronics, 12; 18.01. 8.02
8.03 Physics lil, 12; 8.02*, 18.02

18.001 UnIfled Engineering1. 12: 8.01.18.03
16.002 UnIfied Engineering i, 12: 8.01, 18.03
1.003 Untfied Engineering iti. 12; 16.001. 18.002
16.004 Untried Engineering IV. 12; 16.001, 16.002

18s03 Differential Equations. 12; 1802*

Advrnsed Required subleots:
One afthe oulowig two subjects:

10.02 Aerodynamls, 12: 1.004*
16.06 Molecular Gas Dynamics of Space and

Reentry 12: 16004'

16.20 Structural Mechanics, 12; 1.004*

10.30 Principles or Automatic Control. 12. 18.03
One or the llowing two sub/ects:

16.83 Rocket Propulsion, 12; 16.004

Program 2 Aeronautical and Astronautical
Engineering: Avionics Option

The Avionics Option prepares the student for a
career in Aerospace Electronlos. It also provides
a strong foundation for graduate work in the
fields of Instrumentation, Guidance, and Con-
trol. The program Is designed for students who
are Interested in the application of electronics to
guldance, navigation, surveillance/stabilization,
nstrumentation, and control of aircraft or space-
craft. New graduates traditionally have joined
this professional area after having had an under-
graduate major in electrical or aeronautical
engineering, and having been introduced to the
other half of their discipline through apprentloe-
ship or graduate study. This option allows the
student to leam the basics of both parts of the
discipline as an undergraduate. The require-
ments include core subjects in Electrical Engi-
neering, which can be taken in the junior year
or as a sophomore If Unified Engineering is
deferred to the junior year. The elective freedom
can be utilized to take advanced subjects In

gudce and control depending on the stu-
dents particular area of interest within the broad
field of avionics.

76

10.64 Alrraft Engines and Gas Turbines, 12; 18.004
pita

16.621 Experimental Projects I. 3: 10.004

1.122 Experimental Projects It. 12; 16.621

One of the following to subjecfs:
16.84 Flight Vehicle Engineering, 12

16.85 Space Systems Engineering, 12

1.14,1t11 In De1110bt41041 Preuers tha 41eea4140*
th General knetuto Requie ts (3s)

unreeblsted Eleetivee 44

Total Unite Re11 N for the 5.3. DereW beyond
the General Nut Requernents 163 *Allermate prerequisites are listed In the Subl"ct desrIption.
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Bachelor of Science in Aronautics and
Astronautics
Course XVI
Program 2 Aeronautical and Astronautical
Engineering: Avionics Option

Oeneral Ineitute Requiremente 17 stlects

Science Requirement 5

Humanities, Arts. and Social Sciences Requirement a
Science Distribution Requirement (two of the required three
subjects can be satisfied from among 6.002, 8.03,18 03, and
16.001 In the Departmental Program) 3
Laboratory Requirement (can be satisfied by 8.111
or 18.22 In the Departmental Program)

TOTAL Subjects 17
PLUS

Depe1mntal Pron Unte

Subject names below are Wowed by credit untsn, and by
prerequaeit Nany (corequias in italics)
Basic Required Subjects 99

.002 Circuits and Electronics, 1. 8.02*, 18.03*

6.111 introductory Digital Systems Laboratory, 12:
6.002*

8.03 Physics ill, 12, 8.02*. 18.02

16001 UnMed Engineering 1. 12; 6.01. 18.03
10.002 Unified Engineering II. 12; 8.01, 18.03
16.003 Unified Engineering 11. 12:16.001, 18002

1.004 Unified Engineering TV 12;18.001. 18.002

18.03 Differential Equations. 12: 18.02*

Advanced Required Sublects: 57 to 53
av of fte ollowing seven subjects:

6001 Structure and Interpretation of Computer
Programs, 15

6.003 Signalsand Systems. 156 001, 6002

6.012 Electronic Devices and Circuits, 12; 6.002, 8.02

6.013 Electromagnetic Fields and Energy. 12; 6.002.
8.02

6.014 Electrodynamics 12; 6.013
6.301 Solid-State Circuits. 12; 6012
16.61 Microprocessor Architecture. Interfacing.

and Control. 12; 2.10.8,002*
one otthe olowIng three subolc:

18.02 Aerodynamics, 12; 16004*
16.06 Molecular Gas Dynamics of Space and Reentry

12; 16.004'. 2.20*
16.20 Structural Mechanics. 12; 16.004*

one ofrfe lowing fnt suabecs:
8.302 Feedback Systems. 2; 8.003-
16.30 Principles of Automatic Control, 12; 16.03

16.40 Principles of Flight Guidance, 12; 16.30*
16.821 Experimental Projects 1. 3: 18.004
16.622 Expedmental Proects 11. 16.621

Advanced Requasd Subleete (cOntiued)

Engineering Internship Program
Course XVI-C

One a the flowing Io Pujec:ts The Department of Aeronautics and Astronau-
1.84 Flight vehicle Engineering. 12 tics participates in the Engineering Internship
18.85 Space Systems Engineering, 12 Proram (EIP) administered by the School of

En eering. t is Intended as a five-year joint
S. .- S.M. program that features periods of work

unts, In Deernital m*grn thatalsostiefy at a participating compay, alternating with
the inetitute Req ients (3 or 30) periods of study at MIT. See additional detailed

discussion of this program In the Introduction to
4 the School of Engineering.

Total Unite RequIed for the S.D. Degree beyond
the aeneraunstute Requirements 1n

Cooperative Program Course XVI-B

The cooperative program in Aeronautics and
Astronautice provides undergraduates the
opportunity to participate In professional actM-
ties in an aerospace organization for about
seven months before their senior year. The
program permits completion of requirements for
the Bachelor of Science degree In four years.
Students In this program become regular em-
ploys.. whiie working In the company, and are
paid at prevailing rates.

Interested students should contact the prfessor
In charge for details and an interview-, also,
Students should arrange a schedule with their
faculty advisor that permits an absence from
MIT during either the first or the second term of
the third year. One summer at MIT usually is
necessary.

The curriculum requirements for this degree in
Course XVI-B are the same as for Courts XVI
with the addition of required registration for
16.80 Industrial Practice during the plant work
period, in place of eight units of elective.

Interested students apply for participation in EIP
during the spring term of their sophomore year.
Once a selection is made and accepted, both
the student and the company agree to Continue
that association to Completion of the Program.

The student eams six units of credit for each of
the two undergraduate work periods by register-
Ing for 16.801. The student also earns 12 units
of graduate G credit through registration for
16.802 during the work period as agraduate
student. The 'ollowing spring and summer
terms, he or she is usually required to be at MIT
to complete the subject requirements and the
thesis report. The Bachelor of Science and
Master of Science degrees are then awarded
simuitaneously.

The work experiences provided under Course
XVI-C are the same as for Course XVI with
16.801 (twice) used as 12 units of elective. For
further information, plesee the Department
EIP Coordinator

Double-Degree Program

Students may pursue two S.B. degrees under
the Double-Degree Program outlined in Chapter
l1l. In particular, some dents may wish to
combine a professional education in Aeronau-
tics and Astronautics with a liberal education
that links the development and practice of
science and engineering with their Social.
economic, historical, and cultural contexts. For
them, the Department of Aeronautics and

-rnautics and the Department of Humanities
(In cooperation with the Program In Science,
Techn and Socty) oer a double-degree

ram tht combines majors in Course I
Course XXI. A detalled description of that

Integrated degree ram will be found under
the description of the ram in Science,
Technology, and SoCoty

Inquiries

For additional information concerni academic
ari research programs In theDeatet
admissions, Suggested four-year undergraduate
programs, interd plinary programs, financlal
aid, et.. please write to the DeatmnOf
Aeronautics and Astronautics e graduate
Office, Professor Winston R. Markey, Room
33-208, MIT, Cambridge, Massachusetts 02139,
(617) 23-2279.

*Alternale prerequilies are lted In the subect descsiption.

-J
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Graduate Study

Graduate study In the Department of Aeronau-
tics and Astronautics includes research worku
culminating in a thesis and atudy of graduate-
level subjects in the Department and other
departments and Schools at MIT Degrees are
awarded at the Master's, Engineer's, and
Doctoral levels. The range of subject matter
available is best conveyed by brief descriptions
of the activities of the departmental dMsions of
instruction and the departmental laboratories.
More detailed information may be obtained from
the Graduate Office or from individual faculty
members.

Divisions of Instruction and Research
Laboratories

The graduate subject offerings of the Depart-
ment are informally organized into six dMsions:
Mechanics and Physics of Fluids; Structures,
Materials, and Aeroelasticity; Instrumentation,
Guidance, and Control; Propulsion and Energy
Conversion; Biomedical Engineering; and
Aeronautical and Astronautical Systems. Re-
search Is conducted in a number of research
laboratories. A faculty member is typically
Involved in teaching graduate and undergradu-
ate subjects in one or more of the divisions, and
in conducting research in one or more of the
departmental laboratories or at the Charles Stark
Draper Laboratory.

Mechanics and Physics of Fluids. Fluid me-
chanics is an essential discipline for diverse
fields of engineering that are concemed with
material, energy, and information transfer and
their consequences. The principles of fluid
mechanics are essential for an understanding of
all flight r imes covering a wide range of
speeds, altiudes, and fluid properties, from
those associated with low-speed flight transpor-
tation to high-speed near-space operations, and
space travel.

Research in fluid mechanics is carried on in
several departmental laboratories. The focus of
the Computational Fluid Dynamics Laboratory is
on the development of improved algorithms and
their application to extemal and intemal flow
fields for all speed ranges. Emphasis in the
Fluid Dynamics Laboratory Is on turbulence
structure and flow stability. The Molecular Beam
Laboratory employs techniques which examine
the nature of interactions between the environ-
ment and vehicle surfaces. The Center for Aero-
dynamic Studies is concemed with the complex
viscous flow about complete flight vehicles, Sev-
eral laboratories operate wind tunnels. The
Wright Brothers Facility Is used for airfoil and
nacelle research, rotor wing dynamics, aircraft
development, and the simulation of wind loads
on ground structures. An acoustic tunnel is
equipped with an anscholo chamber for noise
research on conventional and VTOL aircraft. A
low-turbulenoe tunnel provides test channels
particulary suited for transition and turbulence
Investigations as well as airfoil study. In addition,
several small open circuits are available for fluid
mechanics research and configuration tests. All
laboratories have access to several interactive
computation system and to expeimental
equipmentd serving their purposes.

Structures, Materials, and Aeroelastiolty. The
manifest importance of minimizing the structural
weight fractione of aircraft and spacecraft has
motivated the aerospace engineer to create new
structural forms, to develop and exploit new
materials such as the filamentary composites, to
invent new analytical and numerical techniques
for stress analysis, and to pursue aggressively a
better understanding of catastrophic failures and
longevity. These advances have stimulated
many non-aerospace areas of design.

Research activities for students interested in
Structures, Materials, and Aeroelasticity are
centered primarily in the Technology Laboratory
for Advanced Composites, the Space Systems
Laboratory, and the Gas Turbine Laboratory.
Facilities include vibration equipment, two
computer-controlled universal testing machines,
an autoclave for the fabrication of filamentary
composite structural components, a blast
chamber that can contain catastrophic failures,
a large and a small chamber for the simulation
of zero-g structural behavior, wind tunnels, and
a blowdown compressor facility for the study of
turbine engine aeroelasticity. Research is being
conducted on the structural technology for
high-performance aircraft, commercial trans-
ports, general aviation aircraft, and satellites.
Other programs are directed toward the struc-
tural integrity of jet engines, the propeller blades
of the advanced turboprop, and large space
structures such as for a manned space station.
All of the research requires the development of
new experimental techniques as well as the
concurrent development of design methodolo-
gles utilizing analytical as well as finite element
methods.

Instrumentation, Guidance, and Control.
Faculty members In this Divislon teach and
perform theoretical and experimental research
in control and its applications, navigation sys-
tems, instrumentation, estimation, lasers, digital
systems, and other related topics.

One focus for the activities of the Instrumenta-
tion, Guidance, and Control Division is the
Draper Laboratory, which offers opportunities for
parcition to students of US citizenship. Many
Department faculty and students are actively
involved in research programs in this Laboratory
on guidance systems and components for all
types of flight vehicles, inolu'in Inertial guid-
ance, using the advanced facilities for research
on all phases of control and guidance. In the
past this work has resulted in the development
of many flight vehicle systems including the
Apollo spacecraft na aton and guidance
systems. Further detaion the Draper Laboratory
is given in Chapter VI.

The Laser Systems Laboratory pioneers In the
development and application of laser technolo-
gy. Specific activities include optical gyro-
scopes; optical frequency standards; ultra-high-
resolution spectroscopy and interaction of
Intense radiation with atoms and molecules.

Other control-related research projects are
carried out in the Space Systems Laboratory
and elsewhere in the Department, with substan-
tial focus on the control of large flexible assem-
blies in space.

Biomedical Engineering. The Man-Vehicle
Laboratory applies control and instrumentation
disciplines to biological and psychological
problems at the man-machine Interface. It has
been selected to perform manned space experi-
ments on Spacelab-1 to investigate balance,
adaptation to zero-g, and "space motion sick-
ness." In addition, it conducts flight simulator
studies on man in the loop, vehicle display and
control, and air traffic control research. The
laboratory also works on bloinstrumentaton,
physiological control systems, and clinical
applications of the aerospace sciences. Activi-
ties include modeling of the human visual and
vestibular system, flight simulation, cognitive
leaming, and work on diagnostic Instrumenta-
tion for diseases of the eye and ear.

Propulsion and Energy Conversion. This
division addresses, in teaching and research,
those disciplines and technologies of special
Importance to propulsion and energy conver-
sion. Subjects are offered in aircraft and rocket
propulsion, Intemal flows, and advanced energy
conversion. The Gas Turbine Laboratory pro-
vides unique experimental and computational
facilities for research on fluid mechanics, heat
transfer, and aeroelasticity in turbomachinery,
and for research on space propulsion and
power systems. The Laboratory has extensive
ex rimental facilities for the study of turboma-
chinery including a transonic blowdown com-
pressor and blowdown turbine.
Activities in the division Include theoretical and
experimental study of transonic compressors,
and stability of compression systems, computa-
tional and experimental study of intemal and
extemal heat transfer in turbine blading, ad-
vanced engine controls, rotor dynamics, electric
propulsion devices, performance enhancement
of propulsive devices through tailored stream-
wise vorticity, high-speed propulsion, and
vortical structure and unsteady flows in turbo-
machines. A major new research thrust Is the
interdisciplinary topic of "smart engines," which
utilize active control to enhance the dynamic
performance of propulsion system components.

Research is supported not only by govemment
agencies and laboratories, but by Industry as
well, and there are strong links between the
work in the division and the real-world
problems of advanced propulsion and energy
conversion.



126 School of Enaineerina

Aeronautical and Astronautical Systems. The
high levels of expenditure 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 system and the develop-
ment of formal analycal tools to optimize it as a
whole rather than by parts. 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-
ness as an engineering tool.

The broad coverage of systems engineering
clearly Implies that the responsibilities of the
engineer Include far more than the design
synthesis and construction of devices and
facilities. The engineer must be aware of the
social implications of his or her work and de-
sign, not only for maximum efficiency and
safety, but also for minimum disruption of the
environment.

Students interested in working in aeronautical
and astronautical systems should place primary
emphasis on a broad educational base that
should Include subjects in most of the divisions
described earlier. In addition, the student should
obtain training in the disciplines that support
systems analysis, such as probability and statis-
tics, operations research, economics, and
computer science, and should also maintain an
awareness of the external disciplines that help
shape society, such as economics, law, and the
social sciences. Most of this material would be
obtained in the graduate program, and under-
graduate students can become prepared for a
more effective graduate program by a judicious
choice of undergraduate elective subjects.

The research of the Systems Division Is con-
ducted in the Flight Transportation, the Space
Systems, and the VTOL Technology Laborato-
ries. The Flight Transportation Laboratory con-
ducts research in many areas of flight transpor-
tation covering airline operations, air traffic
control operatone, aircraft navigation and guid-
ance, airport planning, and the application of
advanced operations research techniques to
transportation systems. The Space Systems
Laboratory analyzes concept for space utiliza-
tion and expioration, including space manufac-
turing, the design of large space structures. and
space transportation.

Entrance Requirements for Graduate Study

In addition to the general requirements for
admission to the Graduate School, applicants
must have a strong undergraduate background
In some of the fundamrentals of aerospace
engineering and mathematics as described In
Undergraduate Study. Two terms of advanced
mathemtics beyond 18.03 Differential Equa-
tions or its equiale tare required either
to, or as part of, al ad Pograduasin
preparation can befiar nh graduate
program.

New graduate students are normally admitted as
candidates for the degree of Master of Science.
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 residence at MIT.

Admission to the Doctoral program is offered to
students who have been accepted for graduate
study and have passed the Doctoral Qualifying
Examination. The Qualifying Examination seeks
to measure the candidate's aptitude for engi-
neering research, and understanding of the
fundamental prncipies underlying aerospace
engineering. This examination Is offered once
each year, usually during the January Indepen-
dent Acvities Period. Students who wish to be
considered for the Doctoral Program must pass
the Qualifying Examination before the fourth
semester following initial registration in the
graduate program. A prospective candidate
may take this examination only once.

The Department of Aeronautics and Astronau-
tics requires that all entering graduate students
demonstrate satisfactory English writing ability
by taking the Writing Diagnostic Examination
offered by the Writing Pr ram of the MIT
Humanities Department. The examination is
usually administered during the week after the
initial date of registration in Graduate School,
and all entering candidates must take the exami-
nation at that time. Those whose skills are found
deficient will be required to complete remedial
training specifically designed to fulfill their
individual needs.

In addition, foreign candidates whose Ian ua e
of instruction has not been English for at least
five years. must take the MIT English Evaluation
Test for Foreign Graduate Students after
registration. The examination Is held In early
September and late January. On the basis of
performance on this examination, the faculty
may prescribe remedial courses in English
offered at MIT

Master of Science in Aeronautics and
Astronautics

The general requirements for the Master of
Science degree are cited In Chapter IV. The
specific Departmental requirements are an
acceptable thesis, and at least 88 subject units,
typically In graduate subjects relevant to the
candidate's area of technical interests. Of the 86
units, 42 units must be in 'A" level subjects, of
which at least 21 units must be in Departmental
subjects. To be credited toward the degree, non
"A level subjects must carry a grade of B or
better. Full-time students normally must be In
residence one full academic yw. Students
holding Research Assistantshipe will require a
longer period of residence.

The Department requires two terms of ad-
vanced mathematics beyond 18.03 Differential
Equations, one of which must be either 18.075
or 18.085 or their equivalents. This requirement
may be fulfilled either prior to or as a part of the
Master's program. The choice of subjects in the
area of major interest and the thesis topic are
arranged Individually by each student in consul-
tation with a faculty advisor; the program of
study must have the approval of the faculty
advisor, who acts on behalf of the Department
faculty.

Master of Science In Technology and Policy

Students Interested In applying 1iheir aeronaut-
cal engineerin backgrounp to probiems of
poiicy and soc roconomic assessment of
technolo may A for the Interdepartmental
Master o ience rogram In Technology and
Policy. This program combines subjects In
advanced technology with subjects In econom-
Ice, systems analysis, political science, and law
and engages the student in significant project
work integrating technology and policy. General
requirements and applica on procedures are
described in Chapter VI.

Master of Science In the Management of
Technology

IndMduals who would like to apply their Aero-
nautics/Astronautics engineering background
and at least five years of technical work experi-
ence to issues in technical management may
want to explore the Program in the Management
of Technology. Jointly developed and offered by
MIT's School of Engineering and the Sloan
School of Management, this program entails a
rigorous twelve-month curriculum, focusing on
management principles for technical people In a
techn cal environment. The program is de-
signed for scientists and engineers on a career
path requiring increasing managerial responsibi-
lities for technical activities. Details of the pro-
gram and application procedures are described
in Chapter VI.

Engineer in Aeronautics and Astronautics

The Proram leading to the degree of Engineer
In Aeronautics and Astrnautis Is offered for
students interested in a greater breadth of
graduate subjects than is normally associated
with a Master a or Doctoral program, and less
emphasis on research than required of Doctoral
candidates. The minimum study program of 162
subject units must Include graduate subjects
from each of the divsions of Instruction, and the
thesis work must have a strong engineering, as
distinct from a scientific, orientation. Two years
beyond the Bachelor of Science degree normal-
ly are required for completion of this degree by
a full-time student.
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Doctor of Philosophy and Doctor of Science

The general requirements for this degree are
g iven in Chapter IV. To be considered for the

octoral program, a candidate must pass the
Doctoral Qualifying Examination. Other require-
ments for admsesion to the program and for the
program itself are outlined in a booklet entitled
The Doctoral Program. Briefly, after selecting an
area for study and research, the candidate In
consultation with the thesis supervisor forms a
doctoral thesis committee, which assists in the
formulation of the individual's research and
study prorams and monitors the student's
progress. The subjects selected to fulfill the
major and minor program requirements must
be approved by the committee. The candidate's
mastery of the major and minor areas Is tested
by a written and an oral General Examination
administered by the doctoral thesis committee
after completion of the major and minor sub-
jects.

Demonstrated competence for original research
at the forefront of aerospace engineering is the
final and major criterion for granting the Dloctor-
al degree. The candidate's thesis serves in part
to demonstrate such competence, and on
completion is defended orally in a presentation
to the faculty of the Department, which may
then recommend the award of the degree.

Interdisciplinary Programs

The graduate division of the Department
participates in several interdisciplinary fields,
which are of special imprtance for Aeronautics
and Astronautics in research and the
curriculum.

Biomedical Engineering. This program is
available to students interested in biomedical
instrumentation and physiological control sys-
tems where the disciplines involved in Aeronau-
tics and Astronautics are aplied to biology and
medicine. Graduate study based on this pro-
gram may be pursued within the Departmental
program, the MIT Division of Health Sciences
and Technology S.M.-Ph.D. Program in Medical
Engineering and Medical Physics, or the Inter-
departmental Ph.D. ram in Biomedical
Engineering. At the Master's degree level.
students in the Department may specialize in
biomedical engineering, emphasizing quantita-
tive physIology, Instrumentation and control,
and blotatistics, or In man-machine systems
and engineering psychology and in instrumen-
tation and statistics. For a further description of
these programs, please see Chapter VI under
Biomedial Engineering. Most biomedical
engineering research in the Department of
Aeronautics and Astronautics is conducted in
the Man-Vehicle Laboratory.

Flight Transportation. For students interested in
a career in flight transportation, a program is
available that incorporates a broader graduate
education In disciplines such as economics,
management, law, and operations research than
is normally pursued by candidabw for degrees
in Engineerng. Graduate research emphasizes
one of the five areas of flight transportation:
Flight Vehicle Design and Control; Airport
Planning and Deslgn; Air Traffic Control; Air
Transportation Systems Analysis; and Alrine
Economics and management, with subjects
selected appropriately from those available in
the Departments of Aeronautics and Astronau-
tics, Civil Engineering, Economics, and the
Center for Transportation Studies. A special
interdepartmental program may be established
for the doctoral student (or participation in the
Operations Research Center Program may be
considered - see Chapter VI).

Fellowships, Research and Teaching
Assistantships

Financial assistance for graduate study may be
in the form of fellowships or research or teach-
ing assistantships. There are several endowed
and departmental fellowships that are granted to
students of exceptional promise. The Depart-
ment attempts to place a student in a laboratory
in which the research activity is closely related
to the student's interests. Both the fellowship
student and the research assistant work with a
faculty supervisor on a specific research assign-
ment of interest, which generally leads to a
thesis.

Inquiries

For additional Information conceming academic
and research programs In the Departent,
admissions, interdisciplinary programs, financial
aid, assistantships, etc., please contact the
Department of Aeronautics and Astronautics
Graduate Office, Professor H. Y Wachman,
Room 33-208, MIT, Cambridge, Massachusetts
02139, (617) 253-2260.
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Department of
Chemical Engineering
(Course 10)

Undergraduate Study

Chemical engineering is a broadly based
discipline, having a deep Involvement with
chemistry along with the applications of physics
and mathematics, which are common to all
engineering disciplines. In its broadest sense,
chemical engineering is the creative application
of chemistry to the solution of significant
problems. Chemical engineering is making
substantial contributions to the development of
clean energy sources, to the provision of
adequate food supplies, to the recreation of
proper ecological balances, to the advancement
of medical/engineering science, and to the
economic production of material goods.

The Department of Chemical Engineering at MIT
offers two undergraduate programs. One is
Course X, leading to the Bachelor of Science in
Chemical Engineering. This program is accred-
ited by the Accreditation board ior Engineering
and Technology and the American Institute of
Chemical Engineers. The other program is
Course X-C, leading to the Bachelor of Science
without specification, which is not acoredited
and requires less study in formal cnermical
engineering subjects.

The Department offers a wide selection of
graduate subjects and research leading to
advanced degrees in chemical engineering.
Important subject areas include fuels and
energy, polymer chemistry, surface and colloid
chem stry, biomedical engineering, biochemical
engineng, chemical process development,
transport processes, and environmental engi-
neering. Many of our current undergraduates
find it attractive in the upperclass years to take a
variety of these graduate-level subjects. This
exposure is invaluable in Identifying potential
independent research interests for the student.
Other students find these subjects to be fruitful
as terminal technical subjects prior to moving
on to work in engineering, govemment, or
management. Students Interested in the various
areas of graduate study In Chemical Engineer-
Ing should consult the section on Graduate
Study.

The School of Chemical Engineering Practice,
also described in detail 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 ability to apply basic
professional principles to the solution of pract-
cal problems in industry.

Studerft who use 5. 11 to flmil the General insitute Require-
ments In Chemistry must take 12 additional units of Unr
stricted Electies.

2
Requirement also b sested in th o y :
successni completion of nAP offering be d -10
or passng a proficiency examination offered by the depan
mt.

The undergraduate curriculum in chemical
engineering provides basic studies in physics
and mathematics, a major concentration in
chemistry, and a strong core of chemical engi-
neering. The four-year undergraduate pro-
grams, designed to develop judgment, initiative,
and responsibility, give students considerable
latitude in arranging a selection of subjects that
best fits their needs. Those who expect to go on
to graduate school may therefore elect subjects
that strengthen their preparation for advanced
work.

In addition to work in science and engineering,
students take an Integrated sequence of sub-
jects in the humanities and social sciences. The
chemical engineer's progress and accomplish-
ments are not determined solely by technologi-
cal competence; fully as important are a breadth
of outlook and an understanding of society. The
curriculum provides a sound preparation for
oing on to 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
Department's strong emphasis on chemistry
provides excellent training toward medical
school. A suitable program of stud may be
arranged within the regular curricula of Course
X or X-C. Interested students should consult
with their faculty advisor.

A departmental brochure gIves typical four-year
programs and provides advice in choosing
electives in chemistry and chemical engineer-
ing. Undergraduates are encouraged to take
part in the research activities of the Department.

Bachelor of Science In Chemical Engineering
Course X

The student who decides early to major In
chemical engineering is encouraged to begin
taking professional subjects. For example, 5.11
Principles of Chemical ilence, 5.12 Organic
Chemistry 1, and 10.001 Introduction 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 an excellent osition for profession-
al work In some depth In third and fourth
years.

Some students may wish to defer choice of a
major field or exercise maximum freedom
during the first two years. If the Science Distri-
bution subjects chosen in the second year
include 18.03 and two are in the field of fluid
mechanics, thermodynamics, chemistry, biolo-
gy, or chemical engineering, students can
generally complete the requirements for a
degree in chemical engineering in two more
years. Students are advised to discuss their
pro ed program with a Course X fact
adisor as soon as they become interested in a
degree in chemical engineering.

Bachelor of Science In Chemical Engineering
Course X

Degree requirements applicable to the Class
entering MIT in September 1987 (Class of 1991)
and sub. uont Classes (For degre reqire-
ments applcable to classes ente ng M In
September 1986, please see text immediately
following this chart.):

General insttute Reqirenente 17 Sublects

Science Requirement

Humanities, Arts, and Social Sciences Requirement
Science Disiribution Requiremeni [iwo subjects can be
satisfied from among 1013.5.12, and 1803 In ihe
Departmental Program]
Laboratory Requirement (can be satisfied by 5 310 or
5T311 In the Departmental ProgramL

TOTAL Subjects

5

3

-1
17

10-301

10.302

10.32

10,361

Plu-
Fluid Mechanics, 12; 18.03

Transport Processes, 12: 10 13, 10.301

Separation Processes 12; 10.14. 10.302

integrated chemical Engineering 1, 12: 10.32,
10.37

10.362 integrated Chemical Engineering 1I, 12; 10.361
10.37 Chemical I(Inelics and Reactor Design, 9; 10 13.

10301

18.03 Oifferential Equations. 12: 18.02*

quistie are listed In the subject description.

PLUS

Departmental Program Units

Subject names below we tolowed by credit units, and by
prereguisIte itany (corequlates in Nalc.)
Requked Subjects: 158
one ar the tolowing two subjects:

5.310 Laboratory Chemistry. 12: 5 12
6.311 introductory Chemicai Experimentation, 12; 5 12

Plus
5.11 Principles of chemical Science', 12

512 Organic Chemistry 1, 12; 5.11

Plus
10 001 Introduction to Computer Methods 2. 8

Plus
10 13 Chemical Engineering Thermodynamics , 12;

18.02

1014 Chemical Engineering Thermodynamics 11, 9:
10.13

Plus
One ofthie followilng two subjects:

10.28 Chemical Engineering Laboratory, 12: 5.11,
10 14. 10.302. 10.37

10.27 Chemical Engineering Processes
Laboratory. 12; 10.13. 10.14, 10.301

Mitlemale prerec

I
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Graduate Study

Reeticted Eletives: 21-27
One subject In Chemical Engineering. except 10.UR, 10.91.
10.ThU, 10.11,10.024 or 10.801-10.816; plus one laboratory
subject from the following list:

3.001 Materlais Laboratory. 12

6.32 Intermediate Chemical Experimentation. 16;
5.310, 5.13. 5.8o

7.011 Introduction to Experimental siology, 16;
7.01'

10:8W Polymer Morphology and Properties
Laboratory, 12

10.67 Polymer Science Laboratory, 12

10.26' Chemical Engineering Laboratory, 12;
5.11. 10.14. 10.302, 10.37

10.27' Chemical Engineering Processes
Laboratory 12; 10.13, 10.14, 10.301

10.ThU Undergraduate Thesis. 12

Un~titehrDqreflt&I Progruat aws satisfy,
the Geal neitute Requhnwnte (s6)

Unreetieced ElecIvee 46-61

Total Units Required for the S.B. Degree Beyond
the General Institute RequIrement. 192

For the degree requirements applicable to the
Class entering MIT In September 1986 (Class of
1990), please see the 1987-88 Bulletin. The
requirements are similar to those for Classes
entering MIT in 1987 and subsequent classes; in
place o10.361 and 10.362, a student takes
10.36. The subject 10,001 may be substituted
for 10.01 listed there.

Bachelor af Saence Course X-C

Students in Course X-C are permitted to plan
programs inoving basi subjects In chemistry
and chemical engnerng, bu Instead of con-
tinuing In depth In these areas, can study in
other fields, such as other engineering disol-
plines, biology, biomedical engineering, eOO-
nomics, or management. Course X-C has
proven to be especially attractive to students
who wish to specialize in chemistry, physics,
biology, patent law, or management while
simu eously gaining a broad exposure to the
engineering approach to solving problems.

Students planning to follow this curriculum
should discuss their Interests with a member of
the faculty of the Department. At the time they
decide to enter the Course X-C program, prefer-
ably by the first term of their senior year, they
should submit to the Department a statement of

and a proram of subjects which achieves
r objectives. ents 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 coherent
proram of subjects (102 units) Including at
leas 30 units in chemical engineering. Further
detalls may be obtained from the Department.

Five-Year Programs/Joint Programs

In addition to offering separate programs lead-
ing to the Bachelor of Science and Master of
Science In Chemical Engineering, the Depart-
ment offers a program leading to the simulta-
neous award of both degrees at the end of five
years. A detailed description of this program Is
available from the Graduate Registration Officer.
Students in the five-year program normally
enroll in the School of Chemcal Engineering
Practice.

For chemical engineering students Interested In
nuclear applications, the Department of Chemi-
cal Engineering and the Department of Nuclear
Engineering offer a five-year proram leading to
the joint Bachelor of Science in hemical Engi-
nearing and Master of Science in Nuclear
En ineering. Such programs are approved on
andividual basis between the registration
officers of the two departments.

Inquiries

Additional information concerning undergradu-
ate academic and research programs, admis-
sions, and financial ald may be obtained by
writing to Dr. C. M. Mohr, Undergraduate Officer,
Department of Chemical Engineering, Room
88-468, MIT, Cambridge, Massachusetts 02139,
(617) 253-2015.

Fields of Graduate Study

The technology of chemical en ineering In the
process Industries falls loosely into two catego-
ries: physical and chemical. While both types
are encountered in many Industrial problems,
graduate subjects of instruction and research
are logically grouedin the corresponding
fields of engnee ng operations and applied
chemistry. Most graduate students take some
work in each field, and In the School of Chemi-
cal Engineering Practice the problem assign-
ments involve fundamentals In both areas.
Specific subjects In each of the following fields
of applied chemistry and engineering opera-
tions are described in Chapter Vill.

Blotechnology and Bloengineering. The
results from molecular biology and genetics
must be translated by chemical engineers in
order to achieve Industrial reality. A National
Science Foundation supported Biotechnology
Process Engineering Center has been estab-
lished to fulfill these goals. Ten Chemical Engi-
neering faculty members participate in the
research programs in this Center. Research
collaborations with the Biology Department in
the School of Science are part of te Center's
goal for fostering cross-discplinary interactions.

ne of the research areas addresses bioreactor
design and operation for prokaryotc and euka-
ryotic organisms. A second major effort focuses
on downstream processing: product isolation
and purification. Some examples of the new
concept and principles in this area Include
reversed micelles for protein purification, dy-
namic chromatography, continuous affinity
recycle extraction, membrane processes, and
lmmunoadsorption chromatography. The last
area of research addresses monitor, control,
synthesis, and optimization of biochemical
processes.

PhysIol oIcal processes often appeal to the
chemi engineer because they present
Interesting problems Involving transpOrt
processes and chemical reaotions. Replication
of physiological functions by artificial organs
requires, In addition, application of surface
chemisty polymer chemistry, reaction
engineering, and material science. Researchers
in these areas collaborate with biomedical
scientists on campus and at the Harvard
Medical School.

Either 10.26 or 10.27 must be taken as a Departmental
Requirement and cannot also be used to satisfy this Restricted
Laboratory Requirement.

*Atemate prerequisites are listed in the subject description.

AL
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Chemical Engineering Systems and Process
Control. In an era of structural changes in the
chemical and biochemical industries, the com-
puter-alded engineer is challenging convention-
al modes throughout the whole spectrum of
activities such as product design, process
conception and design, process engineering.
control and operations, safety, and environmen-
tal protection. Extensive research efforts are
ourrently under way in all of the above areas,
supported by state-of-the-art computer facill-
ties and software utilities. Methodologies from
artificial intelligence and LISP-computer tech-
nologies are vigorously being interfaced with
various computer-aided engineering activities,
leading to new intelligent prototypes for Indus-
trial a-alysis and design. Process simulation;
design of batch processes; design of molecules
with desired properties; process synthesis;
operability, control and safety; development of
blotechnologloal processes; Intelligent data-
bases and graphic interfaces; synthesis of
control systems; intelligent controllers, etc., are
characteristic examples of current research
projects, shaping new prototypes for process
systems engineering.

Catalysis and Reaction Engineering. Catalysis
Is by far the most important process in the
manufacturing of chemicals and in the refining
of fuels for transportation and power. Catalysis is
also the main process in reducing impurities in
fuels, and thus solving environmental problems
from combustion products. Recent advances in
new catalytic materials are opening the doors to
better technologies. Modem spectroscopic and
computational techniques are providing power-
ful probes on the nature of catalytic action.

The heart of most chemical processes is the
chemical reactor, which determines the overall
process success. The overall performance is
determined by the interactions of fluid mechan-
los, mixing, and transport phenomena with
chemical kinetics. Rational design and operation
of both catalysts and reactors are the objectives
of this research area.

Transport Processes and Thermodynamics.
Research in transport processes and thermody-
namics provides the foundation for many new
and evolving technologies In areas ranging from
biochemical production to microelectronics.
Fundamental studies under way are at the
forefront of scientific disciplines such as thermo-
dynamics, continuum and statistical mechanics,
chemical physics, heat and mass transfer,
Interfacial transport, fluid mechanics, and
applied mathematics. Many Departmental
faculty have research interests which fall into
these areas, and their projects offer stimulating
fundamental studies motivated by application.
Present emphasis is on analysis of transport in
heterogeneous systems (e.g., suspension,
emulsions, porous media), on studies of struc-
ture of fluid/fluid and melt/solid interfaces, and
on research in Newtonian and non-Newtonian
fluid mechanics. Theory and experiments are
combined to provide a complete understanding
of a research problem. The experimental work
uses the latest, state-of-the-art equipment,
while the theoretical approaches involve both
analytical and numerical methods. Much re-
search is speolalized in the development of new
numerical methods for large-scale physiochem-
ical hydrodynamics.

Polymers. Polymers comprise a large fraction of
the total production of the chemical indus.
Their unique macromolecular structure adds
interesting complexity and richness to the study
and understanding of relationships between
their molecular architecture and physical
properties. As polymers continue to replace
existing materials in certain applications and to
open up interesting new areas of technology,
greater understandin is required at various
levels, ranging from the molecular to the
continuum. Chemical engineers contribute to
the polymer field in numerous areas of activity
such as polymer processing, polymer rheology,
structure-property relationships, polymer
synthesis and characterization, and Interactions
among these different areas. In addition to a
program of graduate study in pol mers within
the Department. opportunitles exist to nartici-

The surface science of colloidal and biological
systems Is being studied at MIT with application
to the separation of bloproducts, enzymatic
catalysis in organic solvents, interfacial transport
phenomena, and the thermodynamics of surfac-
tant aggregation and solubilization. The follow-
Ing techniques are available for use In research:
analysis by light, neutron and X-ray scattering,
interfacial tensiometry, NMR, ESR, laser-in-
duced fluorescence, and osmometry.

School of Chemical Engineering Practice

Since its inception in 1916 the School of Chemi-
cal Engineering Practice has been a major
feature of the graduate education in the Depart-
ment, In this unique program students receive
intensive instruction to broaden their education,
not only in the technical aspects of the profes-
sion, but also in communication skills and
human relations, which are frequently decisive
in the success of an engineering enterprise. The
Practice School program stresses problem
solving in an engineering internship format,
where students undertake projects at industrial
sites under the direct supervision of resident
MIT faculty. Credit is granted for participation in
Practice School in lieu of preparing a master's
thesis.

The operation of the Practice School Is quite
similar to a small consulting company. The
resident staff work closely with the technical
personnel of the host companies in identifying
project assignments with significant educational
merit, and with solutions that make important
contributions to the operation of the host plants.

At Practice School, students work on three or
four different projects. Groups and designated
group leaders change from one project to
another, giving every individual an opportunity
to be a group leader at least once.

Students in the Practice School program are
required to demonstrate proficiency in or take
one graduate subject in each of the following

Energ r and Environment, Enery and environ- pate directly and indirectly in the activiies of th areas Thermodynamlos, Heat and Mass Trans-
poblems provide Incros ng OpPortuni- interdepartmental Program in Polymer Science fer, Applied Process Chemistry, Kinetics and

ties for contributions by chemical eng neers. and Technology. Reactor Design, and Applied athematics.
This area is a lostanding and major activity in
the Department. Extensive programs are under Surface Science and Mlcroelectronics. The Advanced Degrees
way in experimental and theoretical studies of study of surface chemistry and surface physics
fuel conversion processes such as: Fischer- is central to the understanding of many chemi- The following advanced degrees are offered inTropeh syntheses; pyrolysis of coal, blo-mass, cal engineering processes. In the Department chemical eneeringhastr Science in
and oil shale: and hydrogenation, liquefaction, both fundamental and applied research is being Chemical Engineerin or the Master of Sciencehi g-temperature gasifiation, and combustion conducted in many areas of gas-solid and in Chemical Engineing Practice; Chemicalcoal and altnative fuels. Studies of soot and colloidal surface science. Engineer, Environmental Engineer, or Materialsoyolic aromatic formation, nitrogen oxide EgneDco fSineo otro hlsfor o, and control of sulfur emissions ae The understanding of gas-solid kinetics Eginr. Doctor of ien to .t o Philos-
also an Important part of the program, as are crucial in the study of heterogeneous catalysis ist and 5.12rganio Chemistry isnew studies ingeothermlreservoir engineering and the fabrication of Integrated circuits. Using normally essential for any graduate work in
and In s/tu ofrecovery of materials the new and rapidly expang techniques of chemical ineering. More detailed descrlpfrom underground systems. ultra-high vacuum su probes, the kinetics rong of ac f teo ng prgams cnbrcatalytic processe, plasma etching of into- obtalned from the graduate registration officer ingrated circuits, and chemicoal vapor deposition thDeamnt

of thin films are being explored at MIT Tech-
niques including X-ray photoelectron sepetros-
cop, Auger spectosoopy, modulated beam
saering, mass spectrometry, laser-induced
fluorescence, electron microscopy, and BET
measures are typically used.
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Master of Science In Chemical Engineering.
Programs for the Master of Science In Chemical
Engineering usually are arranged as a continua-
tion of undergraduate professional training, but
at a greater level of depth and maturity. The
general requirements or a Master's program are
given In Chapter IV. To complete the require-
ments of at least 66 subject units, of which 42
units must be In "A" subjects, together with an
acceptable thesis, generally takes one academic
year.

Master of Science in Chemical Engineering
Practice. The unit requirements for the Master
of Science In Chemical Engineering Practice
(Course X-A) are the same as those for the
Master of Science in Chemical Engineering,
except that 36 units of Practice School experi-
ence may be accepted In lieu of the Master's
thesis.

Bachelor of Science graduates of this Depart-
ment can meet the requirements for the Master
of Science in Chemical Engineering Practice

SCourse X-A) in two terms. Beginning In the
eptember following graduation, students are at

the field stations until the end of December, and
then return to the Institute to complete the
program during the spring term. A similar

ractice School field program begins in Febru-
ary and extends to the end of May.

For students who have graduated in chemical
engineering from other institutions, the usual
program of study for the Master of Science in
Chemical Engineering Practice involves two
terms at the Institute followed by the field station
work in the Practice School. Graduates in
chemistry from other institutions normally re-
quire an additional term.

Master of Science in Technology and Policy.
Students interested in applying teir chemical
engineering background to problems of policy
an socioeconomic assessment of technology
may apply for the interdepartmental Master of
Science Program in Technology and Policy. This
program combines subjects In advanced tech-
nology in the particular field of the student's
choosing with subjects in economics, systems
analysis, political science, and law. General
requirements and application procedures are
described in Chapter VI.

Chemical Engineer. The Engineer's degree is
offered for those students who desire an ad-
vanced graduate education in depth but who
are not interested primarily in research. The

ram of study and research normally in-
les attendance at the Practice School,

completion of an ap integrated minor
consisting of at lest24 unIte outside the De-

ent. A detailed description of the Chemical
Engines p am may be obtained from the
Graduate Reg"istration Office.

Materials Engineer. Candidates interested in
stud materials engineering In the Depart-
m of hoChemilos Engineering should have
training equlvalenttothat offered by the Institute
In ite undergraduate programs in chemistry or
chemioal en;eig. n general, two years are
reqired for comp of the Materials
Engneer.

Master of Science in the Management of
Technology

Individuals who would like to apply their
chemical engineering background and at least
five years of technical work experience to Issues
in technical management may want to explore
the Program In the Management of Technology.
Jointly developed and offered by MIT's School
of Engineering and the Sloan School of
Management, this program entails a rigorous
twelve-month curriculum, focusing on manage-
ment rinciples for technical people in a
technical environment. The program is
designed for scientists and engineers on a
career path requiring increasing managerial
responsibilities for technical activities. Details of
the program and application procedures are
described in Chapter VI.

Doctor of Science or Doctor of Philosophy.
Admission to the doctoral program is granted
only after the candidate has passed a written
and oral general examination. The examination
is given in January and May. It Is usually taken
at the end of the second term In residence as a
graduate student, although students with good
preparation should attempt the exam after one
term. It is not necessary to complete 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 program of ad-
vanced study and research is normally carried
out in one o the fields of chemical engineering
under the supervision of one or more faculty
members in the Department of Chemical Engi-
neerin.g.

The joint program with the Weeds Hole
Oceanographic Institution is intended for
students whose primary career objective is
oceanographic engineering. The program is
described in more detail under the section at
the end of this chapter on MIT's Joint Program
in Oceanography and Oceanographic Engineer-
Ing with the Woods Hole Oceanographic stitu-
tion.

Financial Support

The Department has a wide variety of financial
support for graduate students, including teach-
ing and research assistantships, fellowships,
and loans. Information about financial assistance
may be obtained by writing to the Graduate
Registration Officer, but consideration for
awards cannot be given before the admissions
decisions have been made.

inquiries

Additional information concerning graduate
programs, admissions, financial aid, assistant-
ships, etc., may be obtained by writing to the
Graduate Office, Department of Chemical
Engineering, Room 66-366, MIT, Cambridge,
Massachusetts 02139, (617) 253-4579.
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Department of Civil
Engineering
(Course 1)

Undergraduate Study

Civil engineering is the principal Instrument for
focusing humanity's scientific and technical
skills on the creation of constructed facilities,
which advance a society toward the attainment
of basic objectives such as economic develop-
ment, environmental protection, and social
well-being.

The scope of oMi engineering education and
research activities at MIT is quite broad and
multifaceted. This stems directly from our
recognition of the underlying characteristics of
the civil engineering projects with which the civil
engineer must ultimately deal. Such projects are

ly large and costly, with potentiall ro-
found environmental, social, and financial
Impacts. Their design requires the cvil engineer
to deal with complex technological and scientific
Issues as well as difficult social and public
policy questions. Therefore, our Department's
prrams emphasize a broad understanding of
the highest levels of technology available, the
behavior of the engineering facility at a systems
level, and the management, organizational, and
Institutional settings within which such engineer-
Ing systems operate. On the technology dimen-
sion, our programs deal with areas such as
structural analysis and design, analytical me-
chanics, geotechnical engineering, materials,
hydrodynamics, hydrology, and aquatic sci-
ence. In the engineering systems area, we
focus on such topics as economic analysis,
Information and computer systems, engineering
risk assessment, and operations analysis and
optimization. In the management, organization-
a, and Institutional area, we address issues
such as man ement of very large-scale engi
neering proje, govemment regulation, indus-
try structure, and [nstitutional issues In engineer-
Ing project implementation.

Civil engineering professionals are concerned
with the critical problems of today's society. For
example, our energy needs demand projects of
extraordinary scope and potential environmental
impat (e.g., the rans-Alaska PI line, offshore
extraction facilities). Rebuilding decaying
Infrastructure e.g., hi hways, bridges, urban
water system In theUnited States represents a
major technical and economic challenge, as
doe the construction of new infrastructure In
the developing world. The technology of
un round fcil tes for the safe drsposal of

wastes and tunnels for transport of
o and commodities requires new

le for analysis, design, and risk
The efficient transport of goods

and people requires innovative 7stems
planning and implementation of nfrastructure as
well as a basic understanding of the underlying
economic, oanzatlonaL, and poliial factors.
The prod of natural bod of water
depends upon-a deeper understanding of the
Interaction of manufactured substances with the

loal systems e therein. Ensuring the
eand ffeotive Hadon of water for

pAotential disaster of floods or droug requires
careful plannin, design, and operation of
facilities as weias an understanding of the
demands of society for this resource. Ci

engineers play a leadership role in the
conception, planning, realization, and operation
of facilities 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, civil engineering
embraces a broad scope of activities in plan-
ning, analysis, design, construction, manage-
ment, operation, and maintenance of a vanety of
facility types, activities which are brought to
bear on the solution of many kinds of complex,
multidimensional problems. It is our belief that
the education of civil engineers for future leader-
ship sitions should provide a rigorous per-
speo ve on the latest technology and analytic
methods, as well as on opportunities to develop
the social science and management skills that
are required to assess needs, evaluate social
and environmental impacts, and operate the
engineering enterprise. Such opportunities are
ensured through a broad curriculum and the
encouragement of interactions with other de-
partments at MIT and neighboring universities.

Job opportunities In civil engineering are quite
varied. Positions are available In large and small
consulting organizations, firms In a variety of
industries, and agencies at all levels of govem-
ment, both In the US and in the intemational
sector. Many of our students build upon the
technical, planning, and management skills
emphasized in our program to become involved
In the entre neu al av of owning and
managing eir own enterprises. Further, our
undergraduate programs are considered excel-
lent entries to graduate study In engineering as
well as such fields as law and management.

The Department of CMil Engineering is orga-
nized into three functional Divisions: Con-
structed Paollities, Transportation Systems,
and Water Resources and Environmental
Eninesering. These Divisions represent the
major professional thrusts of the Department. At
the same time, many problems within Civil
Engineering transcend any one of these Dvi-
sions. This Is reflected in the Department's
educational and research programs, Including
those of its Center for Construction Research
and Education, which draw upon and Integrate
the techniques and concepts of the major
functional areas. Detailed descrptions of the
programs of the Divisions and the Center are
contined in the following pages.

In addition, the Deo offers a number of
undergraduate gradue jects In the
following areas: Information Systems and Com-
putational Methods; Analytical Mechanics;
Engineering Systems, Economics, and Manage-
ment Engineering Risk Assessment and Proba-
bilistic An s; and Institutions and Public
Policy - which are of Interest to students in a
variety of fields at MIT.

The Department of Civil Engineering offers two
undergraduate curricula for students seeking a
strong base for careers in civil engineering or
related fields. Course I, which leads to the
Bachelor of Science in CMI Engineering, is
designed for students having educational goals
that fall substantially within the scope of oMi
engineering. Course I-A, which leads to the
Bachelor of Science without designation, is
designed for students having a well-defined
educational goal, whose attainment requires a
secially formulated program of study. Within
course I-A the Department offers special op-
tions In Engineering Systems and Cmputation
and in Environmental Science and Engineering.

Each of these curricula provides sufficient
flexibility to permit students to develop their own
special interests by taking subjects in the De-
partment of Civil Engineering and other depart-
ments. Undergraduates are encouraged to
participate in the research activities of the De-
partment and in many cases obtain degree
credit for such work.

Students often find there are advantages in
planning their programs for the third and fourth
years so they dovetail with possible graduate
study. This is readily accomplished for those
students who embark on the Departmental
Program in their second year. Under certain
circumstances, students are permitted to work
toward receiving simultaneously undergraduate
and graduate degrees.
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Bachelor of Science In Civil Engineering
Course I

The curriculum for this degree Is designed to
help the student develop problem-solving and
decision-making ablilties 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 methods
of olvil engineering. It provides a foundation In
the areas of analysis and computation, engi-
neering science, and systems and management
science, with emphasis on their application to
problems that arise within the scope of civil
engineering. Planned electives provide useful
knowledge of some particular area of civil
engineenng In deh. This program (including
the Intemship Op on is accredited by the
Accreditation Board for Engineering and Tech-
nology.

Bachelor of Science in Civil Engineering
Course I - Internship Option

Students who wish to gain Industrial experience
as part of their undergraduate and graduate
prgrm may dos yapplying to Course I

ternship O on. The In nternship
P ram is described in detail in the School of
Eng neering aection of this chapter; additional
information on the Course I Intemship Option
will be presented here.

The intemship Option requirements are the
same as r Course 1. In addition, provision Is
made for students to be employed in the of-
fices, plants, or construction sites of participat-
ing companies. The two undergraduate work
assignments are together coisidered 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, requirin five

easfor completion. Such students, If admitted
graduate school, then complete two

further work assignments, consisting of the
summr and the subsequent fall term following

the fourth yea. A this for the S.M. degree Is
ordinarily based on the industrial experience.
Twelve units of graduate credit are awarded for
these two work assignments, In addition to
regular thesis credit for preparation of the S.M.

Students desiring to participate in the Internship
Option should apply eariy In the second term of
their sophomore year.

Bachelor of Science in CMI Engineering
Bachelor of Science In Civil Engineering
Course I

oeneral Intitlute Requiremente 17 slulects

Science Requirement
Humanities, Ats, and Social Sciences Requirement [one
subject can be satisfied by 1.01J1 In the Departmentai
Program)

Science Distribution Requirement (2 subjects can be satisfied
by 1.00, 1.04, or 1 12 and by 18.03 in the oepartmenaIl
Program)

Laboratory Requirement [all or half of the requirement can
be satisfied by subiects in the Departmental Program)

TOTAL Subjects

6

3

:1
17

PLUS

Departental Program Unites

Subject names below are followed by credir unis and by
Perequiaes any (coequietes In Itlcs)
Required Sublects: 138-144
Analysis and Computation

1oo introduction to Computers and Engineering
Problem Solving', 12

1.12 Computer Models of Physical and Engineering
Systems. 12: .01, 18.02

18.03 Differential Equations, 12; 18.02*
Engineering Science

1.04 Behavior of Physical Systeml 1. 12:8.01. 18.02

106 Behavior of Physical Systems l1, 12, SOt, 18.03
plus r Ofre ft nowong fve Subjacts:

1 30 Soll Mechanics, 12: 104
1 .0 Introduction to Structural Engineering, 12 1.04

1.51 Mechanics of Construction Materials and
Structuree. 12: 1. 04

1.60 Fluid Dynamics, 12:1803
1.50 Fundamentals of Ecology. 12

Systems and Management science
1.01J Engineering Aspects of Economic Analysis. 12

1.03 Introduction to Probability and Statistics for
Engineers. 12 78.03

Departments Laborary

One of the Departmental offerings that count toward the Institute
Laboratory Requirement (1.101J. 1102. 1.106J,1.106. or
1. 107),

Planned Electives: 36
A selection of three subjects which add depth and/or breadth
to the Departmentat Program, which meet a stated educational
objecilve. and which are approved by the student's faculty
advisor The selection may Include subjects from outside the
Department of CMI Engineering.

U OlsI earitmental Pirran that also satef
the n n (42 r 46)

Unrestricted ElecDves 41

Total Units Required for the S.5. Degree Beyond
the Oeneral Institute Requirements 10

Bachelor of Science, as recommended by the
Department of Civil Engineering
Course i-A

The programs leading to this degree are pro-
vided for those students whose interests and
educational gals fall within the field of civil
engineering In its broadest sense, but who
cannot achieve their goals by meet"n the
requirements for the undergraduate degree with
designation. The Engineering Systems and
Computation Option and the Environmental
Science and Engineering Option described later
are examples of such programs.

Programs leading to this degree are not accred-
ted by the Accreditation Board for Engineering
and Technology, an Issue that should be dis-
cussed with the faculty advisor.

Engineering Systems and Computation
(ESA&C) Option

This option is designed for students who wish to
have a broad engineering-based systems and
computation program, but do not wish to satisfy
all o the requirements for the Bachelor of
Science In Civil Engineering. The program Is
focused on software and system-analyic tools
for dealing with large and complex engineering
Issues. it prepares students for careers in di-
verse fields such as engineering model build-
ing, applications software de t large-

e an.ye dn onofal robotcs anatomin, nd daaaqusto
and processing.

The ES&C option also provides a general engi-
neering systemrs and computatoni -basis for
people w want to pursue graduate studies in
fields such as business management, opera-
tions research, planning, engineering project
management, as well as further study in applica-
tion areas such as transportation, energy, the
environment, and logistcs.

Zto may be soospited by petition as a substitute for 1.0o.

*Alemale prerequitee are in the subject desortplon.

i
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Bachelor of Science, as recommended by the Environmental Science and Engineering Bachelor of Science as recommended by
Department of Civil Engineering Option the Department of Clvil Engineering
Course I-A Course I-A
Enginering Systems and Computation This option is designed for students who wish to Environmental Science and Engineering
(ESAC) Option acquire an in-depth knowledge of fundamental Option

physical, chemical, and biological processes
coupled with analytical and Computational skills

Oened Istitute Reqiremnfts 17 Subjects suitable for addressing the crucial problems of Goneral Intitute Requrement 17 Sub
human Impacts on the environment. The pro-
gram provides the education necessary for

Science Requirement 5 careers in environmental engineering, manage- Science Requirement
ment, and planning and forms a solid founda- Humanities. Arts. and Social Sciences Requirement (oneHumanities, Arts, and Social sciences Requirement (one tion for graduate study and research in both subject can be satisfied by 1.01J In the Departmental

subject can be satisfied by 1.01J In the Departmental g bscadapide~rnetldsllns rgmProgram] basic and applied environmental disciplines. Program)l

Science Dlstribution Requiremen [2 subjects can be satisfied
by 1.00 or 1.12 and by 18.03 in tWe Departmental Program) 3

Laboratory Requirement [ali or hall of the requirement can
be satiefted by subjects in the Departmental Program] 

TOTAL Subjects 17

PLUS

Departmental Propam Unite

Subject names are lowed by credit units, and by prerequ.
sies Itany (corequislle In tla ics)
Required Subjects: 114-120

Analysis and Computation

1 00 introduction to Computers and Engineering
Problem SoMng'. 12

18.03 Differential Equations, 12; 18.02*

1.12 Computer Models of Physical and Engineering
Systems, 12,8.01. 18.02

Engineering Systems and Computation

1.01J Engineering Aspects of Economic Analysis, 12

103 introduction to Probabliy and Statistics for
Engineers. 12; 18.03

plus Four of the bllowing he subjects:
1.02 Optimal Design of Engineering Systems. 12; 1.00

1.06 Probabilistic Models in Engineering, 12; 1.03*

1.07 Engineering Applications of ArtMtal
Intelligence, 12

1.06 Design of Automated and Robotic Systems, 12
1.16 computer Appications in Statistics, 12 1.00, 1.03

Depantmental Laboratory

one of the Departmental offerings that count toward the Institute
Laboratory Requirement (1. 101J and 1.102 are particularly
relevan).

Planned 11eetves: s
A selection of five subjects which add depth and/or breadth to
the Departmental Program, which meet a stated educational
oblectIve. and which are approved by the student's faculty
advisor The selection may Include subjects from outside the
Department of CvI Engineering.

Ue enr IVtrr (42 ar 45)

Total Urft R*eqid for the 5. Degree Sevond 10

1
2.10 may be accepted by petition as a substitute for 1.00.

*Alternae prerequIsItes are listed in the subject description.

8ete

Science Distribution Requirement [2 subjects can be satistled
by 1.00 or 18.03 in the Departmental Program)

Laboratory Requirement (all or half of the requirement can be
satisfied by subjects in the Departmental Program]

TOTAL Subjects

6

_1
17

PLUS

Depatmenti Progra Unne

Subject names are tbllowed by credit units, and by prertgul-
sItes W any (corequisites In Italics)
Requbed subjects: 135-141
Analysis and Computation

1.00 introduction to Computers and Engineering
Problem SoMng', 12

18,03 Olferential Equations, 12; 18.02*

System and Manaement Science
i 01J Engineering Aspects of Economic Analysis, 12
1.03 Introduction to Probablity and Statistics for

Engineers, 12; 18.03

Environmental Science and Englneeilng
1.06 Bshavior of Physical Systems li, 12; 8.01, 18.03

1.60 Fluid Dynamics, 12: 1803

1.71 introduction to Hydrology, 12; 1.08

1.80 Fundamentals of Ecology 12
1.85 Wastewater Treatment Engineering, 9: 1.00*
6.60 Chemical Thermodynamics. 12; 18.02

12.23 Environmental Chemistry' Human impact, 12;
.60*

Departmental Laboratory
One ofn ftMe FoowigOpuerflm a tinngs:

1.106 Laboratory Projects in Fluid Mechanics. 8
1.107 Aquatic Chamistry Labor"tory.12: 6.11

Pluoed satves- 36
A selecilon of three subjects which add depth and/or breadth
to the Departmental Program and that are approved by the
student's faculty advsor. This selection may include sublects
from outside the Department of Clvii Engineetig.

l u t e itt 1"a l m e ta P r o g r a m t hW 4 114 1 s a t e*
te nstitute m (42 or 48)

Un~eetdtted 9elee 51

Total Waste Rqd at the .. Deoree Dem
the1W ea knstt Requbemeiefl ISO
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Graduate Study

Other Course I-A Options

in addition to the Engineering Systems and
Computation Option, the Department provides
other programs under Course I-A. These
programs are available to students who cannot
achieve their goals through the Course I or i-A
options described earlier. There are five required
subjects (1.00, 1.01J, 18.03 and two of the'
following: 1.03, 1.04, 1.05, 1.12), plus a
coherent selection of at least seven planned
elective subjects, which meet a well-defined
educational goal. The planned electives are
developed in consultation with, and are
approved by, a member of the departmental
faculty who agrees to serve as the program
advisor. Some options specify a number of the
planned electives (see, for example, description
of the options in Engineering Systems and
Computation and in Environmental Science and
Engineering).

Electives and Research Opportunities

A list of undergraduate electives In Civil Engl-
neering may be obtained from the Department.
Students registered in the Department are
encouraged to consider appropriate subjects
offered by other departments as part of their
elective programs.

Students wishing to work closely with a member
of the faculty on research may obtain permis-
sion to register for thesis, or to enroll in 1.999
Undergraduate Studies In Civil Engineering.
Numerous possibilities for UROP projects exist
in the Department. To help undergraduates
understand the professional challenges of Civil
Engineering as well as hel establish working
relationships with the facu, up to ten $600
UROP traineeships are awarded to undergradu-
ates each spring.

The Department of Civil Engineering grants the
following advanced degrees: Master of Science;
Master of Science in Civil Engineering: Civil
Engineer; Environmental Engineer; Doctor of
Science; and Doctor of Philosophy. The Insti-
tute's general requirements for these degrees
may be found in Chapter IV. Detailed Informa-
tion on the departmental requirements for each
degree may be obtained from the Academic
Programs Office, Room 1-281.

At the graduate level, research and education
go hand-In-hand. Students interested in
physical processes or In the analysis and design
of component facilities may work in a funda-
mental area such as soll, water, or structures.
Students interested in the planning, design,
construction, and operation of large-scale
systems of facilities may work in such fields as
transportation, water resources, and other
public and private systems.

The functional Divisions of the Department and
the Center for Construction Research each have
responsibility for the administration of the re-
search and academic programs of the Depart-
ment, including graduate admissions and re-
search assistant, teaching assistant, fellowship
and traineeship awards and assignments. Pro-
spective graduate students indicate their pre-
ferred affiliation when applying for admission.

Fields of Advanced Study

Integrated programs of advanced study are
aval able in the following areas: geotechnical
engineering, structural engineering and
mechanics, constiuction engineering and
management, transportation systems, hydrody-
namlos and coastal engineering, hydrology and
water resource systems, water quality control
and the aqaftc anvironrnent, and environmental
engineering.

Entrance Requirements for Graduate Study

Applicants do not need to have an undergradu-
ate degree in civil engineering.

Numerous opportunities for graduate education
in civil engineering exist for students with back-
grounds In other branches of engineering,
acience, and certain social sciences. These
arise through the growth of Interdepartmental
reiearoh and degree programs that bring
people of diverse backgrounds together in
search of solutions to major societal problems.
Graduate students and faculty in the Depart-
ment have, for example, experience In econom-
los, political 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 prob-
lems. Prerequisites for each subject are given in
the subject descriptions. Students may make up
deficlencies In prerequIeites while pursuing a
program of graduate study. All aplicants are
ruired to submit scores from t GRE Apti-

WTst.

Financial Assistance for Graduate Students

The research of the Department is an integral
part of the study proram, and approximately
100 graduate studen each year receive
pointments as Research or Teaching Aleants.
Most of these appointments fully cover tuition
and reasonable living expenses in the Boston
area.

In addition to financial support, these appoint-
ments provide valuable educational experience
and, in the case of Research Assistantships,
thesis opportunities.

A number of Fellowships are also available for
graduate students.
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Divisions, Laboratories,
and Special Programs

Constructed Faolities Division

The academic and research programs of the
Constructed Facilities Division are concerned
with the broad field of development, design,
analysis, and assessment of behavior of con-
structed facilities. Engineerin rams in
geotechnical engineern an In structural
design and analysis bull upon subjects in
mechanical behavior of materials, engineering
mechanics, apped probability and tistics,
and comnputer-basoed analysis methods In
designing a program that meets partioular
needs and Interests. Students may emphasize a
particular engineering area or combination, or
may focus more on one of several disciplinary
areas - including engineering risk assessment,
computer-aided engineering, analytical mechan-
los, and construction automaton.

The major areas of research and teaching in the
Constructed Facilities Division are:

Geotechnlcal Engineering. The graduate
program In geotechnical enginerin~ empha-
sizes fundamental principles of mec anics,
materials, ngineering eology, computational
analysis, and analysis uncertainty - that lay
the basis for dealing with the challenging geo-
technical engineering problems of the future.

Basic graduate-level subjects in mechanics,
dynamics, numerical analysis, and probability
are taken jointly with other students studying In
Constructed Facilities. A series of subjects
dealing with the engineering behavior of soil
and rock, and the measurement and evaluation
of the properties of these materials, Is offered.
The approach to the use of fundamental knowl-
edge, site inve ation, and experience to solve
geotechnical eng neerig problems is devel-
oped in subjects dealing with foundations and
undeground construction. Advanced subjects
are offered often every other yea - for exam-
pie, In constitutive modeling, soil dynamics, and
underground construction.

The major areas of research are: soft-ground
construction, geotechnical aspects of earth-
quake engineering, underground construction.
stabilty of natural slopes In rock, constitutive
model Ing of clay and sand, robotics In earth-
work egneering, pile foundations, applcations
of probability and decision theory, mining

getcnics, centrifuge model testing and In
tu ng - especially for offshore explora-

ton.

Structures and Materials. The graduate pro-
gram in structures and materials gives students
a broad understanding of th behavior of struc-
tures and the materials from whi a
made. In the academic progra m asis Is
pheuron structural meshan mechan-

and the mechanical ooonstruc-
nmaterials. Additional subjects In numer

methods and risk assessment In engineering
are also recommended for students In this
program.
The current research program In structure
IncludeS projects on cmputer-sided stiructural
ennering, Intelligent structural engineering

systems, structural performance of joints In
precast concrete segmental bridges, soil-struc-
ture interaction under seismic lods, and reliabil-
Ity of structures. In materials, the current re-
search program Includes projects on Innovative
iIhtwei materials for construction (e.g.,
fibre-rel forced cements, ceramics, celar
materials, and structural sandwich panels), Ice
mechanics, Ice-structure Interaction on offshore
structures In the Arctio, and fatigue and multiax-
lal fallure behavior of concrete.

The Geotechnical Engineering Research
Laboratory conducts applied and fundamental
research on the engineering properties of soil
and rook and develops new experimental equip-
ment and field performance of material-structure
systems. The underlying oblective is to evaluate
and Improve methods to predict the behavior of
constructed facilities through the integration of
property measurement, system analysis, and
flid performance.

Engineering Risk Assessment Is Important for
civil engineering projects, since uncertainties on
site characterization, loading, and construction
materials are large. In addition, laboratory test-
ing and In situ experimentation produce data,
the effective Interpretation of which requires the
use of statistical procedures. The academic
program of the Division provides exposure to
probability theory, statistis, modeling with
rmndom functions, reliability analysis, and risk-
based decision methods with an orientation
towards civil engineering applications.

Computer-Aided Engineering is based upon
the disciplin areas of information processing,
computation methods, and artificial Intelli-
gence. A series of specific subjects in theory,
methodology, and practice is offered, and
applications are integrated In a number of oil
engineering subjects.

Analytical Mechanics presents an in-depth
treatment of the mechanics of solids an its
extension to multiphase media. Students inter-
ested in engineering analysis can combine this
program wit additional geotechnical and
structural mechanics subjects.

The Structures Laboratory Is an edlucationall
facility for studying the behavior of structural
elements and structural systems. The special
laboratory equipment assisate students in relating
theoretical predictions to actual response and in
visualizing the behavior of comnplex systems.
Students also deslgn and constct models of
structural systems that are then tested for verifi-
cation of the design.

The Advanced Construction Materials Labora-
tory is both an educational and a research
facilit. it hep students relate the physical and

mehnclo properties of constructioni materials
to their compositions. Current research Includes
mechanical behavior of concrete, asphatic and
cementitious composites, fiboomposites,
oelluiar materials, composite sandwichpanels,
ceramics, rocks, and ie

Intelligent Engineering Systems Laboratory
IESL) is comprised of faculty and students

whose main Interest lies in the applications of
artificial Intelligence techniues A) to engineer-
ing problems. Computing facilities Include: 3
MicroVAX-Ils, 2 SUN-Ills, TEKTRONIX graphics
workstation, 3 TEKTRONIX 4400 sed A
workstations, and 2 APOLLOs. Software in-
cludes various Al programming tools and CAD
packages.

REMERGENCE

The laboratory for Resource Extraction Materials
Energy Reservoir Geotechnical, Environmental,
and Construction Engineering provides an
intellectual environment and facilities for both
theoretical and experimental work with: natural
and construction materials, extraction and
construction processes Involng those
materials, and structures buiit In or with those
materials.

The REMERGENCE Laboratory is a coordi-
nated, focused endeavor, characterized by the
Integration of materials, processes, and struc-
tures and by a set of disciplines common to the
broader branches of engineering involved.

TWenty-five faculty, 10 research staff, and ap-
proximately 60 graduate and 50 under raduate
students from the Departments of Architecture;
Civil Fgineering: Mechanical Engineering;
Ocean Engineering; Materials Science and
Engineering; and Earth, Atmospheric, and
Planetary Sciences are participating In this
laboratory, which has very strong research and
teaching components.

Transportation Systems Division

The educational and research programs of the
Transportation Systems Division are based on
the philosophy that the analysis, design, and
imp ementation of transportation Improvements
result from combIning 1) quantitative analysis of
altemnative solutions; 2) an in -depth understand-
Ing of specific problem areas spanning freight,
passenger, urban, Intercity, and international
transportation: and 3) knowledge of the eco-
nomic and Institutional setting in which solutions
are implemented.

The academic programs of the Division reflect a
multi-modall orientation, emphasizing basic
methods of analysis and their ap lications to a
rane of problems. The approaches Include a
syn eels of economics, statistics, and mathe-
matical programming, as well as the tools of
management and the social sciences. Subject
offerings stress both the technical analysis of
transportation systems and the social and
politca factors that must be considered In
tansportation decisions, Including subjects In
various applications areas.
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The research In the DMsion also reflects a wide systems, remote sensing and contaminant
range of methodological and substantive Inter- transport In groundwaters. Opportunities for
ests. The current major research activities In partiolpation in several field projects exist.
which students are encouraged to participate issues of water resources management and
Include the following: logistics; railroad opera- system. technology In solving water problems
tions: trucking network planning; travel demand are also of interest
anal vla; network equilibration; microcomputer
appfloations In transportaon a s; analy- Aquatlc Science and Environmental Engi-sle of the US automobile Indutry; freight and nearing. Major areas of activity include environ-
urban p nger transportation developing mental fluid mechanics, uatic organic and
countries; regulation In the common-canrer Inorganic chemistry. plankn ecology, and the
Industry; decision support for carrier marketing; development of anal techniques for studies
transit operations and planning; Institutional and of water contaminants and microorganisms.
organizational Issues In transportation; and the Emphasis Is on the Integration of hydrodynamic
relationship between transportation and down- transport and blogeochemical transformation
town retail avitypross In models designed to predict the

fate and effects of trace elements and organic
The faculty, students, and staff of the Transpr- compounds In groundwater rivers, lakes, estu-
talion Systems Divsion actively participate In the aries, and oe.
MIT Center for Transportation Itudies (CTS),
which coordinates transportation research and Research Includes waste heat management,
educational activities at MIT. The interdepart- harbor and coastal modeling, local and regional
mental degree of Master of Science In Trans- water quality, resource and land use manae Irtation Is offered In cooperation with the ment and facility siting, microorganism/pol utant

nter for Transportation Studies. Most Civil interaction, phytoplankton growth dynamics,
Engineering students stud in transportation at Inorganic and organic chemistry of surface and
the Master's level are enroll In this Interdepart- groundwater, and wetland geochemistry.
mental prram, although the Master of Science
In Civil Enneering degree Is still offered for The Ralph M. Parsons Laboratory, which
those stu ents whose educational objectives houses the Division, is a major unit for research
are better served by that program. Require- on problems associated with aquatic environ-
ments for the Master of Science In Transporta- ments, containing more than 40,000 square feet
tion and a detailed description of the Center are of classrooms, teaching and research laborato-
contained in Chapter VI, ries (eight separate laboratory areas), shops,

Water Resources and Environmental
Engineering Division - Ralph M. Parsons
Laboratory

The programs of graduate study and research
include both departmental and Interdisclplinary
programs in the analytical and managerial
aspects of water resources. The educational
and research programs are broadly grouped in
three areas.
Hydrodynamlcs, Coastal, and Oceanographic
Englnesring. A wide selection of subjects Is
of , IncluI thretical and applied fluid
mechanics, hydroynams of wave Motion,
beach eao and eadiwmar rhm

compuer faolimes, and offloes. Laboratory
facilities exist for hydrodynamic studies Involv-
ing wave motion, jet turbulence and diffusion by
means of laser-Dop pler instrumentation, flows
with thermal and density stratification, and flows
in porous media. Research facilities are also
available for water analysis including GC-MS,
alpha spectrometry, laser correlation aotros-
copy, and flow cytometry. A 3-dimensional wave
generator has recently been completed. Com-
puter facilities Include a local area network of 5
microvax systems and personal computers.

Center for Construction Research and
Education

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, govem-
ment agenoles, engineering and design firms,
and other companies that supply Important
materials and products to the Industry.
Approximately 40 percent of the Center's
students are pursuing Ph.D. degrees In
preparation for careers in research and
teaching. The theoretical foundations of the
discipline of construction engineering and
management are covered through a wide
choice of subjects In the decision sciences,
construction management, and construction
technology. Students have the flexibility to select
other subjects from throughout MIT that are
mrcIt napropriate to their ndividual back-
grounds and Interssts.
Through grants, sponsored projects, and Ph.D.
thesis research, the Center provides support
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's Program for
Advanced Construction TechnologyPACT)
focuses directly on develo an adapting
new and emerging technologies In such areas
as knowledge-based systems, artificial Intelli-
gence, advanced engineering materials, auto-
mated sensing and condition assessment, and
construction robotics. Other Center research
projects are seeking Insights Into new areas of
construction demand, such as Infrastructure
rehabilitation and hazardous waste control In
order to Identify the implications for financial,
labor, equipment, and material resources. The
Center's management research projects are
addressing a range of strategic and operational
Issues at the Industry, firm, and project levels.

The Center alo promotes continuin Interaction
with the construction Industr through% a number
of activities. For example, it or anizes various
lectures, seminars, and roundtle meetings
that Involve Industry leaders, faculty, and stu-
dents in the discussion of critical Issues and
challenging opportunities In construction. In

--- --.. *-.* sadton, a construction Industry affiliates pro.wave Interaction In harbors, offshore structures Construction Is a multibllion dollar Industry and gram provide, t basis for more formal and
and aroto leo0, estuary and ooastal circulation one of the largest sectors of the nation's continuous relationship, with spoefic ompan-
and water quai. energy extraction from wave economy It create t buildings, IndustrialIn the desn andand the ocean thermal gradient and economic plantS, and Infrastructure facilitie required to eInodInfdsinadcstuin
development and env mental Impact serve a broad range of social and economic process.
assessment In the coastal zone. Related sub- activities. The contuotion Indistry Is unique in The Center's programs are leading to a betterjbota In OoNraphy and Ocean Enineerin its size, scope, and atrateglo Importance. It Is understanding of t nature of the constructionare offered byohe depsnmentstMIT and a also unique In the pants and Industry and the fundamental change. occur-Woods Hole 0oenographlo Institution. activities involved In traneoing resources of ring In Its supp and demand. Our goal Is toc , abor materials, equipmnt, technology, use thie un in to foster discove
Hydrology and Water Resource systems. a nianageent Into physical facilities deelopment, and implementation of advancedEmphasis Is on both determiniet and stochas- technologyanalytical methods, and manage-tio representatlons of the The Center for Construction Research and Edu- met streth nd pro-
Including hydrometeoroog hydrooll cation provides an Intellectual environment and duo , the quality of Its products, and Its

ri d runoff production, and grou- a within MIT for pooln academic competitiveness In both domestic and Intema-wae rio.Ogoing inveSgOns cover oatoit- an Untry reource t10 address major anid tiori markets.
ment r and fundamental Issues of this critioally Important

tanoIndustry Since it in 1962, the Center
netwo~r n for surface and oUndw r, has developed cA
reservoir opeations, Inigation ~heeducation. research, and Indust Interaction,
sp~vall i - In surfe 4and groundwat whioh hav earned it arputation as a center of

construction expertise and excellence.
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Computer and Automation Facilitles

The De ant maintains three networked
comp facilities, one In each of Its dMlons.
Major academic and research services are
provided on 20 DIgital MioroVax lie and Vax
Station I1 using VAX VMS and UNIX operating
systems. These machines support a large
variety of l uages, including FORTRAN, C,
PASCAL, and Cdmmon LISP; word processing
aids Including SCRIBE and WPS, and subrou-
tine libraries Including IMSL, Pinplot, and SSP;
and applications packages Including ICES
STRUDL, LOGO, ROADS, MAPPS, and the GDS
CAD system.

In addition to several clusters of IBM PCXTs
and PC/ATs, the Department maintains a variety
of CAD and Al workstations, including SUN 3s
and Tektronix 4400s. All machines (except the
PCs) are networked together for remote access,
file transfer, and electronic mail, and are con-
nected to the outside world through the facilities
of the campus network.

To reduce costs and improve productivity and
safety, the Department is also doing extensive
work in the application of robotics, automation,
and remote serning to problems in construction
and infrastructure rehabilitation. A method to
efficiently and economically automate construc-
tion processes is currently being developed In
the Department of Civil EnIneering at MIT
Called ICADM (Integrated struction Automa-
tion Design Methodology), the method calls for
integrating the designers of the building system
- the architect, the building contractor, and the
machine designer - and emphasizes the need
to aimpi machine design by keeping workers
in the loop as machine operators.

Interdisoiplinary Programs

In responding to the interdisciplinary character
of many p of interest, the Department of
Civil E men has added faculty with training
and professional experience in law, manage-
ment, economics, political science, and sociolo-
gy, as well as in mechanical and electrical
engineerng, ecology, chemistry, and geolog.
Accordingy departmental research and subject
offerings have been developed In many Interdle-
ciplinary areas of current and future importance
such as environmental engineering, environ-
mental management and control, public service
systems. urban engineering, engineering and
publio policy, project evaluation and manage-
mnt.

Undergraduates and graduate students can
build educational rams in these and other
areas, and can s subjects from among the
offerings of other departments of the Institute,
such as Urban Studies and Planning, Architeo-
ture, Man Mathematics, Economics,
Political SC ,th life and earth solenoes,
and the other fields of engineering. Each stu-
dent's eduotional and reeearMh programay
be toarW~ reflect his or her prna n

=ofsonall goi, whether they ae intensive or
ixt ns C"naur.

InterdIsciplin rams at the graduate level
are administer ed byinterdepartmental ocmmit-
toes. Those of particular Interest to students
from civil engineering are in environmental
engineering, transportation, materials, applied

sciences, operations research, computers
and information systems, ocean engineering,
public systems, the social applications of tech-
nology, management of technology, and miner&'
resources engineering and management.

Master of Science In Technology and Polly

Students interested in applying their cMI engi-
neering background to problems of policy, nsk
assessment, and strategic planning for technol-
ogy may apply for the interdepartmental Master
of Science Program, in Technology and Policy.
This program combines subjects in advanced
technology in the particular fold of the student's
choosing with subjects in economics, systems
analysis, political science, and law. General
requirements and application procedures are
described in Chapter VI.

Master of Science In the Management of
Technology

Students who would like to apply their civil
engineering background, and at least five years
of technical work experience, to Issues In
technical management may want to explore the
Joint Program in the Management of
Technology. Jointly developed and offered by
MIT's School of Engineering and the Sloan
School of Management, this Program entails a
rigorous 12-month curriculum, focusing on
management principles for technical people In a
technical environment. The Program is
designed for scientists and engineers on a
career path requiring increasing managerial
responsibilities for technical activities. Details of
the program and application procedures are
described in Chapter VI.

Joint MIT-Woods Hole Oceanographic
Institution Program
Course l-W

A joint degree program exists between MIT and
the Woods Hole Oceanographic Institution. The
program with WHOI is Intended for students
whose primary career objective is apled or
engineering oceanography. Studen divide
their academic and research efforts between the
campuses of the two Institutions. While in resi-
dence at MIT, students enrolled in this course
follow a program similar to that of other students
in this Department. The program Is described in
more detail under the section at the end of this
chapter on MIT's Joint Program in Oceanogra-
phy and Oceanographic Engineering with the
Woods Hole Oceanographil Institution.

Mining and Mineral Resources Research
Institute (MMRI)

The Mining and Mineral Resources Research
Institute coordinates academic and research
activities at MIT in the mineral resources field.
The MMRRI and Its various academic and
research opportunities are described in
Chapter VI.

Inquiries

Detailed Information about the academic poli-
cies and programs of the Department may be
obtaine writing to the Academic Programs
Ohse'tRoom 1-2 1, MIT, Cambridge, Massa-
chusetts 02139, (617) 253-7106.
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Department of Electrical Engineering
and Computer Science

Paul Livingstone Penfield, Jr., So.D.
Professor of Electrical Engineering
Director, Microsystems Research
Center
Head of the Department

Frederick Clair Hennie Ill, Sc.D.
Professor of Computer Science
and Engineering
Executive Officer

Leonard Abraham Gould, Sc.D.
Professor of Electrical Engineering
Undergraduate Officer

Arthur Clarke Smith, Ph.D.
Professor of Electrical Engineering
Graduate Officer
(On leave, fall)

Professors

Richard Brooks Adler, Sc.D.
Distinguished Professor of
Electrical Engineering

Jonathan Allen, Sc.D.
Professor of Electrical Engineering
and Computer Science
Director, Research Laboratory of
Electronics

Dimitri A. Antoniadis, Ph.D.
Professor of Electrical Engineering
Director, Microsystems Technology
Laboratories

Arvind, Ph.D.
Professor of Computer Science
and Engineering

Michael Athans, Ph.D.
Professor of Systems Science and
Engineering

Arthur Bemard Baggeroer, Sc.D.
Professor of Electrical and Ocean
Engineering

Abraham Bers, Sc.D.
Professor of Electrical Engineering

Dimitri P Bertekas, Ph.D.
Professor of Electrical Engineering

Amar Gopal Bose, So.D.
Professor of Electrical Engineering

Harvey Kent Bowen, Ph.D.
Professor of Electrical Engineering
and Ceramic Engineering
Ford Professor of Engineering
Dirootor, Manufacturing and
Processing Systems

Louis Benjamin Daniel Braida,
Ph.D.
Henry Ellis Warren Professor of
Electrical Engineering

James Donald Bruce, Sc.D.
Professor of Electrical Engineering
Vice President for Information
Systems

Femando Jose Corbato, Ph.D.
Professor of Computer Science
and Engineering

Michael Leonides Dertouzos, Ph.D.
Professor of Computer Science
and Electrical Engineering
Director, Laboratory for Computer
Science

Alvin William Drake, Sc.D.
Professor of Systems Science and
Engineering
(On leave)

Mildred Spiewak Dresselhaus,
Ph.D.
Institute Professor
Professor of Electrical Engineering
and Physics

Peter Elias, Ph.D.
Edwin S. Webster Professor of
Electrical Engineering

David Jacob Epstein, Sc.D.
Professor of Electrical Engineering

Shaoul Ezekiel, Sc.D.
Professor of Aeronautics and
Astronautics and Electrical
Engineering
Director, Center for Advanced
Engineering Study

Clifton G. Fonstad, Jr., Ph.D.
Professor of Electrical Engineering

Lawrence Samuel Frishkopf, Ph.D.
Professor of Electrical and
Bioenginering
(On leave)

Robert Gray Gallager, Sc.D.
Fujitsu Professor of Electrical
Engineering
Codirentor, Laboratory for
Information and Decision Systems

Harry Constantine Gatos, Ph.D.
Professor of Molecular Engineering
and Electronic Materials

Alan Jay Grodzinsky, Ph.D.
Professor of Electrical and
Bloengineering

Leonidas J. Gulbas, Ph.D.
Professor of Computer Science
and Engineering

John V. Guttag, Ph.D.
Professor of Computer Science
and Engineering

Hermann Anton Haus, Sc.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 Kassaklan, 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 Lim, Ph.D.
Professor of Electrical Engineering

Barbara H. Uskov, Ph.D.
Professor of Computer Science
and Engineering

Nancy Ann Lynch. Ph.D.
Professor of Comf.iter Science
and Engineering

Roger Greenwood Mark, M.D..
Ph.D.
Matsushita Professor of Electrical
Engineering in Medicine
Codirector Harvard-MIT Division of
Health Sciences and Technology

Alan Louis McWhorter, Sc.D.
Professor of Electrical Engineering
Head of the Solid-State Division,
Lincoln Laboratory

James Russell Melcher, Ph.D.
Julius A. Stratton Professor of
Electrical Engineering and Physics
Director Laboratory for
Electromagnetic and Electronic
Systems

Albert Ronald Meyer, Ph.D.
Professor of Computer Science
and Engineering

Marvin Lee Minsky, Ph.D.
Donner Professor of Science in the
Department of Electrical
Engineering and Computer
Science

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, Lincoln Laboratory

Joel Moses, Ph.D.
Dugald Caleb Jackson Professor of
Computer Science and
Engineering
(On leave, fall)

Alan Victor Oppenheim, Sc.D.
Professor of Electrical Engineering

Ronald Richard Parker, Ph.D.
Professor of Electrical Engineering
Director, Plasma Fusion Center

William Tower Peake, Sc.D.
Professor of Electrical and
Bloengineering

George Woodman Pratt, Jr, Ph.D.
Professor of Electrical Engineering

Leo Rafael Reif. Ph.D.
Professor of Electrical Engineering

Ronald Unn Rivest, Ph.D.
Professor of Computer Science
and Engineering
Associate Director, Laboratory for
Computer Science

James Kerr Roberge, So.D.
Professor of Electrical Engineering

Jack Philip Ruins, D.E.E.
Professor of Electrical Engineering
Secretary of the Faculty
(On leave, spring)

Jerome Howard Saltzer, Sc.D.
Professor of Computer Science
and Engineering
(On leave, fall)
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William Francis Schreiber, Ph.D.
Professor of Electrical Engineering

Campbell Leach Searle, S.M.
Professor of Electrical Engineering

Stephen David Sentura, Ph.D.
Professor of Electrical Engineering

Jeffrey Howard Shapiro, Ph.D.
Professor of Electrical Engineering

William Mc~onway Siebert, Sc.D.
Ford Professor of Engineering

Henry 1. Smith, Ph.D.
Professor of Electrical Engineering

David Hudson Staelin, Sc.D.
Cecil H. Green Professor of
Electrical Engineering

Kenneth Noble Stevens, Sc.D.
Clarence Joseph LeBel Professor
of Electrical Engineering

Gerald Jay Sussman, Ph.D.
Professor of Electrical Engineering

Richard Douglas Thornton, SD.
Professor of Electrical Engineering
(On leave, spring)

Donald Eugene rroxel, Ph.D.
Professor of Electrical Engineering

Cardinal Wards, Ph.D.
Professor of Electrical Engineering

Thomas Fischer Weiss, Ph.D.
Professor of Electrical and
Bloengineering

David Calvin White, Ph.D.
Ford Professor of Engineering

Alan Steven Wiuisky, Ph.D.
Professor of Electrr-al Engineering

Gerald Loomis Wilson, Sc.D.
Vannevar Bush Professor
Professor of Electrical and
Mechanical Engineering
Dean, School of Engineering
(On leave, fall)

Patrick Henry Winston, Ph.D.
Professor of Computer Science
and Engineering
Director, Artificial Intelligence
Laboratory

Associate Professors

Harold Abelson, Ph.D.
Associate Professor of Computer
Science and Engineering

Robert Cregar Berwick, 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

Janes G. Fujimoto, Ph.D.
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Engineering

David K. Gifford, Ph.D.
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Engineering
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Science and Engineering

Ramesh Shrikrishna Pati, Ph.D.
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Science and Engineering

Tomis Lozano-P6rez, Ph.D.
Associate Professor of Computer
Science and Engineering
Associate Director, Artificial
Intelligence Laboratory

Silvio Micall, Ph.D.
Associate Professor of Computer
Science and Engineering
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Associate Professor of Electrical
Engineering

Terry Philip Orlando, Ph.D.
Associate Professor of Electrical
Engineering
(On leave, fall)
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Associate Professor of Computer
Science and Engineering and
Motor Control

Martin Frederick Schlecht, Sc.D.
Associate Professor of Electrical
Engineering

Charles G. Sodini, Ph.D.
Associate Professor of Electrical
Engineering
(On leave, spring)

Peter Szolovits, Ph.D.
Associate Professor of Computer
Science and Engineering
(On leave)

John N. Tsitsiklis, Ph.D.
Associate Professor of Electrical
Engineering

George C. Verghese, Ph.D.
Associate Professor of tiectrical
Engineering

Stephen Ashley Ward, Ph.D.
Associate Professor of Computer
Science and Engineering

William Edward Weihi, Ph.D.
Associate Professor of Computer
Science and Engineering

John L. Wyatt, Jr., Ph.D.
Associate Professor of Electrical
Engineering

Markus Zahn, Sc.D.
Associate Professor of Electrical
Engineering

Assistant Professors
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Science and Engineering
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Assistant Professor of Electrical
Engineering
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Engineering

SrInivas Devadas, Ph.D.
Assistant Professor of Electrical
Engineering

Martha L. Gray, Ph.D.
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Professor of Electrical Engineering

Thomas Frederic Knight, Jr., Ph.D.
ITT Career Development Assistant
Professor of Computer Science
and Engineering

Leslie A. Kolodziejski, Ph.D.
Assistant Professor of Electrical
Engineering

David Allen McAllester, Ph.D.
Assistant Professor of Computer
Science and Engineering

Rlshlyur S. Niknil, Ph.D.
Assistant Professor of Computer
Science and Engineering

Glenn D. Rennels, M.D., Ph.D.
Thomas Cabot Assistant Professor
of Computer Science and
Engineering

Martin A. Schmidt, Ph.D.
Assistant Professor of Electrical
Engineering

David L. Tennenhouse, Ph.D.
KDD Career Development Assistant
Professor of Computer Science
and Engineering

Jacob K. White, Ph.D.
Assistant Professor of Electrical
Engineering

Visiting Professor

Charles Sidney Burrus, Ph.D.
Professor of Electrical Engineering
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Adjunct Professors
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Professor of Engineering
Innovation and Practice

Robert H. Kingston, Ph.D.
Adjunct Professor of Electrical
Engineering

Butler W. Lampoon, Ph.D.
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Science and Engineering
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Engineering

Gunter Stein, Ph.D.
Adjunct Professor of Electrical
Engineering
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Francis Fan Lee, Ph.D.
Thomas H. Lee, Ph.D.
Jerome Ysrael Lettvin, M.D.
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Ph.D.
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Louis Dijour Smullin, S.M.
Joseph Weizenbaum, M.S., Sc.D.
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Hans P Jenssen, Ph.D.
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Richard S. Marcus, E.E.
Charles E. Miller, S.M.
Ronald S. Newbower, Ph.D.
Chales D. Paton, B.S.
Robert Harvey Rinse, Ph.D.
Douglas T. Ross, S.M.
Howard E. Shrobe, Ph.D.
John Avery Tucker, M.Engrg.
Director of VI-A Program,
Emeritus

Stephen D. Umans, Sc.D.
Bruce D. Wedlock, Sc.D.

Technical Instructors

Charles E. Miller, S.M.
Charles D. Paton, B.S.
Manuel L. Silva, A.E.E.
Douglas J. Young, B.S.

Director of VI-A internship
Program

Kevin J. O'Toole, Nav.E.

Administrative Officer

Richard Joseph Caloggero,

Facilities Officer

Edward Gaudiano, M.A.

Assistants to Laboratory
Directors

Phyllis deFano, M.L.S.
Microsystems Technology
Laboratories

Barbara Tilson, M.M.
Microsystems Research Center

Educational Computer Facility

Alan Wu, S.B.
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Douglas Alan, S.B.

Administrative Staff

Claude C. R. Bellot, B.S.
Miriam . Brooks, B.A.
Peggy Carney
Anne M. Hunter, B.A.
Edward J. Moriarty, S.B.
Marilyn Andrea Pierce
Helen V. Schwartz, M.S.

Senior Research Scientists

David D. Clark, Ph.D.
Nathaniel Isaac Durlach, M.A.
Robert Harmon Rediker, Ph.D.
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John J. Guinan, Ph.D.
Victor Waito Zue, Sc.D.

Research Associate

Prabha K. Tedrow, Ph.D.

Research Affiliates

Kenneth J. Germeshausen, S.B.
Gus Kayafas, M.F.A.
Vernon E. MacRoberts
Peter W. Mul, S.B.
Robert Pose, M.D.

Professors Emeriti

Gordon Stanley Brown, So.D.,
D.Ing., Tekn.D.
Institute Professor, Emeritus
Professor of Electrical Engineering,
Emeritus

Wilbur Bayley Davenport, Jr., Sc.D.
Professor of Communications
Science and Engineering, Emeritus

Jack Bonnell Dennis, Sc.D.
Professor of Computer Science
and Engineering, Emeritus

Murray Eden, Ph.D.
Professor of Electrical Engineering,
Emeritus

Harold Eugene Edgerton, Sc.D.,
D.Eng., LL.D.
Institute Professor, Emeritus
Professor of Electrical
Measurements, Emeritus

Robert Mario Fano, Sc.D.
Professor of Electrical Engineering
and Computer Science, Emeritus

Richard Henry Frazier, S.M.
Professor of Electromechanics,
Emeritus

Truman Stretcher Gray, Sc.D.
Professor of Engineering
Electronics, Emeritus

Charles Kingsley, Jr., S.M.
Associate Professor of Electrical
Engineering, Emeritus

Robert Louis Kyhl, Ph.D.
Professor of Electrical Engineering,
Emeritus

Francis Fan Lee, Ph.D.
Professor of Electrical Engineering
and Computer Science, Emeritus

Thomas H. Lee, Ph.D.
Professor of Electrical Engineering
Phillip Sporn Professor of Energy
Processing, Emeritus

Yuk-Wing Lee, Sc.D.
Professor of Electrical Engineering,
Emeritus

Jerome Yerael Lettvin, M.D.
Professor of Electrical and
Bloenglneering and
Communications Physiology,
Emeritus

Joseph Carl Robnett Licklider,
Ph.D.
Professor of Electrica Engineering,
Emeritus

John Francis Reintjes, M.E.E.
Professor of Electrical Engineering,
Emeritus

Waiter Alter Rosenblith, Ing.Rad.
Institute Professor, Emeritus
Provost, Emeritus
Professor of Communications
Biophysics, Emeritus

Claude Elwood Shannon, Ph.D.
Donner Professor of Science and
Professor of Electrical Engineering
and Mathematics, Emeritus

Louis Dijour Smullin, S.M.
Professor of Electrical Engineering,
Emeritus

Arthur Robert Von Hippel, Ph.D.
Institute Professor, Emeritus
Professor of Electrophysios,
Emeritus

Joseph Welzenbaum, S.M., Sc.D.
(honoris causa)
Professor of Computer Science
and Engineering, Emeritus

Jerome Bert Wiesner, Ph.D.
institute Professor, Emeritus
President, Emeritus

John McReynolds Wozencraft,
Ph.D.
Professor of Electrical Engineering,
Emeritus

Henry Joseph Zimmermann, SM.
Professor of Electrical Engineering,
Emeritus



Department of Electrical Engineering
and Computer Science
(Course 6)

Undergraduate Study

Many of the products and services in modem
society are based upon the work of electrical
engineers and computer scientists.

Electrical communication systems involving
wires, optical fibers, or wireless technology
abound in radio, television, telephone, and
computer-communication networks. Modem
electronics has made possible sophisticated
instrumentation systems for use In all branches
of the physical and biological sciences, as well
as in most areas of engineering. Electrical
machines and electronic circuits control a
multitude of systems that deeply affect our lives
In many ways. The large quantities of electric
power that serve society are provided by elec-
tric motors and generators and are controlled
and distributed by complex transmission and
switching networks.

The tremendous reduction over the last decade
in the cost of digital electronic devices has led
to an explosive growth in the use of computers
and computation. At the same time, our in-
creased understanding of computer science
has made possible the development of new
software systems of increased power, sophisti-
cation, and flexibility.

Modem electronic systems are increasingl
digital in nature, exceedingly complex, and
would be inconceivable without today's VLSI
"chip* technology. Indeed, such systems are so
complex that the principles of their design bear
great similarities to the design principles of large
software systems. Thus, computer science and
electronic system design require similar back-
grounds in many respects, and computer aids
to design are essential in this ever expanding
domain of engineering.

The pervasiveness and success of electrical
engineering and computer science are due In
large part to the conceptual models that electri-
cal engineers and computer scientists have
developed for the devices and systems with
which they must deal. These models are based
upon a background of mathematics and physi-
cal sciences, includin the fundamental electric
and magnetic proeiss of materials, and are
er9ploed in a wideerange of applied problems,
Including both man-made and biological sys-
tems. Accordingly, the focus of the undergradu-
ate curricula, and many of the subjects offered
for graduate students, Is on the fundamental
principles and models of the electrical and
computer sciences. Elective subjects, laboratory
subjects, and thesis research complement this
preparation by introducing more specialized
techniques of analysis, design, and experimen-
tation in a variety of fields.

The Department's undergraduate programs
F rovide the Intellectual tools and skills needed
or professional work and form the basis for
continuing study and leaming that Is character-
istic of enginee ng leaders. e heart of the
undergraduate rams is a Common Core of
subjects (6.001, 6.62, 6.003, and 6.004, each
Including a laboratory component), which
Introduces all undergraduate majors In the
Department to the principles of organizing
computer software and hardware, as well as to
the fundamentals of electrical circuits and4 linear
systems. It, as well as many of the required
subjects in the separate programs described
below, emphasizes mathematical and physical
principles along with the techniques used In
their application to real problems. Beyond the
required subjects, students may elect additional
classroom or laboratory subjects of a more
specialized nature. Each student's program is
developed through personal discussion with,
and guidance from, his or her faculty advisor.

The Department offers two undergraduate
programns: Program 1, Electrical Science and
Engineering: and Program 3, Computer Science
and Engineering. Versions of these two pro-
grams combining study with industrial engineer-
ing practice are available under the designation
VI-A. Both programs are accredited by the
Engineering Accreditation Commission of the
Accreditation Board for Engineering and Tech-
nology.

The curriculum requirements listed for the
Department programs are not rigid. Some
variations are routinely permitted, while others
are considered on an indMdual basis. Approval
of requests for substantial changes may be
granted to well-prepared students whose pro-
posed programs are comparable to the listed
curriula in breadth, depth, and an integrated
approach to a well-defined educational objec-
tive. Changes affecting the Common Core
portion of th curricula, however, are rarely
approved.

The major part of each curriculum consists of
classroom subjects presented in lecture-recita-
tion format. These subjects provide an orga-
nized introduction to the principles and meth-
ods of electrical engineering and computer
science - an introduction that Is reinforced by
regularly assigned homework exercises and, In
many cases, elementary laboratory or design
roblems. In addition to these claroom sub-

, there are two other important components
feach prram: laboratory-project subjects

and u rgr uate 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.

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 thesis
projects early, since preliminary work may begin
even in the junior year.

The Departmental programs allow students to
choose a number of unrestricted electives, 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 experi-
ence with design activities.

All undergraduates are encouraged to acquire
industrial experience during their program at
MIT. Many aspects of engineering education can
be more effectively pursued on the job than In
the classroom, especially when students see
that the knowledge they have gained at MIT
does in fact help to solve real and important
engineerin roblems. This experience ma be
acquired eer through participation in the V-A
Internship Program or through appropriate
summer jobs.

Additional Information about the Department's
undergraduate programs may be obtained from
Professor L. A. Gould, Electrical Engineering
and Computer Science Undergraduate Office,
Room 38-476, MIT, Cambridge, Massachusetts
02139, (617) 253-7329.

Bachelor of Science In Electrical Engineering
Course VI
Proam 1: Electrical Science and
Engieering

Pro ram 1 prepares students for electrical
engineering careers in industry, research, or the
academic world. Through a proper selection of
elective subjects, students may get a good
foundation for an Industrial career in one of the
specialized branches of electrical engineering or

pare themselves for graduate study leading
an academic or research career in en ineer-

Ing or such related fields as physics, mathemat-
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 physics or thermody-
namics, beyond the General Institute Require-
ments. This background supports and comple-
ments the Common Core and the required
subjects In electronics, electromagnet fields,
and electrodynamics. Additional restricted
electives allow the student to choose from the
fields of statistical physics, probability, or ad-
vanced mathematics.

The undergraduate thesis Is the one part of the
curriculum In which the student bears the
primary responsibilIty for success. He or she
must take the Initiative in planning and execut-
ing the work and must present the results both
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The Bloelectrlcal Engineering Option is a
variant of Program 1 that prepares students for a
variety of careers in biomedical engineering and
medicine. The required subjects in this option
are the same as those in the normal Program 1
curriculum, with the addition of three subjects in
quantitative hysioloy 6.021J Cells and Tis-
sues, 6.022J Organ Transport Systems, and
6.023J Sensory and Motor Systems. The re-
stricted elective requirement Is satisfied by a
single choice or either 6.041 or 18 313. Other
modifications may be appropriate fur students
who have specalized career objectives.

Most students in the Bloelectrical Engineering
Option will wish to include several chemistry
and biology subjects in their programs. Note
that, although 5.11 Principles of Chemical
Science, 5.60 Chemical Thermodynamics, and
7.01 General Biology are not specifically re-
quired in the Departmental Program, these
subjects are prerequisites for many advanced
chemistry and biology subjects. Only students
with a gcod high School preparation in chemis-
try and biology should elect not to take 5.11 and
7.01. Those who may be interested in applying
for admission to medical school probably will
want to elect additional chemistry and biology
subjects, such as 5.310 Laboratory Ches

5.2Organic Chemistry I, and 7.011 Introduc-
tion to Experimental Biology. Further details
about the Bloelectrical Engineering Option may
be obtained from the Department.

Bachelor of Science In Electrical Engineering
Course VI
Program 1: Electrical Science and
Engineering

General institute Requirement 17 subjects

Science Requirement

Humanities. Arts, and Social Sciences Requirement
Science Distribution Requirement (2 subjects can be satisfied
by 8.002 and 18.03 in the Departmental Program]
Laboratory Requirement

TOTAL Subjects

8

3

-1
IT

PLus

Deparniental Pr0 n Units

Subject names below are tolowed by credit unis, and by
prerequislies tany (corequenta In Itales)
Required sublects: 120

6.001 Structure and interpretation of Computer
Programs. 15

8.002 Circuits and Electronics, 15; 8.02*. 18.03*
e.003 Signals and Systems. 15: e.001, 8.002

6.004 Computation Structures IS5,6.001,6.002

6012 Electronic Devie and Circuits, 12: 6.002. 8.02

6.013 Electromagnetic Fields and Energy. 12;
6.002.8.02

6.014 Electrodyramics. 12; 8.013

18.03 Differential Equations. 12; 18.02*

e.ThU Undergraduate Thesis, 12

Reaticoted Electves: 48
1. One subject each from three of the followng four groups:
Group A. Thermoynanleetstioal Mechairls

e.018 Statistical Mechanics and Thermodynamics. 12;
8.02. 18.03

5.60 Chemical Thermodynamics, 12; 18.02

2,40 Thermodynamics, 12; 8.02, 18.03

0'oup B. Quantum Mechanics
6.017 Introduction to Quantum Physics. 12;

18.03.8.02

Group C. Probablly
6041 Probabaleslic Systems Analysis, 12; 18.02

18.313 Probability, 12; 18.02*

Group D. Advanced Mathematices
18 04 Complex Variables with Applications, 12; 18.03

18.06 unear Alegbra, 12, 18.02*

18.063 Introduction to Algebraic Systems. 12; 18.02*

18.100 Analysis I, 12;.18.03
2. One 12-unit subjact selected fom the Undergraduate
Laboratory Subjc 6.100-8.182, described in Chapter wit
(in addition to fth Goner Instituit Laboratory Requftrem)

Units I 0.Jatlt5tal a~n that ale. satisf
the n it R ementa (27)

Umesticted Deceivt 48

Total Unite Required for the $.a. Degree Beyond
the General Institute Requisremente 18

Bachelor of Science in Computer Sokleoo
and Engineering
Course VI
Program 3: Computer Science and
Engineering

Program 3 provides a broad background for
careers In computer systems (including both
hardware and software aspects) or In sophisti-
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 artificlal intelligence,
software engineering, and linear and modem
algebra. Restricted electives allow the student to
choose additional subjects in computer systems
or language implementation, theory of computa-
tion, go thms, probability, or robotics.

Although Program 3 is designed for students
whose primary professional interest Is in com-

uter science and related fields, it also provides
e background needed to apply computers in

other areas. However, students whose primary
prfSional Interest Is In the use of computers
na particular discipline may be well ad-

vised to undertake their major studies in that
disci plne with an appropriate selection of
elective subjects in computer science.

*Complete prerequisites are listed in the subject description.
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Bachelor of Science in Computer Science
and Engneering
CoureVI
Proram 3: Computer Science and
Eng neering

Genera InatMe Requieente 17 Subjecte

Science Requirement S
Humanities, Arts, and Social Sciences Requirement I

Science Distribution Requirement (2 subjects can be satisted
from among 0.034 or $.02, 18.0 . and 18.083 In the
Departmental Program] 8
Laboratory Requirement .1

TOTAL Subjects 17

PLUS

Depaitmental Program Units

Subject iames below are followed bycred aunes, and by
prerequias r Wany (corequisras In alic.)
Required subjects: 123

6.001 Structure and Interpretation of
Computer Programs. 15

8.002 Circuits and Electronics. 1; 8.02*. 18.06*

8.003 Signals and systems. 15: 0.001. 6.002
6.004 Computation Structures, 15;: .001.6 .002

s.034 Artificial Intelligence. 12; 6.001
8.170

18.083

18.08

6.Thu

Laboratory in Software Engineering. 16; 6.001

Introduction to Algebraic Systems. 12:18.02*

Unear gebra. 12; 18.02*

undergraduate Thesis. 12

Restricted eodties: 38
1. one of tre ooRng neo subjects:

6,033 Computer System Engineering, 12: 8.004

.035 Computer Language Engineering. 12: t.170

2. One of Oe flowing no subjeca":

8.044J Computability, Logic, and Programming. 12;
18.063*

8,045J AutomatS Computability, and Complexity. 12:
18.063*

3. One of te fonowng JIv subje s:
6.036 Problem-Soving Paradigms, 12; 8.034
0.037 Computer Graphics. 12:18.02

8.04&u Introduction to Algorithms, 12 6.001,18.063*

8.801 Machine vision. 12; 6.003

6.802 Robot Manipulation 12; 8.01 18.02

th Mee i nttteRqieet (27)

Toial Unft0 feqiedtr the S.D. 0ee S1e69110
the Genera V011111411 ReqUirement

VI-A Internship Program

The VI-A Internship Program combines indus-
trial and research experience with academic
work through a series of organized assignments
at affiliated companies interwoven with the
regular Course of study at MIT Although stu-
dents may stop at the Bachelor's degree, the
Program encourages simultaneous completion
of the Bachelor's and Master's degrees by the
end of the fifth year with only the Master's thesis
required for the two degrees. The work of the
final two VI-A Intemship assignments normally
serves an the basis for this thesis. Since the VI-A
Internship Program maintains a continuing
liaison between the participating companies and
the faculty of the Department, students receive
assignments of progressive responsibility and
sophistication that are usually more profession-
ally rewarding than typical summer jobs. While
on internship assignment, students are bona
fide employees of the participating company
and receive pay as well as academic credit for
their work.

Second-year students who are registered and in
good standing in any of the regular programs of
Course VI may apply for admission to the VI-A
Internship Program during the annual selection
period In February. The Department cannot

uarantee the acceptance of a student Into the
rogram, however, since openings are limited

and the participating companies make the final
selections.

Students in the VI-A Internship Program usually
complete the Bachelor's requirements in the
normal four years, including a minimum of two,
but occasionally three, intemship assignments.
Academic credit Is eamed, while on assign-
ment, by registering for 6.921 VI-A Internship
and, when aprop la, 6.922. Students may
request to t e subjects after hours at sister
institutions for transfer credit at MIT, when it is
necessary for completion of the Program within
the normal time span. VI-A students stopping at
the S.B. degree may substitute work done as
part of the -A Intemship Program for the
Bachelor's thesis, provided the work is ap-
proved by a faculty member and includes both
a written report in theis format and an oral
report at MIT or at the company.

Students who wish to receive both a Master's
and a Bachelor's degree In the VI-A Intemnshi
Program must appl for admission to the MIT
Graduate School a or the junior year. Students
admitted to the combined S.B.IS.M. program
are normally expected to complete four assign-
ments with their cooperating company.

The companies and laboratories participating In
the VI-A Internship Program provide a wide
spectrum of assignments In the various fields of
electrical engineering and computer science, as
well as an exposure to the kinds of activities in
which engineers are currently engaged. In all
cases, VI-A stude must remain the
company with which they start the Program. At
the conclusion of the Program, Studes are not
obliged to accept employment with their com-
pany, nor Is the company obliged to offer such
employment.

Additional information about the VI-A Internship
Program can be obtained from the Director,
Kevin J. O'Toole, VI-A Office, Room 38-473, MIT
Cambrie, Massachusetts 02139, (617)

Engineering Internship Program

Sophomore students in good standing in the
Department may apply for admission to the
schoolwide Engineering Internship Program
(EIP). A eneral description of this program is
providein the School of Engines ri section of

is chapter. Uke the Department's V-A Intem-
ship Program, the En ineerin Internship Pro-
gram provides a way tcom indual
experience with the Course VI academic pro-
gram.

Electrical Engineering and Computer Science
students who are accepted for the Engineering
Intemship Pr ram register for the usual pro-

of study in either Program 1 or Program 3.
receive academic credit for their two

undergraduate EIP assignments by registering
for 6.9 5.

Participants In the Program are encouraged to
apply for admission to graduate school. If they
are accepted to and enter graduate school, they
complete their work experience with a seven-
month assignment at their internship company.
They receive graduate academio credit for this
assignment by registering for 6.955. In many
cases they also Satisfy thesis requirements or
both the S.. and the S.M. during the graduate
EIP assignment.

Additional information about the EngIni
Intemship Program as it applies to Electric2

Engineering and Computer Science students
can be obtained from Professor James K.
Roberge, Room 38.494, MIT, Cambridge,
Massachusetts 02139, (617) 253-6994.

4Complete prerequisites are listed In the subject description.
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Graduate Study

The program of graduate education in the
Dment of Electrical Engineering and Com-

trSolence has three aspects. First, a variety
f classroom subjects In physics, mathematics,

and fundamental fields of electrical engineering
and computer science 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 required 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
years beyond the Bachelor's degree. The
Department, with rare exception, requires a
doc lcandidate to have completed a Master
of Science degree at MIT or elsewhere.

There are no fixed programs of study for these
degrees. Each student plans a program in
consultation with a Graduate Counselor, a
member of the faculty whose professional field
Is related to the student's Interest. As the pro-
gram moves toward thesis research, it usually
centers In one of a number of areas, each
characterized hy an active research program.
Areas of specialization in the Department that
have active research programs and related
graduate subjects include systems, communi-
cations, and control; computer science artificial
intelligence; electronics, computers, and sys-
tems; electromagnetics and dynamics: energy
conversion devices and systems materials and
devices; VLSI system design ana technology;
communication and problistlc systems;
operations research: optics and quantum elec-
tronics; bloelectrical engineering; hIgh-voltage
radiation engineering boscopic photogra.-
phy and underwater sound. ,poo

In addition to graduate subjects in electrical
engineering and comuter science, many
studenrt find It profiale to study subjects In
other departments such as Biology, Economics,
Unguetic and Philosophy, Management,Mae s, Physics, and Bran and Cognitive
Sciences.

The informal seminar Is an Important mecha-
niom for bringing together members of the
various research groups. About 16 seminars
meet every week. In these, graduate students,
faculty, and visitors report their research in an
atmosphere of free discussion and criticism.
These open seminars are excellent places to
learn about the various research activities In the

Research activities In electrical engineering and
computer science are carried on by students
and faculty In laboratories of extraordinary range
and strength, including the Laboratory for
Information and Decision Systems, the Re-
search Laboratory of Electronics, the Laboratory
for Computer Soience, the Artificial Intelligence
Laboratory, the Center for Materials Science and
Engineering, 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, and the Stroboscopic Light 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
applicants to the Department are varied (electri-
cal engineering, computer science, physics,
mathematics, biomedical engineering, for
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 their gradu-
ate programs. Applicants with unusual academ-
lo backgrounds are encouraged to communi-
cate directly with faculty members in their
proposed area of study for advice. In any case,
suprior achievement n undergraduate
soences is considered particularly important.

Master of Solence In Electrical Engineering
and Computer Science

The general requirements for the degree of
Master of Science are given In Chapter IV. The
Department requires that the program include at
least four formal graduate-level classroom or
laboratory subjects (listed as 'A" subjects).
Students working full time for the Master of
Science degree may take as many as four
classroom subjects per term. The subjects are
wholly elective and are not restricted to those
given by the Department. The program of study
must be well balanced, emphasizing one or
more of the theoretical or experimental aspects
of electrical engineering or computer science. A
thesis is required.

Electrical Engineer

Able students who desire more extensive train-
Ing than is possible within the Master of Science
program are encouraged to study for the de-
gree of Electrical Engineer. This degree may be
awarded for work In either Elo Engineering
or Computer Science. The course of studies for
this degree is elective, and a thesis is required.
The proram ordinarily requires at least four
terms o graduate study beyond the Bachelor of
Science level. The general requirements for the
Englnw's degree are given In Chapter IV. The

Deatetalso requires that the program
napproved graduate W
subjects.

Doctor of Philosophy or Doctor of Science

The general requirements for the degree of
Doctor of Philosophy or Doctor of Sdlence are
given In Chapter IV Doctoral candidates are
expected to perform thesis work, which is a
significant contribution to knowledge, and to
participate in the educational pro ram of the

epartment. Students are normay required 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 allow a
studert to proceed In the doctoral program.
Students who enter with a Masters degree must
submit evidence of equivalent research accom-
plishment

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 first- ear
graduate material Is normally taken in the third
term of study. An oral examination focused on
the student's specific field of study Is normally
taken In the fifth term.

Doctoral candidates in computer science are
required to demonstrate preparation In several
areas considered by the faculty to be funda-
mental to graduate study in computer science
at MIT This Is done bv taking designated gradu-
ate subjects or by taking wten examinations in
these areas. An oral examination is required
when this preparation has been demonstrated,
usually during the second graduate year. Anoth-
er examination with both written and oral oom-
ponents, focused on the student's research
area, is taken in the third year.

A thesis examination is required when the thesis
research is completed. An approved minor
program is also required.

Joint MIT-Woods Hole Oceanographic
Institution Program
Course VI-W

A Joint program with WHOI is intended for
students whose primary career objective Is
oceanographic engineering. Students divide
their academic and research efforts between the
campuses of the two institutions. The program
is described in more detal' under the section at
the end of this chapter on MIT's Joint Program
in Oceanography and Oceanographic Engineer-
Ing with the Woods Hole Oceanographic nstitu-
tion.

Other Degree Programs

Graduate students enrolled in the Department
participate In several of the interdepartmental
degree p rams described in detail in Chapter
VI. AmoT1 pograms are: Biomedical
Enginee rng, Management of Technology Pro-
gram, Operations Research, and Technology
and Policy.
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Pellowshlps and Research and Teaching
Asalatantships

Studies toward an advanced degree can be
sup rted by personal funds, by an award such
as tfe National Science Foundation Fellowship
which the student brings with him or her to

,b a lellowship or traineeship awarded by
MIT, or y a graduate 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 subjects, depending upon the terms of
their appointments, and may receive additional
academic credit for their participation in the
teaching or research program. Many assistants
:pend two years In a program leading to the
Imultaneous award of the degrees of Master of

Science and Electrical Engineer; the Depart-
ment encourages assistants to pursue such
programs. A brochure entitled 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 conceming graduate
academic and researon programs, admissions,
financial aid, assistantships, etc., may be ob-
tained from the Electrical Engineering and
Computer Science Graduate Office, Room
38-444, MIT Cambridge, Massachusetts 02139,
(617) 253-4605.
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Department of Materials Science
and Engineering

(Course 3)

Undergraduate Study

Materials science and engineering corises
the enerathn and application of mate als-re-
i knowledge. It is concerned with the struc-
ture and properties of materials, and the control
of structure and properties through processing.
Engineering goals Include new materials for
Improved evices and machines; they also
include lower cost materials and processes for
improved industrial productivity and competi-
tiveness. Materials science and engineering is
critical to all other fields of engineering, and
advances in these other fields are often limited
by advances in materials.

Materials with which the department concems
itself include electronic materials, ceramics,
metals, and polymers. Modem computers and
other electronic devices rely heavily on new
electronic materials. Similarl , new ceramics and
modern metal alloys are critical to high-perfor-
manoe engines Including aerospace engines;
polymeric miterials continue to show startling
improvements for many engineering applica-
tions.

Cutting across these four materials classes are
the basic science and engineering of materials.
Materials science emphasizes the study of the
structure of materials and of structure-property
relations In materials, It is the physics and
chemistry of real materials. Almost all of the
properties of importance to an engineer are
structure-sensitive; that is, they can be modified
in significant ways by changing the chemical
composition; the arrangement of the atoms or
molecules In crystalline or amorphous confluu-
rations; or the ze, shape, and orientation of the
crystals or other macroscopic units of a solid. To
understand how the useful properties of a
material can be modified, it Is necessary to
understand the relationships between structure
and properties and how the structure can be
changed and controlled by the various chemi-
cal, thermal, or mechanical or other treatments
to which a material Is subj during man-
ufacture and In use. The fundamental under-
standing of materials developed through materi-
als sclence has replaced empiricism as the
basis for development of new materials. Whole
classes of new materials such as semiconduc-
tors, superconductors, and some high-tempera-
ture alloys have their roots in modem materias
science.

All recent achievements in materials have de-
pended as much on developments in materials
engineeri as they have on materials science.
When de ng processe for ation and
production o materials, and when igning
materials for specific appications, the modem
materials engineer must have a grasp of the
modem engineering sciences including heat
and mass tranefer, and chemical kinetics. He or
she must also have a proper concern for eco-
nomic, social, and environmental factors.

Materials processing is a major part of materials
engineerin improved performance of materials
depends dlrectiy on advances in processing.
There are also many examples of challenging
engineering problems in reducing the cost and
improving the productivity of industrial process-
ing of materials. The Department has strong
academic and research activities In all aspects
of the processir of materials, as well as In
other parts of materials engineering.

The links between materiis engineering and
materials science are very strong, and e two
activities are interwoven in the Department.
There are some subjects that all students of
materials should know - thermodynamics,
kinetics, and certain aspects of solid mechanics,
physics, and chemistry. Suitable core subjects
In these areas are provided at the undergradu-
ate and graduate levels. in addition, subjects
covering a wide variety of topics from solid-state
physics to the analysis of materials systems are
offered. By the selection of appropriate sub-
jects, the student can follow many different

aths through the science and engineering of
materials, with emphasis on engineering, sci-
ence, or a mixture of the two.

Materials science and materials en ineering
disciplines seek to identify and understand ther rinoiples, phenomena, and ideas that are basic

all materials. Many large industries today
manufacture products containing a large variety
of different materials, and their materials engi-
neers must acquire a working understanding of
the basic behavior of all of them. However, there
also are many large Industries in which a single
class of material (e.g., steel, polmers, glasses)
is manufactured and process, and their
materials experts must have a knowledge of
various aspects of the science and engineering
of one class of material. Thus, programs are
provided in the Department that enable a stu-
dent to specialize in the science and engineer-
Inof ceramics, electronic materials, metals, or

plmers-.

Materials engineers and materials scientists,
whether generalists or specialists in a particular
class of material, are in continuing hih demand
by industry and govemment for jobs n re-
search, development, production, and manage-
ment. They find challenging portunities in a
wide varietyof importan pos on in operations,
development, and research in the fast-growing
electronics industry, in aerospace, in consumer
industries, and in the basic materials preparation
and producing industries.

Bachelor of Science in Materials
Science and Engineering
Course III

The undergraduate program Is intended to
serve the needs of students who intend to
pursue employment in the materials-related
industries Immediately upon graduation, as well
as those who will do graduate work in the
engineering or science of materials. The pro-
gram is designed to be started at the beginning
of the sophomore year, although it can be
started later with some loss of scheduling
flexibility.

The first three terms of the program contain
required core subjects which address the
fundamental relations between processing,
microstructure, properties, and applications of
modem materials. The core subjects are fol-
lowed by a sequence of restricted electives
which provide more specialized coverage of the
four major classes of modem materials -
ceramics, electronic materials, metals, and
polymers. A thesis Is required of Course il
students, which provides an opportunity for
original work beyond that which occurs else-
where in the proram. The degree program in
Course Ill (and also Course IlIl-, to be dis-
cussed later) is accredited by the Accreditation
Board for Engineering and Technology: the ill-A
program is not formally accredited.

The program is designed to permit a typical
term courseload of two departmental program
sub jets, one HASS subject, and one eiective
subect. Departmental advisors will work with

sents to arrange effective schedules, and
also to assist in selectlng elective subjects
suitable to the student's needs and interests.
While the prram should satisfy the academic
needs of most students, petitions for variations
or substitutions may be approved by the De-
partmental Undergraduate Committee; students
should contact their advisors for guidance In
such cases.

Participation in laboratory work by undergradu-
ates is an Integral part of the curriculum. Labo-
ratories are not associated with particular sub-
jects, and, especially in thesis work, the
undergraduate student has access to extensive
facilities for research in materials.
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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-optics laboratory;
electron microscopes and microanalyzers; and
complete test ap atus for the study of me-
chanical, therma, electrical, and magnetic
properties. In the ceramics laboratories, most
types of refractory as well as electrical ceramics
and glasses can be prepared and their proper-
ties studied. Facilities for the growth and charac-
terization of metallic 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 processing of various materials. The
materials processing laboratories are equipped
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 il

General institute RequIremerte 17 subjects

Science Requirement

Humanities. Arts, and Social Sciences Requirement

Science Distribution Requirement [2 sublects can be satIstled
by 3.00. 3.10 or 3.11 and by 18.03 In the Departmental
Program

Laboratory Requirement (rwt be satisfied by 3.081 In the
Departmental Program]

TOTAL Sublects

3

A1
17

Resticted Etectives:I at least 7
At 1est 57 Units chosen Som 1t1e tolotoWng list, of Which one
must boa laboratly
Cersunes

3.000 Ceramics Processing. 12; 3.07. 3. 185

3.07 Introduction to Ceramics, 12; 3.01 , 3.13

3,075 Ceramics and Glass Laboratory, 12;
3.081.3.07

Electronie Materials
3.15 Electdcal. Optical. and Magnetic Materials and

Devices. 0: 3.10
3.156W Microelectronics Processing Technology. 12; .15

3 156 Electronic Mateials Project Laboratory. 9; 3165.1

3 10 Electronic Materials. 9: 3.15, 3.155 1
Metalurgy

3.03

3.082

314

Polymers
3 082

chemical Metallurgy. 12; 3.186

Metals Processing Laboratory. 12 3.01.
3.081, 113

Physical Metallurgy. 12; ,01 . 313

Polymer chemistry. 0: 3.001*
3.063 Polymer Physics, 9; 3.062, 3.00

3.064 Polymer Engineering. 12; 3.11. 3.185

3.065J Polymer Science Laboratory, 12

uniteIn Depatnmental Proutun that also satif91
the Genera ltitute Requr ements (3)

Unreetuicted Eleetves 48-1

Total Unit. Requited for the B.S. Deore SeyOnd
the General Inltute Requirements Iso

Ptus

DOparnmental Progra UnIte

Subject names below ate Ionowed by credit units, and by
prerequges Wany (corequaets in IaIcS)
Requied Subjects:'

3.00 Thermodynamics of Materials. 12; 18.02

3.01 Physical Chemistry of Materials. 12.3 00
3.041 Thesis Semirnar, 3

3.081 Materials Laboratory. 12

3.10 Chemical Physics of Materials, 12: 3,001.
8.02. 18.03

3,11 Mechanics of Materials. 12; 8.01. 18.03

3.13 Structure of Solids. 12:8.02

3,165 Tansport Phenomena In Materials Engineering,
12:3.01.18.03

18.03 Dilferential Equations. 12 18-02*

3.Thu ThesIs (9 unIts)
2

10

*Aternate prerequisites are listed in the subfect description

1
Substitution of similar subiects may be permitted by petition

2
Students can elect up to 15 units.

Bachelor of Science
Course Ilil-A

Some students may be attracted to the many
opportunities available In the materials disci-
pline, but also have special Interests which are
not satisfied by the conventional Course |I or
Course Ill-B programs. The Ilil-A program may
be of value in such oases; it is a more flexible
curriculum in which a larger number of elective
choices is available. For Instanoe, some stu-
dents may wish to take more biology subjects In
preparation for medical school, or more man-
agement subjects prior to entering an MBA
program.

This more flexible program is not suitable for
most students; it Is not formally accredited, and
it does not serve well as preparation for most
employment or graduate study In materials. For
this reason, admission to the program is
granted only when the student has a very clear
set of academic objectives which cannot be
satisfied by the accredited programs. Students
considering this program should contact Profes-
sor Stuart B. Brown, who will counsel the stu-
dent more fully on the academi" considerations
involved. Under his guidance, the student will
prepare a complete plan of study which must
be aproved by the Departmental Undergradu-
a Committee. This approval must be obtained
no later than the beginning of the student's
junior year. Students are then required to ad-
here to this plan.

The il-A program is not Intended to be used for
a double degree program.

The curriculum requirements for Course Ill-A
are similar to, but more flexible than, those for
Course Ill. Four subjects are to be selected
from among 3.00, 3.01, 3.10, 3.11, 3.13, 3.185,
and 18.03; one laboratory subject from among
3.065J, 3.075, 3.081, and 3.082; and three
subjects from among the remaining Restricted
Electives shown under Course Ill. In addition,
the student and his or her advisor should devel-
op a program of six planned elective subjects,
which are not specified in terms of department,
in order to attain the goal defined by the stu-
dent. Further details on the degree require-
ments and planned elective programs may be
obtained from the Department.

Bachelor of Science in Materials
Science and Engineering
Course Ill-B

This program provides a student with Industrial
experience concurrently with academic work
through cooperative work assignments matched
to the student's capabilities. A faculty advisor is
assigned to each student to act, together with a
company representative, as o-supervisor
during h or her work assignments. Care is
taken to ensure a more challenging and reward-
Ing experience than is typical of most summer
jobs. Students earn a salary during their work
periods and also receive academic credit.
Growth in job responsibility is expected as the
student progresses.
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Graduate Study

Admission to the program Is preferably obtained
during the second year so that the wori periods
follow during that summer and the summer of
the third year. This work ram, properiy
reported, may be used to satsfy the undergrad-
uate thesis requirement.

An option available to students who wish to
continue their studies Into Graduate School
under the auspices of the Ill-B program is the
combined S.B.-S.M. degree, requiring five
years for completion. At the end of the senior
r er such students then complete two terms of
ndustrial practice and one term of on-campus
study, during which time they complete the
subj et uirements of the .M. dgree. A
single thes s, typically based upon the Industrial
pr ce, suffices for both degrees. Students
exercising this option must follow the normal
application procedure to the Graduate School.

Students electing the En ineerin Internship
Program, which Is described in detail at the
beginning of the School of Engineering in this
chapter, would register i! Course lIl-B.

The curriculum for Course Ill-B is the same as
for Course l1l, except that 12 units of
3.930/3.931 Industrial Practice are substituted
for the thesis. Further details may be obtained
from the Department.

Inquiries

Additional Information regarding undergraduate
p rograms may be obtained from Professor D. K.

coylance, Room 6-202, MIT Cambridge, Massa-
chusetts 02139, (617) 253-3309.

Departmental Degree*

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, an in Poly-
mers. It offers the degrees of Master of Science
In these same fields and also offers the degrees
of Materials Engineer and Metallurgical Engi-
neer.

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 for all graduate students enrolled In doctor-
al programs in the Department. This require-
ment may be waived upon petition to the De-
partmental Committee on Graduate Students if it
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 and engineering involved in the
manufacturing, processing, and utilization of a
wide range o inorganic materials, Including
oxides, nitrides, carbides, silicates, and more
complex compounds. Ceramic materials are
essential to many diverse industries. In recent
ear alrge research and development effort

resuIted In Important extensions of the
useful properties of traditional ceramics and has
led to the development of many exciting new
materials. The core subjects are 3.20 Thermo-
dynamics of Materials and 3.21 Knetic Pro-
cesses in Materials.

Electronic Materials. The field of electronic
materials is concerned 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

througi understanding and control of the
interplay between electronic processes and
structural aspects - atomio arrangements,
defects, Interfaces, and phase constitution and
morphology. Research Within this field Includes
electronic materials processing in bulk and
thin-film form: characterization of the semicon-
ducting, optical, and magnetic propete Of
crystallIne and amorphous materialsIn relation
to their microstructure and composition; and
theoretical and experimental study of the elo-
tronic characteristics of solid-solid, -liquid, and
_as Interfaces and their Implications for de-
vice. In addition to 3.20 and 3.21, the core
subjects are 3.43 Physics and Chemistry of
Materials. 3.40 Electronic Materials and Devices,
3.47 Electronic Materials Processing, and 8.732
Physics of Sclids.

Materials Engineering. Materials engineering Is
concerned with technially and economically
feasible solutions to problems of materials
production and utilization. It involves the synthe-
ala of fundamental and pratical knowledge to
develop, produce, m , and apply materials
to meet specific needs. Resarch within the field
Involves Issues relating to physical and chemical

of materials extraction, production and
zation, to problems of Innovation costs,

quality, and reliability, and to soclai and envi-
ronmental concerns. In addition to 3.20 and
3.21, the core subjects are 3.85 Macroscopic
Transport in Materiale Processing and 3.
Engineering Systems Analysis.

Materials Science. Materials science is the
study of common principles and fundamental
phenomena that underlie the structure and
properties of a wide range of materials - met-
als, ceramics, polymers, and electronlo materi-
als - which ae frequentiy used In comb.inatlon.
The common principles Involved are those
associated with electronic structure and bond-
Ing, atomic arrangement, phase stability, and
the role of Imperfections and mlorostructure.
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 stimull. In
studying these principles and phenomena,
materials science employs many characteriza-
tion approaches, drawing heavily on diffraction
and Imaging methods, as well as microanalysis
and computer modeling, to provide coherent
descipton of Materials structure and structural
Iiperfections to Which particular materials
properties can be ascribed. In addition to 3.20
and 3.21, the core subjects are 3.271 Structure
of Materials, 3.31 Phase Transformations, 3.33
Defects in Crystals, and 3.43 Physics and
Chemistry of Materials.

Metallurgy. This well-established discipline
encompasses the study of metallo materials,
elemental, alloy, and composite. It Includes the
processing of ores and minerals; extracting and
refining of metals by chemical processes; te
melting, all oy, and casting of metals; and

of re by techniques such as heat
treatment and mechanical working. The rela-
tions between composition, structure, and
properties of metallic materials and the study of
the behavior of metals under service condItions
are Important parts of the field. Metallurgy Is
viewed as a coherent discipline and all and-
dates are ted to have a working knowl-
edge of bo chemical and physical areas -
though not usually to the same depth. Suitable
programs are likely to be individualstic, and
may be constructed In a number of ways from
the various subjects available. In addition to 3.20
and 3.21, the core subjets are 3.40J Physical
Metallurgy nd 3.50 Physical Chemistry of
Metallurgical Processes.
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Polymers. Synthetic high olmers, "plastics,"
are long molecules, the p no cpal onstituents of
which are typically carbon, hydrogen, oxygen,
chlorine, and a few other elements. Because of
the unusual nature of carbon bonding, an
Infinite number of combinations can be con-
ceived and produced, with virtually all exhibiting
low specific gravity, ease of melt forming, and a
wide range 9 properties, depending upon
composition, structure, and processing history.
Both the science and the engineering of mated-
als have reached a high level of sophistication in
this field: linear, cross-linked, crystalline, amor-

hous; oriented, glassy, rubbery, strong, stiff,
omopolymers, copolymers, terpolymers,

blends, transparen , opaque, filled, reinforced,
alloys, composites, laminates, and adhesives
are but a few of the descriptive aspects that can
be controlled and manipulated to achieve a
desired profile of properties.

Numerous opportunities exist for a student to
concentrate on specific areas of polymer sci-
ence or engineering: physical properties, me-
chanical behavior, chemical synthesis and
modification, surface characteristics, environ-
mental Interactions, and combinations with other
substances are a few examples. Each student
pursues a particular program of study and
research consistent with Individual in eest. In
addition to 3.20 and 3.21, the core subjects are
3.91J Mechanical Behavior of Plastics, 3.93J
Thermal Transitions, Optical and Electrical
Behavior of Polymers, and 10.691 Synthesis of
Polymers.

The various graduate fields are not separated by
sharp boundaries. Each member of the depart-
mental faculty works In at least two of these
fields and a number of subjects appear in
common on the lists of elective subjects in each
degree program; there is a great deal of interac-
tion between the fields. The graduate fields are
also coupled to other activities on materials
within the Institute. Faculty from other depart-
ments participate in the departmental teaching
and research in these fields. Subjects offered by
other departments are, whenever appropriate,
included in the recommended electives, and
many deprtentl students participate In
muisclir research projects with students
and faculty from various parts of the Institute.

A large and active research program on the
structure and properties, preparation, and
processing of materials, with emphasis on
ceramics, metals, polymers, and electronic
materials, is conducted in the Department.
Graduate research is an Important part of the
educational process and much emphasis Is
placed on the research thesis. Students choose
research projects from man alternative oppor-
tunities that exist within the Department, and
work closely with an individual faculty member.
The results of the research must be of sufficient
significance to warrant publication In the scien-
tific literature. There are a large number of
well-equipped research laboratories In the
Department, and there is much interaction
between them, Including sharing oxperimental
facilities and equipment. Most mom re of the
Department also are members of the Center for
Materials Science and Engineering, which
provides and maintains excellent central facilities
including a machine and instrument shop. The
Center promotes interdisciplinary research on
materials and is described in Chapter VI.

Master of Science In the Management of
Technology

Students who would like to apply their materials
science and engineering background and at
least five ears of technical work experience to
Issues in technical management may want to
explore the Management of Technology Pro-
eram. Jointly developed and offered by MI of

chool of Engineering and the Sloan chool of
Management, this Program entails a rigorous
twelve-month curriculum, focusing on manage-
ment principles for technical people in a techni-
cal environment. The Program is designed for
scientists and engIneers on a career path requir-
Ing increasing managerial responsibilities for
technical activities. Details of the program and
application procedures are descri In Chap-
ter VI.

Master of Science in Technology and Policy

Students interested In applying their materials
science and engineering background to prob-
lems of policy and socioeconomic assessment
of technology maX apply for the Interdepart-

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-
ments and application procedures are de-
scribed In Chapter VI.

Mineral Resources Engineering and
Management

Students In the Department with Interests in the
scientific, technical, and policy aspects 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 te Interdisci-
plinary program in Mineral Resources Engineer-
Ing and Management described in Chapter VI.

Simultaneous Award of Two Master of
Science Degrees for Students from Other
Departments

Graduate students may seek two Master of
Science degrees simultaneously or In se-
quence, one awarded by the student's home
department and the other by the Department of
Materials Science and Engineering. The rules
covering the matter are found in Chapter IV.
Additional Information on requirements that
must also be met to obtain the Master of Si-
ence degree from the Department of Materials
Science and Engineering may be obtained from
the Department.

Joint MIT-Woods Hole Oceanographl
Institution Program Course lil-W

A joint program with WHOI Is Intended for
students whose primary career objective is
oceanographic engineering. The program is
described in more detail under the section at
the end of this chapter on MIT's Joint Program
In Oceanography and Oceanographic Engineer-
ing with the Woods Hole Oceanographic Institu-
tion.

Requirements for Completion of Graduate
Degrees

Students are expected to learn the fundamen- men MEuWo l nugurgram in .wu, ii
tals of their chosen field and to develop a deep gy and Policy. This prograrn combines subjects The general requirements for completion of
understanding of one or more signifloant s- -n advanced technology In the particular field of graduate dee r re described In Chapter IV
peots of It The general examination@ for the the student's choosing with subjects in eco- Students eting a Matter of Science do-
doctoral degree are designed accordingly. A full nomlos, systems analysis, itl science, and are required to present a seminar summa-
range of advanced-level subjects is offered in law. General requirements and application King t thesis. The Department requires that
each graduate field. In addition, arrangements procedures are described in Chapter VI. candidates 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 Science In Materials Science and their pro of study and research, and that
are not quired to take any specified sub , Engineering and Management they ats a minor requirement, Information on
but it Is strongly recommended that they Iae this procedure and on the areas covered by the
further appropriate core subjects unless t Students planning on applying their Enaneering general examination is available from the Chair-
haver Te euletn subjects ealier in th r education to a career In the manufactuin man of the Departmental Committee on Gradu.
careere. The eetinof sbects and decisions rnuyfrte 4mnh fr t tdnsabot cmbiatinsof ubjctstht cnsttut a Industry may apply for the 24-month Ledrs for ate Students.
about combinations of subjcsta constitute a Manufctrin a.Tegiru porrminor usually require much thought by the combines ucin advc technology with
sludent, as well as consultation with faculty subjects In management, and involves on-site
advisors- research work and close cooperation with

manufacturing companies. The Program is
offered jointly through the Sloan School of
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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 upon the preparation
and Interests of the student. Those who have
not studied some thermodynamics and kinetics
at the undergraduate level are advised to take
3.01 Physical Chemistry of Materials. Students
wishing to do graduate work in ceramics are
asked to take 3.07 Introduction to Ceramics
unless they have had a similar subject in their
undergraduate programs.

Teaching and Research Assistantships

The Department offers assistantships and
fellowships for graduate study. Research and
teaching assistantships are available in the fields
in which the Department is active.

Inquiries

Additional information regarding graduate
programs, admissions, financial aid, etc., may

b obtained by writing to the Chairman of the
Departmental Committee on Graduate Students,
Professor L. W. Hobbs, Room 8-303, MIT,
Cambridge, Massachusetts 02139, (617)
253-3329.
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Department of Mechanical
Engineering
(Course 2)

Engineering Is a creative pofession concerned
with combining human, material, and economic
resources to satisfy the needs of so::lety. Me-
chanloal engineering Is one of the troadest and
most versatile of the engineering prOfesslons.

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 engl-
noering sciences (mechanics and materials,
flud and thermal sciences, and systems and
control) with project-based laboratory and
aesign expenence. 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:

Energy Conversion and Conservation. This
area Includes the technology associated with
the design, construction, and operation of
equipment for energy conversion and conserva-
tion, 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 con-
verters, and solar heating systems are of Inter-
est.

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 Eng neerin. The approach to
environmental problems eects the dual goals
of halting environmental degradation and of
designing technologies for conserving limited
material and ener resouroes. Examples
include modeling 'the transport of pollutants In
air and In water; increasing water suplies by
desalinating salt water and by purifying waste
waters; recycling solid wastes; Increasing the
durability of capital and consumer goods;
controlling the ecologloal impacts of thermo-
chemical pollutants; regulating thermal pollution
by upgrading the heat-transfer technology of
cool towers; improving food supplies y
expl the potentials of sewage and thermal
wastes; and reducing the levels of toxic chemi-
cals emitted from automobiles, aircraft, and
various Industrial facilities.

These diverse aotitiees In the Department share
a common commitment to reduci environ.
mental hazards while converting liabili-
ties into material and energetic assets. This
commitment demands an understanding of
psical, chemical, and biological aspects as

as of ecological processes.

Biomedical Engineering. There is a growing
recognition of the enormous potential of science
and engineering for the advancement of human
health, This Includes deeper understandings of
phys loy, advanced methods of medical
di agnosis and therapy, more effective and
economical health care systems, and the devel-
opment of devices concerned with all the fore-
going.

An undergraduate foundation in engineering
can be directed either toward a career as a
biomedical engineer, or toward medical school
and practice and research in medicine. 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 Interna-
tional trade.

Industrial production encompasses a range of
subject areas from pure research to technical
management, including physics of manufactur-
ing processes; design and control of manufac-
turing processes and machinery; design, imple-
me tion, and operation of complex
manufacturing systems; and optimization of
processes and products relative to societal
needs. This field includes computer-controlled
automation of complete manufacturing systems,
and robotics.

Mechanios 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 materals. A disciplinary program In
mechanics and materials has many diverse

lications, and may include subjects on the
ic and dynamic behavior of structures,

acoustics, the mechanics of continua, the
mechanical behavior of conventional and newly
established engineering materials, and modern
methods of computational mechanics to analyze
solids and structures.

Mechanical EngineerIng Design. Design, In
the engineering sense of deliberate creation of
something new and useful, is at the heart of
most of the diverse fields in mechanical engi-
neering. Design in itself can be rewarding, and
core subjects provide the broad background
upon which advanced design subjects in spe-
cific disciplinary fields are built. Undergraduate
and graduate experience includes sub ects
ranging from Introduction to design, through
machine elements, design projects, and com-
puter-aided design, to advanced design proj-
ects offering an opportunty to develop proto-
type equipment. Several thesis topics each year
are strongly oriented toward dealgn, with ample
opportunity to conceive, design, build, and test
innovative solutions to "real world" problems.

Transportation. The transportation of people
and goods vitally affects the economy and the
quality of life. The growing need for better
transportation services coupled with increasing
emphasis on safety, environmental protection,
and energy conservation creates many new and
satisfying opportunities for mechanical engi-
neering graduates to contribute to this important
field. Mechanical engineering encompasses the
basic technologies of transportation, Including
structures (vehicles, guide-ways, and terminals)
power and propulsion, and automation and
control. The core prram provides a sound
background for enterin almost any of the many
transportation fields, bu particulary those
related to ground transportation.

Systems, Computers, And tControl. This field
centers around the metho ulogy for the analyti-
cal modeling, computer simulation, and control
of all types of engineering systems. it includes
the application of computers to engineering
analys i, optimization, and design, and the use
of feedback techniques and associated hard-
ware to automate or control physical devices or
processes. The low-cost microprocessor Is
already revolutionizin the design of devices in
such developing fields as automated manufac-
turing, power generation, energy conservation,
transportation, pollution control, and health care.

Mechanical en ineering provides the strong
engineering-scienoe base needed for profes-
sional work in this field combined with a range
of basic and applied subjects and laboratories
in automatic control, system dynamics, comput-
ers, and computer hardware asin. Education-
al opportunities are enhanced by local comput-
er facilities which allow students "hands-on
experience In digital, analog, and hybrid com-
puters along 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 forefront of
a wide range of fields In these areas.

The educational opportunities afforded students
In mechanical engineering are enhanced by the
availability of a wide variety of research laborato-
ries and programs, and well-equipped shops
and computer facilities.
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Undergraduate Study

Many are interdepartmental laboratories and
centers, described in detail in Chapter VI:

Center for Transportation Studies
Energy Laboratory
Laboratory for Manufacturing and

Produ vi
Mining and Mineral Resources

Research Institute

Among the more important Departmental labo-
ratories, and their major areas of research, are:

Acoustics and Vibrations Laboratory - vibra-
tion and acoustical studies applied to a diverse
range of problem areas.

Eric R and Evelyn E. Newman Laboratory for
Blomechanics and Human Rehabilitation -
research on the human musculoskeletal system
and the development of technology for
diagnosis and remodiation of physical
disabilities.

Reacting Gas Dynamics Laboratory - fluid
flow, chemical reaction and combuson phe-
nomena associated with energy conversion in
propulsion systems, power generation, industrial
processes, and fires.

Cryogenic Engineering Laboratory - super-
conducting electric generator and the apic .a-
ton of thermodynamics and heat transfer to
cryogenic refrigeration.

Fibers and Polymers Laboratories - fiber
physics, textile processing dynamios, polymer
engineering, and the development of biological
materials such as artificial skin.

Fluid Mechanics Laboratory - fundamental
research in computational fluid mechanics.
physlcochemical flows, turbulent transport and
dispersion, multiphase flows and phase change;
appications in biomedical systems, augmented
heat transfer, slurry transport, atmospherio
dispersion and the acid rain problem, toxic
wastes in ground waters, eto.

Heat Transfer Laboratory - heat transfer and
cooling in a variety of aopiloations, including
electronic devices, nuc ear power, thermal
modeling of biological tissue, and moisture
migration in building materials.

Man-Machine Systems Laboratory - Interac-
tions between people and the systems which
they control.

Machine Dynamics Laboratory - studies the
dacs of high-speed mechanisms, ma-

ie and control systems, and the use of
dynamical response data for operational diag-
nos,

Mechanical Behavior of Materials Laboratory
- mechanisms of deformation and fracture
processes in engineering materials.

Laboratory for Medical Ultrasonics - applica-
tion of ultrasonic radiation to surgery, diagnosis,
and to the treatment of tumors through hyper-
thermla.

Sloan Automotive Laboratory - process and
technology which control the performance,
efficiency, and environmental impact of Intemal
combustion engines, engine lubrication, and
fuels requirements.

Surface Laboratory - various aspects of
tribology, Including wear theory, lubrication,
friction and adhesion, high-speed rolling con-
tacts, magnetic recording, and sliding electric
contacts.

Vehicle Dynamics Laborto improving the
dynamic performance characteristics of ground
transport vehicles and their guideways with
specific attention directed to dynamic perform-
ance, safety, ride quality, handling, and cost.

The undergraduate program provides a broad
Intellectual foundation. A firm techhloal back-
ground is essential for a career as diversified
and challenging as that open to the mechanical
en ineer. Beginning with mathematics, physics,
and chemistry, students acquire proficiency in
the engineering sciences: dynamics, mechan-
loe, and properties of materials; fluid dynamics;
heat and mass transport; thermodynamics;
systems analysis; and control. Further, students
experience the ways in which scientific knowl-
edge can be put to use in the development and
design of useful devices and processes to solve
engineering problems. Mastery of this art,
lar ely by oject-oriented work of a creative
nafure, Is t e primary object of subjects in
laboratory and design. Design experience often
involves consideration of economic, social,
legal, and political factors.

Seo discusson of nicance of acreditstion under -Degree
Program In0 n Iris Dean's atoma a the

Schooin of DO = Enlneedno 11401101.

Bachelor of Science in Mechanical
Engineering
Course I

The Department provides many opportunities
for undergraduates to establish a close relation-
ship with faculty members and their research
groups In the Department. Students Interested
in roject work may consult their faculty advi-
sors or approach other members of the faculty.

The curriculum for the Bachelor of Science In
Mechanical Engineering has been designed to
provide altematives - through the Restricted
and Unrestricted Electives - for students
having a wide range of career oals. The De-
patent recognizes In its ur culum thre
categories of sdents it wishes to serve:
1) those who base their professional careers as
mechanical engineers on the bachelor's degree
with no further formal study: 2) those who
proceed to formal graduate study In mechanical
engineering or in an allied field; and 3) those for
whom the undergraduate pr ram provides a
broad base - in intellectual sle as well as
intellectual content - for further professional
study directed toward medicine, law, business,
or industrial management.

The departmental requirements provide a
balanced background in mechanical engineer-
ing while allowing students who defer entering
the Dep nt until the end of the second year
to gruate in the normal four-year eriod. (The
latter assumes that students have met the
General Institute Science Requirements and
have taken 18.03 Differential Equations.) This
p rogram Is accredited by the Accredltation
Board for Engineering and Technology.'

The departmental program for the Bachelor of
Science In Mechanical Engineerin, Course 11,
consists of three levels corresnig roughly
to the second, third, and fou 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 ;ntroduo-
tion to mechanical engineering through subjects
in system dynamics, solid moonanics, manufac-
turing and materials processing, instrumenta-
tion, and deslgn. The second level emphasizes
the basic engineering sciences and their Inte-
gration through iaboratory and design projects.
The tl*rd 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 oate-

, students Interested in the technology of
s such as bloengineering, pollution, energy,

materials, and automatic control may select
additional subjects from other engineering
departments and the School of Science. Some
students may place more emphasis on the
humanities and social sciences, as preparation
for graduate study in such fields as engineering
of social systems, technology and policy, law,
management, technology assessment, and
medicine. All students are required to complete
a thesis. working on an individual basis with a
faculty or research-staff member.
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Students are urged to contact the Undergradu-
ate Office as soon as they have decided to enter
mechanloal engineering so that faculty advisore
may be assigned. Students together with their

advisors lan gram that best utilizes
the two (24 units) Retice Electives and the
51 units of Unrestricted Electives available In the
Course 1I degree program. Although the seleo-
tion of elective courses Is an Indivdual decision,
the faculty of the Departent has developed
areas of professional concentration In Power
and Energy, Environmental Engineering, Man-
ufacturing and Materials Processing, Bomedloal
Engineeg, and Computers and Control. The
d led pgrams and suggested electives are
available from the Undergraduate Office. These
fields are not all-Inclusive; students Interested in
other professional programs - Including inter-
disoip inary programs - should consult their
faculty advisor or the Department Head.

Bachelor of Science In Mechanical
Engineering
course i1

oenealuite Nsquemente uee

Science Requirement II
Humanities, Arts. and Social Sciences Requirement I
Science Distribution Requirement [2 subjects can be satisfied
by 2.01. 2.02.2.20. or 2.40 and by 18.03 In the Departmental
P'og'am), a
Laboratory Requirement [can be satistled by any
combination of the sublects 2071, 2.872. and 2.60 In the
Deparmental Program] 4

TOTAL Subjects 17

Writing Requdement. Phase 11 [can be satlisited by submitting a
ten-page laboratory report from 2.871 or 2.07212
PLUS

Departnent Progun Units

Subect na e below are Wkwd bycredit unta, and by
proreqLelte. iany (coweulaltee in Noics)
Requed Subjeter 141

2.01' Mechanics o Solids. 12; 01. 18.02
2.02' introduction to Systems Dynamics 12; 8.01. 18.02
2.03J Dynamics. 12; 2.01.2.02.18.03
2.20' Fluid Mechanics, 12: 18.02, 18.03

2.30 M ochanical Behavior of Materials. 15;
2.01,2.671.2.8

2.4,1 Thermodynamics. 12; 8.02, 18.03

2.071' Measurement and instrumentation. 12.2.02
2.072 Project Laboratory 6; 2.20,2.40.2.871
2.701 introduction to Design, 9
2.73 Design Projects. 0: 2.03J. 2.20, 2.30, 2.40. 2.70
2.66 Manufacturing Processes and Systems, 9; 2.01.

2.70
18.03' oiferential Equations, 12; 18.02*

Thesis* ( units)

Uthe in FI = (neta ha ls )sf

Uatted be Dgetle my1n

Totld Units Required for the 9.11. Degree Boeron
Ite General neftase Reqi*imno 160

Bachelor of Science
Course Ili-A

Many students have a defined goal that can
best be met by organizing a curriculum specifil-
caly 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 to
more deeply into some field of mechanl
engineerig b choosing additional subjects in
one of the profisonal fields of concentration
already mentioned, as well as Introductory
graduate subjects from among the related
engineering sciences. Others nterested in
electromechanical devices might combine
advanced subjects in dynamics, systems analy-
sis, and vibrations with subjects in electric
circuits and electromagnetic field theory. Stu-
dents Interested in air pollution, fires, Internal-
combustion engines, and related fields involving
chemical reaction might make up a package
Involvig work In fluid mechanics, heat transfer,
physil chemistry, reaction kinetics, and statist-
ca mechanics. Some combine subjects in
mechanical engineering with subjects in eco-
nomlos and management. Students interested
either in medical school or in a career In blo-
medical engineering ma wish to develop
baokgrounds in olgy, lochemIstry, or physi-
ology. Many other combinations are possible.

te = ment suggests that 6.071 Introduction to Electronics

2
In certain Circumstances re ot fro m 2.30 or 2UR may also be
used - the writing 0oodn. 'icr shold be conultd.

3
substitution or subjects of amaar contentbe permitted by
pelton to te u senior r b lstr etdea wra d
subject may be sutW edW for restricted elct0 W lti
permisson Of the senior registratin o cer.
4
Students must reoive a grade of 0 or better In these core

0c sbecs bfrecotnun i e dsateliprogram.

father

The rcomm that atudents Oe an Introduoto-9 ~i gsubject (such as 2.10)as edy a possible

Students who wish to pursue this degree must
e : 4 advise the ep ments Undergraduate Officer

Ttu of9, ftowing nine oubecla, aW Mee one tm GvupA; by the beginlng of their junior yew In order
tha nthrc and-o Ar olnyar planningaddit oal atibn may be mod for 0 tnorl-l credit ta hr dq"t p~t lnlntoWadga te degree.aI mechanica englneerng the complete ou lum. og on this

Gres A degree program requires epproval in writing
206W Mechanical Virtin 12.2 103 from the Registration Officer In charge of

Course li-A. Thle program leading to the undes-
2.14 Control System Principles. 12: 2.02 ignated Bachelor of fcience Is not accredited
2.22 Applied computational Analysis. 12; 18.03, 2.10 by the Accreditation Board for Engineering and
2.38 Roe 06 Microstnicture In Mochan" Technology, and students should discuss the

2 ehavlor. 1 n2.30 significance of this with their faculty advisor.
2.4lJ Thermal Power Engineering. 12:2.40
2.61 Hea and Mass Trns gr, 12:2.20.2.40

2.72 Elements of Mechanicalsgn. 12. 2.01, 2.70
2.OO Managemn In Engineering, 12

1.I01J Engineedng Aspects of Economics AnalysIs. 12

*Allernats proequinsies ale fsed in the subjet descripion.

A E.I~I *II..~ dAd
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Graduate Study

The Course li-A curriculum is similar to Course Combined Bachelor's and
II. Course Ili-A is substantially more flexible In Master's Degree Program
that, in addition to thesis, students need to take
90 units from among the lists of Required Some students who obtain
Subjects and Restricted Electives shown under the graduate proram mayCourse II. The remainder of the program is delay satisfying of the
Planned Electives (consisting of six subjects), requirements until their fifthaimed at a well-defined educational goal, and requirements for both degre
Unrestricted Electives, for a total program be- This program permits stude
yond the General Institute Requirement of 180 some basic core graduate s
units. Further details may be obtained from the senior year, leaving time totDepartment- sublects during the raduati

Eng r ntnship Program In

Course IlI-B

Students who wish to gain industrial experience
during their undergraduate and graduate pro-
grams may do so by electing to participate In
the Engineering Internship Program, described
in det In the hool of Engineering section,
through enrollment in Course li-B.
The Course degrees and curricular require-
ments are the same as for Course 11; however, in
addition, provision is made for the students to
be employed at the cooperating companies.
The plant work at the undergraduate level
consists of two summers, starting with the
summer after the sophomore year. The plant
work Is considered as equivalent to a 12-unit
elective subject: 2.961 Engineering Internship.
This program is accredited by the Acoreditation
Board for Engineering and Technology.

Students in this program interested in graduate
study are encouraged to apply for ealy
graduate school admission under the combined
Bachelor's and Master's program (see the
following section). A student in this Program
may spend an additional seven months (one
summer and one term) at the cooperating
company and write a single combined
Bachelor's and Master's thesis. Subject to
approval of the thesis supervisor, the thesis may
be related to the work experience.

Additional Information may be obtained from
Professor Igor Paul, Room 3-481 B, MIT, Cam-
bridge, Massachusetts 02139, (617) 253-4466.

Inquiries

Further Information on undergraduate pro-
grams, admissions, and financial aid may be
obtained from Professor David Gordon Wilson
or Professor Peter Griffith, Room 3-164, MIT,
Cambie, Massachusetts 02139, (617)
2236 .

early admission to
be permitted to
helor's degree

year, satlsfyIng the
es simultaneously.
nts to com lete
ubjeots in teir
ake more advanced

year. With prior
appiroval In their fourlh year, students In this
program may combine the work of the Bache-
lor's and Masters 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 yea-

The Mechanical Engineering Department pro-
vides opportunities or aduate work leading to
the following degrees: ater of Soence in
Mechanical Engineering, Master of Science
without specification of department, the Me-
chanloal Engineer's degree, and the Doctor of
Philosophy (Ph.D.) or Doctor of Solence (So.D.),
which differ in name only.

Most students who come for the Master's de-
gree take the degree with specification In Me-
chanloal r'gineering. There are always some,
however, who prefer to forego the specification
In order to allow themselves more freedom In
the selection of subjects. The two Master's
degrees have equal academic stature.

The Engineer's degree offers preparation for a
career in advanced engineering practice. It
does so through a program of advanced
coursework that goes well beyond the Master's
level. This degree is normally not used as a
stepping stone toward the Ph.D.

The Doctor of Philosophy (or Science) is the
highest academic degree offered. It is awarded
upon the completion of a program of advanced
study and significant original research, design,
or development.

Entrance Requirements for Graduate Study

Applications to the Mechanical Engineering
Graduate School are accepted from persons
who have completed, or will have completed by
the time they arrive, a Bachelor's degree. Most
incoming students have a degree in Mechanical
Engineering or some related branch of engi-
neering. The Department's admission criteria
are not specific, however, and capable students
with backgrounds in different branchas of
engineering or in science may gain entry.
However, to qualify for a graduate degree other
than the Master's without specification, the
candidate is expected to have had at least an
undergraduate-level exposure to the core ME
subject areas (applied mechanics, dynamics,
fluid mechanics, thermodynamics, materials,
and design) and to be familiar with basic electric
circuits and electrom netlo field theory. Those
with deficiencies may asked to make up
subjects in certain areas before they graduate.

Applications for September entry are due on
January 15 of the same year, and decisions are
reported in March. Applications are also ao-
cepted for February (second term) entry: these
are due on Novem 15 of the previous year,
and decisions are reported in December. For-
sign students a ing from abroad are ad-
mitted only If they ve 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
applying from non-English-speaking countries
are required to take the TOEFL test (Test of
English asa Foreign Language) and receive a
score higher than 575.



Denartment of Mechanical Enaineerina 163

Writing Ability Requirement Master of Solence (without Specification) supervisor and a doctoral committee selected
by the student and his supervisor, and perhaps

The Mechanical Engineering Department re- The requirements for the Master of Science nther Interested faculty members. The commit-

ulres that all Incoming graduate students without specifloation are that the student take 66 te makes an annual examination of the candi-
drmonstrate satisfactory English writing ability, credit units of subjects, with 42 of them being A date's progress and conctls a final examIna-
or successfully com aropriate training In level, and the completion of a thesis. These are ton based on the thesis. The doctoral program
writing. This requirement reflects the facuity s the minimum requirements for an M.S. degree usually takes a minimum of two years of work
conviction that writing is an essential skill for all at MIT. The degree without specification and th beyond the Master's degree.
engineers. Al Incoming graduate students, one with spication have equal academic
native as well as foreign, must take the depart- stature. The degree without speofloation does interdisciplinary Programs
mental writing ability test, which is administered not, however, explicitiy confer an association
In September. Depending on the results, a with the Mechanical Engneering profession, Graduate students registered in the Mechanical
student will either pass or be required to take a though such an association may be inferred Engineerin Department may elect to articipate
subject In writing. from the student's having been registered in the In interdisciplinary programs of study. ograms

Mechanical Engineering Department. Students are available In health sciences and technology,
Master of Science in Mechanical Engineering who opt for the drd without specification pymer scence and tehnol technologyusually have In mind specific programs of study and lcy fet. There is als ac~n rga

with which they cannot meet all the M.S.M.E. between MIT and Woods Hole Oceanographic
d ree requirements in the time they have Institute for students whose primary career

To qualfy for t Master of Science In Mechani- avglable. objective is ocean raphic engineering. Furthercal Engineering, a student must complete at Information Is available from the Departmental
least 68 credits of ocursework (about six sub- Ifraini vi~efo h ea~~na
jects). Of these, at least 42 must be A-level" Mechanical Engineer's Degree Graduate Office.
graduate subjects, designated by the letter A
next to their titles in Chapter Vil. The rest of the The Mechanical Engineeri's degree provides an AssistantshIps and Fellowships
66 unite may be for "G-leve" subjects or ad- opportunity for further study beyond the Mas-
vanced undergraduate subjects that are not ter e level for those who wish to enter engineer- The Department of Mechanical Engineering
requirements In the undergraduate Mechanical ing practice rather than research. This degree offers three types of financial assistance to
Engineering curriculum. emphasizes breadth of knowledge in Meoani- araduate students: Fellowships, Research

cal Engineering and its econom o and social esistantships, and Teaching Assistantships.
At least two of the subjects must be chosen implications, and Is quite distinct from the Ph.D.,
from a prescribed list of basic Mechanical which emphasizes depth and originality of A Fellowship provides the student with a direct
Engineering sciences, and the student must research. grant, and leaves the student open to select his
also either have had previously, or take as part or her own research project and supervisor. A
of his Master's program, two advanced mathe- The Engineer's degree requires a broad pro- number of students in the Department are
matlos sub e.g,, 18.075 and 18.076, or gram of advanced coursework In Mechanical supported by fellowship from outside agen-
18.0865 18. ). Engineerng and man ement, totaling at least cies. The Department self has very few fellow-

162 credit units (typicay about 14 courses), ships to offer. however.
Finally, a thesis Is required. The thesis Is an including those taken during the Master's
original work of research, development, or degree program. The program Is centered The majority of students In the Department are
desgn. performed under the supervision of a around tne application of engineering principles supported by Research Asseistantships, which
facuy or a research staff member, and is a to advanced engineering problems and in- are appointments to work on particular research
major part of any graduate program at MIT A cludes an applications-oriented thesis, which projects with particular faculty members. The
Master's student usually spends as much time may be an extension of a suitable Master's faculty members procure research grants for
on thesis work as on coursework. Details of the thesis. Details of the program may be obtained various projects and hire graduate students to
program are available from the Departmental from the Departmental Graduate Office. An carry out the research. The research is almost
Graduate Office. A Master's degree usually Engineer's degree typically requires at least one Invariably structured so that it becomes the
takes about 1.5 years to complete. year of study beyond the Master's degra. student's thesis. An RA appointment provides a

full tuition scholarship (i.e., covers all tuition)
Master of Science in the Management of Doctor of Philosophy and Doctor of Science plus a salary that Is adequate for a single per-
11echnology son. The financial details are outlined in a "epa-

The ~ ~ ~ h Doctort adeidoOf rate handout available from the DepartmentalThe highest academic degree is Gt Doctor oraduate Office. An RA may register for a
Individuals who would like to apply their me- Science, or Doctor of Philoophy (t two differ maximum of 24 units (about two subjects) of
ohanicaol engineering background and at least only in name). This degree Is awarded upon ft classroom subjects per regular term and 12
five years of technical work - to issues completion of a Pr of advanced units in e summer term, and must do at least
In technical management my want to explore principally at the Instit and fth performance teeuvln f9 nt ftei Iersac
t Program In ft Management of Technology, of significant original rsearch, design, or dv of 24 of thesis (I.e.. research

Joitly developed and offered by MT' School opment.ontepjc)prtrm
of Engineering and fth Sloan School of Man- ~ ~~Oniee~tedcoae Teaching ssistants are appointed to work on

== mr ntis rgrostwle- Students become candidats for t doctorate s sr h aeagement. tnahoa~e pslgargoosqafl~eaiain specific subjects of Instruction. As t name

priciples for technical people Ina technical whc aen ae tthe an of the temphn. tensull asists faewity mremesi
orwirna The 'm le designed for reular terms after arrival or after the comple teon and tur g students n h Me Engl
solengs e and eng on a career at requir- of Master's degree. The doctoral ramring , the MechanicalmEnge
ing -iite for includes a major program of advance~d suyIn nearin Daoent, TAs are very eldom used

teI~~" ~f rmad hmadrtspicpa rao Itrs for reular fultme classroom teaching. TUs are
th ram and thes principa area of Interest, and a limi to 24 units of credit per regular term,
appliaron procedures are decried in Chap- minor program of study in a different field. Including both classroom subjects and thesis.
terT oom Vf. The TA a ntment does not usually extend

Th com ran Ito through tesummer.
=a Th hsi aor, or.tgiwork that rogtWfll.

makes a sinificant research, dvopnt, or
design o budon In its fi Th thesis and
the program of study are done under a faculty
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Experience has shown that the optimum gradu-
ate program consist of about equal measures
of coursework and research, consistent with an
RA appointment. The main advantage of a
fellowhip Is a greater freedom In choosing a
research project and supervisor. A Teaching
Assistantship gives the student teaching experi-
ence and can also be extremely valuable for
reviewing basic subject material, for example In
preparation for the doctoral general exams. It
does not, however, leave much time for thesis
research, and may exend the time that the
student needs to complete his degree.

Inquiries

Additional information conceming the details of
the academic and research programs, admis-
sions, financial aid, etc., may be obtained by
writing to Ms. Leslie Regan, Mechanical Engi-
neeri Graduate Registration Office, Room
1-106, MICambridge, Massachusetts 02139.
(617) 253-2291.
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Department of Nuclear Engineering

Mujid Suliman Kazimi, Ph.D.
Professor of Nuclear Engineering
Head of the Department

Professors

Gordon Lee Brownell, Ph.D.
Professor of Nuclear Engineering

Sow-Hsin Chen, Ph.D.
Professor of Nuclear Engineering

Michael John Driscoll, So.D.
Professor of Nuclear Engineering

Jeffrey Philip Freidberg, Ph.D.
Professor of Nuclear Engineering

Michael Warren Golay, Ph.D.
Professor of Nuclear Engineering

Elias Panayiotle Gyftopoulos, Sc.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 Kal 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, Toroldal Confinement
Division, Plasma Fusion Center

David Dayton Lanning, Ph.D.
Professor of Nuclear Engineering

Lawrence Mark Udsky, Ph.D.
Professor of Nuclear Engineering

John Edward Meyer, Ph.D.
Professor of Nuclear Engineering

Norman Cad Rasmussen, Ph.D.
McAfee Professor of Engineedng
Professor of Nuclear Engineerng

Kenneth Calvin Russell. Ph.D.
Professor of Metallurgy and
Nuclear Engineering

Neil Emmanuel Todreas, So.D.
Professor of Nuclear Engineering

Sidney Yip, Ph.D.
Professor of Nuclear Engineering

Associate Professors

Ronald George Ballinger, Sc.D.
Associate Professor of Materials
Science and Engineering and
Nuclear Engineering

Richard Keith Lester, Ph.D.
Associate Professor of Nuclear
Engineering
(On leave)

Kim Molvig, Ph.D.
Associate Professor of Nuclear
Engineering

Assistant Professors

Eric Wesley McFaland, Ph.D., M.D.
Assistant Professor of Nuclear
Engineering

Nathan Slu, Ph.D.
Assistant Professor of Nuclear
Engineering

Jacqueline C. Yanch, Ph.D.
Assistant Professor of Nuclear
Engineering and Whitaker College

Senior Lecturer

Francis X. Masse, B.S.
Radiation Protection Officer,
Medical Department

Administrative Offlcer

Jennifer deVries GwInn

Administrative Assistant

Clare Marie Egan
Graduate Offie Coordinator

Research Staff

Rachel M. Morton, B.S.
Manager, Computer Faollities

Senior Research Engineers

D. Bruce Montgomery, Sc.D.
Associate Director, Plasma Fusion
Center
Senior Research Engineer, Plasma
Fusion Center and Nuclear
Engineering

John E. C. Williams, B,So.
Senior Research Engineer, Francis
Bitter National Magnet Laboratory
and Nuclear Engineering

Senior Researoh Solentists

Daniel R. Cohn, Ph.D.
Senior Research Scientist, Plasma
Fusion Center and Nuclear
E;gineering

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

Principal Research Scientist

Richard Lanza, Ph.D.

Research Scientist

Dieter J. Sigmar, Ph.D.
Research Scientist, Plasma F..sion
Center and Adjunct Professor of
Nuclear Enginverng

Visiting Sclentist

Alan Tumbull, Ph.D.
Plerandrea Lo Nostro, Lic.
Ingenleur

Research Affiliates

Ronald Christensen, Ph.D.
James Lutsko, Ph.D.
Vincent Manno, So.D.
Bruce Rosen, Ph.D.
Andrei Schor, Ph.D.
Kord Smith, Ph.D.
William E. Vesely, Ph.D.
Lothar Wolf, Ph.D.

Professors Emeriti

Manson Benedict, Ph.D.
Institute Professor, Emeritus
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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Department of Nuclear
Engineering

(Course 22)

The Department of Nuclear Engineering pro-
vides undergraduate and graduate education for
students interested in developing the peaceful
applications of nuclea reactions, plasma phys-
los, and radiation. In keeping with MIT's tradi-
tional role in other branches of knowledge, the
Department alms to educate the individuals who
make the key scientific and engineering ad-
vances In these fields. The technological prob-
lems of energy generation by neutron-induced
fission of heavy elements In nuclear reactors
and fusion of light particles in thermonuclear
plasmas receive primary emphasis.

In addition, faculty and st udent are strongly
Involved in the engineering physios of charged
particles, neutrons, and photon radiation; In the
broader roblems of providing energy in social-
ly acce ae wa s; in the medical applications
of radiation; and n radiation health physics.

Fission reactors are used to generate heat and
electric to propel submarines and ships to
transml elements, and to produce radioso-
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 15
percent. In recent years, the growth rate of
electricity has declined because of more cost-
effective uses of energy and the intemational
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 component in
their energy programs because they are con-
vinced that nuclear power is a comparatively
reliable, inexpensive, and safe way to produce
electricity.

The safe and economic development, design,
construction, and operation of nuclear power
plants and their related nuclear fuel processing
facilitles 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-
Welectriity in ever-widening regions of the

Another challenge to nuclear engineers Is the
development of economic nuclea power eye-
tem that regenerate or yield a not increase In
their essential fuel, such as breeder reactors.
Breeder reactors can provide an nrgy re-
source of supplying t neecds of the
world for sad of year$.

A potential source of energy and neutrons Is
controlled fusion of light elements. Energy from
fusion would be practically inexhaustible. Fusion
resations must be carried out in a fully Ionized
Plasma heated to many million degrees. Such

are usually confined by strong meonet-
Iilds. Recert roress Increases the Ilke-
hood t trlled fusion wiN become a practi-
cal source of energy and neutrons within t
lifetime of todays engine students. Attain-
met of a in strplant requires Improved

behvio ofplama.In electric and i~ntlo

Intense radiation, and great engineering Ingenu-
Ity In combining fusion power components into
a practical and economic system. The Depart-
ment has strong programs in plasma fundamen-
tals, materials for intense radiation fields, and
engineering of fusion systems.

The fundamentals of plasmas also underlie
astrophysical and Ionospheric phenomena,
magnetuhydrodynamio energy conversion, Ion
propulsion, thermionIo energy conversion, and

Igh-power gas lasers, all topics of Interest In
the Department. Students concentrating on
applied plasma physics are therefore trained not
only to contribute to the advancement of con-
trolled fusion but also to apply their knowledge
In areas of immediate praccal significance. In
these plasma programs, the Department is an
active participant [n MIT's broad, Interdepart-
mental program of research and instruction in
plasma physics and its varied applications.

To achieve the full potential of nuclear energy
from either fission or fusion reactors, it is neces-
sary to develop speclal materials capable of
withstanding Intense radiation for long periods
of time. The Department's nuclear materials
engineering program is concemed with effectsc! radation ont materials and development of
Improved rr~dation-resistant materials. Other
areas of concentration are the chemical and
metallurgical engineering aspects of the pro-
duction and fabrcation of fuels for fission reac-
tors, the processes for recovering these materi-
als from the highly radioactive spent fuel
discharged from reactors, and processing and
enrichment of fuels for fusion reactors.

To fulfill society's needs, not only must new
technolles be developed, but energy conver-
sion plants must also be designed and operated
so as to produce energy safely, reliably, eco-
nomically, and with acceptable environmental
Impact. Consequently, the Department is in-
volved actively across the entire field of energy
production in the areas of thermal-hydraulics,
structural mechanics, reliability analysis, safety
and licensing, health physics, environmental
Impact of power production, and engineering
economics.

The Department's radiation science and tech-
n y rrams devoted to studying the

prdco auses of neutrons, charged
tioles, gamma rays, light and other radiations

rm fission reactors, radloisotopes, 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 gass.. In particular, the program of
radlo ca sciences encompasses medical
applicAtions of radiations for therapy, diagnos-
tics, and radloblology. It includes not only
nuclear radiations but also ultrasound, las
light and nuclear magnetic resonance interac-
tions.

The radiation health physics program is de-
signed to provide students with a strong foun-
dation In the scientific and engineering disol-
plines needed for the management and control
of irradiation exposures. It emphasizes prinol-
pies of radlobilogy, radiation measurement and
dosimetry, risk assessment, and management of
radiation exposure.

In all the programs, attention is focused on the
re!ated aspects of science and en ineering -for exam pl, low-energy nuclear physios, plas-
ma physics, nuclear materials, hl h-flux heat
transfer, and numerloal methods. Te approach
is interdisciplinary and draws heavily upon
important segments of physics, chemistry,
applied mathematics, 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 loam how their
major professional fields may be utilized in
nuclear developments may fnd certain offerings
by the Department of Nuclear Engineering to be
of interest, such as the medically oriented
radiological sciences program, nuclear power
plant engineering, applied plasma or radiation
physlcs, nuclear materials engineering, and the
interdepartmental program on structural me-
chanics in nuclear power technology.
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Undergraduate Study

Bachelor of Solinos In Nuclear Engineering The final portion of the undergraduate program Bachelor of Science in Nuclear Engineering
is a broadly based introduction to the spe alties Course XXII

The undergraduate p rams In Nuclear Engl of nuclear engineering. The required topics of
neuring prepare for careers In the stud Include a laboratory subject, a eu ject
nulear po ndu or the applied ation deal wit hysics s ap plied to nucisar

indstr, ncldig medical technology, or for ra~',dh J~dln ein~~ atet
graduate study in nuclear engineering and and systems. Suitable subets for e flsion
related disciplines. The field Is very broad and option Include 22.09 for laboratory: 22.021 Science Requirement
the poram Is arrnem opoieavreyo applied physics; and 22.03,.22.031. 22.033 for Sinc elrfw'ram gd to mitode apvariety of design/sys m. Suitable subjects for the fusion Humanities, Arts, and Social Sciences Requirement 4

pre ation. Three p ptione have been option Include 22.039 for laboratory; 22.061 for Science Distribution Requirement (2 subjects can be saised
deie fsingfsoadrdcoal appied physloe; and 22.03, 22.031, 22.062 for by 8.03 and 18.03 In the Departmental Program) 3

sciences), but other subject combinations may design/systems. Suitable subjects for the radio- Laboratory Requirement (Can be satisfied by 2200
be seoleced to satisfy the needs of Indivdual logical sciences option Include 22.09 for labra- or 220 In tha Departmental Program] 1
students. tory; 22.021 for apte physics; and 22.04 plus ToTAL suct 17

two Indivdually so ecta subjects for design/TOASujcs 1
The Department offers two undergraduate systems. PLUS

=roram* leading to a Bachelor cf Science In _________________
Engineering. The first, Course xxii, is The choice of specif subjects and the order In

normally completed in four years. The second, which th are en are arranged in consulta- Depaeutnent Plogrm Unas
Course X0i1-A, is part of a five-yw EngIneering tion with the student's departmental advisor. The
Internship Program; it leads to a helor fission tion is intended for students planning
of Scien Master of Solence in Nuclear career design, analyi, and operton of42
Engineering and combines study with industrial fission reactors, and for raduate study in these s.os Physics I. 12; 8.02*. 18.02

practice. areas. The fusion optionis intended for students 103 D1erential Equations. 12;18.02*
planning for grad study and careers in

The bockpround portion of the departmental area of engineering research or development 2202 Introduction to Applied Nuclear Physics. 12:
progr I~cudes a science distribution preps- related to fusion reactors. The radiological 8.02,18.02
ration In differential equations (18.03) and in sciences option is intended for students plan- Seminar, e
physics (8.03). In n, an appled nuclear ning careers In medicine or biomedical engi- o
physics subject (22.02) is used to Introduce nearin with partular emphasis on the applica-
many topics that are fundamentally Important to tions ofradiation In diagnostics and therapy. Engineering Principles 1,12
nu ineerin Finally, a semi s . informaton on each op n Is available from the Engineering Principles It. 12
fled to provdefam'iiliarity ;wdeopa~rtm-renta[ student's departmental advisor or from the Engineering Principles 111, 12
academic and research actrtes (22.011 f departmental undergraduate office (Room Engineeng Principles I, 12
fission, 22.012 for fusion, or 22.013 for radiolog- 24-204). Engineedng Prnciples
lThe d rams in Course XXII and Engineering Principles V. 12

Subjects In enineering noles are a major Course 11-A are accredited by the Acoredita- Nuclia nginstng Speelalties: 60

component of e d tal program. In this tion Board for Engineering and Technology. Laboratory 12
ae, the student is expected to become familiar Bahlro cec nNcerE ne~gApplied Physics. 12

with the foundations of engineering e o o Science In Nuclear Engineering e
The red of study are of Course XXII

therilsrAldfldynamls ___________________
transfel. and computer H of pehyial Most requirements and options are described in 12
systems. Many of thenstute offer the preceding paragraphs.
subject covering these topice, and there Is Enering Design experience lean essential atetIjilillemew(5
conslderabl ietude In fulfllng this segment of patof the curiculum, and the requrmn fa
the curriculum. Suitable subjects Include 2.01 or 38 units of en ineenng design and o
8.06 for at*uit of materials (Ernonerng 3am mayt b fenaiefrin by ig an d aprprae- Un temd 1110011

P lnee 1);r 2.2 or 8.263 for fluid mechanics tom may be *statd by an apprpriate choicninopines 2.40 or 0 of subjects a approvd by the advisor The
Englmairin Prnahw 1);u.40o l.01 fiir requirement may be partaly satisfied by a Total = Ww..*w Willaatk (Engineng Pryncples design-orientd thesis or special topic (.091). the ees hneLtutei 14

and 22.006 for computer modeling (Engineering A Bachelors degree thesis of 12 units is also
Prinolom W required.

Suitable subjects for seminr, e irring principle. ira-
tory applied hsIcs and dsig ems are given In the tw.

*Atnmate prerequisies are sted in the subject description.
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Graduate Study

Bachelor of Solenee In Nuclear Engineering
Course XXIi-A

Nuo'ar Engineering Department students who
participate in the Enineerin Intemsh Pro-
gram, described in i In School of Engi-
neering section, are enrolled In Course XXI-A.
The requirements for Course XXI-A are the
same as for Course XXII, except that the 12
units of thesis are replaced by 12 units of
22.092 Engineering Internship. The program Is
structured ass five-year p ram leading to
both a Bachelor of lence and a Master of
Science in Nuclear Engineering. Students
normal enter the program In their sophomore
year at MIT. Each student must be selected by a

ipatin company after application and an
Interview. Th program consists of four work
assignments atthe same company. The first two
are undergraduate work assignments desig-
nated as te required sub 22.092.

The award of the Measter's degree is not aurto-
matic. To work for the SM., the student must
apply for raduate school and be formally
acceptd In most cases the decislon on such
applic is made early in the student's fourth
year.
En neerin design experience is an essential

of the rse XXII-A curriculum. The
requirement of 36 units of engineering design
and systems subjects may be satisfed In part
by work assignments 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
satisfedupon acceptance of the Master's
thesis, whioh Is prepared during the third and
fourth work assignments (subject 22.92). If the
student does not enter the Masters of
the ram for any reason, the student may
su work done as part of the first two
work assignments, provided that the student

rep a written oposal and a written report
format a to a facult

advsor. Otherwise, the nt must follow e
same seps for satisfyin the thesis requirement
as students in Course 1I.

Combined Bachelor's and Master's Programs

The five-year programs leading to a joint Bache-
lor of Solence in chemical engineering, civil
engineering, electrical engineering, mechanical
engineering, nuclear engineering, or physics,
an a Master of Science in nuclear engineering,
are helpful to students who, early In their under-
graduate studies, decide to pursue a graduate
egree in nuclear engineering. Students desir-

ing to enter such a program must meet the
graduate admission requirements of the Depart-
ment of Nuclear Engineering, and they must
submit their applications for admission at the
end of their junior year. If admitted, the stu-
dent's program is arranged between the regis-
tration officers of the two participating depart-
ments. For further Information, interested
students should contact either their undergradu-
ate department or the Department of Nuclear
Engineering.

Inquiries

Further information on undergraduate pro-
grams, admissions, and financial aid may be
obtained from Professor J. E. Meyer, Room
24-202, MIT, Cambridge, Massachusetts 02139,
(617) 253-3830.

The Nuclear Engineering profession is excep-
tionally broad and many undergraduate disci-
plines provide suitable preparations for graduate
study.

An undergraduate degree in physics: engineer-
Ing physics; chemistry: mathematics: mealur-
gy: or chemical, ovil, electrical, mechanical, or
nuclear engineering furnishes suitable prepara-
tion for graduate study in nuclear engineering.
Optimum undergraduate preparation would
include the following:

Physics. At least two years, equivalent to MIT
subjects 8.01, 8.02, 8.03, and 8.04, and for
graduate study in applied asma pehis or
applied radiation physics, the equ v ent to MIT
subjects 8.06 and 8.07, as well.

Mathematics. At least two and one-half years,
equivalent to MIT subjects 18.01, 18.02, 18.03.
18.075. and 18.076.

Chemistry. At least one term of general, inor-
ganic, and physical hemistry.

Engineering Fundamentals. At least one term
equivalent to MIT subjects 2.01 or 10.302,
10.301 or 10.13. Students may obtain equivalent
background by taking 22.311 Energy Engineer-
Ing Principles.

Prospective graduate students should make
ever effort complete undergraduate jrepara-
tion bfore starting graduate study. Students
whose preparation Is incomplete may make up
their deficiencies after admission to graduate
stud but they need more time to complete the
gra uate program.

Students who expect to ap for admission to a
graduate course in Nuclear Engineering should
discuss their unde raduate orams with te
Department's Regi ation O preferably

ore the end of their junior year. A iw for
admission are not required to take the Graduate
Record Examination.

Master of Science In Nuclear Engineering
Course XXII

The object of the Master's ram is to give
the student a good gener knw nu-
clear engineering and to provide a foundation
either for productive work in the nuclear field or
for more advanced graduate study. The general
requirements for this degree are listed in the
Graduate Education ohaer. Subject 22.111
Nuclear Physics for Eng 1, or its equlvalent
is required for all Master's degree cand too.

Other subjects may be selected in accordance
with the student's particular fleid of Interest.
Most Master's candidates specialize in one of
five alternative fields: fission reactor technology,
applied plasma physics, radiation solence
techooy, nuclear materialsengieering,eand
radiation health dyis. Detedescilp of
the subjects aval In each of these arees
may be found under the Department's descrip-
tions of subjects In Chapter 11ll.



Students specializing in radiation health physics
follow a special two-year curriculum that In-
oludes the core subjects General Health Phys-
Ice, Nuclear Radiation Measurement and Protec-
tion, Introductory Applied Nuclear Physics, and
Radlobiology. Some subjects may be taken at
the Harvard School of Public Health.

Students with adequate undergraduate prepara-
tion normally need one full year to complete the
requirements for the Master of Science. Addi-
onal Information concming the requirements

for the Master of Science in Nuclear Engineer-
Ing, including lists of recommended subjects,
may be ob ned from the Department of Nu-
clear Engineering.

Master of Science In Technology and Policy

Students interested in applying their nuclear
engineering background to problems of policy
and socioeconom c assessment of technology
may app for the interdepartmental Master of
Science ram in Technology and Policy. This
program combines subjects in advanced tech-
nology in the particular field of the student's
choosing with subjects In economics, systems
analysis, political science, and law. General
requirements and application procedures are
described in Chapter VI.

Master of Science in the Management of
Technology

Students who would like to ply their nuclear
engineering background an at least five years
of technical work experience to issues in techni-
cal management may want to explore the Joint
Program In the Management of echnology.
Jointiy developed and offered by MIT's School
of Engineering and the Sloan School of Man-
agement, this program entails a rigorous twelve-
month curriculum, focusing on management
principles for technical people in a technical
environment. The Program is designed for
scientists and engineers on a career path requir-
Ing inresngmana geral nsibiltes for
technical a . Detals of ram and
application procedures are in Chap-
#_, %A

The principal areas of study are nuclear reactor
physics, nuclear reactor engineering, nuclear
materials engineering, nuclear fuel manage-
ment, radiation science and technology, and
applied plasma physics. The objectives of the
program are to provide the candidate with a
road knowledge of the profession and to

develop competence in engineering applica-
tions or design. The emphasis in the program is
more applied and less research-oriented than
the doctoral program.

The engineering project required of all candi-
dates for the Nuclear Engineer's degree is
generally the subject of an Engineer s thesis. A
student with full undergraduate preparation
normally needs two years to complete the
program. A student who satisfies the require-
ments for the Engineer's degree Is simulta-
neously a proved for the SM. by the Depart-
ment of Nuclear Engineering. Additional
information may be obtained from the Depart-
ment.

Doctor of Philosophy and Doctor of Science

The program of study leading to either the
Doctor of Philosophy or the Doctor of Science
degree alms to give a comprehensive knowl-
edge of nuclear engineering or radiation sci-
ence and technology, to develop competence
in advanced engineering research, and to
develop perspective In assessing the role of
nuclear science and technology In our society.

General requirements for the doctorate are
given in the Graduate Education chapter of this
catalogue and in the Graduate School Manual.
The specific requirements of the Department of
Nuclear En ineering are the General Examina-
tion, the Major/Minor Program, and the doctoral
thesis.

Upon satisfactory completion of the require-
ments, the student ordinarily receives a Ph.D.
unless he or she requests an Sc.D. The require-
ments for both degrees are the same.

Prior to starting doctoral research, each student
is required to pass a general examination dem-
nngn adeqiuate undergraduate raraon

The field of radiological sciences focuses on
diverse applications of radiation in medicine. In
addition to a central concem with Ionizing
radiation, radiological sciences encompass
such technologies as ultrasound, laser light, and
nuclear magnetic resonance. The curriculum Is
a four- to five-year commitment leading to the
Ph.D. or So.D. degree that can be pursued in
medical therapy, Imaging and diagnostic tech-
noy, radiation blop ylos, or radio pharma-
coutioal chemistry. While most core subjects are
taken at MIT, research is conducted primarily at
Harvard-affilIated hospitals, the Harvard School
of Public Health, and MIT, depending upon the
student's specialty area.

Candidates for a doctoral degree must also
satisfactorily complete (with an average grade of
B or better) an approved program of advanced
studies. The program requires that students
take not les than 60 credit hours of subjects
(excluding special problems), of which at least

must comprise a field of specialization (the
"Major* that will be closely related to the stu-
dent's doctoral thesis to ic. Twenty-four units
(the Minor") must consist of coordinated sub-
jects clearly outside the field of specialization.

Doctoral research may be undertaken either in
the Department of Nuclear Engineering or in a
nuolear-related field in another department.
Appropriate areas of research are described
generally In the Introduction to the Departmet,
and a detailed list may be obtained from the
Department of Nuclear Engineering.

Research Facilities

The departmental programs are supported by a
number of outstanding experimental facilities for
advanced research In nuclear engineering.

The MIT Research Reactor In the Nuclear Reo-
tor Laboratory operates at a power of 5,000 kw
and is fueled with U-235 in a compact light-wa*
ter cooled core surrounded by a heavy-water
reflector. It Is one of the finest university re-
search reactors In the world. Details of the
Laboratory's research programs and facilities
are given In Chapter VI.

in ss. chemir, mathematics, an engl- The Department utilizes extensive experimental
neer fundament, and comprehensve plasma facilities for prution and confinement
knowledge at the graduate level of a chosen of large volumes of nighly Ionized plasmas and
field In nuclear engineering. for studies of plasma rbulence, particle mo-

The program of study leadin to the Nuclear tions, and other phenomena. High-p oW lasers
Engineers e e knowledge Doctoral candidates may elect to study and be and other equipment are available both for
of nuclear eng n than Is ble In t examined In one of the following fields: fission plasma diagnostics and for stud of baslo
Master's program eis I to train stu- reactor physics, flsion reactor engineering, physloal Interactions. The D e nt has
dents for creative profeslonal careers In engi- lied plasma physios, applied radiation facilities to support a unique program of con-
nesting applcation or design. pslos, nuclear materials engineering, fusion trolled fusion engineering studies and has Its

reactor technology, ruclear and altemative own well-equipped graduate labor for
General requirements for this degree, described enry sstems and policy, and radiological Instruction on plasma laboratory techniques.

InCater IV, Include 182 units of subject credit scienceo. Details of the dtoal examintio In
plus a the. Each student must plan an individ- each of these fields may be obtained from the
Uily selected program of study, to be approved Department.
in erivmnce by the flaculty advisor, end must
complete. and orally defend, a substantial
project of significant engineering value.
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The Department has played a major role In the
design and operation of the high field Tokamak
fusion device ALCATOR and In the design of
the fusion magnetic mirror device TARA, both
projeots of the Plasma Fusion Center. ALCATOR
. 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 cperates
sophisticated scanning and transmission eleo-
tron microscopes and light mioroscopoe for
microscopic analysis of mterials. The facility
has full c ilty in samF ) preparation and
utilizes a dedica ompler for data analysis
with an emphasis on quantitative work.

In addition to the above facilities, the Depart-
ment has a nuclear Instrumentation laboratory, a
plasma physics laboratory, a 14 MeV neutron
source, and two suboritical natural-uranium
reactors, one moderated by water and the other
by graphite. Laboratory space and shop facill-
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.

Financial Aid

Financial aid for graduate students Is available in
the form of research and teaching assistant-
ships, De -administered fellowshis,
and supplemental subsidies from the College
Work-tudy Program. Assistantships are
awarded to students with very good academic
records. The duty of a teaching assistant Is to
assist a faculty member In the preparation of
course ma sand the conduct of classes,
and that of a research assistant Is to work on a
research project under the supenvision of one or
more faculty members.

Fellowships are mootdy awarded in April for the
following academic year, AssIstanthips are
awarded on a semesar basis. The assignment
of teaching assistants is made before t start of
each semester while research assistants can be
assigned at any time. Fellowships and research
assletan*hp usually goto students already
enrolled In the Depariftnnt; for entering stu-
dent the major of the ald therefore will be In
the form of ching assistanthips.

Application for financial aid should be made to
Professor D. Lanni ,, Room 24-106, MIT, Cam-
bridge, Massach 02139. (617) 253-3843.

Inquiries

Additional information on graduate admissions
and aoademic and research me May be

obandfom the Dp nV$*~u"t
Oce R 24106 R, 4 Cmbdge, Mase

ohusfs 02130, (617) 21"l.354.
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Department of Ocean Engineering

T. Francis OgiMe, Ph.D.
Professor of Ocean Engineering
Head of the Department

Professors
Arthur Bernard Baggeroer, So.D.
Pr ossor of Electrical and Ocean
Engineering
(On leave)

Alexander Douglas Carmichael,
Ph.D.
Professor of Power Engineering

Chryssostomos Chryssostomidis,
Ph.D.
Professor of Naval Architecture
Director, MIT Sea Grant College
Program

Ira Dyer, Ph.D.
Professor of Ocean Engineering

Ernst Gabriel Frankel, Ph.D., D.B.A.
Professor of Marine Systems
(On leave, fall)

Justin Elliot Kerwin, Ph.D.
Professor of Naval Architecture

Patrick Leehey, Ph.D.
Professor of Mechanical and
Ocean Engineering

Koichi Masubuchi, Ph.D.
Professor of Materials Science and
Ocean Engineering

Jerome H. Milgram, Ph.D.
Professor of Naval Architecture

John Nicholas Newman. Sc.D.
Professor of Naval Architecture

J. D. Nyhart. J.D.
Professor of Ocean Engineering
and Management

Barriok Frank Tibbitts, Nav.E.
Professor of Naval Architecture

John Kim Vandiver, Ph.D.
Professor of Ocean Engineering
(On leave, fell)

Tomag= Wierzbioki, So.D.
Professor of Applied Meohanics

Assoolate Professors

Richard Colotto, Ocean.
Assoiate Professor of Navel
Architecture

Dale Ger*KOrr Ph.D.
Assoiate P of Ocean

Judith Tegger Kildow, Ph.D.
Associate Professor of Ocean
Policy

Henry Stuart Marcus, D.B.A.
Associate Professor of Marine
Systems

Henrik Schmidt, Ph.D.
Associate Professor of Ocean
Engineering

Paul Demotre Solavounos, Ph.D.
Associate Professor of Naval
Architecture

Michael Stefanos Triantafyllou,
Sc.D.
Associate Professor of Ocean
Engineering

Dick Kau-Ping Yue, Sc.D.
Associate Professor of Ocean
Engineering
(On leave, fall)

Assistant Professor

Nicholas Marinos Patrikalakis, Ph.D.
Assistant Professor of Ocean
Engineering
Henry L. Doherty Professor In
Ocean Utilization

Senior Lecturers

David Valentine Burke, Ph.D.
Harry A. Jackson, B.S.

Lecturers

John E. Agapakis, Ph.D.
John G. Arrison, M.A.
Howard M. Bunch, M.B.A.
Leonard Grantner. D.Eng. So.
Maurice M. Sevik, Ph.D.
Paul Whitney Sparks, B.S.
Peter T Tarpgaard, Ph.D.
Benjamin Whang, Ph.D.
Franz-Erich Wolter

Administrative Officer

Sharon Trohon, B.S.

Postdoctoral Associates

FRmando de Carvalho Frimm,
Ph.D.
Hoo-Hyun Kim. Ph.D.
Thomas Korsmeyer, Ph.D.
Chang-Ho Lee. Ph.D.

Research Engineers
Michael S. Drooker, Ocean E.
Marvin H. Duncan, S.M.
Spyridon A. Kinnas, Ph.D.
Sumner Dean Lewis, B.S.
George S. Triantafyllou, Ph.D.

Research Affiliate

Gregory Lynn Duckworth, Ph.D.

Professors Emeriti

Martin Aaron Abkowitz, Ph.D.
Professor of Ocean Engineering,
Emeritus

,Nihn Harvey Evans, B.Eng.
Professor of Naval Architecture,
Emeritus

Alfred Adolf Heinrich Kell,
Dr.Rer.Nat.
Professor of Ocean Engineering,
Emeritus
Ford Professor of Engineering,
Emeritus

Philip Mandel, BS.
Professor of Naval Architecture,
Emeritus
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Department of
Ocean Engineering
(Course 13)

Undergraduate Study

For centuries the oceans have served societal
needs by providing avenues of transportation,
resources of food and minerals, and natural
barriers of defense. These uses of the ocean are
perhaps even more Important today as the
world faces problems of growing populations
and shrinki resources. Out of the need for
Increased Ization of the ocean has come a
heightened sense of purpose. Simply stated,
the task In ocean engineering Is to use the
oceans effectively and wisely.

The Department of Ocean Engineering provides
the essential skills that ultimately enabe its
students to conceive, initiate, and direct com-
plex engineering projects. Such tasks demand
flexible and adaptive engineering minds. The
degree requirements in Ocean Engineering
begin with the same basic mathematics, sci-
ence, and engineering subjects as other tradi-
tional engineering disciplines and then extend
beyond to pre e a professional who Is capa-
ble of responding to the broad demands of
complex engineering tasks. Through selection
of degree programs and elective subjects,
students may concentrate in weas such as
structures, fluid mechanics, or oaval architec-
ture.

For nearly a century, MIT has bon a leading
center of ship research and design, and Is
widely recognized for its contributions in such
areas as hydrodynamics, ship structural me-
chanics and dynamics, propeller design, and
overall ship design. The Pratt School of Naval
Architecture and Marine Engineering, which was
established through a bequest to MIT in 1912, is
an integral part ofthe Department of Ocean
Engineering. Building upon this historical base,
the Department's curriculum today offers stu-
dies in all systems that must operate in an
ocean environment.

Marine transportation encompasses broad
questions of international trade. The ocean
engineer must be able to assess in an inte-
grated fashion a wide range of technical, eco-
nomic, and political considerations. Other
aspects of marine transportation Include design-
ing deep-water ports, integrating harbor facilities
with land-based transportation systems, and
planning new uses of waterways to help solve
urban transportation problems.

Oil and gas beneath the ocean floor are increas-
ingly important sources of energ. An ocean
nlneer Is concerned with all phases of discov-

ering, producing, and deliver offshore petro-
leum resources, a complex demandi
task. Also of central importance is the del
mont of new methods to protect marine wildli
and coastal regions again.t the undesirable side
effects of offshore oil production. Mining of
seafloor minerals is assuming greater impor-
tance, and the ocean engineer has the task of
deveopin technologyfor locating and recover-
Ing valuabe mines at lie beneath the
oceans. Much new technology Is required to
explore the feasibility of ocean mining; more still
Is needed to make economically attractIve and
compaible with the environment.

Once regarded as an inexhaustible source of
food, the oceans are now approaching critical
levels of depletion for some species. Engineer-
ing techniques of analysis and prediction are
essential to maintain the delicate natural bal-
ances of the oceans. The ocean engineer,
together with marine biologists, aquatic ecolo-
gists, 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 education. The
Department offers subjects designed to enable
people to cope with technologies relevant to
modem naval systems, Including ship design
altematives, 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,
vibrat phenomena, energy conversion,
materials, and electronics. Second, the engineer
needs broad exposure and pratical experience
In skills 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-
tonal base upon which to build a rewarding
career.

Once a student has attained the engineering
basics, Individualized programs to meet parcu-
lar Interests are strongy encouraged. The
Department's faculty as wide and continuing
research and industrial experience. Departmen-
tal facilities - Including a variable-pressure
propeller tunnel, a ship model towing tank, a
channel for oil-water interface studies, an acous-
tics and vibration laboratory, a design laboratory,
and computer facilities - offer a variety of
opportunities for laboratory experience.

Bachelor of Science In Ocean Engineering,
In Naval Architecture and Marine
Engineering, or without designation
Course XIII

The basic ogram offered by the Department Is
designed dents interested In engineering
aspects of ocean sciences, ocean exploration,
and the utilization of the oceans for transporta-
tion, defense, and/or resources. The program
leads to the Bachelor of Science In Ocean
Engineering, in Naval Architecture and Marine
Engineering, or without designation of field. The
curriculum without designation of field permits
pursuit of broader marine-related Interests.
Graduates are prepared for work in industry or
government, or for further study In graduate
school.

All Course Xl!l undergraduates take the same
required subjects in mathematics, science, and
engineering fundamentals, along with subjects
fulfilling the General institute Requirements,
Some departmentally prescribed subjects may
be replaced by other subjects if such substitu-
tions enhance student objectives. The elective
program consists of two parts: planned elec-
tives, which are designed to meet the student's
Course objective, and unrestricted electives,
which permit further study In specialized areas
or a broadening of the student a overall educa-
tional experience.

The Department offers counseling to students
wishing to use some combination of planned
and unrestricted electives for environmental
studies. Such a course of study Is similar to the
other four-year MIT programs, supplemented
with elective studies, that prepare students for
environmentally related work.

Versions of the Course XiIl program leading to
the Bachelor of Science in Ocean Enleing
or to the Bachelor of Science In Naval Architoo.
ture and Marine Engineering, are accredited by
the Accreditation Board for Engineering and
Technology, while those leading to the Bachelor
of Science without designation of field are not.
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Bachelor of Science In Ocean Engineering, Bachelor of Science In Ocean Engineering,
In Naval Architecture and Marine in Naval Architecture and Marine
Engineering, or without designation Engineering, or without designation
Course XiP Course XIIi-C

GenernetUe neqs*mern 17 suate

Science Requirement S
Humanities. Arts, and Social Sciences Requirement S
Science Distribution Requirement C2 subjects can be
satisfied from among 2.01, 240,13.00, and 18.03 in the
Departmentai Program) 3
Laboratory Requirement (half of the requirement can be
satisfled by 13.901 In the Departmental Program] .

TOTAL Subjects 17
PLUS

Deetalentd Propun Unito

Sube namen below amre followed by credI units, and by
prerequialen Many (corsquets In atsuca)
Requied su*eote:"

4  13
one ofre ft owing tree Subjecta:

2.02 Introduction to Systems Dynamics, 12; 8.01, 18.02

6.003 Signals and Systems. 15: 0.001, 6.002
13.SW Mechanical Vibration, 12; 2.030*

pa,
One of me bing two subjects.

2.20 Fluid Mechanics. 12; 18.02, 18.03

1.0 Fluid Dynamics. 12;18.03

13.00 Computer-Alded Hydrostatics and Hull
Surface Definition. 12; 8.01, 18.02

13.003J Dynamics, 12 2.01,2.02. 18.03
13.021 Madne Hydrodynamics I, 12: 2.20*
13.1W Introduction to Structural Mechanics. 12; 2.01*

13.40 Introduction to Computer-Alded Ocean
Engineering Design, 12 2.01. 13.00. 220*

1131700-
13.109 Special Problems in Ocean Engineering. 12
13.t01 Ocean Engineering Laboratory 1. 6; 2.20

18.0 Differential Equations, t2 18.02*
2.01 Mechanics of Solids. 1t 8.01, 18.02
2.40 Thermodynamics, 12. 8.02, 18.03

fteetlted Killooli s

Thiiy unts are to be chosen by the Moden and faculty
achvtorto aMain preparation for acarser In Ocean Engineer-
ing or In Naval Architecture and Marine Engineering. or to attain
another educational objective defined by the student.

1.rolifoDeedmetlvu i 0e satsf
the General lisea ae y

Unesee eesa

Course XIII-C is an Engineering internship
program that enables students to combine
professional experience with their academic
work, while at the same time providing for part
of their educational expenses. The four-year
program leads to the Bachelor of Science In
Naval Architecture and Marine Engineering, or
in Ocean Engineering, or without designation.
Students in the Internship program alao may
apply for admission to the Graduate School to
o n the Bachelor of Science concurrently
with the Master of Science at the end of their
fifth year. This program Is part of the Engineer-
Ing Internship Program, described In detail in
the School of Engineering section.

All MIT sophomores in good standing can apply
for entrance to the program. Atemating periods
at the Institute and at cooperating work sites are
arranged so that graduation Is not delayed
beyond the normal date.

The companies and laboratories particlpating In
the internship program cover all Important
aspects of ocean engineering, Including naval
architecture and marine engineering. Assign-
ments with these organizations provide opportu-
nities to participate In activities such as con-
struction, testing, design, development,
research, and technical planning.

Versions of the Course XIII-C program leading
to the Bachelor of Science in Ocean Engineer-
Ing, or in Naval Architecture and Marine Engi-
neering, are accredited by the Accreditation
Board for Engineering and Technology, while
those leading to the Bachelor of Science without
designation of fleid are not.

The Course XIII-C curriculum is identical to
Course XIII, except that 13.771 Engineering
Intemship (12 unis and 13.772 Industrial
Practice in Ocean Engineering (12 to 36 units)
are taken in place of Special Problems in Ocean
Engineering. Further details may be obtained
from the Department. The Department also
suge that 13.901 and 13.902 betaken to
s te Institute Laboratory Requirement.

*Altomate prerequisites are listed in the subject descdiption.

14.01 Princlile of MIC004eooMNois Is required In the Humani-
ties. Afts and Social Sciences program If another subject In the
filid of economics Is n Inciuded in the elective program.

2
The Department al" substitution of subjects of similar
content affer consultation with the fa6u0^ advisor

Combined Bachelor's and Master's Degree
Program

Programs leading to a joint Bachelor of Science
(in aeronautics and astronautics, ovil engineer-
ing, electrical engineering, mechanical engi-
neering, naval architecture and marlie 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, early In their under-
graduate studies, decide to pursue a graduate
degree In ocean engineering or naval architec-
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 proiram is
arranged in consultation with the regtra on
officers of the two participating departments. For
further Information, interested sdents should
contact the Departmental Student Administra-
tion Office.

Inquiries

Further information on undergraduate pro-
grams, admissions, and financial aid may be
obtained by contacting Professor Dick K-Y Yue,
Room 5-326A, MIT, Cambridge, Massachusetts
02139, (617) 253-4366.

4
Students must receive a grade of C or botter in core subjects
which serve as prerequisies for other Departmental core
subjects before continuing In the Departmental program.

5
For the degree In Ocean Engineering, students ar required to
take at least so units from the folowing areas; Dynamics,
Design. Hydrodynaics, Instrumentation and Elictronice.
Management and Economics. Materials and Fabrication, oea

(SO) 3 It~c;Sysems r~alyVA W4Structures. Selected subjects need
For the d wthout d otion of field delete 13Ao not be In different areas.

41 from the list of r uired su bjets Wn n ated n
Eleocte units by2. For the degree In Naval Architecture and Mad ine rng, at

lest one subject from the are Of PoW and PrcbUo mu
be included in the 30 units of elective subjects described In

IIIIISfootnote 5 above.
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Graduate Study

Graduate study in the Department of Ocean Ocean Engineering/Naval Architecture
Engineering can lead to the following degrees: and Marine Engineering
Master of Solence; Ocean Engineer, Nval Course X1li
rineer; Doctor of Philosophy; or Doctor of

oe-r'.

An acceptable program of subjects plus an
acceptable thesis leading to the Master of
Science usually requires from one to two aca-
demic years, depending upon undergraduate
preparation.

The Ocean Engineer and Naval Engineer de-
gree r'equire at least two years, Including a
substantial thesis.

The Doctor of Science or Doctor of Philosophy
with a specification in an ocean-related field
usually requires more than three years following
a Bachelor of Science.

Students, together with their program advisors,
usually can tailor their programs ofgraduate
study to suit individual interests an career
objectives. Detailed Dep ental requirements
are available from the Departmental Student
Administration Office.

Entrance Requirement* for Graduate Study

Undergraduate preparation for admittance to
graduate study In the Depant of Ocean

ngneering Ideally should be equal in quality,
quantity, and breadth of coverage to the Depart-
ment's undergraduate curricula. An undergrad-
uate degree in ocean engineering is not re-
quired.

If undergraduate preparation is lacking in one or
more areas, the deflolenoles may be made up
concurrently with graduate work, usually by
successfully completing one or a few upe
level undergraduate subjects. Undergraduate
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 speolfloation, provided that the student
has a correspondingly increased competence in
areas pertinent to his or her proposed graduate
program.

The Program leads to the Naval Engineer or
Master of Science. For programs leading to the
Naval Engineer, a Master of Science may be
awarded simultaneously upon recommendation

The Department's curriculum leading to a of in1 Liepartment or o sumer upanmnT
Master's degree in Onean Engineering Is based related to the student's specty. For pro rams

on abrod wrkin knwlege o al ~ aic leading to the Master of Science, an add onal
engineering skills. The Intended outcome of this Master of Science may be awarded simulta-
program is a person whose main interest is the neously in a second field of specialization upon
development of the ocean for the good of recommendation of the department represented
humanty, and in following this ambition is by that field.
prepared to use whatever engineering diedi-
pline are needed to address the problem at Ocean Systems Management
hand. As a part of the more general field of Course XIiI-B
Ocean Engineering, Naval Architecture and
Marine Engineering is concemed with all as- The XiII-B Pr ram in Ocean Systems Manage-

gts of watrbome vehicles operating on, ment offers boh Master of Science and Doctorelow, and just above the sa surface. The SM. of Philosophy degrees.degree In Naval Architecture and Marine Engi-
neering is intended to develop an individual The Master's program is intended for students
who plans to concentrate in areas related to with solid engineering backgrounds who are
waterbome vehicles and/or their subsystems. Interested in the business and govemment

Major fields of study or specialization include
(but are not limited to) the following:

Acoustics
Applied mechanics
Computer-aided design and fabrication
Fluid mechanics
Hydrodynamics
Marine data systems engineering
Marine materials and fabrication
Marine systems
Offshore engineering
Offshore platform design
Ship and offshore rig dynamics

r mechanics
Welding fabrication

management aspects of ocean engineering
systems and activities, including ocean trans-
portation, marine resource development, public
policy and ocean use ocean mining, ports, and
fishenies. Technical background should consist
of a S.B. degree In engineering or science.
Background should include atilea one under.
graduate subject each in differential equations,
probability, and microeconomlos. Ary defiolen-
c 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

Doctoral degrees are offered in the fields of ,u m I n yewundergraduate who carefullyOcean Engineering and Naval Architecture and sohodules his or her elective time from theMarine Engineering. Students are admitted to junior year on. Such a student Is awardedthe doctoral program after successful comple- concurrently an S.M. In Ocean Systems Man-tion of the appropriate qualifying examinations. agement and an S.B. degree Further informa-
The students program must be acceptable t tion on the Master's program requirements canthe Departmentsl Committee on Graduate be obtained from the Departmental StudentStudents, both with respect to depth in the Administration Office.major area and broadness in collateral areas.
Details on the examination process and other The doctoral degree program In Ocean Sys-
requirements. IncludinS the doctoral thesis, may tame Management requires the development ofbe obtained from the Departmental Student new knowledge that enhances the state of the
Administration Office. art in this area. To achieve that goal, the student
There ae also a number of interdepartmental Isexpectedtocom eteaprgramofstudyand
doctoral programs available to students In the theory, methodolo ,andcexperience'l~ 1e
Vepartment. iDetals may be found in Chapter a cxrite tn

Ocean Systems anagement area, such as
engineering, economics, business administra-

Naval Constuction and Engineering tion, operatons research, public policy analysis
Course XIII-A and law. StudeV,. are admitted to the doctoral

proram after passing the appropriate written
This Program providee appropriate academic adoral qualifying examinations. Further infor-
ba round for naval offcors who later aotvelu mation on the doctoral program requirements
participate In concept formulation, design, and and examination process may be obtained from
construction of naval vessels. In addition to the Departmental Student Administration Office.
general engineering and science and a core
rram of subjects in ocean engineering, each

ent follows one of several ializ
curricula i aect of. or ap be to, naval
construction and engineering.
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Ocean Engineer or Naval Engineer

The programs leading to the Ocean Engineer or
Naval Engineer degrees require a higher level
and signi yder range o pr ona
competence in engineering tan that required
for the S.M. degree. The program for an Engi-
neer's degree ordinarily includes subjects in the
areas of economics, industrial management,
and public policy or law, and at least 12 units of
comprehensive design. Should the student be
working toward the simultaneous award of the
Engineer and Master's degrees, a single thesis
is generally acceptable, provided it is appropri-
ate to the specifications of both degrees and
demonstrates the educational maturity expected
of candidates for the higher degree. Additional
Information on Departmental requirements Is
available from the Departmental Student Admin-
istration Office.

Technology and Policy (S.M.)

The Department also offers a Master's degree in
Techno and Policy. This program educates
students a strong teohnical foundation in a
marine-related field as well as a strong compe-
tence in dealing with policy issues. This pro-
gram is interdepartmental and is described in
Chapter Vi. Requirements for entry into thisM am are the same as those required for the

Ill- Program with adjustments made for the
special requirements of the Technology and
Policy Program.

Transportation (S.M.)

The Interdepartmental degree of Master of
Science in Transportation is offered in coopera-
tion with the Center for Transortation Studies.
Most ocean engierng students studying
transportation a the Masters le ae enrolled
In this Interdepartmental p ram. Requirements
for the Master of Science in Transportation are
described in Chapter VI.

Management of Technology Program

individuals Interested in applng their ocean
engineering: background adat ieast five years
of tehni work experienc to issues in techni-
cal management may apply for admission to the
Mangmnt of Techology Prq_. Jointly
dv e and offered by M ITs Sholof
Engineering and the Sloan School of Manage-
ment, the program entails a rigorous twelve-
month curriculum, focusing on management
principles for technical persons In a technical
environment. Theprgaisdinefo
scientists and engineers on a career path requir-
ing i nn oeagral responsibilities for

h a vi etails of he program are
described in Chapter Vi.

Joint MIT-Woods Hote Oceanographic
Institution Program
Course XIII-W

A joint p ram with WHOI is intended for
studen ose primary career objective is
oceanographio engineering. Students divide
their academic and research efforts between the
campuses of the two institutions. While in resi-
dence at MIT, students enrolled in this course
follow a program similar to that of other students
in the Department. The program is described in
moro detail under the section at the end of this
chapter on MIT's Joint Program in Ocean ra-

y and Oceanographic Engineering with the
Wods Hole Oceanographic Institution.

Assistantships and Graduate Scholarships

There are a limited number of teaching and
research assistantships avalabie to graduate
Students In the Department each yew. These
are awarded on the basis of both qualifloation
and need. The duties associated with these
assistantships contribute directly to the assis-
tant's educational program. An assistant may
not register for more than 36 units per term,
depending on the appointmerit held. Additional
registration may be lowed when directly
connected with an assistant's assigned duties.

A limited number of awards and scholarships is
available to graduate students in the Depart-
ment. Scholarships are awarded each year by
the Societ of Naval Architects and Marine
Engineers. These awards can be used for study
at any Institution of the recipient's choice and
usually are awarded to applicants who, through
their education or their professional work, have
evidenced strong Interest in some field of naval
architecture and marine engineering or in ocean
engineering. Fellowships ae also awarded each
yew b hOffice of Naval Research (ONR) and
he Na Solnce Foundation (NSF).
Prospective students are invited to communi-
cate with the Department regardingany of these
educational and financial opportune. Applica-
tions for the S of Naval Architects and
Marine EnginersmGauate Fellowships. Office
of Naval Research, and National Science Foun-
dation fellowships au made directly to the
aopste societ. Inquiries for the fal term

sold be made late In the preceding fall term.

Inquiries

Additional information concerning academic
earch opportunities, admissions,

adfnnall aid may be obtained by writing to
the Student Administrator, Department of Ocean
Engine ttg Room 6-22, MIT, Cambridge.
Massachusetts 02139, (617) 263-1994.



170 School of Humanities and Social Science

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)

The School of Humanities and Social Science
reflects the great diversity of MIT today. In a
university ose activities center around
solence and tecno the School represents
the main fields of the liberal arts. Strong

raduate programs exist in economics,
ngulstlcs, philoso hy, and political science;

ents and facu participate extensively In
the research activities of numerous centers,
laboratories, and departments outside the
School. There is an ambitious and steadily
broadening proram of undergraduate
education, which Includes majors In
anthropology/archaeology, economics, foreign
languages and literatures, history, language and
mind, literature, music and theater arts,
hilosophy, political science, science,

echnology and society, and writing, plus an
interdiscip lary major in Science or
Engineering and the Humanities. The recent
establishment of minor programs in most of the
aforementioned fields and in Psychology, Urban
Studies and Planning, and Women's Studies
offers yet another opportunity for under raduate
explorallon in Humanities, Arts, and Soc
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
ma r university, with a vigorous symphony
oro estra, several 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
strongest at MIT. The esprit de corps Is strong
and there Is a marked emphasis on developing
new and ,)xclting fields of inquiry. Many stu-
dents take advantage of the opportunity to de-
velop close associations with such interdisciplin-
ary centers as the Center for International
Studies, the Artificial Intelligence Laboratory, the
Energy Laboratory, the Research Laboratory of
Electronics, the Program in Psychology, the
Center for Cogndve Science, and the Statistics
Center. A new doctoral program in the History
and Social Study of Science and Technology
has been introduced by the History Faculty and
the Programs In Anthropology/Archaeology and
Science, Technology, and Society. Some of the
graduate programs stress the use of mathemati-
cal and computer-oriented skills, but many doo-
toral theses are concerned with non-auantitative
social science or humanistic topics. Moreover,
graduate students are not entirely confined to

e established doctoral programs. There Is al-
ways room for a highly motivated student to de-
velop his or her own program.
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Special Interdisciplinary
Programs in Humanities and
Social Science

The research achievements of the School are
rap beet known to the world at large
rough 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 branchee of applied
economics. Studies of the labor market are
conducted by economists, sociologists, and
political scientists. A long-established concern
with science and public policy involves people
all over the Institute, and is cularly strong in
the Department of Political lce and the
Program in Science, Technoloy, and Society. A
growing interest am musans in acoustics
and computers leads em 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
these advanced research and training pro-
grams. Students, for example, take part In
graduate seminars and may find part-time
professional employment on facuity research
projects.

Once undergraduates have fulfilled the Institute
Science Requirements, they may devote all of
their time to the humanities and social sciences
and acquire a solid foundation for advanced
work in any of the disciplines represented in the
School. The student of the humanities or social
sciences who wishes to deepen his or her
fluency in science or engineering, perhaps with
an eye to a career in those fields, will also find a
great deal of freedom (i.e., free elective time) to

A chief concern of the School in undergraduate
education has long been the ovision of sub-
Jets to fulfl he purposes of teInstitute Re-
%Iurement In the Humanities, Arts, and Social

lances. The School of Architecture and
Planning offers some subjects that satisfy the
requirement the grea majority ervided
by the Scoo of Humianitiesan oafSl
once. The object of the requirement broadly
stated, Is to ensure that every undergraduate at
MI is exposed to a wide range of cultural and
Intellectual influences. MIT seeks to offer much
1he same range of subjects as a first-rate liberal
at college, in addition to the special offerings
made possible by wedevelod graduate and
research programs. The range of is
constanty =in~ as new evolve at
MIT and as rd change.

The School is particularly anxious to encourage
students equally concerned with the sciences
and technology and with the humanities and
social sciences to come to MIT. We are per-
suaded that modem soo 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
bei ken by rearoh, and is placing a
gro ng mph asis on collaborative endeavors
which conn 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, Phlosophy,
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

Statstic Center

Detailed descriptions of these centers can be
found in Chapter VI of this catalog.

The School offers a number of undergraduate
academic programs embracing several disci-
plines. In general, these programs are staffed
collaboratively by faculty members from various
departments and fields In the School of Huma-
nities and Social Science and, in some cases,
from the Institute's other Schools as well.

Concentrations within the Humanities, Arts, and
Social Sciences Requirement are available in all
of these areas, with degree programs available
in some of them.

Full information on subjects offered, names of
particpating faculty, and specific concentration
and major requirements in these programs may
be obtained 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.

Amerloan Studies

American Studies at MIT offers students the
opportunity to organize subjects from various
fies is (e.g., History, Anthropology/Archaeology,
Li-ature, Political Scinc, Music, Art and
Arotiectur, and Urban Studies) Into personally
constructed interdisciplinary programs as a way
of gaining an integrated understanding of
American soolety and culture.

American Studies is a field of concentration; it is
also available as the humanities component of a
joint degree program (Course XXI-E or XXI-S),
o as a full majoriby special arrangement
American Studies maoswork ota coherent
pgram of study with an advisor, usual includ-

igtosubjects each In Uterature and History
altough variations are possible. Major pro-
grams can center on a particular interest (e.g.,
law in America, contemporary Amerloan politics,
the 19th-century American novel) or aim more
broadly at a comprehensive knowledge of
various aspects of America. See Addtional
Degree Programs under the Department of
Humanities.

Coordinator of American Studies is Professor
Arthur D. Kaledin, Room E61-122, 253-4144.

Anoient and Medieval Studies

Through a wide variety of subjects drawn from a
number of disciplines, this program provides a
curricular framework for explonng topics In
ancient and medieval studies ranging from the
history of ideas and institutions to that of materi-
al artifacts, literature, and certain branches of
the original languages. The chronological span
of the pr ram Includes the 6,600 years be-
tween 0BC and 1600 AD. Suojects are
drawn from Uterature, Fore Langu
Uteratures, History, and Anropol /haeol-
ogy. Ancient and Medieval Studies is available
as a field of concentration.
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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
an object for modem questions and methods of
inquir. Emphasis Is placed on the structure of
insu ns and social systems, and on relation-
ships among the social order and learned
traditions, values, ideologies, and ideas. Ancient
and medieval studies derive a special interest
from the fact that the record is so full and vari-
ous and that much of it is of exceptionally high
quality in substance and form.

Coordinator of Ancient and Medieval Studies is
Professor Richard M. Douglas, Room E51-210A,
253-4445.

Film and Media Studies

The program in film and media offers MIT
undergraduates an opportunity for interdisciplin-
ary study of film, television, and other media of
mass communications. The goal of the program
Is to develop an understanding of the histoncal.
cultural, and artistic significance of film and
other modem media.

The curriculum is broadly organized in three
categories. The first is devoted exclusively to
film and emphasizes the historical and artistic
perspectives of the liberal arts. The second
group is devoted primarily to television and
mass communications and centers on the
political. ideological, and policy-oriented per-
spectives of the social soiences. The third
category - comparative studies in film and
media - alms to combine social-solentific 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 core
curriculum make use of such resources as the
MIT Cable Television System, which telecasts
films and specially prepared tapes in conjunc-
tion with particular subjects; the Harvard Film
Archive, which contains primarily film and video
materials as well as books and periodicals
devoted to film and media; and the Research
Program on Communications Policy, which
conducts sominars and research on the mass
media Many core subjects also exploit video
technologies in the classroom and enc~ourage

vfu iayback systems In
preparing fo etadessays.

Faculty drawn from the following fields regulary
teach subjects In the core curriculum: Art and
Architecture, Foreign Languages and Litera-
tures, Literature, Philosoy, and Political
Science.

The Director of Film and Media Studies is Pro-
fessor David Thorbum, Room 14N-335,
253-960.

Integrated Studies Program

ISP personifies the MIT "mens et manus" motto,
putting to work the minds and hands of our
students. In both non-science and science
subjects, ISP asks that students practice what is
taught, offering labs and workshops alongside
both kinds of subjects. If societies have techno-
I lal *styles" and attitudes just as they have

styles, then the best way to find them out
is to try them out. This past year, ISP students
studied various societies, and while they were at
it, cooked food from different cultures on
stoves, riddles, and woks: investigated the
lives of ndean weavers and modem Industrial
textile workers, weaving fabric on looms ancient
and modem: contrasted the techniques of
African and Japanese master craftsmen in iron
and steel and did some blacksmithing of their
own. Later, as part of looking at the history and
styles of modem engineering and production,
they took apart and rebuilt clocks, an intemal
combustion engine, and a computer. The point
of all this was to give them insight and experi-
ence in a variety of societies, world views, and
changing times, including our own.

ISP offers HASS-D subjects in the areas of
Cultures and Societies and Historioal Studies.
ISP freshme' attend MIT's standard lectures in
calculus, physics, and chemistry but participate
in recitations especially designed for them.
Wherever a hands-on version of a science
subject is offered, ISP students are encouraged
to select it, and recitations held in our lab com-
plement It. ISP alums are tutors, and ISP core
faculty and staff are advisors.

Further information about ISP can be found in
Chapter IlI, or contact Professor Arthur Stein-
berg or Anne Armitage, Room 20C-109,
253-4074.

Latin American Studies

The program in Latin American Studies offers
MIT students the chance to explore intercon-
nections amon culture, society, and politics in
a major Thirdorld area. The program pre-

aes MIT students to understandthe complex
focsthat shape Latin American developniont.

The subjects offered at MIT In Latin American
Studies are drawn from various disciplines,
primarily Foreign Languages and Literatures,

istory, Anthropology/Archaeology, and Political
Science.

Latin American Studies Is available as a concen-
tration and also as the humanities component of
a joint degree program (Course XXI-E or
XXI-S). For the major, students must take at
least one advanced subject conducted in
Spanish (or Spanish Ill and IV. No more than
four subjects can be from a single discipline; no
more than two can focus on the iberian penin-
sula. See Additional Degree Programs under the
Department of Humanities.

Coordinator of Latin American Studies is
Professor Jonathan A. Fox, Room E53-365,
253-5327.

Program in Psychology

Pschology, the study of human mental life and
behavior, is represen ed at MIT as a program in
the School of Humanities and Social Sciences,
and as a concentration within the undergraduate
HASS requirement. Faculty and courses in
psychology are found in many MIT depart-
ments, including Brain and Cognitive Sciences
(IX). Management (XV), History (XXI), Architec-
ture (IV), and STS. Students who wish to con-
centrate in psychology will take a set 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 .00 Introduc-
tion to Psychology. Detailed information about
the minor is found in the description of under-
graduate stu dy for Course IX, Department of

rain and Cognitive Sciences.

In addition to taking ps chology subjects,
undergraduates may e advantage of a wide
range of research opportunities (generally via
the UROP program). Students should ask the
UROP coordinators for specific departments
about projects currently available.

Psychology does not exist as a major at MIT
Interested students should consider majoring in
Cognitive Science (Course IX). See the descrip-
tion under the Whitaker College of Health
Sciences, Technology, and Management, or
contact Professor Dan Osherson, E10-044,
253-0482, for further information about the
Course IX major.

For other information about the Program In
Psycholo y, contact Professor Jeremy Wolfe,
E10-137, 53-4875.

Russian Studies

Russian Studies is an undergraduate program
of analytical, historical, and evaluative subjects
about people with a tradition and form of life
different from the American in ways that are
sometimes complementary, sometimes compet-
itive. Wth a focus on both the society and the
culture of a significant area of the world, this
Interdisciplinary and Interde ental pro ram
is designed to make possible oncrete explora-
tion of Important concems of modem humanity.
These Include tradition and radicalism: rural
versus urban life: the place of the Imagination In
historical change; industrialization, technology,
and the expressivistic modem sensibility; and
humanism and terror. The subjects in Russian
Studies are drawn primarily from History, Litera-
ture, Political Science, and Russian. Readings
and classes in all subjects are in English.

Russian Studies may be taken as a concentra-
tion or as the humanities component of a joint

gd reeprogram (Course XXI-E or Course
S). The major Includes at least two subjects

each In Russian society and Russian culture.

I
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Students may arrange Russian its
within the ram and use uage
in certain subjct.SAddIIonal Degree
Programs under the Department of Humanities.

Coordinator of Russian Studies Is Professor
Robert Macoaster, E61 -118, 253-2841.

Women's Studlee Program

Women's Studies involves a ronition of the
Importance of gender as an anay catgry In
traditional academic disciplines. ubjects of-
fered In this program vide students with an
alternative way to thin about fields of study,
reading back Into those fields the social, hstori-
cal. and cultural experiences and contributions
of women. A Women's Studies perspective
adds an Important and long-neglected dimen-
sion to traditional humanistic, scientific. and
social scientific disciplines reconstructing
standards for theory and mh Iy n fields
as diverse as biology, psychology, Iterature,
history, and urban studies.

The curriculum Includes two core subjects,
Introduction to Women's Studies and Contem-
porary Issues In Women's Studies, and a selec-
tion o 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
tdies 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 indMdual 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 detall In
Chaptler 1II. Further Information may be obtained
from Professor Susan Carey or Barbara
Schulman, Room 14E-316, 23-8844.

The Minor Program in Women's Studies en-
ables students to progress from a broad Inter-
discl inary Introduction to the field to discipline-

Spec subjects and specialized seminars. The
Women's Studies Minor encourage students to
consider gender as a category of analyIs In
traditional echolarly inquiry.

The Minor ram in Women's Studies con-
esit of six subesarranged Into three levels of
study as shown in the next column.

TIER 1: One subject:

SP 401 Introduction to Women's Studies

TIER II: Four subjects from the Women's
Studies curriculum In no less than three of the
following four areas:

1 Uterature
2 History
3) Anthropology/Socloogy/Eoonomics
4) BlologylPsychology

TIER IlI: One subject:

SP 402J Contemporary issues In Women's
Studies

or
SP 452 The Politics of the Feminist Movement

Office of the Dean

Ann Fetter Frledlaender, Ph.D.
Professor of Civil Engineering and Economics
Dean, School of Humanities and Social Science

Philip S. Khoury, Ph.D.
Associate Professor of History
Associate Dean

Douglas W. Pfeiffer, M.B.A.
Assistant Dean for Finance and Administration

David L. Lundberg, Ph.D.
Director of Development

Susan Mannett
Assisant to the Dean for Personnel

Ruth V. Spear, B.A.
Coordinator, Humanities. Ar, and Social
Sciences Office

School Faculty and Staff WIthout
Departmental Affiliation

Martin Dyok, Ph.D.
Professor of German and Uterature, Emeritus

William Nash Locke, Ph.D.
Professor of Modem Languages, Emeritus
Director of Ubraries. Emeritus
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Department of Economics

Richard Samuel Eckaus, Ph.D.
Ford International Professor of
Economics
Head of the Department

Peter Ternin, Ph.D.
Professor of Economics
Associate Head of the Department

Professors
Olivier Joan Blanchard, Ph.D.
Professor of Economios

Peter Arthur Diamond, Ph.D.
John and Jennie S. MacDonald
Professor of Economics

Rudiger Dombusoh, Ph.D.
Ford Intemational Professor of
Economics

Henry Stuart Farber, Ph.D.
Professor of Economics
(On leave)

Stanley Fischer, Ph.D.
Professor of Economics
(On leave)

Franklin Marvin Fisher. Ph.D.
Professor of Economics

Ann Fetter Friedlaender, Ph.D.
Professor of Civil Engineering and
Economics
Dean, School of Humanities and
Social Solence

Drew Douglas Fudenberg, Ph.D.
Professor of Economics

Oliver D'Aroy Hart, Ph.D.
Professor of Economics

Jerry Allen Hausman, D.Phil.
Professor of Economics

Paul Lewis Joskow, Ph.D.
Mitsui Professor of Economics and
Management

Paul Robin Krugman, Ph.D.
Professor of Economics

Daniel Lile McFadden, Ph.D.
Elizabeth and James R. Kililan
Cls of 1926 Professor
Professor of Economios
(On leave)

Michael Joseph Plore. Ph.D.
Professor of Economics and
Management
(On leave. spring)

James Michael Polerba. D.Phil.
Professor of Economics

Jerome Rothenberg, Ph.D.
Professor of Economics

Richard Lee Sohmalensee, Ph.D.
Professor of Management and
Economics
(On leave)

Abraham J. Siegel, Ph.D.
Howard W. Johnson Professor of
Management

Robert Morton Solow, Ph.D., LL.D.,
D.L.H.
Institute Professor
Professor of Economics

Lance Jerome Taylor, Ph.D.
Professor of Economics

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

Jeffrey Earl Harris, M.D., Ph.D.
Associate Professor of Economics

Garth Saloner, Ph.D.
Associate Professor of Applied
Economics and Economics

William Cody Wheaton, Ph.D.
Associate Professor of Economics
and Urban Studies

Assistant Professors

Philippe M. Aghion, Ph.D.
Assistant Professor of Eoonomes
(On leave)

Roland Benabou. Ph.D.
Assistant Professor of Economics

Robert Gibbons, Ph.D.
Assistant Professor of Economics

John C. Heaton, Ph.D.
Assistant Professor of Management
and Economic.

Thomas Lemieux, Ph.D.
Assistant Professor of Economics

Danny Ouah, Ph.D.
Assistant Professor of Economics

Andrea L. Shepard, Ph.D.
Assistant Professor of Economics

Jeffrey M. Woodridge, Ph.D.
Assistant Professor of Economics

Visiting Professors

Ben S. Bemanke, Ph.D.
Professor of Economics

Douglas Gale, Ph.D.
Professor of Economics

Howard Rosenthal, Ph.D.
Professor of Economics

Paul Anthony Samuelson, Ph.D.,
LL.D., D.Itt., So.D.
Institute Professor
Professor of Economics, Emeritus
Gordon Y Blard Felow

Administrative Officer

Pamela Phillips, M.B..

Graduate Student Administrator

Carol McIntire

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 Intemational Professor of
Economics, Emeritus

Harold Adolph Freeman, SB.
Professor of Statistics, Emertus

Everett Einar Hagen, Ph.D.
Professor of Economics and
Political Science, Emeritus

Charles Poor Kindleberger, Ph.D.,
D.H.C.
Ford Intemational Professor of
Economics, Emeritus

Franco Modigiani, D.Jur.,
D.Soo.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 Pigors, Ph.D.
Professor of industrial Relations,
Emeritus
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Undergraduate Study

Economics Is the study of all those aspects of
Individual and social activities related to the
choice, production, distribution, and consump-
tion of goods and services. In relation to these
decisions, economics 's concemed with the
behavior and Interaction of Individuals, private
firms, and other institutions and government
agencies. Thus, economics contributes to the
understanding of many impcrtant social prob-
lems: changes in efficiency and productivity,
fluctuations In the overall levels of economic
activity and employment, inflation, the effects of
government deficits, the growth and decline of
industries, changes In foreign exchange rates,
increases In International indebtedness, and the
behavior of the centrally planned and lees
developed countries.

Subjects are offered in the major areas of
economics: theoretical and applied analysis at
the levels of the Individual consumer, the firm,
and the industry, as well as aggrate economic
activity, industrial organization and health eco-
nomics, econometrics, public finance, urban
economics, labor economics and Industrial
relations, comparative economic systems,
International trade and finance economic
history, and economic development.

The objective of the Minor Program Is to ex-
tend the understanding of economic issues
beyond the level of the concentration. This is
done through specialized analytical subjects
and elective subjects that provide an extensive
treatment of economic issues in particular areas.

The Minor Program In Economics consists of six
subjects arranged Into three levels of study as
follows:

TIER 1: Three subjects:

14.01 Principles of Mlcroeconomics
14.02 Principles of Macroeconomics

and either
14.30 Introduction to Statistical Method in

Economics

or
18.05 Introduction to Probability and

Statistics

TIER t: One subject from the following three:

14.03
14.04
14.08

Applied Microeconomics
Intermediate Microeconomic Theory
Intermediate Macroeconomic Theory

TIER Ill: Two Subjects:

Two elective undergraduate subjects chosen
from tis fields of applied economics.

In addition to its brou1 undergraduate program,
the Depertment offers a graduate program
leading to the Ph.D. In economics. The Intro-
duction to the School of Humanities and Social
Science found earlier in this chapter describes
the Department In the context o the School and
of MIT.

Bachelor of Science In Economies
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 subects and are encouraged to
engage In i 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 thougnt. 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 designing individual programs within
economics and balancing the programs with
subjects in other disciplines. The large amount
of unrestricted elective time encourages stu-
dents to shape programs close to their own
needs and interests. Students may select pro-
grams that concentrate on economics and other
social sciences or may combine economics
with other fields. They may emphasize the
relation of economics and technology by
choosing their free electives in engineering and
science. Or they may combine their studies in
economics with subjects in history and the
other humanities.

The successful completion of the degree pro-
gram prepares students for further study In
economicj or for careers In business adminis-
tration and finance, industrial relations, law and
related fields, and government.

Although there are several satisfactory aitema-
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
that permits considerable depth in electives in
their third and fourth years. 14.04 Intermediate
Microeconomic 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 emotive subjects in
their fourth year.

The Department specifies one science dstribu-
tion sufrjiect and one laboratory subject, and
strongly recommends that all *tdent take an
additional subject in computer techniques and,
If professionally Interested In economics, further
work In maiemats.

Bachelor of Science In Economics
Course XIV

ceneral Institute Requiremente 17 Subjects

Science Requirement

Humanities. Arts, and Social Sciences Requirement
(3 subjects can be satisfied by subjects In the
Departmental Program)'

Science Distribution Requirement (1 subiect can be
satisfied by 14 30 In the Departmental Program}

Laboratory Requirement (can be satisfied by 14.31 In the
Departmental Program)

TOTAL Subjects

5

S

17

PLus

Departmental Program Units

Subject names below are 11buoWeld by credir Unft, and by
prerequisites Many (cor'quisitea In alics)
nequired Subjects: a1

14.01 Principles Of Microeconomics 9

14.02 PrincIples of Macroeconomics. 9

1404 Intermediate Microeconomic Theoy, 12: 14.01

14 08 intermediate Macroeconomic Theoy. 12; 14.02

14 30 Introduction to Statistica Method
In Economics 2 1.1.02

14.31 Econometrics. 12; 14 30

14 39 Undergraduate Thesis Seminas 3 , 8; 14 04
14 06 14.31
Thesis (9 units)

Rostricted Electives: 46-600

Elective subjects In economics

unittln D artmental Program that also satly
the Gener Institute Itequirams (S1-SO)'

Unrestricted Electives "-104

Total Units Required for the 5.5. Negree Beyond
the cainral InAtitute Reqirement ISO

No more than three subjcts In Economics, excluding the required
subjects, may be used for the HumanitIes. Arts, and Social
sciences Requirement.

2
Or an approved altemative In statistics

3
14 UR undergraduate Research (Arr. units) approved astocontent
may be subsituted for 14.30.

4
The precise number will depend on the units of s..'iect chose

I WWW""W"
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Graduate Study

Entranoe Requirements for Graduate Study The Department has no general forel n lan-
guage requirements. When a foreign anguage

The Dernt Ifies the following prer-% s essential for full access to the literature In a
ulsitee forgradua y In eoonomlos: o 1 field of major Interest (for example, European
year of college mathematlos. Including atast eoonomk history, Russian economics) or to
one term of calculus; one full year of college thesis research, a language requirement Is
work In science; at les six term subjects In Imposed by the Department upon the recoi-
English, history, and other humanities or social mendation of the thesis supervisor or the Grad-
sclence subjects (not In the candidate's own uate Registration Officer. Such a requirement Is
professional field) equivalent to those included adminis ered by the Department of Humanities
in the undergraduate curriculum at MIT; and an and can be met b satisfactory course work at
appreciable number of professional subjects in other schools or at MIT, or by examination.
economics for those qualified students who
have majored In fields other than economics._ Students Interested In developing professional
Applcants for admission who have deficiencles competence in economics and urban studies
in entrance requirements should consult with may elect an interdepartmental program In the
the Department about programs to remove Departments of Economics and Urban Studies
such deficit. and Plannin9, which Is described In more detail

Master of Science In Economics

Under speial circumstances, admission may
be gran to candidates seeking the Master of
Science degree. The general requirements for
the S.M. are given in hapter IV.

Doctor of Philosophy

A candidate for the doctorate must 1) demon-
strate a mastery of five felds of study, one of
which is economic theory, including both micro-
economics and macroeconomlos; 2) achieve a
specified level of competence in economic

story 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 oft five fields,
including economio theory, are covered by the
written eral Examination. Two minor fields
may each be satieled by one year of course
work. The four m or ane minor elective fields
may be chosen from advanced economic
theory, comparative economic systems, eoono-
metrics, economic development, economic
history, finance, fiscal economics, human re-

oes and the distribution of income and
wealth, Industrial organization, intemational
economics, labor economics, monetary eco-
nomics, and urban economics.

There is no required minimum number of
radu subjects in the Department. However,

candidates ordinarily need two full academic

e and to
pre-thesis requirements. The doctoral thesis
must be written in residence. It typically requires
two years of research.

Teaching and Research Assistantships

A limited number of students are supported by
scholarship and fellowship grants as well as by
teaching and research assistat.hips. Typicaliy
the assistanthips are available only to studet
who have passed their general examinations,
but in special circumstances, research assistant-
ships may be held by second-year students.

Inquiries

Additional Information conceming academic
rograms n the Department, admissions. and
r manol aid be obtained by writing to

Professor R. S. Eckaus, E62-373A, MIT1750
Memorial Drive, Cambridge, Massachusetts
02139, (617) 253-3361.
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Department of Humanities
(Course 21)

Anthropology/Archaeology

The Introduction to the School of Humanities
and Social Science found earlier in this chapter
describes the Department In the larger context
of the School and of MIT

The Department of Humanities consists of a
number of autonomous sections and programs,
each with its own headquarters. There are
currently six such units: 1) Anthropolo Ar-

chelgy, 2) Foreign Languages and Utra-
tures, 3) History, 4 rature, 6) Music and
Theater Arts, and 8) Writing.

All the programs in the Humanities provide
subjects that help to satis the Institute Re-
quirement in Humanities, , and Social
Siences. Undergraduate d e programs
are available In Course XXI, eer In combina-
tion with Engineering or Science curricula
(XXI-E, XXI-S) or as full majors (XXI), described
later In this section. Students Interested in any of
these degree prams should consult an
advisor In the field, and Individual section and
program offices.

Jean Elizabeth Jackson, Ph.D.
Professor of Anthropology
Program Head

Martin Diskin, Ph.D.
Professor of Anthropology

James Howe, Ph.D.
Associate Professor of Anthropology
(On leave)

Heather Nan Lechtman. M.A.
Professor of Archaeology and Ancient
Technology
Director, Center for Materials Research in
Archaeology and Ethnology

Arthur Steinberg, Ph.D.
Associate Professor of Archaeology

Dorothy Hosler, Ph.D.
Assistant Professor of Archaeology

Usa Beth Rofel, Ph.D.
Assistant Professor of Anthropology and
Science, Technology, and Society

Harry Merrick, Ph.D.
Lecturer in Archaeology

Alison Salisbury, B.A.
Program Coordinator

Rhoda H. Halperin, Ph.D.
Visiting Scholar

Cyril Stanley Smith, Sc.D.
Institute Professor, Emeritus
Professor of the History of Science and
Technology, Emeritus
Professor of Metallurgy, Emeritus

Anthropology/Archaeology

Anthropology studies humankind from a com-
parative perspective that emphasizes the diver-
sity of human behavior and the im rtance of
culture in explaining that diversity. While the
discipline encompasses the biological nature of
our species and the material aspects of human
adaptation, it takes as fundamental the idea that
we respond to nature and natural forces in large
part through culture. Anthropogy, then, is the
study of human beings as cultural animals.
Archaeology, one of its rincipal branches, uses
material remains to study cultures, often over
long time periods. Cultural anthropology draws
its data from the direct study of contemporary
peoples living in a wide variety of circum-
stances, from peasant villagers and tropical
forest hunters and gatherers, to urban popula-
tions in modem societies.

The Anthropology/Archaeology Program at MIT
offers students a broad exposure to the disci-
pline as well as an anthropological perspective
on problems and Issues relevant to other fields
In the humanities, social sciences, and en I-
neering. it also provides more Intensive ino
ductions to areas of faculty specialization, which
include social and political organization, eco-
nomics and human ecology, religion and sym-
bolism, paleobotany, technology and materials
science, and the anthropology of art and scien-
tific research. Geographical specializations
include ancient and modem cultures of the
Americas, ancient civilizations of the Mediterra-
nean and Near East, and modem China and the
United States.

The scientific study of technologies and materi-
als from ancient and contemporary non-western
societies forms a special field of research and
teaching for the Anthropology/Archaeolo
Program. MIT archaeologists, together
colleagues in the Department ofMaterials
Science and Engineering and with anthropolo-
gists and archaeologists from six museums and
universities in the Boston area, founded the
Center for Materials Research in Archaeology
and Ethnolgy (CMRAE). The center, which is
directed by IT Anthropology/Archaeolog
faculty, provides a focus for research, t Ing,
and graduate training in this field, and Is de-
scribed In further detail in Chapter VI. Students
may participate in research projects by arrange-
ment with the appropriate faculty members.

The Anthropology/Archaeology curriculum Is
divided Into five groups that show the breadth of
the field, with particular emphases. Introductory
subjects (21.50-21.506) encompass broad
topics such as human evolution and archaeo-
logical methods. Social Anthropology subjects
(21.511-21.531J) deal with a wide range of
concers about reil gion and sociopolitical
organization in modem communities (mostly in
Latin America and our own society). The sub-
jects in the section orn Technology and Cultural
Context (21.534J-21.543J) focus on various
early and modem technologies and how they
relate to their cultural settings. The Archaeology
subjects (21.560-21.561) cover the ancient
cultural sequences in certain regions, as well as
topics such as empires and cities viewed In a
cross-cultural perspective. The subjects given
by CMRAE have prerequisites and are open
only to graduate students and qualified upper-
class students; most of the other offerings do
not carry prerequisite requirements.

Students taking a ooncGntration in anthropology
are advised to choose a mix of subjects In
archaeology and cultural anthropoly with help
from the program's concentration avisor.
Anthropology subjects qualify for several
interdisciplinary concentrations, including
Women's Studies, Latin American Studies, and
'Technology, Culture, and Development."
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The Minor Program In Anthropology/Ar-
chasology consists of six subjects arranged
into three tiers as shown below. Students will
create Individual programs focusing In Anthro-
pology or Archaeology with the help of the
MInor Advisor to ensure they gain a coherent
Introduction to the methods, approaches, and
some of the results of the discipline.

TIER 1: Two subjects:

One subject In cultural anthropol y:
21.50 Introduction to Anthroplogy

and
One archaeol loal subject chosen from:
21.603 introuction to Archaeology: Paths

to Civilization
21.504 Approaches to Archaeology

TIER 11: Three subjects from the following areas:

1 Social Anthropol y (except 21.514)
2 Technology and Itural Context (except

21.536J)
3) Archaeology: Regional and Topical
4) Specil Topics

TIER IlIl: One subject:

21 .510 Seminar in Anthropological Method
and Theory

Bachelor of Science In
Anthropology/Archaeology

The rtagree of Bachelor of Science in
Antiropokogy/Archaeology (Course XXI) pro-
vides training In cultural anthropology and
arc4hasology.
Majors focusing on cultural anthropolouy leam
about the concept of culture, the nature of
anthropological fieldwork, the connections
between anthropology and the other social
sciences. They study the various theories which
attempt 'x explain human behavior (e.g., pay-
chological, ecological, structuralist as well as
the range of methods anthropologit use to
analyze data. Students can focus on geraphi-
cal areas, such as Latin America or modem
Western society, and on issues like neo-coo-
nilism, gender studies, religion and symbolism,
or comparative political organization.
Majors who focus on archaeology learn the
theoretical and methodologioal approaches to
understanding societies of the historic and
prehot. Such subjects are complem-
ented by o that concentrate on specific
ancient culture groups, such as the Maya of
Mesoamerica or the Iron a peoples of sub-
Saharan Africa. Some subc are oaized
around topical conoems: ancient art, growth
of ltites, t evolution of empires. Stude also
leam about anclen system of too alo
special emphasis at MIT as a result of the Inter-
acion betee the A/A Program and the Center
for Mater"l Research In Archaeology and
Ethnology (CMRAE).

Regardless of whether A/A student majors
concentrate on cultural anthropology or archae-
oloy, they come to understand that the hall-
m of the discipline is the comparative study
of human societies. Emphasis is on understand-
ing diversity and the Importance of the concept
of culture in explaining that diversity as well as
on learning about the universals of behavior that
underlie diversity.

Bachelor of Science In
Anthropology/Archaeology
Course XXI-Y

Genera Institute equiremente 17 subleete

Science Requirement S
Humanities. Arts. and social Sciences Requirement
[3 subjects can be satisfied by sublects in the
Departmental Program) 5
Science Distribution Requirement S

Laboratory Requirement _1

TOTAL Sublects 17
PLUS

Depwtmemtal Prasram Units

Subject namee below are Ilowed by credit ata, and by
prov eeq sle If any
Nequied Subete, 5

21.50 introduction to Anthropology, 12

21.03 Introduction to Archaeology, 12

21.510 Seminar in Anthropological Method, 12

21 ThT Humanities Pre-These Tutorial. 6

21 .ThU Undergraduate Thesis in Humanities. 12; 21ThT

Restuilted Weoleves: 7-go
Group i: Basic Theory and Method
Neo the fowtong ftve subjects:
(Archaeology students must Include 21.504)

17.111 Modern Social Theory, 12

21.602 controversies and Core ideas, 12
21.804 Approaches to Archaeology, 12
21.8o0 evidence end Argument in Anthropology. 12
21.500 Understanding Culture, 12

Group ii, Topcal Subjects
A cOlWAntprogram, of sixsubjects, normally emphasiing ete
archaelyorOwLAW &fwpog), up to Iwo subjct may be
tIn itei Oftl1 1gt. te leealf

cr4 =(2W-311)

ueweetalete Eltves 67-"

Totld Unit asdtrur .. Dee ayn h
Genera IntttdbqhWent

Joint Degree Programs

Joint degre pr rams In Anthropology/Ar-
ohaeology Inolude majors In combin on with a
field of engineering or science (Course XXI-E,
Course XXI-S), Se Additional Degree Pro-
grams.

Subject 21.50 Is strongly recommended as a
preliminary subject for all Anthropology/Ar-
chaeology degree programs (in addition to the
required program of studies).

The A/A Program is one of the units offering the
Ph.D. Program in the History and Social Study
of Science and Technology (" the listing for
the Program in Science, Technology, and

Subjects In Anthropology/Archaeology are
numbered 21.50 through 21.599 In Chapter ViII.
Further information on subjects and programs
may be obtained from the Anthropology/Ar-
chaeolo P ram Office, Room 208-131,
(617) 253-06

1 s
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Foreign Languages and
Literatures

(To be appointed)
Section Head

Catherine Vaka- Chvany, Ph.D.
Professor of Russian

James Wesley Harris, Ph.D.
Professor of Spanish and Linguistics

Robert Emmet Jones, Ph.D.
Professor of French and Humanities

Claire J. Kramsch, Agregation
Professor of Foreign Language Acquisition
(On leave)

Isabelle do Courtivron, Ph.D.
Associate Professor of French

Suzanne Flynn, Ph.D.
Associate Professor of Second Language
Acqusitin
(On leave)

Elizabeth Garrels, Ph.D.
Associate Professor of Spanish

Margery Resnick, Ph.D.
Associate Professor of Spanish

Edward Baron Turk, Ph.D.
Ass -ate Professor of French

Michio 1butsul, Ph.D.
Assistant Professor of Japanese

Margaret Sokolik, Ph.D.
Visiting Professor of English as a Second
Language

Avigall Vicente, Ph.D.
Visiting Assistant Professor of French

Bernd Widdig, Ph.D.
Visiting Assistant Professor of German

Gllberte Furstenberg. Agregation
Senior Lecturer In French

Douglas Morgenstem, M.A.
Senior Lecturer in Spanish

Ellen Croocker, M.A.
Lecturer in German

lbmoko Graham, M.S.
Lecturer in Japanese

Evelyn Lienfeld, M.A.
Leoturer In Spanish

Elena Someka-Pankratova, Ph.D.
Lecturer in Russian

Ruth rorneter
Director of the Language Laboratory

Foreign Languages and Literatures

The Foreign Languages and Literatures Section
offers a variety of programs. There are subject
sequences In French, German, Russian, Span-
ish language and literature taught in the original;
a subject sequence on literature taught in
English translation: a comprehensive program in
English as a second language: 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 expression. At
MIT, students have the opportunity to bring their
knowledge of a foreign language to the level at
which they can not only speak fluently, but also
read with pleasure and criWcal awareness. If

reserved through use, these skills constitute an
ntellectual and personal resource throughout a
lifetime, and can be an important asset for those
pursuing careers with Intemational dimensions.

The Foreign Languages and Literatures curricu-
lum is arranged In three tiers: 1) Fundamental
languae subects familiarize students with the
principles of the language in both its spoken
and written forms, and introduce them to the
culture of the country where the language is
spoken. Levels iIl and IV language subjects
provide for review and refinement of grammar
study of more difficult reading matter with
cultural and literary content, and include com-
positions and discussions in the foreign lan-
guage. 2) Intermediate subjects in language,
lterature, and civlization are conducted In the
foreign language. They introduce students to
the form and content of foreign literatures and
of foreign cultures and societies. These courses
also offer the opportunity to develop more
refined communication skills in the language. 3)
Advanced subjts in literature and civilization,
conducted in the foreign language, encourage
students to explore In depth specific literary
genres, authors, and pe 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 Intercultural discourse. These include
great works of foreign literature, foreign film,
and works by women writers from many coun-
tries. Under the heading *Studies in Language.'
courses aim to sensitize students to the nature
and structure of language and communication.
*English a cond Lau " subject offer
a solid basis of oral and wlenskills I English
to students whose native language is other than
English.

Concentrations are available in: 1) a given
language.2) lnuage and literature, 3) iftera-
tureandoultureony, 4) the nature of language
and 5) world literature in translation. Concra-
tions should be arranged on an Individual basis
in consultation with a designated advisor in
each language group.

The Minor Programs in French, German,
Russian, and Spanish lead students who have
already reached an intermediate level of profi-
ciency into a more advanced study of the
language, literature, and culture. Note: Basic
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 i: Two subjects or less depending on
demonstrated level of entering competence:

21.203 French IlI
21.204 French IV

TIER II: Two or three subjects from the French
Intermediate Subjects in Language, Literature,
and Civilization listing: 21.207-21.211

TIER III: Two or three subjects from the French
Advanced Subjects In Literature and CMilization
listing: 21.213-21.228

The Minor Program in German consists of six
subjects arranged Into three levels of study as
follows:

TIER I: Two subjects or less depending on
demonstrated level of entering competence:

21.233 German IlIl
21.234 German IV

TIER 11: 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
foiiows:

TIER 1: Two subjects or less dependl on
demonstrated level of entering oomp :

21.263 Russian iII
21.264 Russian IV

TIER 11: Two or three subjects from the follow-
Ing: 21.265, 21.267, 21.269 and 21.270

TIER iII: Two or three subjects from the follow-
Ing: 21.268, 21.271, 21.272, 21.312-21.318

The Minor Program in Spanish consists of six
subjects arranged into three levels of study as
follows:
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TIER 1: TWO sub"et or loe depending on
demonstated level of entering competence:

21.277 Spanish III
21.278 Spanish IV

TIER I:1 Wo or three subjects from the Spanish
Intermediate Subjects In Language, Uterature,
and Culture listing: 21.281-21.285, and 21.289

TIER IlIl: Two or three subjects from the Spanish
Advanced Subjects In Uiterature and Culture
listing: 21.286-21.293, but excluding 21.289

Bachelor of Science In Foreign Languages
and Literatures

Program 1: French Option

The Foreign Languages and Literatures Section
offers a program in French leading to the de-
gree of Bachelor of Science In Foreign Lan-

ag es and Literatures. The French program is
dgned to provide: 1) competence in reading,
writing, and speaking French; 2) general knowl-
edge of Francophone culture and literature; 3)
advanced subjects In literature and the option of
a thesis. A relatively lae 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 Languages and Literatures Section
offers a program In ish leading to the
degree of Bachelor Science in Foreign Lan-
guages and Literatures. The completion of a
major program In Spanish will be Important not
only for those pursuing careers with Intemation-
aIdimensions. but also for students who plan to
work in many parts of the United States where
Spanish has become a significant presence.
Students will be able to communicate effectively
In Spanish and will attain a level of cultural
awareness, historical perspective, and literary
eophioatlon noeesr to enter g roram
eitidyTe deth and breadth of thiprga Is

arts Institutions.

Apart from practical considerations, the study of
Spanish brings students into contact with great
works of Western literature and at the same time
with tho vitality of Third World writing as it has
emerged In Latin America. Furthermore. Span-
ish represents a unque point of juncture be-
tween Old end Now civili ions. Even If
never put to use, understanding these phenom-
enta will empow students with critical aware-
ness that wi enrich their liva.

The curriculum In Spanish Is arranged in three
tio. Each student's p mwil 5be designed
In consultaton with ah adiIn order to fufill
and utilize IndMdual interests, abilitles, and
goals. However, all mao will reflect a balance

hiet"rL geographical cuitural, and linguls-
eleW"mnts.

Bachelor of Science In Foreign Languages
and Literatures
Course XXI-F

Oeneral inttute nequrmente 17 subjects

Science Requirement 5
Humanities. Arts, and Social Sciences Requirement
13 subjects can be satisfied by subjects In the
Departmental Program)
Science Distribution Requirement 5
Laboratory Requirement 4

TOTAL Subjects 17

PLUS

Depanetl Progirun Units

Subject names below are Wloowed by credir unis, and by
prerequisites Nt any
Program 1 French Option

Prerequisite sublects: French 1. 11. 1111

Required Subject:
21.204 French iv. 12. 21201, 21.202. 21.203

Degree Programs in Humanities

A Degree Program Is offered In German and
Russian (Course XXI). See Additional Degree
Programs.

Joint Degree Programs

Joint Degree programs are offered in French,
German, Russian, and Spnish, and include
majors In Combination w a field of engineer-
ing or science (Course XXI-E, Course XXI-S).
4ee Additional Degree Programs.

Proficiency In a foreign language Is a prerequi-
site for election to Ph i Beta Kappa.

Subjects In Foreign Languages and Uteratures,
both In the original and translation, are num-
bered 21.201 through 21.349. Further Informa-
tion on subjects and programs may be obtained
from the Foreign Languages and Literatures
Section Office, Room 14N-305, (617) 253-4771.

36
12

Restricted Electivee: 94-104
A coherent program cf nine subjects beyond French WfNom the
French cwulr , which may include a Flu-Theis rutorial and
a Thesis.

Program 2: Spanish Option

Prerequisite subjects: Spanish 1,11, U0 2s
Required Sublects: 24

21,278 Spanish IV 12; 21.275, 21.278. 21.277

21 280 Introduction to Contemporary Hispanic
Literature. 12; Spanish Iv or equivalent.

Restricted Electives: 1-10
A coherent program of nine subjects ish IVtrom
dhe pnh curriculu, which mey inc=e W -Thesis

unresteal d ana Thsis

Total unite a e for the .. Degree Seycnd the
wera i neIis qirnwitis 150

students come to MIT with some or all of these levels of
preparaton. lb this extent, students will hae additiona
Unrestricted Elsctine.

L
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History

Bruce Mazlish, Ph.D.
Professor of History
Thomas Meloy Professor of Rhetoric
Section Head

Richard Mateer Douglas, Ph.D.
Professor of History

Robert Michael Fogelson, Ph.D.
Professor of History and Urban Studies

Loren Graham, Ph.D.
Professor of the History of Science

Robert Ellsworth MacMaster, Ph.D.
Professor of History and Literature

Pauline Maler, Ph.D.
Professor of History
(On leave, spring)

Harald Anton Thrap Olsen Reiche, Ph.D.
Professor of Classics and Philosophy

Merritt: Roe Smith. Ph.D.
Professor of the History of Technology

Arthur Daniel Kaledin, Ph.D.
Associate Professor of History and American
Studies

Philip S. Khoury, Ph.D.
Associate Professor of History
Associate Dean, School of Humanities, Arts, and
Social Science

Peter Cushing Perdue, Ph.D.
Ford Intemational Career Development
Associate Professor of History
(On leave)

David Bird Ralston, Ph.D.
Associate Professor of History

William Braasch Watson. Ph.D.
Associate Professor of History
(On leave)

Douglas J. Forsyth, Ph.D.
Assistant Professor of Histor

Hasan Kayall, Ph.D.
Assistant Professor of History
(VisitIng)

June Namlas. Ph.D.
Assistant Professor of History

Angela Zito, Ph.D.
Assistant Professor of History
(Visiting)

Dianne L Brooks, S.A.
Administrative Officer

Howard Russell Barlett, B.S., A.M.
ProfesA of History, Emeritus

Lynwood Silvester Bryant, A.M.
Professor of History and American Studies,
Emeritus

Thomas Henry Donald Mahoney, Ph.D.
Professor of History, Emeritus

Cyril Stanley Smith, SoD.
Institute Professor, Emeritus
Professor of the History of Science and
Technology, Emeritus
Professor of Metallurgy, Emeritus

History

History is the study of the recorded past. Since
Interest in the past is closelylinked with a desire
to understand the present, t history curricu-
lum at MIT Is tallored In part to p ut the modem
world in historical perspective. Subjects explore
the social, economic, and political transforma-
tons 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
divided into "Basic Fields," which provide
surveys of scholarship i ac ando
by topic or period, and Speclal Subjots 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 individual countries or peri-
ods of time, and to encourage thinking about
broader anaycal and comparative issues in
historical study.

The Miner Program In History consists of six
subjects arranged into three levels of study.

TIER 1: At least one and no more than two
survey or broad intoduotory subjects (HASS-D
and HUM-O subjects)

TIER II: Three or four Intermediate undergradu-
ate elective subjects from the History Faculty
curriculum

TIER IlIl: One subject:

21.494 Seminar In Historical Methods

IN ADDITION: Students must satisfy aygo-
graphical requirement by takin at I.s one
subject from each of the folloint 1) America,
2) Europe, and 3) other areas of the world.

For a listing of avaiable subjects In these areas,
consult the History Office (E51-21 0).

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 22),
followed by electives from a wide range of
options (currentiy 33), along with the require-
ment of one subject In each of three geograph-
cal areas: America, Europe, Africa-Asia-the
Middle East, In order to develop perspectives on
the comparative analysis and knowledge of
different though Interacting traditions, open to
one another. Students are also advised to elect
one subject covering a period prior to 1700.

During the junior year, the History major Is
asked to take the Seminar In Historical Methods,
which Is intended to develop skills for Indepen-
dent research and writing, followed in the senior
year by a Thesis Tutorial, and either a second
major essay or a senior thesis. Supplementing
these requirements within the History curriculum
s the stipulation of three additional subjects in a
second field of Humanities. Arts, and Social
Sciences: Anthropoloy/Archaeoogy, Econom-
Ios, Political Science, rature, Foreign Lan-
guages and Literatures - fields which provide

e pepectiv of another discipline on the
history of human thought and behavior. This

rogram is intentionally flexible: the relativel67ogenum ber of electives and unrestricted time
allows for the design of a cours of study which
meets Individual needs and interests.
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Literature

Bachelor of Science In History
Course XXI-H

Oeneral institute Requiemente 17 Subjects

Science Requirement 5
Humanities. Arts, and Social Sciences Requirement
[3 subjects can be eatled by subjects In the
Depanmental Program) S
Science Distribution Requirement 3

Laboratory Requirement 1
TOTAL Subjects 17

PLUS

Depatmental Progra- Unite

Subject names below are nollowed bv credit units, and by
prereguance #any
Required Sublects: 39
One entry leve. subject (12 unt)

21.484 Seminar in Histodcal Methods, 9.

21.ThT Humanities Pro-Thesis Tutoral, 6

21 ThU Undergraduat Thesis In Humanities. 12: 21.ThT

RetlctedEectlvee: 90-120
A coherent pogram of sevn subjects tm the History ccu-
tum; and Nude related subjects am a second HASS dscinline.

Unite In Departmental Program that also eatefjr the
General lkietwllttteAqsueenter (27-36)

Unrestoele4 seetee 46-67

Total Unit for the 1.5. Dgrese Saeond the
general e Requirsmente ISO

*Perequisites are listed in the subject description.

Joint Degree Programs

Joint degree programs are offered in History
and include majors in combination with a field
of engineering or science (Course XXI-E,
Course XXi-S). See Additional Degree
Programs.

Subjects In Histry are numbered 21.350
through 21.498J In Chapter Vill. Further infor-
mation on subjects and programs may be
obtained from the History Faculty Office, Room
E61-210, (617) 253-495.

David Martin Halperin, Ph.D.
Professor of Literature
Section Head

Peter Samuel Donaldson, Ph.D.
Professor of Literature

Albert Ramsdell Gurney, Jr., M.F.A.
Professor of Literature
(On leave, fall)

Louis Kampf, B.A.
Professor of Literature

Alvin Charles Kibel, Ph.D.
Professor of Literature
(On leave, spring)

Travis Rhodes Merritt, Ph.D.
Professor of Literature
Associate Dean for Student Affairs

Ruth Perry, Ph.D.
Professor of Literature and Women's Studies

Stephen James Tapscott, Ph.D.
Professor of Literature

Irene Tayler, Ph.D.
Professor of Literature

David Thorbum, Ph.D.
Professor of Literature

Cynthia Griffin Wolff, Ph.D.
Class of 1922 Professor of Literature

John Hildebidle, Ph.D.
Associate Professor of Literature
(On leave, spring)

Theoharis Constantine Theoharis, Ph.D.
Associate Professor of Literature

Rita Bettina Goldberg, Ph.D.
Assistant Professor of Literature

Henry Jenkins 111, Ph.D.
Assistant Professor of Literature

Monica L. Kearney, B.A.
Administrative Officer

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 alms to
meet the interests of students who ma be
drawn to literary study only once or twice at the
Institute, and to provide a rich program of study
for students concentrating or majoring in litera-
ture. To an extent unusual in an undergraduate
program, the curriculum lays emphasis on
nterdisciplinary approaches to literary texts and
on theoretical, generic, and thematic subjects
that range across geographical and historical
boundaries.

Every literature subject offers significant oppor-
tunities for individual participation In class
discussion and every subject is centrall com-
mitted to improving students' writing skils.

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 Literature curriculum is arranged in three
graduated categories or tiers: 1) Introductory
subjects" (21.001-21.011) focus on major
literary texts grouped in broad historical and

eneric sequences, all carrying HASS Distribu-
on credit. 2) 'Intermediate subjects"

(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 consult individ-
ual Instructors about prerequisites. 3) mSei-
nars* (21.171 -21 .177J), restricted to students
who have taken at least two previous subjects in
literature, encourage a greater degree of inde-
pendent work, such as orall reports and other
spial projects. Enrollment in seminars is
trctly limited to a maximum of 12 students.

Concentrations in Literature are available in
particular genias (e.g., poetry, drama, fiction)
and in historical periods (e.g., ancient studies,
19th-century literature, modem and contempo-
rary literature), as well as In popular culture,
media and film studies, minority and ethnic
studies, literary theory, and a range of national
literatures.

The Minor Program alms to lay a foundation for
advanced study and to enhance a student's
appreciation of major narrative, poetic, and
dramatic texts in relation to the cultures that

roduced and perpetuated them. The program
ys emphasis upon interdisciplI ap-

proaches and deals with texts rangidely
across linguistic and historical boundare, as
well as in diverse media.
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Music and Theater Arts

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 II: Two or three subjects from
21.008-21.011, and 21.022-21.120, but exclud-
Ing 21.033

TIER III: At least two subjects from the Literature
Seminar subjects 21.171-21.177J, 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 Uterature is equivalent
to the curricula In English (or literary studies) of
the major liberal arts universities. The Uterature
curriculum is notable also for f' inclusion, along
with traditional literary themes and topics, of
materials drawn from film and media, from
ppular culture, and from minority and ethnic
c nres.

Majors are required to take a minimum of ten
subjects, three of which must be seminars and
no more than three of which may be introduck.-
ry subjects. All majors must take 21.171 Literary
Interpretation (normal taken in the senior yer),
one subject d W ancent literature, and
one subject centering on one of the following
areas: popular culture, film and media, minority
culture, non-Westem culture, or gender studies.

Bachelor of Science In Literature
Course XXI-L

Gewal Insttue Requiremente 17 Subeats

Science Requirement G

Humanities. Arlt, and Social Sciences Requirement
(3 subjects can be satisfied by subjects In the
Departmental Program) I
Science Distribution Requirement 3

Laboratory Requirement i4

TOTAL Subjects 17
PLUS

Deptmental Program Unite

Subject names below are Wouoned by credit unit, and by
prerequishis, #t any
Required Subleete: 36

21171 uterary Interpretation. 12-
IWo 12-unit subjects'

Restricted sleatives: 63-44
A coherent prram of seven subject fom the Lfirture
curricuurn, incuding e eminrs.

Unite In Depamal am tis du ee eattefy the
**" t Insttue Re ee (27-34)

unretrited Eletvese $7-117

Total Unite Reqmed for the O.5. Degree Seyond the
Generd brenti Reumrent 10

Joint Degree Programs

Joint degree programs are offered in Uterature
and Include majors in combination with a field
of engineering or science (Course XXI-E,
Course XXI-S). See Additional Degree
Programs.

Subjects In Literature are numbered 21.001
through 21.199 In Chapter VIII. Further informa-
tion on subjects and programs may be obtained
from the Literature Faculty Office, Room
14N-409, (617) 253-3581.

*e5regulaes are sted In the subject descptIon.

1
one s drawn from ancient literature and one subject
celton popular cunure or 1m and media or minorty
culture or non-weetem cvilization or gender.

Jeanne Shapiro Bamberger, M.A.
Professor of Music
Section Head

Alan Brody, Ph.D.
Professor of Theater Arts
Director of Theater Arts

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

Ellen T Harris, Ph.D.
Professor of Music
Associate Provost for the Arts

Marcus Aurelius Thompson, D.M.A.
Professor of Music

Barry Uoyd Veroce, D.M.A.
Professor of Media Arts and Sciences

Lowell Edwin Undgren, Ph.D.
Associate Professor of Music

Peter Child, Ph.D.
Assistant Professor of Music

Martin Marks, Ph.D.
Assistant Professor of Music

Edward Cohen, M.A.
Senior Lecturer in Music

John Oliver, M.M.
Senior Lecturer in Music

Beth Soil, B.S.
Senior Lecturer in Dance

Pamela Wood Ambush, M.M.
Lecturer in Music

Betsy Burleigh, M.M.
Lecturer in Music

Mark Harvey, Ph.D.
Lecturer In Music

Robert L. Lane, Ph.D.
Lecturer in Theater Arts

Vincent R Murphy, B.F.A.
Lecturer In Theater Arts

Claudia Von Canon, M.A.
Lecturer in Music

Edward S. Darns. B.S.
Technical Instructor, Theater Arts
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William A. Fregosi, M.F.A.
Tbchnloal instructor, Theater Arts

Leslie Cocuzzo Held, B.A.
Technical Instructor, Theater Arts

Nancy Trudeau Cavanagh, B.A.
Administrative Officer

Klaus Llepmann
Professor of Music, Emeritus
Director of Music, Emeritus

MusIC

The Music Section offers a broad range of
opportunities to experience and explore the field
of music. A great variety of subjte is given,
ranging from basic musiciansh p to computer
music composition. They are arranged Into six
categories: Introductory, Interdisoplinary, Histo-
ry/ rature, Theory/Composition, Performance,
and Seminarstutorals. Most students begin
with introductory subjects, but anyone with
musical training is encouraged to begin with
history/literature or theory/composltion subjects,
which oomet~e the nucleus of the poram.
Graduate credit Is available for nearlyal of the
seminars and tutorials.

Asphony orchestra, choral groups, concert
lanjz bands, and chamber music groups are

an integral part of MIT's cultural life an o any
students musical development, no matter what
technical proflclency they possess. Academio
credit is available for some performance actv-
ties and instrumental study. Auditions are held at
the beginning of each term.

The music faculty comprises professional
composers, performers, historians, and theo-
rists, whose Individual Interest In the confluence
of histor, theory, and performance Is essential
to our int rated music program.

The Minor Prgram is designed to give stu-
dents a threetered exposure to three main
branches of musical ati: performance,
music literature, and music writing, with special
adaptability to performers who wih to relate
their practical work to classroom learning.

The Minor Program In Music consists of six
subjects. Four subjects are at the Introductory

and rnlaiWMe; the renaining two pro-
vides depth In one arn of speolaill in

TIER 1: One subject from the following:

21.60 Introduction to Music
21.601 Fundamentals of Music
21.602 Basic Musicianship

TIER II: Three subjects, one from each of the
following areas:

1) History/LUterature: 21.621-21.636
2 Theory/Composition: 21.641
3) Performance (two terms): 21.651-21.658

(One year in the MIT Choral Society or Festival
or Concert Jazz Band may be substituted for
two terms of performance, but one additional
subject will be required from area 1 or 2 in Tier
Ill.)

TIER IlIl: Two subjects from one of the following
areas of specialization:

1) History/Uterature: 21.611J, 21.621-21.636
2) Theory/Composition: 21.606, 21.615,

21.642- 21.648, 21.671J, 21.686J
3) Performance (four terms): 21.651-21.658

Bachelor of Science In Muslo

Music and Theater Arts offers an undergraduate
program leading to the degree of Bachelor of
science in Music. The undergraduate program
is designed to provide 1) a thorough grounding
in the harmony and counterpoint of Western
music; 2) a survey of the history and literature
of Wester 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 e a student well for graduate
work in music. tudents who declare music as
their major must have demonstrated proficiency
in Instrumental or vocal performance and in
harmony and counterpoint, ordinarily by partloi-
C ng In a performance subject and by ob-

in a grade of B or better In 21.641,
respectively.

Seniors in the Full Major participate in a tutorial
p ram in preparation for a thesis on an

or historical topic or an original
composition.

Bachelor of Science In Music
Course XXli-M

General nstitute Requirements 17 sublects

Science Requirement I
Humanittks. Arts, and Social Scie nos Requirement
(3 subjects can be saltisd by Subjects In the
Osparmental Program] 6
Science Oistribution Requirement 3
Laboratory RequIrement 4

TOTAL Subjects 17
PLUS

Depeitmental Program Unite

Subect namee below are Foafwed by credr Wa, and by
Prerequlnsa Itany
Nequkd subjm: 61

216021 History of western Music to 1760. *

21 822 History ofwesem Muslc after 1750, 12
21.641 Harmony and counterpoint I. 12

21.842 Harmony and CounterpoInt If. 12; 21,641

21643 wilting In Tonal Forms g; 21.142
Iwo term of 6-unit Perormance subjects

Reetitoted EleesOe: 94-66
one subjsct in theory/compoeMon, an subject in atorylt.
twe, to addilional sub icea neithe Ay/compOeIon or
hloryltrarts , anda M-Thsi. rutr and eI.

Unit in De"a0nofal =Vre n a"e sausfy te
Geneal Istiute efp'eete~e(27-36)

Unrestolted EleStvee 75-6

ristel Unifte a*sd for the S.5. Degpee Saend the
General iute Requirements 10

*Prerequlsites are listed In the subject desoption.
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The Writing Program

Joint Degree Programs

For students interested In combining the study
of engineering or science with humanities, joint
majors In Courses XXI-E and XXI-S provide the
opportunity to pursue spei Interests. The joint
major Includes two subjects In theory, two In
hisfry and literature, two in performance, and
two electives. Seniors In the Joint Major take a
Senior Music Seminar. See Additional Degree
Programs.

Students wishing to enroll in any of these
degree prams should consult the major
advisor in the Music Section 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
subject 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 op unity for the serious study of acting,
dri playwriting, stagecraft, desi n, an
dance. rough related subjects in re
and Modem Languages, students may combine
their training in any of these areas of eater

ractice with the study of dramatic literature.
ork In the Programs occurs in the traditional

classroom, in studio settin , and through
practice. Practice include 911y mounted produc-
tions by the Dramashop, the Shakespeare
Ensemble, the Dance Worki hop, the Play-
wrights' Program, and an oogoing 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 comoosi-
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 design - In greater depth.

The Minor Progam In Theater Arts consists of
six subjects arranged Into three levels f 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 21.725 (to terms)

TIER If: Two subjects:

21.710 Script Analysis
and

one from the Intermediate subjects listing
21.711-21.717 and 21.726 (two terms)

TIER Ill: 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 Vill.
Further Information on subjects and programs
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

Elzbieta Ettinger Chodakowska, Ph.D.
Professor of Writing

Alan R Ughtman, Ph.D.
Professor of Science and Writing

James Paradle, Ph.D.
Associate Professor of Technical
Communication

Harriet Rltvo, Ph.D.
Associate Professor of Writing
(On leave)

Marcel La Follette, Ph.D.
Assistant Professor of Writing
(On leave)

Thomas Simmons, Ph.D.
Assistant Professor of Writing

Rosalind Williams, Ph.D.
Assistant Professor of Writing

Joe Haldeman, M.F.A.
Adjunct Professor of Fiction

David Bradley, M.A.
Professor of Writing
(Visiting)

Pamela Alexander, M.F.A.
Visiting Writer

Arturo Vivante, M.D.U.
Visiting Writer

Ruth Whitman, M.A.
Visiting Writer

Ilona Karmel. A.B.
Senior Lecturer in Writing

Edward Barrett, Ph.D.
Lecturer in Writing

Steven Strang, Ph.D.
Lecturer in Writing

Rebecca Chamberlain, M.S.M.
Administrative Officer

Janet Murray, Ph.D.
Principal Research Scientist
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Philip Alexander, M.S.
Research Associate

John Kirsch, A.B.
Research Affiliate

Usa Raphals, Ph.D.
Research Affiliate

Marie Rountree, M.A.
Research Affiliate

Robert Reynolds Rathbone, A.M.
Professor of Technical Communication.
Emeritus

The Writing Program

The MIT Writing Program provides students the
opportunity to experiment with writing as a craft
and as a means of self-expression. The Program
helps prepare students to 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-
gies. Some subjects, including those at ad-
vanoed levels and those offered for distribution,
require substantial reading.

Subjects in the Prram's three areas- 1)
Exposition and Rh toric, 2) Creative Writing,
and 3) Science and Technical Communication
- are taught at basic, Intermediate, and ad-
vanced levels. All subjects require repeated
writing and revision. In addition, manuscripts are
typically discussed in workshops and receive

teMten commentary of the Instructor. Stu-
dentr are encouraged to schedule private
conforences with their instructors.

Concentrations in Writing establish a course of
Intensive study for prose, poetry, and flcton
writers, or for engineers and scientists who
expect writing to play a key role in their career
development.

The Minor Program provides students with a
structured opportunity to develop their expertise
in one of ram'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 1: One subject from the following:

21.730
21.731
21.732

Expository Writing
Writing and Experience
Introduction to Technical
Communication

TIER 1l: Two or three subjects from among the
Writing intermediate subjects listing and 21.734

TIER IlIlI: Two or three subjects from among the
Writing Advanced subjects listing and 21.798
(six units required)

IN ADDITION: Students must choose a se-
quence of courses reflecting one of three
thmes: (1) exposition and rhetoric, (2) creative
writing, or (3) scientific and technical communi-
cation.

Bachelor of Science in Writing

The Writing Program offers two undergraduate
rrams leading to the degree of Bachelor of
ence in Writing. The curriculum In Creative

Writing/Exposition and Rhetoric is designed to
develop expertise in writing and reading a genre
of the student's choice (for example, fiction,
poetry, essy familiarity with related genres,
and conoentated exposure to an allied disci-
pilne in the Humanities, Arts, or Social Sciences.
This curriculum offers students a great deal of
flexibility in designing their programs.

The curriculum in Science Journalism/Technical
Communication is designed to develop mastery
of these more specialized genres, to offer
experience of the professional environments in
which the are used, and to introduce related
areas suc as the history of technology and the
structure of business organizations. Uke the
Creative Writing/Expos 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.

Bachelor of Science in Writing
Course XXI-W

oaera Inettute Requementa 17 subis.te

Science Requirement
Humanities Arts, and Social Sciences Requirement
I3 subjects can be satisfied by subjects In the
Departmental Program]
Science Distribution Requitment

Laboratory Requirement
TOTAL Subjects

PLUS

Depatmenta Program

5

S

.1
17

Unite

Subect names below are olowed by credit units, and by
preraqulate NyW
Program 1: creative or Expositlory Writing

Requied subjects: t
21 ThT Humanities Pre-Thesis Tutorial, a

21 ThU Undergraduate Thesis In Humanities. 12: 21 ThT

Resteted UIeethee: 108-144
Nine subjects centered on creame or epoary wrlng, and
91(00 related Subjectsfom a ccendMAs decWipne.

Program 2: Science Journalism or Technical Communication
Required Subfeote: 63

21t782 Science Journallsm, 0
21.763 Science and Technical Writing Workshop, 12,

21 782
21.702 Science and Technical Writing Internship, 12:

21 780 or 21 782
21 ThT Humanities Pre-Thesis Tutorial. 6

21ThU Undergraduate Thesis In Humanities. 12;21.ThT
One ofme following:

21 730 Expository Writing. 12

21.731 Writing and Experaence, 12

21 732 Introduction to Technical communication. 12

Resmrted Sleeoes: 72-se
Fhv subject Ine and related diac)pline, and tiwe
relaed subjects In a second HASS discipline.

Unifte I ~111411=ta Orora lso o " noy h
Geealhetue euhet (27-30)

Ulveeteted Neeatve
Program 164-411
Provin 267-72

Total Uft Resirod for the 9.1. Degree SOy-nd the
Carmel 111011111,46 eQtbemets11if

NOTE: The full mejor In Science Journalism or Technical
Communicalon may be pursued only as a second degree
program In conjunction with another degree program In field
of engineering or science

too
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5 subjects in writing (including 21.782, 21.783, 21.792, and a
subject in basic exposition), 4 subjects from related curricula
(including, for Science Journalism, subjects in the history and
social context of sciencellechnology. or, for Technical
Communication, 9.00, 4.886, and a subject in structure of
business organizations), a 3-subject cluster2, a pro-thesis
tutoria, and a theis 1129-115

Science, Technology, si y society ( sT)
(The fuil major In Science. Technology, and Society (STS) may
be pursued only assa second degree program In conjunction
with another degree program in a fleid of engineering or
science.)
8 subjects in the fle!d (including STS 00I.STS 092, anu STS
003, and study in three STS areas), a 4-subject cluster 2,
a pro-thesis tutorial, and a thesis 126-153

Units In Depanental Program that also satiefy the General
Institute Requiremente 54-72

Unrestricted Electives 7to 1050

Total Unite Requred for the 5.5. Degee Beyond the General
Institute Requiroment

Bachelor of Science in Humanities and
Engineering
Course XXI-E

Bachelor of Science in Humanities and
Science
Course XXI-S

These Joint major programs combine humani-
ties with scientific/engineering studies, creating
an educational expenence of unusual scope
and balance. Groups of subjects from the
humanistic and technical areas are conjoined to
yield a substantial "dual literacy," a basic com-
mand of each mode of inquiry, One part is a
selection from the undergraduate degree curric-
ulum of a science or engineering department,
or the Department of Brain and Cognitive
Sciences, approved by a faculty member in the
field. The other part consists of subjects in
some field of the humanities, chosen by the
student in consultation with an advisor frrom the
appropriate humanistic faculty. In most cases a
senior thesis or sequence of advanced seminars
is also required.

This arrangement yields a humanities program
of considerable depth while allowing for contin-
ued serious commitment to a scientific or
engineering interest. Available humanities fields
include-

Anthropology/Archaeolog
Foreign Languages and teratures (in French,

German, Russian, or Spanish)
History

Ltrature
Music and Theater Arts (MusicJ
Writing (Creative, Expository, Science

Joumalism, or Technical Communication)
American Studies
Latin American Studies
Russian Studies
Science, Technoogy, and Society (STS)

A one of these fields may be joined with any
Scence or Engineering field to form a major,
Some combinations naturally lend themselves
not only to an understanding of each field but
alsj to an Integrative and comparative view of
the relationship between the two.

In fact one field - Science, Technology, and
Society (STS) - Is designed expressly for this
purpose. It includes a group of specially desig-
nated relational subjects offered y the faculties
in Humanities and the Program in Science,
Technology, and Soie, which provide a focus
for interdisciplinary .

Bachelor of Science in Humanities and
Engineering
Course XXI-E

Bachelor of Science in Humanities and
Science
Course XXI-S

General Institute Requiremente1  17 Subjects

Science Requirement S
Humanities, Ans, and Social Sciences Requirement
fall but two Humanities. Ails, and Social Sciences
Distribution subjects can be satisfied by subjects In the
Departmental Program) S

Science Distribution Requirement 3

Laboratory Requirement .1

TOTAL Subjects 17

eptmenta Program Units

Restricted Electives:
For tire Humanities component, one of the following (further
details may be obtained from the catalogue descriptions of
programs in specific fields and the relevant field office)

Anthnopolegv/Achaeology
7 subjects (including 21 603 or 21 504). a pre-thesis
tutonal, and a thesis 94-s
Foreign Languages and Uterattres
(in French. German, Russian, or Spanish) 7 elective
subjects, a pre-thesis tutorial, and a thesIs 1-102

History
7 elective subjects, a pre-thesis tutorial. and a thesis 91-102

uterature

8 elective subjects (including two seminars and subjects in
three historical periods) 71-91
Muelo
8 subjects - Including 21.821. 21 .22, 216541, 21.542.
2 ($-unit subjects) in performance, and 2 electives
(excluding 21 80 and performance) 61-100

Writing
creative or Expository
7 subjects centered in creative oi expository writing
(one of these subjects wII normally be at the introductory
level and another at the advanced levet one may be
csosn from a related field). a pr-thesis tutoral, and
o theeis 61-102

Science Journalism or Technical Communication
4 subjects in writing (including 21.782. 21783, 21.792,
and a subject in basic exposition), 3 subjects from related
curricula (including. for Science Journalism. subjects in the
history and socil context of science/technology. or, for
Technical Communication, 9.00, 4885, and a subject in
the structure of business organizations), a pro-thesis
tutorial, and a thesis 1?-01
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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 related field 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
earning 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-
pointment or drop-in basis to all members of the
MIT community. in addition, the center gives
mini-sessions each semester on a variety of
writing topics, and also offers workshops for
eople for whom English is a second language.
or further Information, contact The Writing

Center (253-3090).

Cooperative Writing Programs. The Science
and Technical Communication staff of the
Writing Program supports an interdepartmental
program of writing instruction jointly with the
undergraduate and graduate departments in the
School of Engineering.

Subjects in Writing are numbered 21.730
through 21.799 in Chapter Vill. Further informa-
tion on subjects and programs may be obtained
from the Writing Program Office, Room
14E-303, (617) 253-7894.

Full, Joint, and Double-Degree Majoring

For students who wish to pursue their humanis-
tic studies extensively and at an advanced level,
two basic pes of degree programs are avail-
able. The rst, Course XXI, constitutes a full
major in any one of seven fields of the humani-
ties. The second, Course XXI-E or XXI-S, is a
joint major combining work in humanities with
work in engineering, science, or psychol y.
Further, a student pursuing either a full or joint
major may obtain interdisciplinary competence
on a larger scale by adding a separate major in
any other Course of study available at MIT, as
part of a double-degree arrangement. In fact,
three versions of the full major, those in Science
Journalism, Technical Communication, and
Science, Technology, and Society (STS), may
be taken only in conjunction with another de-
gree program in Engineering or Science. De-
scriptions and specifications for full and joint
major programs follow.

Bachelor of Science In Humanities
Course XXI

This program provides a full major in any of the
following fields:

Anthropology/Archaeolog
Foreign Languages and eratures (in French,
German, Russian, or Spanish)
History
Literature
Music and Theater Arts (Music)
Writing (Creative, Expository Science
Joumalism, or Technical Communication)
Science, Technology, and Society (STS)

The required curriculum consists of eight to
eleven subjects in the chosen discipline plus
four subjects from a related field of humanities,
arts, or social sciences. Depending on the field
of specialization, the course of study may
Include special introductory or advanced semi-
nars and a senior thesis. Faoulty advisors in
each of the disciplines help students to arrange
programs suited to both their interests and
professional objectives.

Bachelor of Science in Humanities
Course XXI

Oneral Inatitute Requirements' 17 subjects

Science Requhliment

Humanitles. Arts, and Social Sciences Requirement
fall hut two Humanities, Arts, and Social Sciences
Distribution subjects can be satisfied by subjects In the
Departmental Program)

Science Distribution Requirement

Laboratory Requirement

TOTAL Subjects

3

-~1
17

PLUS

DepartIental Program Unite

Restdicted Electives:
One of the following (further details may be obtained from the
catalogue descriptions of programs In speclifc fields and the
relevant field once)
Anthropology/Archanlogy
8 subjects In the field (Including 21 .03 or 21.504),
a 4-subject cluster2. a pre-theals tutorial, and a thesis 127-162
Foreign Languages and Uterature*
(in French, German, Russian. or Spanish) 8 elective
subjects In the field a 4-subject cluster 2, a
pro-thesis tutorial, and a thesis 126-162

9 elective subjects In the field, a 4-subect cluster2,
a pre-thesis tutorial. and a thesis 13-174
Uteratue
10 elective subjects In the filtd (including thre
seminars, and subjects In four historical periods) and a
4-subject cluster2  

135-166
music
I1I subjects In the fietd Includtng 4 In thoiy/compostlon
(21.841, 21.642, 21.643. and one more), 3 In hlstc-,,
and lterature of music (21.021 21.822. and one
more); 2 (6-unt) subjects in performance,
2 electives In theory/compositIon or history and
literature, a pre-thesis tutorial and a thesis 120-132

writng

crrative or Expository

9 subjects centered in creative or expository writing (one of
these subjects will normally be at the Introductory level and
another at the advanced level: 2 may be chosen from a related
field). a 3-subject cluster 2

. a pre-thesls tutorial, and
a thesis 123-165
Science Journalism or Technical Communication
(The full major In Science Journalism or TechnIcal-
Communication may be pursued only as a second degree
program In conjunction with another degree program In a field
of engineering or science.)

OnlylI subject being used to meet the Distribution element of
the Humanitles. Art, and Social Sclences Requirement may be

counted~~~~ twrth uatlscmonent of these degree
pro ms For the class entering In ptmber 1988 (Clus of

9 tbut two HAsS-Dstrbution subjects can be satIsfied
by subjects in the Departmental Program.

2
The cluster is usually formed within a single second discipline
of the humanitIes, Aft., or social sciences. In special casm it
may draw together subjects from different disciplines to form a
coherent grouping,
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5 subjects In writing (including 21.782, 21.783, 21.792, and a
subject in basic exposition). 4 subjects from related curricula
(including, for Science Journalism. subjects in the history and
social context of sciencehechnology. or, for Technical
Communication, 9.00. 4.886, and a subject in structure of
business organizations), a 3-subject cluster', a pre-thesis
tutorial, and a thesis 129-156

Science, Technology, and Society (978)
(The ful major In Science, Technology, and Society (STS) may
be pursued only as a second degree program in conjunction
with another degree program in a field of engineering or
science.

8 subjects In the field (including STS 091.STS 092, and STS
093, and study in three STS areas), a 4-subject cluster2.
a pre-thesis tutorial, and a thesis 120-153

Units t Deparmentl Program tht also satisfy the General
Instfitute Requirements 4-72

Unrestricted Eleke. 57 to 105

Total Units Required for the 8.8. Degree Beyond the General
Institute Requirements It

Bachelor of Science In Humanities and
Engineering
Course XXI-E

Bachelor of Science in Humanities and
Science
Course XXI-S

These joint major programs combine human-
ties with scientific/engineering studies, creating
an educational experience of unusual scope
and balance. Groups of subjects from the
humanistic and technical areas are conjoined to
yield a substantial "dual literacy," a basic com-
mand of each I node of Inquiry. One part is a
selection from the undergraduate degree curric-
ulum of a Science or engineering department,
or the Department of Brain and ognitive
Sciences, approved by a faculty member in the
field. The other part consists of subjects in
some field of the humanities, chosen by the
student in consultation with an advisor from the
appropriate humanistic facuty. In most cases a
senior thesis or sequence of advanced seminars
is also required.

This arrangement yields a humanities program
of considerable depth while allowing for contin-
uied serious commitment to a scientific or
engineering interest. Available humanities fields
Include:

Anthropology/Archaeao
Foreip Languages andleratures (in French,

German, Russian, or Spanish)
History
Literature
Music and Theater Arts (Music)
Writing (Creative, Expository, Slence

ournalism, 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 combinations naturally lend themselves
not only to an understanding of each field but
alsp to ar. integrative and comparative view of
the relationship between the two.

in fact one field - Science, Technology, and
Society (STS) - is designed expressly for this
purpose. It includes a grou of specially desig-
nated relational subjects ered y the faculties
in Humanities and the Program in Science,
Technology, and Socie Which provide a focus
for interdisciplinary wor-.

Bachelor of Science in Humanities and
Engineering
Course XXI-E

Bachelor of Science In Humanities and
Science
Course XXI-S

General institute Requirements' 17 Subjects

Science Requirement

Humanities. Arts, and Social Sciences Requirement
(all but two Humanities, Arts, and Social Sciences
Distribution subjects can be satisfied by subjects In the
Departmental Program]

Science Distribution Requirement

Laboratory Requirement

TOTAL Subjects

PLUS

3

_1
17

Departmental Program Unite

Restricted Eletives:
For the Humanities component, one of the following (further
details may be obtained from the catalogue descriptions of
programs In specific fields and the relevant field office)

Anthropology/Archaeology

7 sublects (including 21.603 or 21.604), a pre-thesis
tutorial. and a thesis 04
Foreign Languages and Literatures
(in French, German, Russian. or Spanish) 7 elective
subjects, a pre-thesis tutorial, and a thesis

-99

61-102
istory

7 elective subjects, a pre-thesis tutoril and a thesis 51-102

uteratiue
e olective subjects (including two seminars and subjects in

three historical periods) 78-65
music
8 subjects - including 21.621.21 1.022, 21.641, 21.042,
2 (6-unit subjects) in performance, and 2 electives
(excluding 21 .0 and performance) 111-101

Witing
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 field), a pre-thesis tutorial, and
a thests 6111-102

Science Journalism or Technical Communication
4 a'blects in writing (including 21.782, 21.783. 21.792,
and a subject in basic exposition). 3 subjects from related
curricola (including, for Science Journalism. subjects In the
history and social context of science/technology, or, for
Technical Communication, 9.00. 4.885. and a subject In
the structure of business organizations), a pre-thesis
tutorial, and a thesis 67-93

~1
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Roetrteted Electives (continued)
Amrloan situdi,'
7 elective subjects (Including two In history and two In era-
ture), a pro-thesis tutorial, and a thesis 61-102
Latin Ameretan Studo.'
7 elective subjects (including study in at least two disciplines
and some work in Spanish), a pro-thesis tutorial, and
a thesis 61-102
Russian Studeso
7 elective subjects (including two on society and two on
culture), an approved creative project or a pre-thesis tutorial,
and a thesis 61-102
Science, Technoloy, and SocIety (STS)

8 subjects (including STS 091 and STS 002 and study in two
STS areas), a prm-thesis tutorial. and a thesis 90-104

And tor the EngineeringIScIence component, one of the
IbI1owng:
For XXI.E: 64-72
0 elective subjects restricted to one of the Engineering curricula
and approved by a faculty member in the field' 3

For XXI-S: 54-72
S elective subjects restricted to one of the Science curricula and
approved by a faculty member in the field'

or
8 subjects In Brain and Cognitive Sciences (detailed specifica-
tions available from the Department of Brain and Cognitive
Sciences or Humanities Section/Prograrn Offices)

Unite In eartmental Program that also satisfy the General
Institute Requirements

54-72

Unrestricted Electves 64 to 103

Total Unite Required for the 5.B. Degree Beyond the General
Institute Requiremer to

As a matter of general Course XXI policy, subjects used to meet
the General Institute Science Requirement, the Science
Distribution Requirement, and the Laboratory Requirement may
not be Included In the S-subject Engineering or Science
component of XXI-E or XXI-S. Only I subject being used to
meet the Distribution element of the Humanities, Arts. and
SocilW Sciences Requirement may be counted toward the
Humanities component of these degree programs. For the class
enterI in September 1988 (Class of 1002), all but two
MASS-stibutlon subjects can be satisfied by subjects in the
Departmental Program.

2
American Studies, Latin American Studies, and Russian Studies
are also avalable as full major by special arrangement with
the Dean of the School of Humanities and Social Science.

3
When poselble, the subject satisfying the inssitute Laboratory
Requirement and one of the subjects satisfying the Science
Distribution Requlirment should be selected from this same
curiculum, In addition to the regular requirement.
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Department of Linguistics and Philosophy

Wayne O'Neil, Ph.D.
Professor of Linguistics
Acting Head of the Department

Professors

Ned Block, Ph.D.
Professor of Philosophy

George Stephen Boolos. Ph.D.
Professor of Philosophy

Sylvain Bromberger, Ph.D.
Professor of Philosophy

Richard Lee Cartwright, Ph.D.
Professor of Philosophy
(On leave)

Noam Avram Chomsky, Ph.D.
Institute Professor
Professor of Linguistics

Kenneth Locke Hale, Ph.D.
Ferrari P Ward Professor of Modem
Languages and Unguistics

Morris Halle, Ph.D.
Institute Professor
Professor of Linguistics

James Wesley Harris. Ph.D.
Professor of Spanish and
Unguistics

James Higginbotham, Ph.D.
Professor of Philosophy

Paul Horwich, Ph.D.
Professor of Philosophy

Samuel Jay Keyser, Ph.D.
Professor of Unguistics
Director, Center for Cognitive
Science
Associate Provost for Educational
Programs and Policy

Thomas Samuel Kuhn, Ph.D.
Laurance S. Rockefeller Professor
of Philosophy and History of
Science
(On leave)

Daniel Nathan Osherson, Ph.D.
Professor of Psychology

Irving Singer, Ph.D.
Professor of Philosophy

Robert StaInaker, Ph.D.
Professor of Philosophy

JudIth Jarvis Thomson, Ph.D.
Professor of Philosophy

Associate Professors

Joshua Cohen, Ph.D.
Associate Professor of Philosophy
and Political Science
(On leave, spring)

David Pesetsky, Ph.D.
Associate Professor of Unguistics

Assistant Professors

David Owen Brink, Ph.D.
Assistant Professor of Philosophy

Michael Oliver Hardimon, Ph.D.
Assistant Professor of Philosophy
(On leave, spring)

Paul Hoffman, Ph.D.
Assistant Professor of Philosophy
(On leave, fall)

Administrative Officer

Marilyn Matthes Silva, A.B.
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Department of Linguistics and Philosophy

(Course 24)

Undergraduate Study

As its name suggests, the Department of Lin-
guistics and Philosophy houses a linguistics
section and a philosophy section. Though they
share a number of intellectual Interests, these
two sections are administratively autonomous In
that they have separate chairpersons, faculties,
admissions procedures, cumcular and degree
requirements, and financial aid programs.

The linguistics section offers a program leading
to the Doctor of Philosophy in inguistics. The
Master of Science degree is awarded only in
exceptional circumstances. There is no under-
graduate degree program in linguistics, though
the section does offer undergraduate subjects
that may be taken as electives by any student or
as part of the Course IX Cognitive Sciences and
the Course XXIV Language and Mind programs.

Philosophy aims at analysis and criticism of the
concepts and principles fundamental to the
sciences, to our oommonsense 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 Program is to Introduce
students to the methods of analytic philosophy
and then to have them study a broad range
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 I: Two subjects, including:

Any introductory philosophy subject (subject
without prerequisite)

and
24.241 Logic I

TIER II: Three Intermediate subjects in Philoso-
phy chosen as follows:

One from among
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 Knowledge
24.221 Metaphysics
24.231 Ethics
24.233J Political Philosophy
24.235J Philsophy 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 loading to the degree of Bachelor
of Science in Philosophy, as well as a program
leading to the doctorate in philosophy. These
programs are described in detail in the following
paragraphs.

Two programs are offered leading to the degree
of Bachelor of Science In Philosophy. Program
1 is designed to provide 1) familiarity with the
history and current status of the main problems
in epistemology, metaphysics, and ethics; 2)
mastery of some of the technical skills requisite
for advanced work in philosophy; 3) facility at
independent philosophical study; and 4) work at
an advanced level In an allied field. A rea vely
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 topics and problems
related to philosophy, psychology, lin ulstics,
and artificial intelligence that do not fall neatly
into any one of those fields. Central among
these topics are the nature of Ian uage, of
mental representation of knowlege, and of the
innate basis for the acquisition of such knowl-
edge. A core set of seven subjects is required
for e purpose of teaching students the central
facts and issues in the study of language and
the representatin of knowledge. A fter
requirement of specialization within the program
of four additional subjects in one of the fields is
designed to ensure preparation for graduate
study in either philosophy or psycholoy or
linguistics. Usts of subjects in ilosop,
linguistics, psychology, and atficial inteligence,
which may be used to satisfy the restricted
elective requirement, may be obtained from the
Department.
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Graduate Study

Bachelor of Science In Philosophy
Course XXIV
Program 1

General institute Requirements 17 Subjects

Science Requirement

Humanities. Arts, and Social Sciences Requirement
[3 subjects can be satisfied by subjects in the
Departmental Program (for the Field of Concentration)]

Science Distribution Requirement

Laboratory Requirement

TOTAL Subjects 17

PLUS

Departmental Program Units

sub t names below are followed by credit units; all except
24.41 and 24.280 have as a prerequisite one prOvous philolo-
phy subject
Requred SubLects: 72

24.200 Ancient Philosophy. 12

24.202 Modem Philosophy. Descartes to Kant. 12

24,280 Topics in PhilosophyU, 12

one of te following two subjects:
24,211 Theory of Knowledge, 12

24.221 Metaphysics. 12

plus
24.231 Ethics. 12

24. 1 Logic 1. 12

Restricted EleOtives':
A coherentpogram of 5 subjects, of which 2 must be in
phlilosoph

UnitsI Departmenta Prorm# ta go adfy
the SIInItut1 RN n (30-36)

UnretOed Eleetives 14-911

Total Units Required for the S.3. Degree Beyond
the Genera intitute qRciarements 10

Students entering MIT In September 1986 and 1967 (Classes of
1 Wand 1091) Mnytake an additional restricted elective In place
of 94.20 this rricted leove must be In an advanced subject
In A discipline other than philosophy.

2
Prereq.: 1Wo subjects in Philosophy.

3
Students entering MIT In September 1986. 1987. and 1988
(Classes of 1000, 1901, and 1902) must take three advanced
subjects In a discipline other than philosophy.

Bachelor of Science in Philosophy
Course XXIV
Program 2: Language and Mind

General Institute Requirements 17 Subjecte

5 Science Requirement

Humanities. Arts, and Social Sciences Requirement
(3 sublects can be satishfed by subjects In the

4 Departmental Program (for the Field of concentration)]

3 Science Distribution Requirement

_1 Laboratory Requirement

TOTAL Subjects 17

PLUS

Departmental Program Units

Subject names below are followed by credit units, and by
prerequisites Nany (corequisites In Italics)
Required Subjects: 74-81

24.119 Minds and Machines, 12

24.151 Introduction to Philosophy of Language. 12

24.241 Logic 1. 12

24.0W The Study of Language, 12

24.901J Language and its Structure, 12; 24.0W

Two of e following three subjects:
9.59 Psychology of Language and

Communication. 9; 982.1'
9.65 cognitive Processes, 9

24 11Wj introduction to Cognitive Science, 12

45-60 Restricted Electives: 36-46
A coherent program of 4 additional subjects which normally
should be chosen from one or two of the four areas: Philosophy.
Linguistics, Psychology. Artificial Intelligence (see text)

Unite Departmental Program that also satisy
the*eeral Institute Requsrments (30-36)

Unreatuoted Eleoiee $4-93

Tota Units Requied for the S.9. Degree Beyond
the General Instituts Requirements 10

*Alterate prerequilies are listed in the subject description.

The Department offers two programs leading to
the degree of Doctor of Philosophy, one in
linguistics and one in philosophy.

Doctor of Philosophy in Linguistics

The linguistics section offers a demanding
program leading to the degree of Doctor of
Philosophy in Linguistics. The normal course of
study Is four years, including the writing of the
dissertation. The orientation of the program is
highly theoretical, its central aim being the
development of a general theory that reveals the
rules and laws that govern the structure of a
given language and the general laws and princl-
pies that govern all natural languages. The
topics that form tho core of this program are the
traditional ones of phonology, morphology,
syntax, semantics, and historical lingulstics; but
the program's interests also extend nto ques-
tions of the Interrelations between linguistics
and other disciplines such as philosophy and
logic, iterary studies, mathematics and the
stud of formal languages, acoustics, artificial
intelligence, and computer science.

Approximately eight to 10 students enter the
program each ear in a highly selective admis-
slone process. Te Department does not re-
quire that applicants have taken any pcular
set of subjects or that they be train in any
particular discipline. Instead, applicants must
present evidence that they are able to engage in
serious study of complex subject matter. Exam-
pies 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 in their doctoral researc they are
required pass a comprehensve General
Examination, in conformity with institute require-
ments. Students must also demonstrate compe-
tence in two foreign languages.
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The following subjects are normally required of
all doctoral candidates in linguistics, unless they
have obtained adequate preparation elsewhere:

24.942 Topics In the Grammar of a Non-
Indo-European Language

24.951 Introduction to Unguistics 1: Syntax
24.961 Introduction to Unguistics II:

Phonology
24.952 Introduction to Unguistics ill:

Theory of Grammar
24.957 Introduction to Linguistic Theory at

an Advanced Level
24.958 Unguistic Structure
24.959 Workshop in Syntax and Semantics
24.962 Advanced Phonology
24.969 Workshop in Phonology and

Morphology
24.970 Introduction to Semantics
24.972 Formal Foundations of Linguistic

Theory
24.973 Topics in Logic and Semantics
24.992 Survey of General Linguistics I

One of the following:

24.956 Introduction to Unguistics IV:
Universal Grammar

24.964 Theory of Phonology
24.979 Semantic Theory

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 part is a written examination
consisting of two substantial papers on topics
chosen In consultation with members of the
facu. Usually one paper is on phonology or
morpo logy and the other on syntax or seman-
tics, but it is possible for one or both papers to
treat the Interaction of two topics, for example
the Interaction between syntax and semantics.
In conformity with Institute regulations, the
second part of the examination is oral. It deals
with topics treated in the candidate's written
examination, but is not limited to these and
p robes Into the candidate's competence In
linguistics in general.

Every candidate for the doctorate must com-
plete a program of studies In a minor field, the
purpose of which Is to broaden the Interests
and capacities of the student in areas other than
those of his or her major intellectual objective.

Doctor of Philosophy In Philosophy

The program of studies leading to the doctorate
In philosophy provides subjects and seminars In
such traditional areas as logic, ethics, meta-
physios, epistemology, philosophy of science,
philoso y of langu a, philosop y of mind,
aesthet, social adpolitical philosophy, and
history of philosophy. Interest n philosophical

roblems arsN from other disciplines, such as
inguistics, psychology, mathematics, and
phyvlos, Is also encouraged.

To enter the doctoral program, students must
have done well in their previous academic work
and must be formally accepted as candidates
for the degree by the Department of Linguistics
and Philosophy. Although there are no formal
course reuirements for admission, applicants
must satis the committee on admissions that
their preparation in philosophy and allied disci-
plines Is sufficient for undertaking study of
philosophy at the graduate level.

Before beginning dissertation research, students
are required to take two years of course work
including a proseminar in contemporary philos-
ophy that all students must com plets in their
first year of graduate study. Students are also
required to pass general examinations and
demonstrate competence In the following areas:
value theory, logic, and the history of philoso-
phy,

Interdisciplinary study is encouraged, and
candidates for the doctorate may take a minor
in a field other than philosophy. Options for
minors Include psychology, linguistics, and
logic. Students who elect one of these options
will be expected to complete three approved
graduate subjects in their minor field. There is
no general language requirement for the doctor-
ate, except in those cases in which competence
in one or more foreign languages Is needed to
carry on research for the dissertation.

Inquiries

Information regarding undergraduate or

g raduate academic programs, research activi-
ties, admissions, financial aid, and assistantships
may be obtained from the Department of Lin-
guistics and Philosophy, Room 20D-213, MIT,
Cambridge, Massachusetts 02139, (617)
253-4141.
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Department of Political Science

Suzanne Berger, Ph.D.
Ford international Professor of
Political Science
Head of the Department

Richard Joel Samuels, Ph.D.
Associate Professor of Political
Science
Associate Head of the Department

Professors

Hayward Rose Alker, Jr., Ph.D.
Professor of Political Science

Donald Laurence Morton Blackmer,
Ph.D.
Professor of Political Science
(On leave, fall)

Lincoln Palmer Bloomfield, Ph.D.
Professor of Political Science

Nazil Choucri Field, Ph.D.
Professor of Political Science

William Edgar Griffith, Ph.D.
Ford International Professor of
Political Science

Willard Raymond Johnson, Ph.D.
Professor of '-olitical Science

Michael Upsky, Ph.D.
Professor of Political Science

Lucian Wilmot Pye, Ph.D., L.L.D.
Ford International Professor of
Political Science

George William Rathjens, Ph.D.
Professor of Political Science

Charles Frederic Sabel, Ph.D.
Professor of Social Science

Harvey Morton Sapolsky, Ph.D.
Professor of Public Policy and
Organization

Eugene Bertram Skolnikoff, Ph.D.
Professor of Political Science

Myron Weiner, Ph.D.
Ford Professor of Political Science
Director, Center for international
Studies

Associate Professors

Joshua Cohen, Ph.D.
Associate Professor of Philosophy
and Political Science

Stephen Michael Meyer, Ph.D.
Associate Professor of Political
Science

Barry R. Posen, Ph.D.
Associate Professor of Political
Science

Charles Stewart li, Ph.D.
Associate Professor of Political
Science

Assistant Professors

Jonathan A. Fox, Ph.D.
Assistant Professor of Political
Science

Ellen immergut, Ph.D.
Assistant Professor of Political
Science

Richard M. Locke, Ph.D.
Assistant Professor of Management
and Political Science

Uday Mehta, Ph.D.
Assistant Professor of Political
Science

Richard M. Valelly, Ph.D.
Assistant Professor of Political
Science

Lecturer

Peter H. Lemieux, Ph.D.

Administrative Officer

Maurice Unton, M.Ed.

Administrative Staff

Maryann S. Lord
Frances F Powell

Professors Emeriti

Everett Hagen, Ph.D.
Professor of Economics and
Political Science, Emeritus

William Weed Kaufmann, Ph.D.
Professor of Political Science,
Emeritus
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Department of Political
Science

(Course 17)

Undergraduate Study

Political science is concerned with the
systematic study of government and the political
process. Within the dislIpline, scholars analyze
the development, distribution, and uses of
political power; the determinants 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 empirloal
methods and research training; 2) a concern
with issues of public policy, particularly in the
areas of arms control and defense, science
policy, urban affairs, health, communications,
population and migration, and foreign policy;
3) comparative studies involving the United
States and other advanced industrial societies,
the developing countries of the third world, and
communist countries and 4) a strong Interdisci-
pli perspective that incorporates political
soiology, 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 discipline. A minor in
Political Science consists of six subjects. The
requirements for the Minor parallel the require-
ments for the Major and are struoturec as
follows:

TIER 1: Two or three introductory Political Sol-
ence subject3 from different subfields 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
2 American Politics

3 Non-American or International Politics
4 Public Policy

TIER IlIl: At least one subject from the following:

17.203 Political Science Laboratory
17.803 Debates and Arguments
17.907 Reading Seminar In Social Science
17.915 Junior Colloquium In Political Science

and Public Affairs

IN ADDITION: A Minor In Political Science must
include at least two substantial research papers
of the sort normally required in Tier I subjects.
A senior research paper can fulfill this require-
ment.

For a listing of available subjects In these areas,
consult the Political Science Undergraduate
Office (E63-460) or the HASS Information Office
(14N-408).

The Department offers degree prorams at the
bachelor's, master's, and doctoral evels. The
introduction to the School of Humanities and
Social Science found earlier in this chapter
describes the Department in the larger centext
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
trainin with opprtunities for a broad liberal arts
educa on. Students are able to choose subjects
from a wide range of both undergraduate and
graduate offerin s, and they are also encour-
aged to engage9n independent research proj-
ects. In addition, the Department sponsors a
variety of fieldwork programs in governmental
agencies at all levels.

The undergraduate program prepares students
for study in political science, law, public policy,
and related fields, and for careers in govem-
ment, business, law, research, teaching, or
journalism. This program Is also designed to
give students, whatever their career objectives,
an understanding of political Institutions and
processes. Some students want to focus on
political systems themselves; others choose to
concentrate on the political aspects of public
policy, focusing on such Issues as transporta-
tion, health, or arms control. Both of these
perspectives are found in the program.

Subjects are offered by the Department in the
iollowing fields: political theory, American poll-
tics and public policy, urban politics and policy,
science and public policy, defense and arms
control polly, political psychology, political
development, political communications and
behavior, comparative politics, and international
relations and foreign polioy. Students' Individual-
Ized programs are worked out with the assis-
tance of a faculty advisor.

The Department believes that every political
science major should have the experience of
conducting and writing at least one substantial
research project, a requirement that is fulfilled
by the senior thesis. Each undergraduate
chooses a thesis advisor in his or her area of
Interest. The student then registers for Pre-the-
sie Reading Seminar In the fall term and for
Thesis in the spring term of the senior year,

In addition to the thesis, there are numerous
other opportunities for students to pursue
research Interests. For example, a student may
wish to take an independent reading subect in
an area for which no formal subjectis being
offered. Also, students are eligible to receive
academic credit or limited funding for expenses
or wages through the Institute-wide Undergrad-
uate Research Opportunities Program. Students
should consult the Department's UROP coordi-
nator to discuss specific projects.
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Graduate Study

Bachelor of Science In Political Science
Course XVII

amneral Institute Reqsirements 17 Subliecte

Science Requirement 5

Humanities. Arta, and Social Sciences Requirement
[3 subjects can be sallsfled by subjects In the
Departmental Program] S
Science Distribution Requirement' 3

Laboratory Requirement t

TOTAL Subjects 17

PLUS

Departmental Program Unite

Required Subjects: 24
17.913 Pre-thesis Reading Seminar (9 units)

17 ThU Undergraduate Political Science Thesis (at leaat
15 units: additional units by special arrangement)

Retted Electives: i-10

Normally 9 subjects dMded as follows;

a. At least one subject that provides exposure In depth to each
of the following four aspects of political science:

Political Philosophy
American Polity
A Non-American or Intemational Perspective
Public Policy

b. Five additional political science subjects, one of which must
be the following:

17 203 Political Science Laboratory

17.803 Debates and Arguments

17.912 Junior Colloquium In Political Science and
Public Afralis

Specific sub"ects satisfying these criteria should be chosen
In consultation with a faculty advisor.

Unit* I Departmefle Progran ftaaft saitltf
the Gerwal rtntue ReqsitemaMes (27-36)

Unreetircited ElectIve. 4-102

Total Units Reqired for the S.D. Dege Beyond
the General " Reqiement 110

The Department of Political Science offers work
leading to the Master of Science in Political
Science and the Doctor of Philosophy.

Entrance Requirements for Graduate Study

There are no absolute prerequisites for admis-
sion to the graduate program, but students are
expected to have taken at least six term sub-
jects in English, history, and other fields of the

umanities and social sciences. It is recom-
mended that candidates for the doctoral pro-

,am take at least one upper-level subject on
o history of political thought and one term of

statistics. Candidates for master's and doctoral
programs are advised to take undergraduate
subjects in areas relevant to their special fields
of interest, for example, introductory economics
for WOrk inpublic policy: languages for area
studlea; science or engineering subjects for
study in science, technology, and public olicy;
and mathematics for work tn defense an arms
control.

Master of Science in Political Science

The Master of Science is Intended for students
who are concemed with developing skills in
applied research and who are seeking careers
in public service. The master's program empha-
sizes intensive preparation in a single field of
stud Applications should describe the field In
whic students wish to specialize.

Subjects need not be restricted to those offered
within the Department, but the entire program
must meet with the approval of the student's
advisor. A thesis is required. See Chapter IV for
the general requirements for the S.M.

Accelerated Master of Science in Political
Science

The Department offers a five-year program
leading to the Bachelor of Science and Master
of Science, awarded simultaneously. This pro-
gram is open to' IT undergraduates only. It
allows the studu- to plan for a single combined
S.B.-S.M. thesis written during the last three
terms at the Institute. Undergraduate Institute
requirements may be completed during the fifth
year of the program.

Master of Science In Technology and Policy

Students interested in the relationship between
science and technology and public policy may
apply for the Interdepartmental Master of Sci-
ence program in Technology and Policy. This
r rogram combines subjects in political science,
aw, 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 a lication proce-
dures are described in Chapter V. For more
information, contact Professor Michael Lpsky,
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 political anal-
ysis and one other) are normally satinled by
completing stipulated subjects or demonstrating
achieved competence. The remaining two fields
are the focus of the student's General Examina-
tion, written and oral. The student is also re-
quired to present and defend an advanced re-
search aper JSecond Year Pae) prior to the
Gener Exam nation. Established fields include

g itical analysis, political communication and
havor, American government, comparative

politics, communist studies, defense policy, sol-
ence technology and public policy, international

tics and foreign policy, politic and econom-
odevelpmnt, concepts and methods, urban
politics, West European politics, Latin American
politics, political demography, and others.

Approved combinations of some of these fields
- together with economics, 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-registration arrange-
ments also permit enrollment in sub ects taught
in the Graduate School of Arts and Sclences a
Harvard University and in some of Harvard's
other graduate schools.

1.00 introduction tocomputers and EnglnenProblem SoInng
ang 14.30 Introduction to Staistical Method In conomics are

0911101111d.
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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 in more detail in Chap-
ter VI. A candidate's qualifications for Interdisci-
plinary programs must Indicate promise of
ability to develop fruitful new lines of inquiry on
problems touching the relationship of govern-
ment, human behavior, science, technology,
and the political process.

Guided field research and close working ties
with faculty members engaged in major re-
search activities are stressed.

Teaching and Research AssIstantships.

Financial assistance is available to qualified
applicants in the form of research assistant-
ships, graduate 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 descriLed 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, Mr.
Maurice Unton, (617) 253-6635. Written inqui-
ries should be addressed to: MIT, Room
E53-470. Cambridge, Massachusetts 02139.
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Program in Science, Technology,
and Society

Kenneth Keniston, Ph.D.
Andrew W. Mellon Professor of
Human Development
Director

Professors

Loren R. Graham. Ph.D.
Professor of the History of Science

Carl Kaysen, Ph.D.
David W. Skinner Professor of
Political Economy

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

Leo Marx, Ph.D.
William R. Kenan Professor of
American Cultural History
(On leave, fall)

Theodore A. Postol, Ph.D.
Professor of Science, Technology,
and National Security Policy

Charles Frederic Sabel, Ph.D.
Professor of Social Science

Merritt Roe Smith, Ph.D.
Professor of the History of
Technology

Leon Trilling, Ph.D.
Professor of Aeronautics and
Astronautics

Charles Weiner, Ph.D.
Professor of the History of Science
and Technology
(On leave, fall)

Associate Professors

Louis Lawrence Bucciarelli, Ph.D.
Associate Professor of Engineering
and Technology Studies

Richard A. Lester, Ph.D.
Associate Professor of Nuclear
Engineering
(On leave)

Sherry Roxanne Turkle, Ph.D.
Associate Professor of Sociology

Assistant Professors

Deborah Fitzgerald, Ph.D.
Assistant Professor of the History of
Technology

Ully E. Kay, Ph.D.
Assistant Professor of the History of
Science

Usa Both 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

Alan Trachtenberg, Ph.D.
Professor of Technology and
Culture

Senior Research Associate

Victor McElheny, B.A.
Director, Knight Science
Foundation Fellowships

Principal Research Scientist

Kosta Tsipis, Ph.D.

Professors EmeritI

Elting Elmore Morison, A.M.
Elizabeth and James R. Killian
Class of 1926 Professor, Emeritus

Walter After Rosenblith. Ing. Red.
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
Society (STS) focuses on the ways in which
scientific, technological, and social factors
interact to shape modem life. The Program
brings together humanists, social scientists,
engineers, and natural scientists, all committed
to transcending the boundaries of their disci-
plines In a joint search for new insights and new
ways of reaching science and engineering
students. The goal of the Program is to set up a
forum to explore the relationship between what
scientists and engineers do and the constraints,
needs, and responses of society. The introduc-
tion to the School of Humanities and Social
Science found earlior in this chapter describes
the Program in the larger context of the School
and of MIT.

Engineering and science students are increas-
ingly seeking to understand the social and
historical contexts in which they will work and
the social consequences of what they will do in
their professional careers. STS subjects help
them think realistically and creatively about the
Intellectual, moral, and social issues ralsed by
the rapid growth of science and technology in
the 20th century.

STS contributes to undergraduate educatiun at
MIT in several ways. It offers general subjects to
Introduce science and engineering students to
broad social and intellectual perspectives on
their fields. It also offers more specialized sub-
jects in two areas: the history of science and
technology and the social study of science and
technology. Within each of these categories,
students can choose both introductory and
more advanced subjects.

Most STS undergraduate subjects may count
toward the Institute Requirement in the Humani-
ties, Arts, and Social Sciences. The Program
offers a number of HASS Distribution subjects
as well as a Field of Concentration.

The goal of the Minor Program is to give stu-
dents majoring in engineering or one of the
sciences a broader perspective on their fields,
how they have evolved, and how they fit into the
wider context of society, culture, politics, and
values.

The Minor Program In Science, Technology,
and Society consists of six subjects as follows:

TIER I: One HASS-D, Context, or HUM-D sub-
ject from one of the two areas In the Science,
Technology, and Society curriculum:

1) History of Science and Technology
2) Social Study of Science and Technology

TIER II: Three Advanced Undergraduate Sub-
jects in one of these areas:

1) History of Science and Technology
2) Social Study of Science and Technology

and
One advanced undergraduate subject from the
area not chosen, or from the History Faculty
curriculum, or from the Anthropology/Archaeol-
ogy Faculty curriculum

TIER III: One STS reading seminar

IN ADDITION: Students will participate in a
monthly dinner meeting where they will have the
opportun to speak about their research and
studies with other STS students and faculty.

A student may elect to do 9-12 units of UROP
for credit, or do a joint thesis with his/her home
department.

Double Degree Program

For those students who wish to Integrate their
professional study of engineering or science
with a rigorous treatment of its relation to social
and historical forces, STS offers a double de-
?re pr ram through Course XXI in coopera-
Ron with e Department of Humanities and
several departments in the Schools of Engineer-
ing and Science. The object of this degree
program is to give such students the full techni-
cal and scientific education provided by a
science or engineering major, and to enrich it
with complementary studies of the historical and
social contexts In which science and technology
function.

Students in this double degree program must
complete all the requirements of their technical
majors as well as the Course XXI requirements
described as follows. Altogether they must
complete at least 270 units of study beyond the
General Institute Requirements to receive the
two S.B. degrees.

The Course XXI degree requirements In STS are
specified in the following chart. The two Read-
ing Seminars (STS 091 and STS 092) are de-
signed to provide a basic grounding in the
study of science, technology, and society.

A coherent sequeice of five elective subjects
must be arrangec to provide an understandin
In depth of one of the fields that comprise STS
and some familiart/ with the other:
a) History of Science and Technoloy
b) Social Study of Science and Technology

In the Project Seminar (STS 093), to be taken In
the third or fourth year, students reexamine from
an STS perspective a laboratory project or
summer Job experience in the sciences or
engineering. The Project Seminar provides
training for work In STS in much the same way
as laboratory subjects do for engineering or
science.

In the Thesis or Design Project (21ThU), stu-
dents expand their senior technical thesis or
design project to include the social effects and
hirtorlcal contexts of their work. In cases where
arn integrated study is not feasible, two separate
but related projects may be considered.

Students must submit to 1e Registrar a petition
that Indicates the desire to work for this double
degree. The petition must be approved by
faculty advisors in the two ao ropriate depart-
ments before students compete the entire
program. Students who take a normal load of
subjects may require five years to complete this
program, but the majority of double degree
candidates finish their work in four years.
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Graduate Study

Bachelor of Science in Science, Technology,
and Society
Course XXI-T

Oeneral Inetnut Requirmente 17 sublect

Science Requirement 5
Humanities. Art', and Social Sciences Requirement
(3 subjects can be1 satisfied by subjects In the
Departmental Program) 5

Science Distribution Requirement 3

Laboratory Requirement A

TOTAL Subjects 17

PLUS

Dertmental Program Units

Subject names below are fo#lowed by credt units, and by
prerequisites W any
Required subjects: 46

STS 091 Reading Seminar in Humanities, Science, and
Technology , 9

STS 092 Reading Seminar In Humanities, Science, and
Technology 11. 9

STS 003 Project Seminar on the Context of Research
and Engineering Design, 9

21 ThT Humanities Pre-Thesis Tutorial. 6

21.ThU Undergraduate Thesis in Humanities. 12; 21.ThT

Resticted Eletves: si-lo8
A coherent roup or h elective subject. Three subjects must
be in one ofa ft loing awow, and two from the other
a) History of Sciee and rochnology
b) SociliStudy of Science &nW Technology

Four related subjects In another HASS discipine

Units I Defertnioefital Proen tWhas asee atit the
General netite Reqre"Wnte (27-36)

Unirestutted sleetive s4-s0

Total Units Reired fort* S.D. Degree Beyond the
Geal Instil e Requirements

Joint Degree Program

Students who wish to Integrate studies in STS,
Humanities, and Science/Englneering on the
smaller scale of a singie degree program should
consider this option. The pr ram includes a
9 roup of speciall designat subjects offered
y STS and the Department of Humanities that

provide a focus for interdisciplinary work. Cen-
tral to this core is a year-lon reading seminar
(STS 091 and STS 092). whioh examines Inter-
action of science, technology, and culture
through critical discussion of major works.

The six elective subjects in STS/Humanitles
required for the degree may be taken from the
curricula of Humanities, STS, and other depart-
ments when ap ropriate. They must form a
coherent (irouping that includes at least one
basic subiect In the history of science or tech-
nology and one subject treating the cultural
dimensions of science and technology, and that
has clear relevance to the scientific/technical
field forming the other component of the pro-
gram.

Further details on the requirements for this joint
degree program may be found under the
Department of Humanities.
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NOTE: The full maor In Science. Technology, and Society
(STS) may be pursued only as a second degree program In
conjunction with another degree program in a field of engineer.
Ing 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 Anthropology /Archaeoloy ram offer a
Prcgram In the istory and lal tudy of
Science and Technology leading to the Ph.D.

The objective of the program Is to develop
advanced competence in the study of soience
and technology from a historical and/or social
scientific perspective. Students are expected to
develop a professional master; c.f a field of
history or one of the social sciences. They must
also master the underlying oncepts in science
and engineering that relate to thei special field
of interest.

The graduate program has two tracks: 1) The
History of Science and Technology focuses on
the reciprocal influence of social foroos and
scientific and technological developments in the
last two centuries. 2) The Social Study of Sci-
ence and Technology applies the theories and
methods of the social sciences to understand-
Ing the role of science and technology in mod-
ern societies. Students with a particular interest
in science and technology polio ma also
pursue this interest through join work in Sci-
ence, Technology, and Public Policy in the
Department of Political Science.

During the first two years, all students take core
proseminars and additonal subjects in their
chosen track. Each student has a faculty advisor
who helps design an individual program of
graduate seminars, tutorials, and research.
Upon satisfactory completion of general exami-
nations in the third year, students proceed to the
writing of a thesis, usually with the aid of a
multidisciplinary advisory committee.

Applying, Students from any academic disci-
pline are invited to apply. A good background in
science or engineering I use ful but no re-
quired.

Graduate Study Inquiries. For additional
information about the graduate program write:
Director of Graduate Studies, History and Social
Study of Science and Technoloqy, STS, Room
E61-110, MIT, Cambridge, Massachusetts
02139, (617) 253-4062.

General inquiries

Additional information on the Program in Sol-
ence, Tech , and Socs may be obtained
from Professor Kenrvith Keniston, Room
E51-110, MIT Cambridge, Massachusetts
02139, (617) 253-4082.

For detailed descriptions of subj in Science,
Technolog, and Society, see STS 001-901 In
Chapter VI
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Sloan School of Management

Management (Course 15)

The Sloan School of Management, founded in
1952 as the School of Industrial Management, is
the outgrowth of a pioneering curriculum orga-
nized at MIT in 1914, which combined manage-
ment and engineering education. Since those
early years, Course XV, Management, has
provided this unique pattern of education to

iT's 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 R
Sloan, Jr., in 1952 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
Management Science; graduate programs
leading to the Master of Science in Management
and the Doctor of Philosophy; a one-year Alfred
R Sloan Program in executive development
leading to the Master of Science in Manage-
ment; and a nine-week Program for Senior
Executives in executive development. In addi-
tion, the Sloan School participates with the
School of Engineering in two interdepartmental
programs. The first, Leaders for Manufacturing,
is a 24-month program leading to master's
degrees in both management and engineering.
It is sponsored jointly with the Departments of
Aeronautics and Astronautics, Chemical 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 practic-
ing professionals in the various areas of the
School's program.

The Sloan School has set as its mission the
development and dissemination of knowledge
for improving management in the context of a
global economy with increasing technological
competition and the need ior more rapid
organizational change. In its efforts, the School
is committed to educating enterprise managers
- men and women who have the will to
manage and to risk, who can deal with complex
systems, who have insight into themselves as
well as others, who understand the total
environment in which they live, and who
continue to learn. In fulfilling this commitment,
the School provides students with a solid
grounding in the academic disciplines relevant
to management - economics, mathematics,
and the behavioral sciences - and develops
their awareness of the multiple facets which
characterize important management problems,
from technical data to human factors. The
School also endeavors to teach students to
make decisions and to move decisively and
responsibly in an increasingly complex world.
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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, resbarch and education are
mutually reinforcing goals, and the School Is
confident of the continued Impact of work done
at MIT in the fields of management and man-
agement education.

Office of the Dean

Lester C. Thurow, Ph.D.
Professor of Management and Economics
Dean

Amoldo Cubillos Hax, Ph.D.
Alfred P Sloan Professor of Management
Deputy Dean

Glen Lee Urban, Ph.D.
Dal-Ichi Kangyo Bank Professor of Management
Deputy Dean
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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

Arnold Irwin Bamett, Ph.D.
Professor of Operations Research
and Management

Emst R. Bemdt, Ph.D.
Professor of Applied Economics
(On leave)

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
(On leave)

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 Hax, Ph.D.
Alfred P Sloan Professor of
Management
Deputy Dean

Chi-fu Huang, Ph.D.
Professor of Finance

Henry Donnan Jacoby, Ph.D.
Professor of 7'anagement
Chair of the Faculty

Paul Lewis Joskow, Ph.D.
Mitsui Professor of Economics and
Management

Gordon Mayer Kaufman, D.B.A.
Professor of Operations Research
and Management
(On leave, fall)

Thomas Anton Kochan, Ph.D.
George Maverick Bunker Professor
of Management

Donald Roy Lessard, Ph.D.
Professor of International
Management

John Dutton Conant Little, Ph.D.
Institute Professor

Stuart Elliot Madnick, Ph.D.
Leaders for Manufacturing
Professor

Thomas Lee Magnanti, Ph.D.
George Eastman Professor of
Management Science
Codirector, Operations Research
Center
Codirector, Leaders for
Manufacturing Program
(On leave)

Thomas Wendall Malone, Ph.D.
Patrick J. McGovem Professor of
Information Systems

Robert Bruce McKersie, D.B.A.
Leaders for Manufacturing
Professor

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.
Sloan Fellows Professor of
Management

Richard Lee Schmalenses, 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

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.
Dal-Ichi Kangyo Bank Professor of
Management
Deputy Dean

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
Codirector, Statistics Center
(On leave)

Associate Professors

John Joseph Donovan, Ph.D.
Associate Professor of
Management Science
(On leave)

Charles Harry Fine, Ph.D.
Associate Professor of
Management Science

Robert Michael Freund. Ph.D.
Elisha Gray r1 Career Development
Associate Professor of
Management Science

Paul Healy, Ph.D.
Associate Professor of
Management

John C. Henderson, Ph.D.
Associate Professor of
Management Science

Peter Kempthome, Ph.D.
Associate Professor of
Management Science

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

Paul Osterman, Ph.D.
Associate Professor of
Management

Nancy Un Rose, Ph.D.
Associate Professor of Applied
Economics

Garth Saloner, Ph.D.
Associate Professor of
Management and Economics
(On leave)

John David Sterman, Ph.D.
Associate Professor of
Management

Robert J. Thomas, Ph.D.
Leaders for Manufacturing
Associate Professor

Birger Wemerfelt, D.B.A.
Associate Professor of Marketing

Dorothy Eleanor Westney, Ph.D.
Associate Professor in International
Management
(On leave)

Assistant Professors

Deborah Gladstein Ancona, Ph.D.
Assistant Professor of
Organizational Studies

Anantaram Balakrishnan, Ph.D.
Assistant Professor of Management

Dimitris Bertsimas, Ph.D.
Assistant Professor of Management
Science

Ravi Bhushan, Ph.D.
Assistant Professor of Accounting

Wujin Chu, Ph.D.
Assistant Professor of Management
Science

Michael A. Cusumano, Ph.D.
Mitsubishi Career Development
Assistant Professor of Management

Steven D. Eppinger, So.D.
Assistant Professor of Management
Solence
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Kenneth A. Froot, Ph.D.
Assistant Professor of Economics
(On leave)

John C. Heaton, M.A.
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

France LeClero, M.S.
Assistant Professor of Marketing

Richard M. Locke, Ph.D.
I.R.I. Career Development Assistant
Professor of Management and
Political Science

Wanda Janina Orlikowski, Ph.D.
Assistant Professor of Management

John Emery Parsons, Ph.D.
Assistant Professor of Finance

Michael A. Rappa, Ph.D.
Assistant Professor of Management

James B. Rebitzer, Ph.D.
Assistant Professor of Management

Uri Aonnen, M.A.
Assistant Professor of Management

David Scharfstein, Ph.D.
Assistant Professor of Finance
(On leave)

Stephen Schrader, Ph.D.
Assistant Professor of Management

Marcie Jadine Tyre, Ph.D.
Assistant Professor of Management

Karl Ulrich, Sc.D.
Ford Intarnatonal Career
Developrment Assistant Professor

N. Venkatraman, Ph.D.
Assistant Professor of Management

Jean-Luc Vla, Ph.D.
Assistant Professor of Finance
(spring)

Y. Richard Wang, Ph.D.
Assistant Professor of Management
Science

Lawrence M. Wein. Ph.D.
Assistant Professor of Management
S010noc

Visiting Professors

Avraham Beja, Ph.D.
Professor of Finance

David R Brown, Ph.D.
Professor of Finance

Frank J. Fabozzi, Ph.D.
Professor of Accounting and
Finance

Michael Useem, Ph.D.
(Spring)

Thomas Vargish, Ph.D.
Professor of Management

Paul Asquith, Ph.D.
Associate Professor of Finance

Amihud Dotan, Ph.D.
Associate Professor of Accounting

Jeffrey A. Miron, Ph.D.
Associate Professor of
Management

William J. Qualls, D.B.A.
Associate Professor of Marketing

Michael Eric Bradbury, Ph.D.
Assistant Professor of Accounting
(Fall)

David R Brown, Ph.D.
Assistant Professor of Finance

Arthur Lewbel, Ph.D.
Assistant Professor of Applied
Economics

Antonio S. Mello, Ph.D.
Assistart Professor of Finance

Leslie E. Papke, Ph.D.
Assistant Professor of Applied
Economics

J. Nicholas Zeigler, A.M.
Assistant Professor In Intemational
Management

Adjunct Professors

James Suren Hekimlan, Ph.D.
Adjunct Professor of Management

Julian Kellson, Ph.D.
Adjunct Professor of Management

Mary R Rowe, Ph.D.
Adjunct Professor of Management

Senior Lecturers

Donald F. Ephiln

Jay W. Forrester, D.Eng.

Richard Alexander MacKinnon,
M.B.A.

Jeffrey Alan Meldman, Ph.D., J.D.
Associate Dean for Student Affairs
Director, Undergraduate Programs

Franco Modigliani, D.Jur.,
D.Soc.Sci., LL.D.

John Fralick Rockart, Ph.D.
Director, Center for Information
Systems Research

Donald Barry Rosenfield, Ph.D.
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. Breakstone, M.A.
is Marie Mack, Ph.D.
Gloria Schuck, Ph.D.
Achilles Venetoullas, M.S.
Alan F. White, S.M.

Administration

Jeffrey Allen Barks, Ph.D.
Associate Dean for Bachelor's and
Master's Programs

Harriet Loulse Barnett, M.Ed.
Master's Program Advisor

Emily Barrett, M.S.
Assistant Director, Career
Development Office

Donna Maria Behmer, M.Ed.
Associate Dean for Finance and
Administration

Olimpla E. Caceres, BA.
Systems Programmer 11
Sharon Ann Cayley, B.A.
Coordinator, Ph.D. Program

Eleanor Chin, B.A.
Administrative Assistant, Executive
Education Programs

Sarah W. Cliffe, B.A.
Assistant Managing Editor, Sloan
Management Review

Paula Budlong Cronin, S.M.
Director of Public Information
Editor, MIT Management

Hillary De Baun, B.A.
Undergraduate Program
Administrator

Josephine Marie DICloco
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
Fiscal Manager

Virginia Gifford
Computer Project Coordinator

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

Lucinda Margaret Hill, B.S.
Assistant Director of the Master's
Program and Director of Master's
Alumni/se Relations

Diane B. Katz, S.M.
Director of Masters Admissions

Grace Charlotte Locke
Administrative Assistant

Maria C. Lucas, M.S.
Administrative Coordinator

Emily Frances Magazzu
Database Coordinator

John F. Maglio, S.M.
Microcomputer Network
Administrator

Jennifer Mapes
Coordinator, Management of
Technology Program

Mary E. Marshall, B.A.
Area Administrator
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Judith Mason, B.A.
Coordinator, Senior Executive
Programs

Ellen Nangle, A.S.
Administrative Assistant
Executive Education Programs

Edwin C. Nevis, Ph.D.
Director of Executive Program
Development

Carol A. Peterson, B.A.
Circulation Manager, Sloan
Management Review

Linda Stantial, M.Ed.
Director, Career Development
Office

David A. Weber, M.S.
Associate Director of the Master's
Program

Alan Frederick White, S.M.
Associate Dean for Executive
Education Programs
Lecturer

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

Jay W 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.
Special Faculty Professor of
Management, Emeritus

Franco Modigliani, D.Jur.,
D.Soo.Scl., LL.D.
Institute Professor, Emeritus
Professor of Economics and
Finance, Emeritus
Senior Lecturer

Leo Benjamin Moore, M.S.
Professor of Management,
Emeritus

Charles Andrew Myers, Ph.D.
Professor of Industrial Relations
Sloan Fellows Professor of
Management, Emeritus

Richard Dunlop Robinson, Ph.D.
Professor of Management,
Emeritus

Eli Shapiro, Ph.D.
Alfred P Sloan Professor of
Management, Emeritus

Phyllis Ann Wallace, Ph.D.
Professor of Management, Emerita
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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
undergraduate degree program based In the
field of management science. It is particularly
well suited to students who wish to understand
problems of management within the context of
undamental disciplines and, where appropriate,

with quantitative rigor and precision. The pro-
gram provides a strong preparation for graduate
study in management, while at the same time
securing an advantageous market position for
students seeking employment directly upon
graduation.

In recent years, the field of management sci-
ence has grown rapidly in conjunction with
advances in computer technology, in methods
for collecting and structuring large quantities of
data, in mathematical programming, and in the
building of sophisticated mathemaical 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 program develops necessary
competence in the underlying disciplines of
mathematical 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 applications
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 is included in
the curriculum and these can be devoted to a
variety of career or personal objectives. Stu-
dents who take subjects In additional functional
areas of management can usually complete
requirements of the Master of Science In Man-
agement in one year after completing the Bach-
elor of Science degree in Management Science.
Substantial exposure to an area of physical
science or engineering, in addition to an educa-
tion In management, can be achieved by a
technically oriented elective program. We en-
courage students who wish a broader general
education 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, Sloan School of
Management, Room E40-150. MIT, Cambridge,
Massachusetts 02139, (617) 253-8614.

Bachelor of Science In Management Science
Course XV

eneal Institute Requiremente 17 Subjete

Science Requirement

Humanities, Arts, and Social Sciences Requirement
(2 subiects can be satisfied by 14.01 and 14.02 In the
Departmental Program]

Science Distribution Requirement [2 subiects can be satisfied
from among 8.041. 15.063, and 18.06 in the Departmental
Program]

Laboratory Requirement (can be satisfied by
15.301 In the Departmental Program] _

TOTAL Subjects 1

Units int Darotmental Praam that also satisfy
the na institute Re ment (54)

Unrestricted Electives 63-84

Total Units Requited for the S.S. Degee Beyond
the owneral institute Requirements 190

a

1
7

PLUS

Departmental Program Unite

Subject names listed below are followed by credit units, and
by prerequisites it'any (corequies In Italics)
Required Subjecte: 87

6041 Probabilistic Systems Analysis. 12; 18.02
14.01 Principles of Microeconomlcs'. 9
14.02 Principles of Macroeconomics. 9

15,063 Introduction to Management Science, 12: 18.02,
18.0

15.075 Applied Statistics, 12: 6.041*
15.301 Managerial Psychology Laboratory, 12
15.501 introductory Financial Accounting, 9

18 0 unear Algebra, 12: 18.02*

Restricted Electives
One of te following four subjects:

63 to 64

1.00 introduction to computers and Engineering
Problem Solving. 12

2.10 Elementary Programming and Machine
computation, 9

0.001 Structure and Interpretation of computer
Programs, 15

15.584 information Technology 1, 12; 2.10*

7w of Me following nye subjects:2

15.361 Introduction to Technological Innovation
Management, 9

15412 Financial Management 11, 12, 15.601*

15.054 Management of Human Resources, 9
1571 Operations Management, 9; 15.053*. 0.041*

16.812 Marketing Management. 9; .041'

Option Subjectas:
Four specified subjects In one of the following options
Information Technologies. Operations Research,
Marketing Research, sehavioral Science

*Alternate prerequisites are listed in the subject description

1
Students who have completed 16.001 are not required to take
14 01 and 14.02 Students who take both 14.01 and 14.02 may
use one Restricted Elective appropriately chosen. to count
toward one of their Option Subjects.

2
15 361 and 15.04 cannot both be used to satisfy the Restricted
Elective

3
Students who have highly motivated Interests may select op-
tions In other areas. Further Informaion about options and the
subjects they Include is avallable In the Undergraduate Pro-
gran Office (E40-150).
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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 Doc-
tor of Philosophy.

Entrance Requirements for Graduate Study

Applications are welcome from collee radu-
ates in all areas of concentration - e humani-
ties, the social sciences, the physical sciences,
and engineering - but matriculants must have
completed formal subjects in differential and
Integral calculus and in macro- and microeco-
nomics. The minimum level of preparation is
normally a one-year subject in economic theory
and a one-year subject in calculus. If these
subjects have not been taken in a previous
academic program, they may be covered by
formal courses pnor 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 January test is the latest
one appropriate for admission the following
September The March test is only acceptable
for those applicants residing in the US who are
filing under the March application deadline. GRE
scores are not required and may not be substi-
tuted. Applicants whose native language is not
English. and who have not received a degree
from an English-language university, must take
the Test of English as a Fsign Language
(TOEFL).

Master of Science In Management

Degree candidates are admitted in September
to argram of study extending over two

accemio years-.

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 particular area of interest that
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.

Theoretical studies alm to improve the stu-
dent's understanding of certain fundamental
phenomena and relationships that characterize
thecohan worlddin which manaers must
o eae principal fields covered by those

es are economics, behavioral science, and
quantae methods of analysis. The Sloan

chool was a pioneer in fitting these rigorous
disciplinary subjects into the curriculum of a
graduate business school. Although by now
many comparable schools have follod this
lead, the School continues to be distinguished
from most of its counterparts by the Importance

to atache to tthestudent's basic
of analysie and y the emphasis it

pa ~on understanding the economic and

social environment in which organizations
operate. This inclusion of rigorous work in the
basic disciplines of management has served the
graduates of the School well in dealing with
newly emerging and Increasingly complex
professional challenges.

Applied studies, which occupy the bulk of the
student's time in the second year of the mas-
ter's program, link the theoretical studies to the
practical roblems faced by managers. The
Sloan School offers an unusually wide range of
applied fields, the principal ones being Account-
Ing; Applied Economics; Co rate Strategy
and Policy; Finance: Health re Management;
Human Resource Management; industrial
Relations; information Technologies; Intemation-
al Management; Marketing; Operations Manage-
ment; Operations Research and Statistics;
Organization Studies; System Dynamics; and
Technology Innovation. Many subjects are
taught in each of these fields, and the curricu-
lum allows students considerable choice. This
flexibility enables students to construct either a
general program that introduces them to many
of the applied fields, or a specialized program
that permits them to study one or two of the
applied fields in depth. Students are thus able to
design broad programs if they are interested in
immediate entry into general management
careers, or more specialized ones if they seek
expertise as a means to higher-level manage-
ment 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 activi-
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-
emiment, firms, and other public and private
organizations. In addition, many students
choose topics for their master's theses that
involve research in the practice of management
in particular 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 supervision of their faculty advisors,
the opportunity to practice newly acquired
management skills In the exploration of a single
topic of particular Interest. Each thesis normally
represents the original contribution of a single
student, although In the case of collaborative
research, joint theses are also encouraged. A
third dimension to the thesis concept is the
.project" thesis, in which faculty 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
specfic phase.

Master of Science In Management and
Engineering

Students hoping to combine graduate educa-
tion in management and engineering, in order
to pursue a career within the manufacturing
Industry. may apply for the 24-month Leaders
for Manufacturing program. 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 jointi through the Sloan School of
Managemen and the Departments of Aeronau-
tics and Astronautics, Chemical Engineering,
Electrical Engineering and Computer Science,
Materials Science and Engineering, and Me-
chanical Engineering in the School of Engineer-
Ing. Generar requirements and application
procedures are described in Chapter VI.

Doctor of Philosophy

The purpose of the Sloan School's doctoral
rogram Is to prepare students for careers in
teaching and research or for nonacademic
positions requiring advanced research and
analytical capabilities. The doctoral program
provides the opportun to combine in-depth
work in theory with work in broadly defined
"applied" or functional" fields.

A candidate entering with a bachelor's degree
should be able to complete the program in four
years. The first year is devoted to work in the
basic disciplines" of management and to

preliminary work in the studert's major and
minor fields. The second year Is primarily de-
voted to the major and minor fields. Finally, one
to two years are required for the doctoral disser-
tation. A candidate entering with an advanced
degree may be able to finish in less time de-
pending on previous experience in research.

Breadth Requirement The basic disciplines
referred to before are behavioral science, eco-
nomlos, and quantitative methods. Students
may demonstrate competence in each of these
"breadth" areas by passing a qualifying exami-
nation or by successfull completing subjects
specified by the Ph.D. Committee.
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Programs for Executive
Education in Management

Major and Minor Fields. Candidates must
master the literature, theory, and applcation of a
major field of concentration as well as a minor
field. Successful completion of this requirement
Is determined by General Examinations. The
major fields currently available In the Sloan
School are the following (although Individually
constructed majors are possible):

Accounting
Finance
industrial Relations
Information Technologies
International Management
Management of Technological Innovation
Managerial Economics
Marketing
Operations Management
Operations Research and Statistics
Organization Studies
Strategy and Policy
System Dynamics

Most doctoral students enter the program with a
fairly clear idea In mind of a major fleld of con-
centration, and it is typically an "applied field.-
An appropriate minor field Is then selected - a
theoretical discipline that provides a foundation
for research In the major field. The following are
examples of natural and usual combinations:

Major Field

Finance
Industrial
Relations
Marketing
Operations
Management
Organization
Studies
System
Dynamics

Minor Field

Economics
Behavioral
Science
Statistics
Operations
Research
Behavioral
Science
Economics

The subject requirements for the major and
minor fields are not rigid. There are normal
groups of subjects for the standard fields, but
substitutions c' other subjects and Independent
study are possible. Regardless of the major and
minor fields chosen, a plan of study des ned to
prepare the student for General Examione Is
worked out by the student and his or her faculty
advisor(s) and submitted to the Ph.D. Commit-
tee for aproval at the beginning of the spring
term in student's first year.

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 b a research advisor and other
Interested facul Upon completion of the
project, the stu dnt 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
faculty 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.

Teaching Apprenticeship

Since the graduates of the doctoral program are
almost Invariably involved in teaching, whether
in a university or in other organizational settings,
there is a Teaching Apprenticeship requirement
for the de ree. Each candidate is given partial
responsibity for conducting a Sloan School
subject. The ap renticeship offers an op rtuni-
ty for working closely with a faculty member
who can provide constructive feedback and
counsel. The apprenticeship Is normally under-
taken by the third year of study, after General
Examinations have been passed, but may be
completed earlier if a suitable teaching opportu-
nity is available.

Language Requirement

There is no language requirement in the Sloan
Schcol's doctoral program, although in some
cases the student and his or her advisor decide
that further study of a foreign Ian uage Is nec-
essary If the student is to work eifectvely in his
or her major field. This Is usually true, for exam-
ple, in the field of international Management.

Teaching and Research Assistantships

All graduate students who have completed a
year (or sometimes a term) of graduate study in
he Sloan School are eligible to apply for the

approximately 100 pa-tme research and
teaching assistantships available each year.

General Examinations normally are taken In Inquiries
September of the thIrd year of study, after
completion of the breadth requirement, ma or For master's brochures and applications, call
and minor field course work, and a researon (617) 253-0449; for master's Information, call
D (see below). The exact form of General (617) 253-3730; for doctoral Information, call

e varies from area to area and may Involve (617) 253-7188. Additional information concem-
written examinations, critiques of research Ing graduate programs, admissions, and finan-
papers, or review papers on prescribed topics. oial aid may be obtained from the Master's
in all cases, the last stage is an oral examination Program Office, Room E62-112, or the Doctoral
covering both major and minor fields. Program Office, Room E52-1 19, MIT Sloan

School of Management, 50 Memorial Drive,
Researoh. The Sloan School Is deeply cor- Cambridge, Massachusetts 02139.
mitted to research, and the philosophy and
structure of the Ph.D. program reflect this
professional oommitment. There are two sepa-
rate research requirements: the research paper
and the thesls.

Alfred P. Sloan Fellows Program

Each year, the Alfred P Sloan Fellows Program
admits approximately 50 mid-career executives
who have demonstrated potential for filling
positions of more general and senior manage-
ment responsibility In the future. These men and
women are sponsored by Industry, govemment,
and other organizations (or they ma apply
Independently). Approximately one-third of the
participants selected are from abroad. The
12-month Program, providing regular classroom
work plus close contct with business and
govemment leaders here and abroad, Is taken
in conjunction with the regular graduate pro-
gram and leads to the degree of Master of
Science in Management.

MIT Program for Senior Executives

The Program for Senior Exe utives is an Inten-
sive nine-week course of study designed for the
senior-level executive already in or preparing for
a position of major managenal responsibility.
Enrollment In this nondegree program, offered
in the fall and spring of each year, Is limited to
aroups of 50. A one-week trip to Washington,

C, to visit licymakers in the Federal govem-
ment, is an Integral part of the Program.

Master of Solenae in Management of
Technology

Offered jointly by the MIT Schools of Engineer-
Ing and Management, this is a twelve-month
executive education program leading to the
degree of Master of Science In the Management
of Technology. The program is designed for
men and women with engineering or science
backgrounds - and five to ten years of work
experience - who are facing Increasing mana-
gerial responsibilities on the technical side of

elr organization. The curriculum alms at
preparing managers to bring advances in
technol y to the marketplace In the form of
new products and sevices, and new manufac-
turing processes.

Inquiries

Detailed Information about these programs may
be obtained from the Executive Education
Programs Office, Room E52-128, Sloan School
of Management, MIT, Cambridge, Massachu-
setts 02139, (617) 253-7166.
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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)

Our continually increasing understanding of the
physical and biological worlds opens up new
possibilities of applications for the benefit of
humanit, and helps us to better appreciate the
world in which we live. Today we are Increasing-
ly dependent on science for the knowledge that
allows us to solve practical problems and to find
better ways of providing for the world's needs.

Training in science provides a firm basis for
many types of careers. Scientific training is not
only needed for teaching and research but also
provides an opportunity to enter many other
professions. Students with bachelor's degrees
in science often go on to medical school, law
school, business school, and other professional
schools, including engineering. Science has, of
course, contributed in the most fundamental
way to the advancement of technology, and
technology has contributed importantly to the
advancement of science. At MIT, the relation-
ships between science and technology are
especially close and mutually reinforcing.

The sciences and mathematics form an intellec-
tual continuum, but for administrative purposes
they are divided into five departments at MIT.
There are many Interrelations between the
programs of these departments, and the inter-
departmental laboratories help to form a bridge
between fields and to provide contact with
applications.

At MIT, the biological sciences are represented
by a wide range of disciplines including cell
biology, microbiology, biochemistry,
immunology, molecular biology, cancer biology,
metabolism and human nutrition, toxicology,
and oiochemical engineering. The biological
sciences have undergone tremendous changes
since the discovery of the structure of
deoxyribonucleic acid (DNA). The Center for
Cancer Research and the Cell Culture Center
are Interdepartmental laboratories that are
closely related to the Department of Biology.
The Whitehead Institute for Biomedical
Research is affiliated with MIT, and its faculty
members hold appointments in the Department
of Biology. The Whitaker College of Health
Sciences, Technology, and Management has
Joint programs with the School of Science.

The physical sciences deal with the widest
range of physical phenomena - from the
shortest distances between particles inside the
nucleus to the greatest distances over which we
learn of the structure and substance of the
universe from astronomy and astrophysics.

In physics at MIT, the four main areas are
astrophysics; experimental nuclear and particle
phys cs; solid state, laser, plasma, and atomic
p hyics; and nuclear and particle theory A great
deal of physics research is carried out in the
various interdepartmental laboratories listed
here.
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In the Department of Chemistry, research and
education are carried out in organic, inorganic,
physical, analytical, biological, and biophysical
chemistry, and in chemical physics. These
sciences are heavily involved in Industry, and
many graduates find their careers in applica-
tions as well as in research.

The earth solences include geology, geochem-
Istry, geophysics and planetary science, and
meteorology and physical oceanography. The
Increased understanding of plate ton cs has
revolutionized our views of the past and current
changes in the structure of the earth. The
Increased use of computers In atmospheric and
oceanographic modeis has revolutionized our
understanding of oirculation. The Wallace Astro-

h scal Observatory and the Wallace Geophys-
c Observatory provide opportunities for
education and research, as do various interde-
partmental laboratories. The joint doctoral

r ram with the Woods Hole Oceanographic
rnetution provides opportunities tc be Involved

in oceanographic research.

Mathematics provides a base and language for
all types of research and is an area of active
research itself in both the discovery of new
mathematics and in applying mathematics in
new ways to important applied problems. Pure
mathematics is of interest in its own right, and it
always has led !n unexpected ways to a better
understanding of the world. The core of the
program in applied mathematics is concerned
with the mathematical formulations of propaga-
tion, stability, optimization, cybernetics, statis-
tics, and random processes.

The science departments and the related inter-
departmental labatories offer many opportuni-
ties for undergraduate research through the
Underraduate Research Opportunities Pro-
gram. Through this program, students obtain
firsthand research expenence in fields that
interest them, and leam in a different environ-
ment from the classroom or Instructional labora-
tory. The Undergraduate Seminar Program
provides study and associations with facuity
members In smaller and less formal groups.

The School of Science also Is involved in
providing of the general education of
undergr uate dents through the Science
Requirement subjects, Science Distribution
subjects, and Laboratory subjects.

Interdisciplinary laboratories and centers asso-
ciated with the School include the following:

Francis Bitter National Magnet Laboratory

Cell Culture Center

Center for Cancer Research

Center for Materials Science and Engineering

Center for Space Research

Clinical Research Center

Energy Laboratory

George Russell Harrison Spectroscopy
Laboratory

Haystack Observatory

Laboratory for Computer Science

Laboratory for Nuclear Science

Lincoln Laboratory

Plasma Fusion Center

Research Laboratory of Electronics

Whitaker College of Health Sciences
and Technology

Detailed descriptions of these laboratories and
centers may be found in Chapter VI.

Office of the Dean

Gene M. Brown, Ph.D.
Professor of Biochemistry
Dean

Evelyn L. Pbrez, B.A.
Assistant Dean for Personnel Administration

Charlene M. Placido, B.A.
Assistant Dean for Financial Administration

Judith M. Gooch, B.A.
Director of Development for the School of
Science

School Professors WIthout Departmental
Affiliation

Hamish Nisbet Munro, M.B., D.Sc.
Adjunct Professor of Physiological Chemistry

Nevin Stewart Scrimshaw, Ph.D., M.D., M.PH.
Institute Professor

Vernon R. Young, Ph.D., D.Sc.
Professor of Nutritional Biochemistry
Clinical Research Center

Gene M. Brown, Ph.D.
Professor of Biochemistry
Dean
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Department of Biology

Richard Olding Hynes, Ph.D.
Professor of Biology
Head of the Department

Robert Thomas Sauer, Ph.D.
Professor of Biochemistry
Associate Department Head

Professors
David Baltimore, Ph.D.
Professor of Microbiology
Director, Whitehead institute for
Biomedical Research

David Botstein, Ph.D.
Professor of Genetics
(On leave)

Gene M. Brown, Ph.D.
Professor of Biochemistry
Dean, School of Science

Amold 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

Maurice Sanford Fox, Ph.D.
Lester Wolfe Professor of Molecular
Biology

Malcolm Lawrence Gefter, Ph.D.
Professor of Biochemistry

Nancy Haven Hopkins, Ph.D.
Professor of Biology

H. Robert Horvitz, Ph.D.
Professor of Biology

David Evan Housman, Ph.D.
Professor of Biology

Vemon Martin Ingram, Ph.D., D.So.
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

Boris Magasanik, Ph.D.
Jacques Monod Professor of
Microbiology

Mary Lou Pardue, Ph.D.
Professor of Biology

Sheldon Penman, Ph.D.
Professor of Cell Biology

Uttam Lal RajBhandary, 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, So.D.
Professor of Applied Microbiology

Frank Solomon, Ph.D.
Professor of Biology

Usa Amelia Steiner, M.D.
Professor of Immunology

Susumu Tonegawa, Ph.D.
Professor of Biology

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.
Thomas D. and Virginia W Cabot
Career Development Associate
Professor of Biology

Marie B. Chow, Ph.D.
Associate Professor of Biology

Leonard Pershing Guarente, Ph.D.
Associate Professor of Biology

Monty Krieger, Ph.D.
Latham Family Career
Development Associate Professor
of Molecular Genetics

Paul Thomas Matsudaira, Ph.D.
Associate Professor of Biology

Ronald Davies Graham McKay,
Ph.D.
Associate Professor of
Neuroblology

Barbara Jean Meyer, Ph.D.
Associate Professor of Biology

Richard Charles Mulligan, Ph.D.
Associate Professor of Molecular
Biology

William . 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

Brent Hartman Cochran. Ph.D.
Assistant Professor of Biology

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. Poitras 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

Donald C. Rio, Ph.D.
Assistant Professor of Biology

Hee-Sup Shin, M.D., Ph.D.
Assistant Professor of Biology

Hermann Steller, Ph.D.
Assistant Professor of
Neurobiology

Administrative OffIcer

Cynthia D. Kowal, B.A.

Assistant to the Department
Head

Maija K. Ahlquist, B.A,

Senior Lecturer

Leonard S. Lerman, Ph.D.

Instructor

U-Wen Wang, Ph.D.

Technical Instructor

Patricia Reilly, A.A.S., B.A.

Research Scientists

David Beeler, M.S.
Christin Frederick, Ph.D.
Rima Kaddurah-Daouk, Ph.D.
Oliver Peoples, Ph.D.
N. Narayana Rao, Ph.D.
Katherine Wan, Ph.D.
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Postdoctoral Assoolates

Ezra S. Abrams, Ph.D.
Ital Barel, Ph.D.
Olivia Bermingham-McDonogh,
Ph.D.
Leslie Bloom, Ph.D.
Clarence Chan, Ph.D.
Bao-lu Chen, Ph.D.
Chung Mong Chen, Ph.D.
Shu-Zi Chen, Ph.D.
Felix Claverie-Martin, Ph.D.
Harold J. Drabkin, Ph.D.
Marilyn Francis, Ph.D.
Bradford Friedman, Ph.D.
Nashwa Gabra, M.D.
01 Gao, Ph.D.
David Gonda, Ph.D.
Maryann Haldi, Ph.D.
Kevin Hennessy, Ph.D.
Alan Gordon Herbert, Ph.D.
Ya-Ming Hou, Ph.D.
Robert W. Jackman, Ph.D.
Kendall L. Knight, Ph.D.
Tatsuhiko Kodama, Ph.D.
Tetsuhito Kojima, M.D.
Diane Kozwich, Ph.D.
Chan Ping Lee, Ph.D.
Ky Lowenhaupt, Ph.D.
John Mankovich, Ph.D.
Joseph Miller, Ph.D.
Anna Mitraki, Ph.D.
Nicola Moscufo, Ph.D.
Jeffrey Nickerson, Ph.D.
Toshlhiro Ohta, Ph.D.
Anita Pal, Ph.D.
Peter Prevelige, Ph.D.
Katya Ravid, D.So.
Animesh Ray, Ph.D.
Linda S. Reldl, Ph.D.
Jasmit Sarrowa, Ph.D.
Shashi Sharma, Ph.D.
Tim Steams, Ph.D.
Katrin Valgelredottir, Ph.D.
Umesh Varshney, Ph.D.
Robert J. Villafane, Ph.D.
Daniel B. Wacks, Ph.D.
Verona M. Weiss, Ph.D.
Kenneth Wertman, Ph.D.
Loren Williams, Ph.D.
Edward Winter, Ph.D.
Xiaohang Yang, Ph.D.
Ker YU, Ph.D.
Diane J. Zezza, Ph.D.

Professors Emeriti

Eugene Bell, Ph.D.
Professor of Biology, Emeritus

John Machlin Buchanan, Ph.D.,
D.Sc.
Professor of Biochemistry,
Emeritus

Herman Nathaniel Eisen, M.D.
Professor of immunology, Emeritus

Jerome Ysrael Lettvin, M.D.
Professor of Electrical and
Bloengineering and
Communications Physiology,
Emeritus

Irving M. London, M.D.
Grover M. Hermann Professor of
Health Sciences and Technology
Professor of Biology and Medicine

Salvador Edward Luria, M.D., D.Sc.
Institute Professor, Emeritus

Francis Otto Schmitt, Ph.D., So.D.
Institute Professor, Emeritus
Professor of Biology, Emeritus

Irwin Whiting Sizer, Ph.D.
Professor of Biochemistry,
Emeritus

Annamaria Torriani, Ph.D.
Professor of Biology, Emerita
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Department of Biology

(Course 7)

Undergraduate Study

The Department of Biology offers undergradu-
ate, graduate, and postdoctoral training In basic
biolog, and in a variety of biological fields of
speo ization. The quantitative aspects of
biology, includin molecular biology, blochemis-
try, genetics, andoell biology, represent the
core of the program. Students in the Depart-
ment are encouraged to acquire a solid
background In the physical sciences not only to
master the applications of mathematics,
physics, and chemistry to biology, but also to
develop an integrated scientific perspective. The
various programs, emphasizing practical
experimentation, Combine a minimum of formal
laboratory exercises with ample opportunities for
research work both in project-oriented
iaboratory subjects and in the Department's
research labratories. Students at all levels are
encouraged to acquire familiarity with advanced
research techniques and to participate in
seminar activities.

Bachelor of Science in Ufe Sciences
Course VII

Two programs are offered leading to the Bache-
lor of Science in Life Sciences. The curriculum
is designed to prepare students for a profes-
sional career in the area of the biological
sciences. Graduates of this program are well
preaed for positions in Industrial or research
ins es. However, experience has shown that
most graduates probably will choose to contin-
ue their education at graduate schools in order
to obtain a Ph.D. in biochemistry, microbiology,
?enetics, biophysics, cell biology, or physiology,
ollowed by research or teaching in one of these
areas. The undergraduate curriculum is also
excellent preparation for students who wish to
continue their education toward an M.D.. partic-
ularly if their career plans include laboratory
investigations bearing on human disease.

Bachelor of Science as Recommended
by the Doepartment of Biology
Course Vil-A

Course Vil-A is designed for students who wish
to obtain a background In the life sciences as
preparation for careers without laboratory re-
search such as medicine, graduate study of
psychology, or management studies. This
program, leadingto te S.B., does not require
18.05 or a 24-unit laboratory subject, and allows
96 units In unrestricted electives so that stu-
dents can plan their programs to suit their
particular goals. Further details may be obtained
from the Department.

Additional information regarding undergraduate
academic programs, research opportunities,
admissions, financial aid, etc.. may be obtained
from Biology Headquarters, UndergraduateSecretary, oom 5&511, Cambridge, Massa-
chusetts 02139, (617) 253-4718.

Bachelor of Science In Life Sciences
Course VII-B

The undergraduate curriculum in Applied Biolo-
gy (Course VII-B) is available to students who
entered MIT prior to 1987. The curriculum
emphasizes interdisciplinary laboratory and
class experience in the physical and biological
sciencee. While the requirements specify only24 units of research (which may lead to a S. .
thesis), most undergraduates work for three or
more terms, plus one or two summers on their
independent research projects.

Students should use their elective subjects for
more advanced subjects in their field and for

*Alternate prerequisites are Isted in the subject descriptiot additional study in basic subjects offered in
1 various departments. Serious students should
Either 7.011 or 5.311 satlsfies the institute Laboratory Require. consider several subjects beyond the minimum
ment, Howsve, both oftheirequivalent are requkred inordertosat- requirements, such as 18.03 Differential Equa-
sty medical school entrance requIements. tions, 8.03 Physics liI, a third term of 5.43
2 O anic Chemistry, computer pr ramming,
Studentswhotakes.11tofIIItheOGeneranstute Requirement and additional topics in physical chemistry.
for chemistry must take 12 additional units of unrestrcted Else-
tives.

3
An addItlonail restricted seotive may be subetituted for 7.01.

Additional information on VIl-B degree require-
ments may be obtained from Professor Marie B.
Chow in the Department of Biology, Room
5-217, (617) 253-5393.

Bachelor of Science In Ufe Sciences
Course VII

Ge~eIalititute Requlemenite 17 subjecte

Science Requirement

Humanities, Arts, and Social Sciences Requirement

Science Distribution Requirement [2 subjects can
be satisfied from among 5.12. 5.0. 18.05 and
either 7.01 or 7.05 in the Departmental Program)

Laboratory Requirement [can be satisfled by 7.011 In the
Departmental Program)'

TOTAL Subjects

5

17

PLUS

Depatmental Progam Units

Subject nemes below we followed byonsdf units, and by
prerequitea Nany (corequlfisa In i c)
neqird subte:

5.11 Principles of chemical ScIence,2 12
512 Organic chemistry 1. 12; 11
550 chemical Thermodynamics, 12: 18.02
7.01 General Biology,3 12

ill

Biology. 15; tot
7.03 Genetics. 12
705 General Biochemistry, 12; 5.12
70 Cllanm Molecular Biology 12; 7.03 70

18.05 Introduction to Probability and Statistics, 12;
18.01*

Restricted Electives: so
Three 12.unNt sub"et offered by the
Department of Biology for which 7.03
and/or 705 are prerequISItes.
On* of the llowig ftr sub jcts:

7031 Exri~mental Microbial Genetics.
24; 7O11, 7.03, 7.08

7.041 Experimental Drosophila Molecular Genetics, 24;
7011, 7.03- 7.0

7.15 Experimental Molecular Bolg
Blotiohnology 1. 24; 701, 7,03, 7.05

716 Experimental Molecular Blology
Blotechnoogy 11,247011.
7.03.7.08

units I artimentd that d s ety
the serV instoute NKetmeW" (85)

Waftrtited 11e1lee 4

TO Wil te*ed for tie S.D. ee Seyend
the asner itltilt Aieqsrraut 1go
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Graduate Study

The Department of Biology offers graduato work
leading to the Doctor of Philosophy. Study may
be pursued In the following fields of specializa-
tion.

Biochemistry - the study of enzyme catalysis,
and the chemical proties of proteins, carbo-
hydrates, complex lipids, nucleic acids, and
protein-nuclelc acid complexes. Methods of
analysis include gone cloning, the use of genet-
lo variants, synthetic isubstrates, and transition
state analo S if areas of study lncudu
the chemisty'o onoogenes, the mechanism of
RNA splicing, analysis of cytoskeletal proteins,
the chemistry of brood 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 bactero-fhage, 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-functon studies of
proteins and tRNAs, and the control circuits
regulating gone expression. A new area of study
lt e application of high-resolution molecular
techniques to problems in human genetics.

Cell Biology - molecular biological, genetic,
and cell biological analysis of eukajyotlc cells.
The specific areas of research include the
oranization, expression, and regulation of
eukaryotic genomes; the structure and function
of membranes and cytoskeletons; the molecular
basis of cellular st re, organization, prolifera-
tion, and movement; the differentiation and
functions of specialized cell types; and the
molecular basis of various diseases.

Immunology - the study of the genetic, cellu-
lar, and molecular mechanisms underlying the
exquisite sensitivity and specificity of the m-
mune system. The immunology group studies
the chemistry of antigon-antiooy and antigen-T
cell receptor Interactions, using the tools of
molecular biology as well as classical immuno-
logal aproaches. Of particular interest is the
roie of I dotyplo 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 inter-laboratory journal club. The emphasis
here is molecular, primarily using cell-biological,
developmental, and genetic approaches.
Present areas of research interest include the
molecular determinants of neuronal diversity
and shape; of cell-adhesive, cell-inductive, and
synaptic interactions; and the genetic and
molecular determinants of cell-lineages,
memory storage, and sensory transduction.

Entrance Requirements for Graduate Study

In the Department of Biology, the Master of
Science is not a prerequisite for a program of
study leading to the doctorate.

The Department modifies the General Institute
Requirements for admission to graduate study
as follows: 18.01, 18.02 Calculus; one year of
college physics; 5.12 Organic Chemi I;
professional subjects inc uding general lo-
chemistry, genetics. and physical chemistry.
Deficiencies in any of these subjects may be
removed while enrolled in a graduate program.

Doctor of Philosophy

Joint MIT-Woods Hole Oceanographle
Institution Program
Course VII-W

Bielogical Oceanography. MIT and WHOI
administer a) joint program In biological ocean-
ography lea toa ointy awarded Doctor of
Pilosophy. Fo e of this program, see the
Joint Program In Oceanography and Oceano-
graphic Institution, at the end of this chapter.

Financial Support

Students who are accepted into the graduate
gram are generally provided with support

fo 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 enooura etoapply for outside
fellowships for which ey are eiible, such as
the National Science Foundation sllowships.
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 Biolog Head uarters, Graduate
Administrator, Room 5624, MIT, Cambridge,
Massachusetts 02139, (617) 263-4738.

Biophysical Chemistry and Molecular
Structure - studies of the principles that The General Institute Requirements for the
underlie the folding, stability, molecular design, Doctor of Philosophy are listed In Chapter IV on
and assembly of proteins and nuoleic acido. Gra*:"t: Educaion. In the Departmental pro-
Analysis of molecular structure by X-ray crystal- gram, each raduate student is expected to
lography and NMR. Spcifi areas of conoentra- acquire a solid background in four fundamental
tIon Include th study of genetic strategies for areas of biology: biochemistry, genetics, cell
enhancing the stability, Iloend affinity, i biology, and molecular b y. Most students
catalytic efficlency Of proteiand .nzyms take subjects in these areas uring the first year.

thwaof protein folding; iaold All students ae required to take three subjects:
nil; an rtiy interactons Genetics, Biochemistry for Graduate Students,

Stud of more complex systems include the and Method and Logo In Molecular Biology.
control of viral and k assembly. This last subject is a seminar designed specifl-

contol f vralandcytokueal sseblycally to Introduce graduate students to in-depth
Developmental BIology - the cellular, genetc, discussion and analysis of topics in molecular
and molecular mechanisms responsible for 1) biology,

gnatng the diversity of cell "ye that aris
du=ndseopmnt and 2)controllng e ways Students also have a choice of several elective
In whh cas Interact to produce organ systems subjects, which have been designed for the
and whole organisms. These problems w entrn graduate student. In addition to provid-
studied using vertebrates (birds, amphibians, Ing a sng formal background in biology, the

, sa fi e serves to familiarize t
urchins. fruit fe) and plants Wabadopg*) students w faculty and students in all parts of

po~flO toplos Of Interest Include theruation the department.
ofg rsion, cel interactions m o ne-

do mrain, and the mechanism of sex
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Department of Chemistry

Mark Stephen Wrighton, Ph.D.
Frederick G. Keyes Professor of
Chemistry
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 BOchl, D.Sc.
Camille Dreyfus Professor of
Chemistry

Rick Lane Danheiser, Ph.D.
Professor of Chemistry

Alan Davison, Ph.D.
Professor of Chemistry

John Mark Deutch, Ph.D., So.D.
Karl Taylor Compton Professor of
Chemistry
Provost

Robert Warren Field, Ph.D.
Professor of Chemistry

Carl Wesley Garland, Ph.D.
Professor of Chemistry

Frederick Davis Greene il, Ph.D.,
So.D.
Professor of Chemistry

Daniel Schaeffer Kemp, Ph.D.
Professor of Chemistry

Har Gobind Khorana, Ph.D.
Alfred P Sloan Professor of Biology
and Chemistry

Alexander M. Kiibanov, Ph.D.
Professor of Chemistry

Stephen James Uppard, Ph.D.
Arthur Amos Noyes Professor of
Chemistry

Satoru Masamune, Ph.D.
Professor of Chemistry

Irwin Oppenheim, Ph.D.
Professor of Chemistry

William Henry Orme-Johnson,
Ph.D.
Professor of Chemistry

Gregory Anthony Petsko, D.Phil.
Professor of Chemistry

Juilus Rebek, Jr., Ph.D.
Professor of Chemistry

Richard Royce Schrock, Ph.D.
Prof sssor 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 Siibey, Ph.D.
Class of 1942 Professor of
Chemistry

Jeffrey Irwin Steinfeld, Ph.D.
Professor of Chemistry

JoAnne Stubbe, Ph.D.
Ellen Swaliow Richards Profssor
of Chemistry

Steven Robert Tannenbaum, So.D.
Professor of Chemistry
Professor of Toxicology, Whitaker
College

John Stewart Waugh, Ph.D.
Institute Professor of Chemistry

Gerald Norman Wogan, Ph.D.
Underwood-Prescott Professor of
Toxicology
Professor of Chemistry
Director, Division of Toxicology,
Whitaker College

Associate Professors

Stephen Leffler Buchwald, Ph.D.
Associate Professor of Chemistry

Sylvia Teresse Ceyer, Ph.D.
Associate Professor of Chemistry

John Martin Essigmann, Ph.D.
Associate Professor of Chemistry
and Associate Professor of
Toxicology, Whitaker College

Keith Adam Nelson, Ph.D.
Associate Professor of Chemistry

Assistant Professors

Peter Thomas Lansbury, Jr., Ph.D.
Assistant Professor of Chemistry

Hans-Conrad zur Loye, Ph.D.
Assistant Professor of Chemistry

Philip Wirth Phillips, Ph.D.
Assistant Professor of Chemistry

Douglas C. Youvan, Ph.D.
Atlantic Richfield Assistant
Professor of Chemistry

Senior Lecturer

Dagmar Rings, Ph.D.

Senior Research Scientist
Catherine Elizabeth Costello, Ph.D.

Principal Research Scientist

Willam M. Davis, 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 Ivine, Jr., Ph.D.,
So.D.
Professor of Chemistry, Emeritus

John Clark Sheen, Ph.D., Sc.D.
Professor of Organic Chemistry,
Emeritus

Clark Conkling Stephenson, Ph.D.
Professor of Chemistry, Emeritus
Senior Lecturer
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Department of Chemistry

(Course 5)

Undergraduate Study Graduate Study

Bachelor of Science in Chemistry
Course V

The Department offst an undergraduate pro-
gram sufficiently flexible in its electives to pro-
vide excellent preparation for careers In many
different areas of chemistry. The Course Is
designed to provide an education based on
science both for those who Intend to go on to
graduate study and for those who Intend to
immediately pursue professional careers in
either chemistry or an allied field In which a
sound knowledge of chemistry is important.
Students receive thorough Instruction in the

rinc les of chemistry, supplemented b a firm
un tion In mathematics, physics, the huma-

nities, and other subjects. The Departmental
Program Is accredited by the American Chemi-
cal society.

Unrestricted elective time allows students to
extend their knowledge In areas of special
interest. Those intending to do graduate work
may elect subjects in the Department or In other
departments that give them more detailed
knowledge In the areas in which they wish to
specialize. Students who plan to enter industry
may elect subjects that offer the fundamentals
In a selected field of science, engineering, or
the humanities and social sciences. Five-year
programs may also be elected that lead to
simultaneous Bachelor of Science degrees in
two fields of specialization.

The student's facuty advisor can offer sugges-
tions for elective subjects that are of value rn
g reparation for specialization in the various

road areas of chemistry. The proper choice of
electives is particularly important for students
planning to continue their education in a gradu-
ate school.

Course V also alms to develop a strong ground-
ing in research principles and experience, and
the curriculum may include a research project
giving students opportunitiles to demonstrate
aptitude for creave efforts.

Inquiries

Additional Information may be obtained from the
Chmistry Department, Undergraduate Office,
Room 2-325, MIT Cambridge, Massachusetts
02139, (617) 263-7271.

Bachelor of Science In Chemistry
Course V

General Institute Requiremente 17 Subject.

Science Requirement 5

Humanities. Arts. and Social Sciences Requirement 5

Science Distribution Requirement [1 subject can
be satisfied by 5.12, 56o, or 5.61 In the
Departmental Program] 3
Laboratory Requirement [can be satisfied
by 5 311 In the Deparmental Program] _1

TOTAL Subjects 17
PLUS

Departmernt Progrt Units

Subject names below are followed by credit units, and by
prerequisites I any (corequisites in ienics)
Required Subjects: 120

6.03 Principies of inorganic Chemistry 1. 12; 5 12
5.11 Principles of Chemical Science'. 12

5.12 Organic Chemistry i, 12: 5 11
5.13 Organic Chemistry 11. 12: 5. 11, 5.12

5.311 Introductory Chemical Experimentation, 12: 5.12
5.32 Intermediate Chemical Experimentation. 15:

5 311*. & 13, 5.80

533 Advanced Chemical instrumentation, 21:
5.32. 5.01

5.60 Chemical Thermodynamics', 12: 18.02

5.01 Physical Chemistry, 12: 8.02. 18.02

RestreIted Mectives: 24
At lear two of Me following these subjects:

5.04 Principles of inorganic Chemistry ii. 12; 5.03

5.43 Organic Chemistry. 12: 5.13

5.82 Physical Chemistry. 12; 5 o*

Unite In Departmental Program that else
satisty the General inktite Requemnte

Unreeteted octives t so

Total Unite Required for the S.S. Degee Seyond
the GOeneral Inatitute Requirements 10

*Aftemale prerequisites are tisted in the subject description.

Students who take 5.11t fumfil the Gmenral institute Require-
mort In Chemistry must take 12 additional units of Unrestricted
Eloctke6-

The Department of Chemistry offers the Master
of Science in Chemistry, the Doctor of Philoso-
phy, and the Doctor of Science. The subjects
offered for these degrees aim to develop a
sound knowledge of fundamentals and a famil-
1r with current progress in the most active

and Important areas of chemistry. In addition to
studying formal subjects, each student under-
takes a research problem that forms the core of
graduate work. Through the experience of
conducting an Investigation leading to the
master's or doctoral thesis, a student feams
general methods of approach and acquires
training in some of the specialized techniques of
research.

The areas of research In the Department are
organic, inorganic, hysical, biological, and
biophysical chemi ry biochemistry: and chemi-
cal physics. The thesis frequently Involves more
than one of these fields. Some of the research
activities of the Department are carried out in
association with the work of various Interdisci-
plinary laboratories and centers such as the
Center for Materials Science and Engineering,
the Research Laboratory of Electronics, and the
Spctroscopy Laboratory, described in Chapter
V. These Interdepart m ental research laborato-
ries provide stimulating interaction among the
research programs of several MIT departments
and give students the opportunity to become
familiar with research work in disciplines other
than chemistry. Detailed Information on the
research activities of the faculty can be found In
the Directory of Graduate Research published
by the American Chemical Society.

During the first term of residence, all graduate
students are encouraged to select research
supervisors who serve as advisors for the bal-
ance of their graduate careers. In particular, the
overall pro ram of graduate subjects to be
taken is esalished by each student and the
research supervisor. In planning this program
and in establishing the theels problem, careful
conslderation Is given to the candidate's aca-
demic record and professional experience, as
well as to long-range objectives.

Entrance Requirements for Graduate Study

Students intending to pursue graduate work in
the Department should have excellent under-
graduate preparation in chemistry. The Depart-
ment, however, is flexible with respect to the
specific mathematics and physics preparation;
the essential requirement is demonstration of
ability to progress with advanced study and
research in some area of special Interest.

Mathematics and physics are Important prereq-
ulsites for graduate work in physical chemistry
or chemical physics, whereas lees preparation
in these areas is required for work in organic
chemistry.

Applicants for financial assistance from the
Department of Chemistry are requested to
submit scores from the erbal and Quantitative
sections of the Graduate Record Examination.
Scores on the Advanced examinations are
optional.

(24)
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Although doctoral studies are the principal focus Inquiries
of the graduate program in the Department of
Chemistry, applications are also accepted from Correspondence about the graduate program
students Who do not wish to go beyond the or appointments should be addressed to the
Master's degree. ploants whose ultimate goal Ch rman of the Departmental Committee on
is the Ph.D. or S. should apply to the Depart- Graduate Students, Professor G. A. Berchtold,
ment as doctoral students, since the Master s Chemistry Graduate Office, Room 18-392, MIT,
degree is not a prerequisite for the Ph.D. or Cambridge, Massachusetts 02139, (617)
Sc. In Chemistry at MIT 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 supervi-
sor, pursues an individual program of study that
is pertinent to long-range research interests.

Written major examinations are cumulative.
Separate examinations in biological, inorganic,
organic, and physical chemistry are offered
each month during October through May. The
examinations demonstrate an understanding of
the important principles of each field, and most
of the examinations are based on recent semi-
nars and current literature. Six cumulative
examinations must be passed to complete the
written major examination. No fixed time limit is
set for completion of this requirement; however,
progress Is reviewed periodically. No other
general written examinations are required. In
prcular, no qualifying (or "entrance") examina-
ons are given.

A comprehensive oral examination in the
candidate's major field of advanced study is
held near the end of the third term of residence.
Progress in the student's research is also
examined at that time. A final oral presentation
on the subject of the doctoral research is
scheduled after the thesis has been submitted
and tentatively evaluated by a committee of
examiners.

TeachIng and Research Assistantships

The Department appoints a number of degree
candidates as teaching assistants who are
usually assigned to laboratory subets or to
discussion sections of lecture subjects. Many
students receive appointments to research
assistantships after their first year. and Depart-
mental fellowships also are available. Financial
support after the first academic yw is provided
for students who maintain 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

William Francis Brace, Ph.D.
Cecil and Ida Green Professor of
Geology

Burrell Clark Burchflel, Ph.D.
Schlumberger Professor of
Geology

Roger George Bums, Ph.D.
Professor of Geochemistry

Charies Claude Counselman 111,
Ph.D.
Professor of Planetary Sciences

John Marmion Edmond, Ph.D.
Professor of Oceanography

James Ludlow Elliot, Ph.D.
Professor of Astronomy and
Physics
Director, George R. Wallace, Jr.,
Astrophysical Observatory

Kerry Andrew Emanuel, Ph.D.
Professor of Meteorology

Glenn Richard Fieri, Ph.D.
Professor of Oceanography

Frederick August Frey, Ph.D.
Professor of Geochemistry

Bradford H. Hager, Ph.D.
Professor of Geophysics

Stanley Robert Hart, Ph.D.
Professor of Geology and
Geochemistry

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 GeoAphyelcs

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 Meteorology

M. Gene Simmons, Ph.D.
Professor of Geophysics

Sean Carl Solomon, Ph.D.
Professor of Geophysics

John Brelsford Southard, Ph.D.
Professor of Geology

Peter Hunter Stone, Ph.D.
Professor of Meteorology
Director, Center for Meteorology
and Physical Oceanography

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

Edward Allen Boyle, Ph.D.
Associate Professor of Chemical
Oceanography

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 Petrology

Thomas A. Herring, Ph.D.
Associate Professor of Geophysics

Kip V. Hodges, Ph.D.
Associate Professor of Geology

Paola Malanotte Rizzoll, Ph.D.
Associate Professor of
Oceanography

Leigh H. Royden, Ph.D.
Associate Professor of Geology
and Geophysics

Jack Wisdom, Ph.D.
Associate Professor of Planetary
Sciences

Assistant Professors

Richard P Binzel, Ph.D.
Assistant Professor of Planetary
Sciences

John P Grotzinger, Ph.D.
Assistant Professor of Geology

David C. Jewitt, Ph.D.
Assistant Professor of Planetary
Sciences

Jason Phipps Morgan, Ph.D.
Assistant Professor of Geophysics

Daniel H. Rothman, Ph.D.
Assistant Professor of Geophysics

Earle R. Williams, Ph.D.
Assistant Professor of Meteorology

Visiting Professors

Claude J. Frankignoul, Ph.D.
Professor of Oceanography

Nobumichl Shimizu, D.Sc.
Director, Ion Probe Facility

Senior Lecturers

John Cari 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

Susan Guralnik, B.A., M.A.

Administrative Staff

Anita Killian, B.S., M.S.
Donna Martel
Carol Ann Ramey

Senior Research Scientist

Peter Molnar, Ph.D.

Principal Research Scientists

Chuen Hon Cheng, Sc.D.
Edward Dunham, Ph.D.
M. Bruce Fegley, Ph.D.
Robert W. King, Jr., Ph.D.
Christopher 1. Measures, Ph.D.

Research Associates

Eric Bergman, Ph.D.
Teresa Bowers, Ph.D.
Andrew Campbell, Ph.D.
Sergel Gourevitch, Ph.D.
Gary Klinkhammer, Ph.D.
Ralph Markson, Ph.D.
Stephen Meacham, Ph.D.
Steven Recca, M.S.
Alexander Rochester, Ph.D.
Robert Rellinger, Ph.D.
Roger Turpening, Ph.D.
Jane Hsiung Wojcik, Ph.D.
Roberta, Young. Ph.D.

Research Engineers

Richard Abbott, Ph.D.
Kenneth Burrhus
Spiros Geotle
George Keough

Research Specialists

Timothy Barash, B.A.
Carol Blackway Caravana, M.S.
Irene Ellis, B.S.
Barbara Grant, M.S.
Pillalmarri la, Ph.D.
Charmaine King, B.S.
David Krowitz, B.S.
Jane Maloof, B.S.
Unda Meinke, B.S.
Diana Spiegel, M.S.

Research Staff, Administrative

Sara H. Brydges, B.S.
Jane S. McNabb, B.A.
Albert L. Taylor

Postdoctoral Associates

Norman Barth, Ph.D.
Jerzy Blusztajn, Ph.D.
Xavier Carton, Ph.D.
Kelly Kenison Falkner, Ph.D.
Kristin Orians, Ph.D.
Martin Palmer, Ph.D.
Douglas Toomey, Ph.D.

.1
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Visiting Scientists

Bruce Anderson, Ph.D.
Abdullatif Barka, 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 Kralchnan, Ph.D.

Professors EmerIti

James Murdoch Austin. So.D.
Professor of Meteorology, Emeritus

Harold Williams Fairbalm, Ph.D.
Professor of Geology, Emeritus

Patrick Mason Hurley, Ph.D.
Professor of Geology, Emeritus

Edward Norton Lorenz, So.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 Shrook, Ph.D.
Professor of Geology, 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
Planetary Sciences offers the bachelor's degree
in earth, atmospheric, and planetary sciences,
and the master's and doctoral degrees in earth
and planetary sciences, in meteorology, and in
oceanography.

Observations of the sky, sea, surface, and the
planet's interior inspire ingenious syntheses of
physics, chemistry, and mathematics. Depart-
ment programs employ the basic sciences to
understand the origins, evolution, composition,
and structure of the Earth and other planets,
and to explain phenomena as diverse as the
motions of continents, asteroids, and weather
systems.

Department faculty members teach and con-
duct research in a broad range of subjects,
including mineralogy-crystallography, sedimen-
tolog petrology, rock mechanics, geochemis-
try, c emical oceanography, geochronology,
tectonics, geodesy, seismol ogy geomagnetism
and geoelectricity, heat flow, igh-pressure
geophysics, geophysical fluid dynamics, obser-
vational and ynamical meteorology, atmo-
spheric chemistry, atmospheric electricity,
physical oceanography, marine geology and
geophysics, optical and radar as;ronomy, dy-
namIca astronomy, comeis and meteors, plane-
tary rings, and planetary atmospheres.

Modern problems in these fields are ap-
proached by field measurements, laboratory
studies, and theory. Experimental facilities for
training and research are available not only in
departmental laboratories such as the Earth
Resources Laboratory, but also in MIT's interde-
partmental laboratories such as the Center for
Space Research, the Lincoln Laboratory, the
Haystack Radio Observatory and Millstone
Radar facility, and the Wallace Astrophysical and
Geophysical observatories (described in Chap-
ter 1), and in cooperating institutions such as
the Woods Hole Oceanographic Institution.

Graduate programs in meteorology and physi-
cal oceanography are provided through the
Center for Meteorology and Physical 0ceanog-
raphy. The programs In these areas draw upon
physics, mathematics, and chemistry but em-
phasize fluid dynamics. The solutions to many
environmental problems will depend upon
increased knowledge of the earth's atmosphere
and oceans. The Center's graduate programs
are designed to provide students with a broad
background in these areas. The research pro-
grams of the Center are described later in this
section. The program in hysical oceanography
is offered jointly with the Woods Hole Oceano-
graphic Ins n.

Students are encouraged to take advantage of
the offerings in the Undergraduate Seminar
Program and the Undergraduate Research
Opportunities Program to become involved in
the fields of earth and planet sciences,
meteorology, and oceanography.

Bachelor of Science In Earth, Atmospheric,
and Planetary Sciences
Course XiI

The Department offers undergraduate prepara-
tion for professional careers in the earth, atmo-
spheric, and planetary sciences. Some students
concentrate In specific fields in these areas.
Others choose to combine basic studies in
mathematics, physics, chemistry, or engineering
with applications to earth, atmospheric, and
planetary sciences.

The curriculum for the Bachelor of Science in
Earth, Atmospheric, and Planetary Sciences
contains only a minimum number of specific
requirements, to allow maximum flexibility in
arranging an individualized program of study.
Lists of undergraduate research and employ-
ment opportunities are available from the De-
partment.

Students are encouraged to enter the Depart-
ment of Earth, Atmospheric, and Planeta
Sciences at the beginning of their secon year
to obtain the maximum benefit from advisor
resources; however, Interested students are
encouraged to visit Department headquarters at
any time to arrange conferences with advisors.

Restricted Elective Requirements. Each
student's program of restricted electives is
individually arranged in consultation with the
advisor. For guidance, sample programs in
geology, geochemistry, geophysics, meteorolo-
gy and physical oceanography, atmospheric
and oceanic chemistry, planetary physics, and
astronomy are available from the Department
Headquarters, Undergraduate Office, Room
54-910. A variety of other programs can be
worked out In onsultation with the student's
advisor.

Some of the restricted electives in these pro-
grams, or any altemate programs submitted,
can be selected In part to meet the particular
needs and interests of individual students.
Approval of these programs is based on their
scope, depth, and relevance to sound prepara-
tion in one of the major disciplines cover by
the Department. Programs normally should be
submitted for approval by the mid dle of the
student's third year.

Students who wish to defer choosing a field of
concentration within Course Xli can prepare for
all of the options by completing 5,60 Chemical
Thermodynamics, 8.03 Physics 111, 12.02 Chem-
istry and Physics of Minerals and Rocks, and
18.03 Differential Equations during their second
year.

Research Requirement Each student is re-
quired to undertake a minimum of 12 units of
research supervised in the Department. Many
students take significantly more, and some
petition the Committee on Curricula to have this
research satisfy the Institute Laboratory Require-
ment as well, By petition to the Departmental
Committee on Undergraduates, suitably
planned and executed research or Individual
study also may be substituted for classroom
subjects. Also by petition, students may satisfy
the departmental research requirement by
means of projects on which the have worked
for pay rather than for credit, eler within the
department or elsewhere, provided that the
student can demonstrate that the activity consti-
tutes a substantial research experience.

Bachelr of Science In Earth, Atmospheric,
and Planetary Sciences
Course X11

osneral Institute Requiremente 17 subjects

Science Requirement

Humanities, Arts. and Social Sciences Requirement

Science Distribution Requirement [2 subiects can
be satisfied from among 8.03, 18.03. and 5.0 or 3.00
in the Departmental Program)

Laboratory Requirement

TOTAL Subjects

3

_1
17

PLUS

Depatental Pogran Units

Subject name$ below are followed by credit unis, and by
prerequisites 9 sW' (corequliries In ltallcs)i
Required Subjects:
One of the folowing two subjects:

5.o Chemical Thermodynamics, 12; 18.02

3.00 Thermodynamics of Materials. 12; 18.02

plus
8,03 Physics Ill, 12: 8.02., 16.02

ory one of Me folli o ue s chosen In
consultation wathe "dvisor:

1 W Fiuid Dynamics, 12: 18.03
3 11 Mechanics or Materials. 12; 8.01. 18.03
S.1 Physical chemistry, 12: 8.02. 1-02

18.3s4 Fluid Mechanics, 12; 18.04'
One of Me following three subjects:

12.091 Special Problems (at east 12 units)

12 ThU Undergraduate Thesis (at least 12 units)

12.UR Undergraduate Research (at least 12 units)

s
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Graduate Study

Required Subjecte (continued)
One of the tollowing lor subjects:

12.07 Chemistry and Physics of the
Earth. 12: 8.02. 18.03

12.131J Planetary Science 1. 12: 8.03. 18,03

12.21 Physics of the Ocean. 12: 8.03. 18 03

12.811 Introduction to Meteorology, 12; 8.02, 18.03
-s

18.03 Differential Equations. 12; 18.02*

Restricted Electives: 84
A coherent program of eiestives selected In consultation
wI' the faculty advisor and approved by the
Departmental Committee on Undergraduates (see text)

Units I Depatmental Program that also satiety
the General Institute Rqiae ts, (24)

Unrestricted Electives 60

Total Units Required for the S.D. Degree Beyond
the General Institute RequIremntis, ISO

Double-Degree Programs/Five-Year Programs

Studies In physics, chemistry, biology, applied
mathematics, and electrical or civil engineering
are directly relevant preparation for work in
earth, atmospheric, and planetary sciences.
Students from these departments can arrange
flexible programs of stud in Course Xii leading
to a second Bachelor of ience in one of these
areas.

Students with strong academic records from the
Departments of Chemistry; EcWtrical Engineer-
Ing and Computer Science; Physics; Earth,
Atmospheric, and Planetary Sciences; or Mathe-
matics should be able to complete a Master of
Science in Earth and Planetary Sciences in
meteorology and physical oceanography in one
year of additional study, particularly If programs
are arranged for this purpose from the begin-
ning of the fourth year. Applications for graduate
enrollment in the Department are considered
any time after the beginning of the fourth year.
Students may receive the Bachelor of Science
as soon as the requirements are completed, or
may elect to defer the award for simultaneous
presentation with the Master of Science.

Inquiries

Additional Information may be obtained from the
Department of Earth, Atmospheric, and Plane-
tary Sciences, Department Headquarters, Room
54-913, MIT, Cambridge, Massachusetts 02139,
(617) 253-3381. Speciofi information and advice
with respect to studies in meteorology may be
obtained from the Center for Meteorogy and
Physical Oceanography, Room 54-171Z, (617)
253-2281.

*itmlee prerequisites are listed in the subject description.

The Department of Earth, Atmospheric, and
Planetary Sciences offers opportunities for
raduate study and research in a wide range of
elds, as indicated by the detailed subject

descriptions in Chapter VIII. This coursework is
the usual prelude to a thesis demonstratin that
the student Is capable of Independent an~
creative research. A successful thesis leads to a
graduate degree, either a Master of Science, a

octor of Philosophy or a Doctor of Science in
the field of specialization.

A graduate thesis may have either a theoretical,
experimental, 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 may be made for summer
employment and field research on Departmental
projects and with industrial organizations and
govemment agencies. in oceanography, sea-
going observational research Is an important
part of the educational experience. In meteorol-
ogy and oceanography, graduate study In-
cludes a mixture of theoretical and experimental
studies sharing a common appreciation of the
dynamics of the underlying process.

Entrance Requirements for Graduate Study

In addition to the General Institute Requirements
for admission, as found In Chapter IV, the De-
partment requires preparation equivalent to the
curriculum for the Bachelor of Science In Earth,
Atmospheric, and Planetary Sciences at MIT for
graduate studies In that field. For meteorology
and oceanography, the most essential element
is a sound preparation in mathematics and
physics, supplemented if possible by some
chemistry. tudents taking their undergraduate
work at other institutions are advised to include
in their programs the equivalent of the mathe-
matics and physics contained in the MIT under-
graduate curricula. If students are not fully
prepared in certain of the fields or required
subjects, they usually are asked to extend their
studies in these areas while pursuing advanced
work. The doctoral program can be entered
without a Master of Science as a prerequisite

Joint MIT-Woods Hole Oceanographic
Institution Program In Oceanography and
Oceanographic Engineering

MIT and WHOI have established a program in
oceanography which loeads to a jointly awarded
degree of the Doctor of Philosophy or the
Doctor of Science. For detIs of this program,
see Joint Program In Oce 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 ianguage requirements for
the degree. Master's studen in oceanography
and meteorology have access to the facilities of
the Joint MIT-WHOI Program.

Doctor of Philosophy and
Doctor of Science

General Institute Requirements for the degree of
Doctor of Philosophy or Doctor of Science are
given in Chapter IV. The Department does not
require candidates for the doctorate to present
evidence of competence in a foreign language,
but it strongly urges that candidates for the
doctorate acquire intermediate competence in
one or more languages. A specialized program
of study and research Is tailored to each
student's background, needs, and goals by the
student in consultation with a faculty advisor
and a Departmental committee. A doctoral
candidate's program Is expected 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
knowledgeable in the research topic, who are
chosen by the student, and who may be mem-
bers of other departments. The thesis is ex-
pected to meet high professional standards,
and to be a si nificant original contribution to
the scientific field.

Teaching and Research Assistantships

The Department (including the Center for Me-
teorology and Physi1cal Oceanography and the
Earth Resources ratory) offrs a consider-
able number of research and teaching assistant-
ships each year. Research assistants work on
one of the many research projects In the Do-

artment, 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.
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Center for Meteorology and
Physical Oceanography

Earth Resources Laboratory

The Center also offers the Jule G. Charney
Awards for graduate study. These awards are
available to a few students to supplement the
normal support from research assistantships or
other fellowships. Selection of individuals Is
based on the excellence of the applicant's
record, as evidenced by academic perform-
ance, letters of recommendation, professional
accomplishments, and other awards such as
National Science Foundation Fellowships.

Inquiries

Additional Information regarding academic and
current research programs in the Department,
admission requirements, assistantship appoint-
ments, and financial aid may be obtained by
writing to the Department of Earth, Atmospheric,
and Planetary Scientm, Department Headquar-
ters, Room 54-913, MIT, Cambridge, Massachu-
setts 02139, (617) 253-3381.

Meteorology

Formal subjects of instruction are offered in
most principal areas of meteorology, supplem-
ented by reading subjects in a student's special
area of Interest. The subjects are described in
Chapter VI II.

The Center's research and educational activities
Include all the principal areas of meteorology:
atmospheric dynamics, synoptic meteorology,
weather forecasting, radar meteorology, meso-
scale meteorology, cloud physics, atmospheric
electricity, atmospheric chemistry, climate
dynamics, satellite meteorology, planetary
atmospheres, air-sea interactions, observational
meteorology, hydro-meteorology, and air pollu-
tion. The Center maintains a Doppler weather
ladar system and a synoptic laboratory that
receives and archives current weather data from
the National Meteorological Center. The Center
also has a computer facility with a medium-
sized computer and peripheral equipment,
many smaller computers, and remote terminals
enabling students and staff to communicate
with large computers at the National Center for
Atmospheric Research, NASA's Goddard Space
Flight Center, and MIT's Information Services.
The facility can be used for data analysis, plot-
ting, satellite image processing, numerical
modeling, and other applications. Some of the
Center's staff have joint appointments at MIT's
Haystack Observatory in Westford, Massachu-
setts. The Observatory's Millstone Hill radar
systems are used in studies of the physics and
dynamics of both the upper and lower atmo-
spheres.

Cambridge and its surroundings contain a
number of institutions active in meteorological
research, which, in addition to private commer-
cial firms, include Harvard University, Woods
Hole Oceanographic Institution, the Air Force
Geophysics Laboratory, and the Boston Office
of the National Weather Service. Contact with
the personnel of these institutions 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
Oceanography is active in physical oceanogra-
phy research; faculty and students are currently
engaged In theoretical studies of the oceanic
circulation, observational studies at sea, labora-
tory models, and investigations of the interac-
tions between the atmosphere and the ocean.
The programs of graduate students in oceano-
graphy also Include subjects In oceanography
an related areas offered by several other MIT
departments and the Woods Hole Oceano-
graphic Institution.

The Earth Resources Laboratory (ERL) brings
together faculty, staff, and students dedicated to
research that will further our understanding of
the earth and Its resources. Intensive and multi-
disciplinary approaches are combined to Inves-
tigate the problems of exploration and develop-
ment of petroleum and other resources.
Seismology and physical properties of earth
materials, among other geophysical studies,

rovide a common thread for research projects.
he Laboratory personnel, which total about 50,

include departmental faculty, visiting faculty,
research scientists, graduate students, under-
graduate students, and support staff.

The major research areas at ERL are seismic
wave propagation and Inversion in heteroge-
neous media, borehole geophysics, reflection
seismology/tomography, selsmicity/tectonics,
Imae processing, and expert system (Al)
app ications to geophysical problems. There are
extensive computing facilities, as well as
ultrasonics, tomography, and rock physics
laboratories supporting the research areas. Field
data collection activities Include the Wallace
Geophysical Observatory and New England
Seismic Network, a 2km-deep dedicated
research borehole, and cooperative studies with
other MIT departments, industrial research
groups, Woods Hole Oceanographic Institution,

cean Drilling (ODP), and Continental Drilling
(DOSECC) programs.

The research activities at ERL are supported In
equal measure by industry, US govemment
agencies, and Founding Membership grants.
Further information about ERL can be obtained
at the Department Headquarters (54-913), at
ERL Headquarters (E34-462), or by calling the
Director, Professor M. N. Toks6z at (617)
253-7852.
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Assistant Professor of Applied
Mathematics

Antonio Sanchez-Calle, Ph.D.
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Department of Mathematics

(Course 18)

Undergraduate Study

An undergraduate degree In mathematics
provides an excellent basis for graduate work In
mathematics or computer science, or for em-
ployment in such mathematics-related fields as
systems analysis, operations research, or actu-
arial science.

Because the career objectives of undergraduate
mathematics majors are so diverse, each under-

raduate's program is Individually arranged
h collaboration between the student and

his or her facu advisor. In general, students
are encou to explore the various branches
of mathemacs, both pure and applied.

Undergraduates wishing to work In small groups
under the supervision of a faculty member may
elect an upper-level mathematics seminar. This
is normally done during the junior year or the
first semester of the senior year. The experience
gained from active participation In a seminar
conducted by a research mathematician is
particularly valuable for a student planning to
pursue graduate work in some branch of math-
ematics or a related field.

There are three undergraduate programs that
lead to the degree Bachelor of Science In
Mathematics: a General Mathematics Option, an
Applied Mathematics Option for those who wish
to specialize in that aspect of mathematics, and
a Theoretical Mathematics Option for those who
expect to pursue graduate work in pure mathe-
matics. A fourth undergraduate program leads
to the degree Bachelor of Science in Mathemat-
los with Computer Science; it Is Intended for
students seriously Interested in both mathemat-
Ics 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
acce ard fulfillment of any part of the
Departmental Requirements other than 18.03. It
is accepted, however, as Unrestricted Elective.

Bachelor of Science In Mathematics
Course XVIII
General Mathematics Option

This option Is the one followed by most stu-
dents who major In mathematics. Besides the
General Institute Requirements, the require-
ments consist of 18.03 Differential Equations
and eight 12-unit subjects in Course 18 of
essentially different content, Includi at least
six advanced subjects (first decimal diit one or
higher). This leaves available 84 units of unre-
sticted electives. 'The requirements are flexible
In order to accommodate several categories of
students:

1) those who wish to pursue programs that
combine mathematics with a related field (such
as physics, economics, or managment),
2) those who wish to divide their me between
theoretical and applied mathematics, and
3) those who wish to use mathematics as a
general Institute major.

Applied mathematics is the mathematical study
of general scientific concepts, princi les, and
phenomena that, because of their widespread
occurrence and application, relate or unify
various disciplines. The core of the program at
MIT concerns the following principles and their
mathematical formulations: propagation, equilib-
rium, stability, optimization, cybernetics, statis-
tics, and random processes. The undergraduate
program provides a general introduction to
most areas of applied mathematics and to
several spefc areas for study in greater depth.

Sophomores Interested in applied mathematics
typically survey the field of applied mathematics
by enrolling in 18.310 and 18.311 Principles of
Applied Mathematics. Subject 18.310, given
ony In the first term, is devoted to the discrete
aspects of the subject and may be taken con-
currently 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 core-
spend roughly to those areas of applied mathe-
matics making heavy use of discrete mathemat-
ics, while Group I emphasizes those subjects
dealin mainly with continuous processes.
Naturaly, there Is a good deal of overlap; for
example, such subjects as probability or numer-
ical analysis have both discrete and continuous
aspects. In general, students in the aplied
mathematics option are encouraged to acquire
as good a background as possible in both types
of applied mathematics.

For those who wish to emphasize particular
areas within the applied mathematics curricu-
lum, sample prorams are available in the
Undergraduate athematics Office for the
following specialties: combinatorics, computer
science, fluid dynamics, numerical analysis,
statistics, and theoretical physics.

Bachelor of Science In Mathematics
Course XVill
Applied Mathematics Option

Genra instute Req*remsnt 17 Subleets

Science Requirement 5
Humanities, Arts, and Social Sciences Requirement a

Science Distribution Requirement (1 subject can be
satisfied by 18 03 in the Departmental Program) 3
Laboratory Requirement i

TOTAL Subjects 17

PLUS

Depmthmental Program Unite

Subject names below are Wlowed by credit unnt, and by
prerequsiase Nany (corequiutes in talica)
Requird Subjects: so

18,03 olfferential Equations. 12:18.02*

18.310 Principles ot Applied Mathematics, 12: 18.02*

18.311 Principles of Applied Mathematics. 12: 18&03

One of the following two subjects:
18.04 Complex variables with Applications, 12: 18 03

18 284 Introduction to Functions of a
Complex Variable. 12; 18.03

One of the following two subjects:
1806 unear Algebra. 12: 18.020

18.421J Algorithmic Algebra and Number
Theory, 12. 16.00*, 18.310*

Restdeted Elsetivee: 45
Four additional Course 18 subjects from the follon two
groups withal ter t one subject from each groupI
croup I - Probabilty and Statistics. Combinatorica, Computer
science

Group 11 - Numerical Analysis. Physical Mathematics. Fluid
Mechanics

Units In Dsartmental Poam that ae* satiefy
the Gener insttute Requksment. (12)

Unreated leetee 44

Totar Units RequIred far the 5.8. Degree Beyond
the 0eneralinat=ute Requirnments Io

*Alternate prerequisites are listed in the subject description.

A list o acceptable subjects is avallable in Room 2-10e
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Theoretical mathematics (or "pure" 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-
fied Into three general fields: analysis, which
deals with continuous aspects of mathematics;
algebra, which deals with discrete aspects; and
geometry. The underraduate program Is
designed so that students become familiar with
each of these areas. Students may also wish to
explore such other topics as logic, number
theory, complex analysis, geometry, and sub-
jects within applied mathematics.

The subject 18.100B Analysis I Ie basic to the
program. Since this subject is strongly proof-ori-
ented, many students find an intermediate
subject such as 18.06 Unear Algebra or 18.710
Abstract Unear Algebra useful as preparation.

The subject 18.701 Algebra I is more advanced
and should not be elected until the student has
had some experience with proofs (as in 18.100B
or 18.710).

Bachelor of Science in Mathematics
Course XVIII
Theoretical Mathematics Option

General Institute Requirements 17 Subjects

Science Requirement 5
Humanities. Arts, and Social Sciences Requirement S
Science Distribution Requirement (1 subject can be
satisfied by 18.03 In the Departmental Program] S
Laboratory Requirement i

TOTAL Subjects 17

PLUS

Departmental Program Unit@

Subject names below are tolbwod by credit units, and by
prerequlsiaes any (corequlates In italics)
Required seioci: 72

1803 Differential Equations. 12 18.02*

18.100B Analysis i. 12; 18.03
One of the fowlk g m subjects:

18.101 Analysis 11, 12: 18.1008, 18,701

18.103 Fourier Analysis - Theory and
Appik4lons, 12; 18.1009

phts
18.701 Algebral. 12; 18.02*

18.702 Algebral, 12; 18.701

18.901 Introduction to Topology 1, 12; 18 .100B1

Restdicted Electives: 38
An upper-liel Mathematics Seminar' (12 units)

iWo addhional Course 18 subjects of essentially different
content. with the first decimal digit one or higher (24 units)

Unite Int Deeatent Proun that also satief 1y
the Genera Institute Requwtemente (12)

unreeticted E1et1es 54

Total Unie Reqshed for th .0. D0 eyond
the Oserwal Ittetilute Aeqakemernsnta ISO

Mathematics and computer science are close-
ly related fields. Problems in computer science
are often formalized and solved with mathemati-
cal methods, and it Is likely that the most impor-
tant problems currently facing computer scien-
tists will be solved by researchers skilled in
algebra, analysis, combinatorices, logic and/or
probability theory, as well as computer science.

The purpose of this program is to educate
students in precisely these areas. First, the
program provides a broad background in
mathematics, equivalent to that of the other
mathematics options, but emphasizing areas of
greatest applicaton to computer science.
second, it provides a solid core of education In
computer science, beginning with 6.001 Struc-
ture and Inte rotation of Computer Programs,
and 6.034 Artcial Intelligence. These are
followed by either 6.002 Circuits and Electronics
and 6.004 Computation Structures, which
concentrate on the hardware aspects of com-
puter science, or by 6.170 Laboratory in Soft-
ware Engineering and 6.035 Computer Lan-
guage Engineering, which concentrate on the
software aspects. Tne program is completed
with two advanced subjects, 18.404J The of
Computaton and 18.414J Theory of Algorims,
which provide an Introduction to the most
mathematically intensive branches of computer
science.

Some flexibility Is allowed In this program. For
instance, students ma , with permission, substi-
tute 6.170 Laboratory Software Engineering
for the recommended subject 6.034 Artificial
Intelligence, provided that they complete the
6.002-6.004 sequence and that they otherwise
satisfy the Institute Science Distribution Require-
ment. Similarly, they may, with permission,
substitute 18.063 Introduction to Algebraic
Systems for 18.310 Principles of Applied Mathes-
matics, and 18.701 Algebra I for I. Unear
Algebra.

*Alternate prerequisites are listed in the subject description.

1
These seminars are 18.104. 18.504. 18.704. 18.904. and
16.994.
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Graduate Study

Bachelor of Science In Mathematics with
Computer Science
Course XVIII-C

eneral Inelutie Nequirments 17 subjecte

Solence Requirement F
Humanities. Arts, and Social Sciences Requirement 8

Science Distribution Requirement (2 subects can
be satisfied by 18.03 and 8.034 In the Departmental
Program) I
Laboratory Requirement -1

TOTAL Subjects 17
PLUS

Departmental Pgra- UnIt.

Subject names below are folowed bycredit unitI, and by
prerequLhne ary (Corequaneffe n 1ca)
Required ublett: 114 or 117

18.03 Differential Equations, 12: 18.02*

18.310 Principles of Applied Mathematics, 12 18-02

18.404J TheofoComiputation. 12: 18.310*
6.001 Structure and interpretation of Computer

Programs, 15
6.034 Artificlal Inteigence, 12, 6.001

One subject rm each ofe ftlnowing pais:
18.410) introduction to Algorithms, 12; 0.001, 18.310'

18.414J Theoryof Algorithms. 12 18.00*, 18.310*

18.06 Linear Algebra, 12. 18.02*
or

18.710 Abstract Lunear Algeba. 12; 18.02*

One of the following two sequences:

8.002 Circuits and Electronics. 15, 8.02*, 18.03*

6.004 Computation Structures, 15; 6001, 6.002

or
8.170 Laboratory in Software Engineering. 15: 6.001

8.036 Computer Language Engineering. 12; 6.170

Reareed Iliae: 48
Four add/llnel oowee 10 subjeot 'oluadIng subjects from at
es Um of ftllaInxg anes ebfs M ls Logic

Prob b/ift N mtel M alidCorn h aorc

u ,7eelalsl edle "tM l

unvrkw 0e , Isne 48

tal Unts Roquied for #w Do .. egree ereynd
#weserai insltIt Reqtilemvelt 1n

Inquiries

Inquiries arding academic programs may be
addressed TJoanne E. Jonseon, Under-
graduate Mathematics Offioe, Room 2-108, MIT,
Cambrid 9, Massachusetts 02139, (617)
253-241T

The following information sheets are available In
Room 2-108:

What Math Subject Shall I Take?
Careers in Mathematics
Thinking of Majoring in Mathematics?
Applied Mathematics: Sample Programs

The Department offers programs covering a
broad range of topics leading to the Doctor of
Philosophy and the Doctor of Solence. Numer-
ous Informal seminars, as well as a joint weekly
mathematios oolloquium sponsored altemately
by MIT, Brandeis University, and Harvard Univer-
alty, supplement the subject offerings.

Candidates whose primary Interest Is In the field
of pure mathematics ordinarily take most of
their subjects In the Department. In addition to
their advanced specialization, students are
encouraged to acquire breadth by takingbasic
subjects in analysis, algebra, geometry, us
theory, logic, and topolog Candidates whose
primary Interest is In app ad mathematics ar
expected to acquire breadth by taking subjects
In astrophysics, oombinatorlcs, fluid dynamics,
theoretical physics, numerioal analysis, statistics,
and the theory of computation. Students are
encouraged to study important as e of one
or more engineering or scientific fields closely
related to research in applied mathematics.
Assistance or collaboration in problems in pure
or applied mathematics, which are being Investi-
gated by members of the stafV, may constitute
part of a graduate student's program.

Entrance Requirements for Graduate Study

Students are expected to have one year of
college-level natural science in addition to an
undergraduate mathematics program approxi-
mating that of mathematics majors at MIT.
Studente may enter the applied mathematics
progr.rn from any unde raduate field of con-
centration; however, seal consideration is
given to students with a strong soientiflo back-
ground.

Doctor of Philosophy and
Doctor of Sciance

The basic requirements for these drees are
given in Chapter IV and the details the pro-
gram ar explaned in a set of notes available
from the Department The first stage Is to take
subjects (normally 11 subjects totaling 132
hours of graduate credits) and topar for the
geeal qualifying examination. Doctoral candi-

atles we required to have a reading knowledge
of mathematical French, German, Italian, or
Russian.

For students in the pure mathematios program,
the oral part of the g ral examination covers
three areas chosen 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 fld of spcalization. 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.

*Altrnate prerequisites ue lsted in the sublect description.

I
A ill of GMMWlbl sublects Is Mealable In Room 2-108.
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For students electing the applied mathematics
program, the basic objective Is a proper bal-
ance of specialization and diversity. By the end
of the first year of study, the degree candidate !,
consultation with an advisor must submit a "plan
of study" for approval by the Applied Mathemat-
ics Committee. In addition to a list of subjects
related to the major field, this plan must Include
the core curriculum, which assures familiarity
with the basic cncepts 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
Information on degree requirements, academic
standards, and financial support.
In either the pure mathematics or applied math-
ematios 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 high quallty, 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 oral thesis
examination.

Teaching and Research Assatantships

A limited number of fellowships and teaching
and research assistantships are available. Nor-
mally, entering students who are offered finan-
cial aid are offered teaching assistantships and
the assistantships are renewed so that students
are supported for a total of four years. Entering
students who have not been offered aid should
not expect aid in later years.

Inquiries

Additional information regarding academic or
research programs in mathematics, admissions,
or financial ad, may be obtained from Phyllis
Ruby, Graduate Mathematics Office, Room
2-233, MIT, Cambridge, Massachusetts 02139,
(617) 253-2689.
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Department of Physics

Robert Joseph Birgeneau, 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

George Bekefi, Ph.D.
Professor of Physics

John Winston Belcher, Ph.D.
Professor of Physics

George Bernard Benedek, Ph.D.
Alfred H. Caspary Professor of
Physics and Biological Physics

Ahmet Nihat Berker, Ph.D.
Professor of Physics

Aron Myron Bernstein, Ph.D.
Professor of Physics

Wiliam Bertozzi, 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 Busza, Ph.D.
Professor of Physics

Claude Roger Canizares, Ph D.
Professor of Physics

Min Chen, Ph.D.
Professor of Physics

George Whipple Clark, Ph.D.
Professor of Physics
Breene M. Kerr Professor

Bruno Coppi, Ph.D.
Profossor of Physics

Eric Richard Cosman, Ph.D.
Professor of Physics
(On leave)

Ronald Crosby Davidson, Ph.D.
Professor of Physics

Mildred Spiewak 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

Bernard Taub Feld, Ph.D.
Professor of Physics
(On leave)

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
Director, Center for Theoretical
Physics
(On leave)

Thomas John Greytak, Ph.D.
Professor of Physics

Lee Grodzins, Ph.D.
Professor of Physics

Alan Harvey Guth, Ph.D.
Professor of Physics

Kerson Huang, Ph.D.
Professor of Physics

Karl Uno Ingard, Ph.D.
Professor of Aeronautics and
Astronautics and Physics

Roman Wiadimir Jackw, Ph.D.
Professor of Physics
(On leave)

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
(On leave)

Kenneth Alan Johnson, Ph.D.
Professor of Physics

Paul Christopher Jose, Ph.D.
Professor of Physics

Marc Aaron Kastner; Ph.D.
Professor of Physics

Henry Way Kendall, Ph.D.
Professor of Physics
(On leave)

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 Kleppner, Ph.D.
Lester Wolfe Professor of Physics
Associate Director, Research
Laboratory of Electronics

George Fred Koster, Ph.D.
Professor of Physics

Stanley Benedict Kowalski. Ph.D.
Professor of Physics

Patrick A. Lee. Ph.D.
Professor of Physics

Walter Hendrik Gustav Lewin,
Dr.Tech.Sci.
Professor of Physics

James David Litster, 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
Cecil and Ida Green Professor of
Education
Dean for Undergraduate Education

June Lorraine Matthews, Ph.D.
Professor of Physics

Emest Moniz, Ph.D.
Professor of Physics
Director, Bates Linear Accelerator

John William Negele, Ph.D.
Professor of Physics

Louis Shreve Osborne, Ph.D.
Professor of Physics

Gordon H. Pettengill, Ph.D.
Professor of Planetary Physics
Director, Center for Space
Research

Irwin Abraham Pleas, 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

Lawrence Rosenson, Ph.D.
Professor of Physics

Paul Schechter, Ph.D.
Professor of Physics

Toyolchi Tanaka, D.Sc.
Professor of Physics

Samuel C. C. Ting, Ph.D.
Professor of Physics
Holder of the Thomas Dudley
Cabot institute Chair

Felix Marc Hermann Villars, D.Sc.
Professor of Physics

Rainer Weiss, Ph.D.
Professor of Physics

Peter Adalbrt 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

Edward Henry Farhi, Ph.D.
Associate Professor of Physics

Robert Joseph Ledoux, Ph.D.
Associate Professor of Physics

Ralph Leroy McNutt, Jr., Ph.D.
Associate Professor of Physics
(On leave, fall)

Janos Polonyl, Ph.D.
Associate Professor of Physics

Robert Page Redwine, Ph.D.
Associate Professor of Physics

Jean-Pierre Revol. Ph.D.
Associate Professor of Physics
(On leave)
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Assistant Professors

Edmund W. Bertschinger, Ph.D.
Assistant Professor of Physics

Susan Cooper, 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

Mehran Kardar, Ph.D.
Assistant Professor of Physics

Aneesh Vasant Manohar, Ph.D.
Assistant Professor of Physics
(On leave)

Stephan Schutzmeister Meyer,
Ph.D.
Class of 1942 Career Development
Assistant Professor of Physics

Simon Mochrie, Ph.D.
Assistant Professor of Physics

Steven W. Stahler, Ph.D.
Assistant Professor of Physics

John L. Tonry, Ph.D.
Assistant Professor of Physics

Jonathan S. Wurtele, Ph.D.
Assistant Professor of Physics

Barton Zwiebach, Ph.D.
Assistant Professor of Physics

Visiting Professors

Boris Altshuler, Ph.D.

Alexander Polyakov, Ph.D.

Rochus Vogt, Ph.D.

Senior Research Solentists

Roshan Lal Aggarwal, Ph.D.

Joseph Dennis Burger, Ph.D.

Thomas William Donnelly, Ph.D.

Thomas H. Dupree, Ph.D.

Simon Foner, D.So.

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 Ernest Turchinetz, Ph.D.
Associate Director, Bates Unear
Accelerator

Claude Finley Williamson, Ph.D.

Prineipal Research Scientists

Edward S, Cheng, Ph.D.
Paul Stanley Unsay, Ph.D.
Peter Reed Saulson, Ph.D.

Senior Lecturer

Alan P. Ughtman, Ph.D.

Technical instructors

Hamid Arjomand, M.S.
Robert Mark Bessette
Eugene Michael diSalvatore, A.B.
Charles A. Forte
Jordan Kirsch, Ph.D.
David Robertson, B.S.
Grum Teklemarlam, B.S.
Thomas Joseph White, Jr.

Administrative Officer

Catherine Ormond, B.A.

Administrative Staff

Margaret Louise Berkovltz, B.A.
Theodore Coleman
Gail Marlene Morchower, M.A.
Brenda Nace, B.S.
Janet Sahlstrom
Kim Blakely Wainwright, B.A.

Research Associates

Sridhar Gorti, Ph.D.
Naoto Masuhara, Ph.D.

Postdoctoral Associates

Oscar Alerhand, Ph.D.
Kenneth I. Blum, Ph.D.
Michael Brolde, Ph.D.
Dean W. Face, Ph.D.
Stuart Field, Ph.D.
Tal Kai Ng, Ph.D.
Jayanti Pande, Ph.D.
Siok-Tien T. Tho, Ph.D.

Visiting Selentists
Yaneer Bar-Yam, Ph.D.
John Clark, Ph.D.
Alfred Gold, Ph.D.
Jack Goldstein, Ph.D.
Franck liman, Ph.D.
Jan Kaline, Ph.D.
Etsuo Kokufuta, Ph.D.
Naoto Nagaosa, Ph.D.
Ateushi Suzuki, Ph.D.
Victor Taratuta, Ph.D.
Masayuki Tokita, Ph.D.
George Thurston, 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

Harald Anton Enge, Dr.Phil.
Professor of Physics, Emeritus

Robley Dunglison Evans, Ph.D.
Professor of Physics, Emeritus

Herman Feshbach, Ph.D.
Institute Professor, Emeritus
Professor of Physics, Emeritus

David Henrv Frisch, Ph.D.
Professor ot Physics, Emeritus

Albert Gordon Hill, Ph.D.
Professor of Physics, Emeritus

Robert Inelee 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

Berfam Eugene Warren, SoD.
Professor of Physics, Emeritus

Victor Frederick Weisskopf, Ph.D.,
So.D.
Institute Professor, Emeritus
Professor of Physics, Emeritus
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Department of Physics

(Course 8)

Undergraduate Study

The Department of Physics offers under-
graduate, graduate, and postgraduate training,
with a wide range of options for specialization.

The emphasis of both the undergraduate curric-
ulum and the graduate programs is on under-
standing the fundamental principles that appear
to govem the behavior of the physical world,
from phenomena in the small-scale domain of
subatomic particles to the large-scale structure
of the universe, spanning a spatial range
stretching from 10-16 cm to 1028 cm. At each
level of structural organization, active and excit-
Ing areas of Investigation abound. Topics range
from the basic constituents of matter, atomic
and nuclear structure, through thermonuclear
plasmas, physics at extremely low temperatures
or extremely high pressures, to the evolution of
stars, the large-scale structure of the universe,
and the mystery of gravity.

The Department has extensive facilities for
experimental research as described in the
section on graduate study. Many of these are
accessible to Interested undergraduates, In the
context of the Undergraduate Research Oppor-
tunities Program (UROP). Students are encour-
aged to enrich their curriculum by taking advan-
tage of this opportunity.

Students may find it advantageous to elect 8.07 1 Introduction to
Electronics or 6.002 Circuits and Electronics In the seonatm
of ith second yea, to complete the Science OlatrIbut,
ReoquIrement.

2
8.11. 8. 12, or 8.267J Is sugetd. The Institute Laboratory
Requirement will not be sole by 8,13 or .14.

3
A thesis or 12 unit Is required. Not more than 30 units of thesis
credit may be Included In the minimum or 180 units required for
the 8.S. degree beyond the General Institute Requirements.

4
Catalogue doedrIons Indlcate stibect which cannot be used
for this purpoee. dents planning to do graduate work In
phycswoldnormally take the theoretical sequence 8.06,

*Ajtemate prerequisites are listed In the subject description.

Bachelor of Science In Physics
Course Vill

An under raduate d ree in physics provides a
good basis, not only for graduate study in
physics and related fields, but also for profes-
sional work In such fields as astronomy, bio-
physics, engineering and applied physics, and
geophysics. Many students have also found it to
bean excellent preparation for subsequent
graduate work in professional schools of medi-
cine, law, and management. The undergraduate
curriculum in physics offers students the oppor-
tunity to acquire basic competence In the
fundamentals of both experimental and theoreti-
cal physics. The central core of requirements for
the Bachelor of Science is designed not only to
accomplish this objective but also to provide
opportunity for students to select from a consid-
erable variety of subjects and to proceed at the

ace and degree of specialization best suited to
teir Individual capabilities.

In the second year, a student will get a first
exposure to 8.04 Quantum Physics I, and 8.044
Statistical Physics I. It is suggested that students
take 6.071 Introduction to Electronics or 6.002
Circuits and Electronics, in order to acquire a
familiarity with some topics in electrical
engineering. This is also the year for a prospec-
tive physics major to take a project laboratory.
The physics Project Labs, 8.11/8.12, or 8.287J
Observational Techniques of Optical Astronomy,
are recommended as an introduction to
experimentation in physics.

in the third year, students will normally take 8.13
and 8.14 Experimental Physics and 8.05 Quan-
tum Physics 11. Students should also begin to
sign up for the restricted elective subjects, two
in mathematics and at least one In physics. The
subjects 18.04 Complex Variables with Applica-
tions (or 18.075 Advanced Calculus for Engi-
neers) and 18.06 Unear Algebra are of particular
Interest to physics majors. tudents planning to
do graduat e work will also want to begin the
theoretical physics sequence, starting with 8.06
Mechanics 11 in the second term of their junior
year. A variety of topical elective subjects in
astrophysics, condensed matter, plasma and
atomic physics, as well as nuclear and particle
physics, allows the student to obtain a closer
acquaintance with these fields.

Bachelor of Science in Physics
Course VilI

oner linettute Reqiemente 17 Subjects

Science Requirement 8

Humanities, Antt and Social Science$ Requirement S

Science Distribution Requirement
[2 subjects can be satsfled by 8.03 or 804 and 18.03
in the Departmental Program)' 3

Laborato V Requirement2  
.1

TOTAL Subjects 17

PLUS

Departmental Program Unite

prerequisites 'any (corequialte. In italics)
Requited Subleat

803 Physics il, 12; 8 02*. 18 02

18.03 Differential Equations, 12; 18.02*
8o4 ouantum Physicoz I, 12; 8.03*, 18.03

8.044 Statistical Physics i. 12; 8.03. 18.03

8.05 Ouantum Physics ItI, 12; 8.04*
8.13 Experimental Physics 1, 18. 8.04
8.14 Experimental Physics 11, 18; 8.04. 8.05

Thesis3 (12 unts)

Restricted Elestives:
TWo sublects gien by the Department of Mathematics
beyond 18.03 (24 units)

At least one sublect given by the Department of Physics in
addition to those listed above' (12 units)

106

36

fe In ame nPg htso a

Unrestrited Electives 60

Totld UnNo Required for f11w 8.9. Degree Sayenld
the Gelneral inetitute Aequirmen ISO

In the fourth year, the theoretical sequence can
be continued with 8.07 Electromagnetlsm 11 and
8.08 Statistical Physics 11. Students Intending to
continue with graduate studies In Physics are
encouraged to take both parts of this theoretical
physics sequence.
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Graduate Study

An important component of the physics pro-
gram a the undergraduate thesis, which is a
project carried out under the guidance of a
acuIty member. Many thesis projects in the
recent past have grown out of the Undergradu-
ate Research Opportunities Program. It is advis-
able that students have some idea of a thesis
topic by the middle of their junior year; they are
required to submit a thesis proposal prior to
registering for 8.ThU. In order to introduce
students to the research activities in the depart-
ment, undergraduate physics colloquia are held
weekly.

A relatively large amount of elective time usually
becomes available during the fourth year and
can be used effectively in a variety of ways, in
physics or in other subjects.

The VII-A Program:
Physics with Electrical Engineering

This program, offered in cooperation with the
Department of Electrical Engineering 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 program
receive the degree of Bachelor o Science in
Physics and a lotter from both participating
departments certifying successful compleion of
this program.

The program should be of particular interest to
physics majors who wish to broaden their
career options after receiving the bachelor's
degree and to those who plan graduate work in
experimental hysics. Students acquire a thor-
ough founda ton in both the theory and applica-
tion of analog and digital electronic systems.

To receive certification, a student must complete
the following subjects in addition to the Re-
quired Subjects* In the regular Physics pro-
gram:

6.001

6.002
6.003
6.012
8.07

Structure and Interpretation of
Computer Programs, 15
Circuits and Electronics, 15
Signals and Systems, 15
Electronic Devices and Circuits, 12
Electromagnetism i, 12

DependIntuton career objectives, a student
may wish Ifi11 the Institute Laboratory Re-
quirement by taking 6.111 Introductory Digital
Systems Laboratory, 12.

Inquiries

Additional Information concerning degree
programs, admissions, and financial aid may be
obtained by writing to Professor Robert Re-
dwine, /o the Physics Undergraduate Office,
Room 4-352, MIT, Cambridge, Massachusetts
02139, (617) 25341.

"NOW t g co to acompliahed within the General
Inthtute Fequkrf for the 5.9. degree.

The Department offers programs leading to the
degree of Master of Science in Physics, Doctor
of Philosophy, and the Doctor of Science.

Master of Science in Physics

The requirements for the Master of Science In
Physics are the General Institute Requirements
listed in Chapter IV. The master's thesis must
represent a piece of independent research
work, in any of the fields described bvo. and
carried out under the supervision of a Do'pakrt-
ment faculty member. No fixed time is set for
the completion of a master's program; two
years of work is a rough guideline. There is no
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 that will prepare
them for the General Examination, which must
be passed no later than in the sixth term after
initial enrollment. No specific subjects of study
are presonbed, except for the requirement of
two subjects outside the candidate's field of
specialization (breadth requirement). There is no
language requirement. The doctoral thesis must
represent a substantial piece of original re-
search, camed out under the supervision of a
Department faculty member.

The Department faculty offer subjects of Instruc-
tion, and are engaged in research in a variety of
fields in experimental and theoretical physics.
This broad spectrum of activities is organized in
the divisional structure of the Department,
presented below. Graduate students are encour-
aged to contact faculty in the division of their

oice to inquire about opportunities for re-
search, and to pass throu h an apprenticeship
(by signing up for "Specia Problems in Gradu-
ate Physics") as a first step toward an enga e-
ment in Independent research for a doctora
thesis.

Research Divisions

The Astrophysics Division of the Department
has a varied program of ground-based and
satellite observations across the entire electro-
magnetic spectrum, with principal emphasis on
the radio, op~tical, land X-ray parts, where
state-of -the-art etectors are used. This work is
complemented by theoretical work em hasizing
hi h-energy phenomena, stellar evolution, and
gaactic structure. Astrophysical plasmas are
also an Important area of study, both through
the use of space probes and by complementary
theoretical study. Research in astrophysics is a
rapidly growing field at MIT, and, because of the
strongly Interd sciplinary and Interdepartmental
character of work In this ares, a fuller descrip-
tion of it Is found In the section entitled
Astronomy and Astrophysics In Chapter VI.

Research activities in the Division of Nuclei
and Particles include the broad fields of
nuclear reaction and heavy Ion physics,
intermediate-energy nuclear structure physics,
and high-energy fundamental particle physics.
The experimental research in ese areas is
based on MIT's 800 MeV Bates Linear Accelera-
tor and on the accelerators at Brookhaven
National Laboratory, the Fermi National
Accelerator Laboratory In Batavia, Illinois, the
Stanford Linear Accelerator, CERN Geneva),
the electron- sitron collider at DESY
(Hamburg, Germany), and the Gran Sasso
underground laboratory at Frascati (Italy).

The large and dynamic program In Condensed
Matter, Atomic and Plasma Physics provides
students with a wide spectrum of research
opportunities. Current topics In condensed
matter include electron transport and critical
phenomena in one, two, and three dimensions
and high-temperature superconductivity.
Atomic physics in the div sion 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
ghysics to current problems in medicine and

iclogy. Extensive acilities are available on
campus for the preparation and characterization
of advanced materials and for work with high
magnetic fields, low temperatures, and
sub-micron structures. Scattering studies are
being carried out at the high flux neutron
reactor and the synchrotron light source at
Brookhaven National Laboratory.

The chief emphasis of the Nuclear and Particle
Theory research at the Center for Theoretical
Physics is on understanding the fundamental
particles of nature, as revealed by their interac-
tions and by their decay, and on the characteris-
tic quantum modes of motion of systems com-
pose ! 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 a
fairly large group of theorists Including profes-
sional st", postdoctoral fellows, senior visitors,
and graduate students engaged in research In
theory. Opportunities for communication and
collaboration are maximized within the Center;
lively interaction among the many specialists In
the various areas of interest is characteristic of
this MIT group and is one of the major sources
of the Center strength.
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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 Science, the Re-
search Laboratory of Electronics, the Spectros-
copy Laboratory, the Center for Materials Sol-
once and Engineering, the Center for Space
Research, the Bitter National Magnet ratory,
the Microsystems Technology Laboratories, the
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 activities of a number
of MIT departments and give students opportu-
nities for contact with research caried out in
disciplines other than physics.

Entrance Requirements for Graduate Study

Students intending to pursue graduate work in
physics should have as a background the
equivalent of the requirements for the Bachelor
of Science in Physics from MIT. However, some
deficiencies may be removed in the course of
graduate work.

Inquiries

Additional Information on degree pr rams,
research activities, admissions, financ al aid,
teaching and research assistantships may be
obtained by writing to Professor George F.
Koster, Physics Graduate Offloe, Room 6-107,
MIT, Cambridge, Massachusets 02139, (617)
253.4851.
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Program in Applied
Biological Sciences
(Course 20)

Applied Biological Sciences at MIT comprise
education and research In three broad areas:
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 ied
Biological Sciences may now be foun cn the
following academic units: Departments of
Bioloy, Chemistry, and Chemical Engineering;
Whi er College Division of Toxicology; and the
Whitaker College Division of Health Siences
and Technology.
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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 administrative focus for the
extensive development of health-related activi-
ties at the Institute. The College represents a
major commitment by MIT to marshal its re-
sources and strengths in science and engineer-
Ing, in order to foster progress In the biological
a, . health sciences and to Improve 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
research programs of Whitaker College hold
joint appointments in the College and in other
Schools, departments, and interdisciplinary
laboratories at MIT The Director of Whitaker
College is Professor Kenneth Smith, Edwin
Gilliland Professor of Chemical Engineering,
Associate Provost, and Vice President for
Research.

In defining the programmatic objectives of
Whitaker College, 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
amplifying opportunities for faculty members
and students. The College has identified five
intellectual foci, which now serve as the basis
for its divisions. These are the recently formed
Department of Brain and Cognitive Sciences,
the program in Biological and Medical Imaging,
the Division of Toxicology, the Clinical Research
Center. and the Center for Environmental Health
Sciences. Several graduate programs are being
developed in the College. The Department of
Brain and Cognitive Sciences 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 and the
Department of Nuclear Engineering. The
Division of Toxicology offers a graduate program
leading to the degrees of Ph.D., So.D. and .M.
In Toxicology. The Clinical Research Center is
MIT's major locus for investigations on human
subjects. A more detailed description appears in
Chapter VI of this Bulletin.

The Doctoral Program In Brain and Cognitive
Sciences The recently formed Department of
Brain and Cognitive Sciences, created by a
merger of the Department of Psychology with

hy prev ously existing programs in Whitaker Col-
lege, offers g. duate study leading to doctoral
degrees in the brain sciences and the cognitive
sciences.
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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 technololes of neurobiology and
psychology with the theoretical power coming
from the felds of artificial intelligence and lin-
guistics. Graduate students in the doctoral
program in brain and cognitive sciences follow
a curriculum that affords the opportunity for
broad study in a variety of relevant fields.

A more detailed description of the graduate
program in brain and cognitive sciences
appears on the following pages.

The Doctoral Program In the Radiological
Sciences The graduate program in the Radio-
logical Sciences is a four- to five-year commit-
ment leading to the Ph.D. or Sc.D. degree. The
program encompasses ionizing radiation and
more recent technologies, such as ultrasound,
lasers, and nuclear magnetic resonance. Stu-
dents in Radiological Sciences pursue their
academic and research objectives in one of four
specialty areas: medical diagnostic and thera-
peutic technology, radiation biophysics, radio-
pharmaceutical chemistry, and biological and
medical image processing. While most core
subjects will be taken at MIT, student research
can be conducted at Harvard-affiliated hospitals.
the Harvard School of Public Health, and at MIT
in the Magnetic Resonance Imaging Facility of
the National Magnet Laboratory and the Image
Processing Facility of Whitaker College.

In the area of medical diagnostic and thera-
peutic technology, students will probe questions
and methodologies that can have an impact on
the identification and treatment of human
disease.

Radiation biophysics research focuses upon
radiation effects at the cellular and sub-cellular
levels in order to better understand the basic
biological response to Irradiation. Radiation
biophysics studies Include efforts at the electron
microscope level and an emphasis on physical
mechanisms In radiation action.

Radiopharmaceutical chemistry is a rapidly
expanding discipline due to the many recent
breakthroughs In nuclear medicine and Isotope
use in biology. MIT and Harvard-affiliated hospi-
tals offer ou ding research facilities in this
area of study.

Imag processing in biology and medicine
com ines image data with powerful digital
computer processing and graphical 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
Biol ical and Medical Imaging Processing
Facil 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 reparation for acceptance into
the RadiologicalPSclences Program requires a
bachelor's dogree in physical science or engi-
neering. Additonal preparation in computer
science and biochemistry is highly recom-
mended. The GRE 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 in order to pursue a graduate
program leiding to a master's degree in nuclear
engineering. Students entering the program
wi their master's degree must complete the
Radiological Sciences core subject require-
ments during the initial phase of their program
or demonstrate competence In the required
subject areas.

A uallfying examination assessing general
raologica sciences reparation 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
defense be fore Nuclear Engineering Depart-
ment faculty, supplemented with Whitaker
College and other faculty as appropriate.

Faculty and Staff In the Whitaker College

Kenneth Alan Smith, Sc.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, Biological Image Processing
Laboratory

Professors

Gordon L. Brownell, Ph.D.
Professor of Nuclear Engineering
Department of Nuclear Engineering

Robert Samuel Langer, SoD.
Professor of Chemical and Biochemical
Engineering
Department of Chemical Engineering

Robert Daniel Rosenberg, M.D., Ph.D.
Professor of Medicine and Biology
Department of Biology

Associate Professor

Monty Krleger, Ph.D.
Latham Family Career Development Associate
Professor of Molecular Genetics
Department of Biology

Assistant Professor

Van J. Wedeen, M.D.
Assistant Professor of Biological and Medical
Imaging

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 Cote, B.S.
Facilities Officer

Katherine Elsenhaure
Program Manager, Health Policy Management

Anna Tomecka, 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 understanding the origins of
gonetio disease In humans. The 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
piays a ivotal role in fostering the development
of inter isciplinary research programs among a
variety of laboratories.

The core curriculum of the program is designrd
to provide rigorous training in the basic
sciences, with particular emphasis on chemistry,
biochemistry, molecular biology, genetics,
toxico , and pharmacology. Students will
receive pr paration for careers InvoMng the
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-
gram also form the nucleus for the MIT Center
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 Tox cology. Curricula are arranged
to permit flexibility, and opportunities exist for
Interdisciplinary training. The 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 end oral, must be taken no Iplor
than the fourth semester of full-time graduate
study. Thesis research normally requires two to
three years of full-time research activity after the
examinations are successfully completed.

Areas of research specialization within the
program include studies in environmental
carcinogenesis, development of molecular
methods for direct measurement of muta-
genesis In humans, metabolism of foreln
compounds, genetic toxicology, the molecular
aspects and dosimetry of interactions between
mutagens and carcinogens with nucleic acids
and proteins, molecular mechanism of DNA
damage and repair, design and mechanism of
action of chemotherapeutic agents, molecular
mechanisms of carcinogenesis, virology,
molecular biology of oncogenes, and cell
physiology.

For additional information contact the Student
Office, MIT, Room 16-330, Cambridge,
Massachusetts, 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

James G. Fox, D.V.M.
Professor and Director, Division of Comparative
Medicine
Division of Tcxicology, Whitaker College

Steven Robert Tannenbaum, Sc.D.
Professor of Chemistry
Professor of Toxicology
Registration and Admissions Officer
Division of Toxicology, Whitaker College
Department of Chemistry

William G, Thilly, Sc.D.
Professor of Applied Biology
Dision of Toxicology, Whitaker College
Director, Center for Environmental Health
Sciences

Associate Professor

John Martin Essigmann, Ph.D.
Associate Professor of Chemistry Associate
Professor of Toxicology
Division of Toxicology, Whitaker College
Department of Chemistry

Assistant Professor

Helmut Zarbl, Ph.D.
Robert A. Swanson Assistant Professor of Ufe
Sciences
Division of Toxicology, Whitaker College

Adjunct Professor

Hamish N. Munro, D.So.

Principal Research Scientist

John Sherman Wishnok, Ph.D.

Research Scientists

William Fisher Busby, Ph.D.

Paul L. Skipper, Ph.D.

Research Associate

W. Sara Stillwell, Ph.D.

Research Affiliates

Nancy J. Gorelick, Ph.D.
Gerald McMahon, Ph.D.

Postdoctoral Associates

Hugh A. Barton, Ph.D.
Ashis Basu, Ph.D.
Andrew J. E. Bettany, Ph.D.
Michael Owen Boylan, Ph.D.
Richard S. Elsenstein, Ph.D.
Colette S. Hodes, Ph.D.
Youngsoo Kim, Ph.D.
Janet A. Mayemik, Ph.D.
Thanh Nguyen, Ph.D.
Yousef Sahall, So.D.
Fayad Z. Sheabar, Ph.D.

Postdoctoral Fellows

Billy W. Day, Ph.D.
Wendy J. Helger-Bemays, Ph.D.
Shawn Mark O'Hara, Ph.D.
Neela R. Soman, Ph.D.
Michael L. Wood, Ph.D.

Visiting Scientists

Adrian B. Bomford, M.D., M.R.C.R
Asuncion Esteve, Ph.D.
Zora Kikinie, M.S.
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.
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Department of Brain and Cognitive Sciences

Emilio Bizzi, M.D.
Eugene McDermott Professor in
the Brain Sciences and Human
Behavior
Head of the Department

Profesors

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
(On lea

Alan Hein, Ph.D.
Professor of Experimental
Psychology

Richard Held, Ph.D.
Professor of Experimental
Psychology

Nelson Yuan-Sheng Klang, 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
Sciences

Tomaso Armando Poggio, Ph.D.
Uncas and Helen Whitaker
Professor of Vision Sciences and
Biophysics
Codirector, Center for Biological
Information Processing
(On leave, spring)

Mary Crawford Potter, Ph.D.
Professor of Psychology

Whitman Albin Richards. Ph.D.
Professor of Psychophysics

Peter Harkal Schiller. Ph.D.
Dorothy W Poitras 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
(On leave, fall)

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

Richard Alan Andersen, Ph.D.
Associate Professor of
Neuroscience

Robert Cregar Berwick, Ph.D.
Associate Professor of
Computational Unguistics
Department of Brain and Cognitive
Sciences and Department of
Electrical Engineering and
Computer Science

Ronald Davies Graham McKay,
Ph.D.
Associate Professor of
Neurobiology

William G. Quinn, Ph.D.
Associate Professor of
Neurobiology

Marc H. Raibert, Ph.D.
Associate Professor of Computer
Science and Engineering
Department of Brain and Cognitive
Sciences

Mriganka Sur, Ph.D.
Associate Professor of
Neuroscience

Jeremy Michael Wolfe, Ph.D.
Class of 1922 Career Development
Associate Professor of Psychology

Assistant Professors

Christopher Granger Atkeson,
Ph.D.
Assistant Professor of Motor
Control
Keck Chair in Biomedical
Engineering

Ellen C. Hildreth, Ph.D.
Assistant Professor of Vision
Science
Codirector, Center for Biological
Information Processing

Michael I. Jordan, Ph.D.
Assistant Professor of Psychology

Arthur Douglas Lander, Ph.D., M.D.
Edward J. Poltras Assistant
Professor in Human Biology and
Experimental Medicine

Maryellen C. MacDonald
Assistant Professor of Psychology

Hermann Steller, Ph.D.
Assistant Professor of
Neurobiology

Lecturers

Jerrold Bernstein, M.D.

Jan Blusztajn, Ph.D.

David Caplan, M.D., Ph.D.

Lydia Conlay, M.D., Ph.D.

John Growdon, M.D.

Timothy J. Maher, Ph.D,

Dermot O'Rourke, Ph.D.

Donald L. Schomer, M.D.
(Visiting)

Instructor

Naomi Fukagawa, M.D., Ph.D.

Visiting Scholars/Sclentlsts

William K. Abend, M.D.
Stephanie Bird, Ph.D.
William Dietz, M.D., Ph.D.
Samuel A. Ellias, M.D., Ph.D.
Takaji Matsushima, Ph.D.
Thorild Norregaard, M.D.
Jeffrey Sutton, M.D.
Ruth H. Walker, M.D.
Hiroshi Yoshida

Technical Instructors

Henry Hall, S.B.
Diane Major

Principal Research Scientists

Joseph Aloysius Bauer, Jr., M.S.
Sonal Jhaver, Ph.D.

Research
Assoclates/Engineers/ScIentists

Benjamin Morgan Dawson, Ph.D.
Nancy Etcoff, Ph.D.
Rhea Diamond Gendzier, Ph.D.
Norberto Grzywacz, Ph.D.
Jane Gwlazda, Ph.D.
Sonal Jhaveri, Ph.D.
Harris R. Lieberman, Ph.D.
Nikos Logothetis, Ph .D.
Harry Lynch, Ph.D.
Ferdinando Mussa-Ivaldi, Ph.D.
T. John Rosen, Ph.D.
Janet C. Sherman, Ph.D.
Barbara Ellen Slack, Ph.D.
Judith Hirschhom Wurtman, Ph.D.

Postdoctoral Associates/Fellcws

John Abrams, Ph.D.
Ian N. Acworth, Ph.D.
Shabtai Barash, Ph.D.
Rifat Levent Buyukuysal, Ph.D.
Ana Campos, Ph.D.
Elena Cattaneo, Ph.D.
Robin Chadwick, Ph.D.
Alice Cronin-Golomb, Ph.D.
Menashe Dornay, Ph.D.
Peter F. Drain, Ph.D.
Shimon Edelman, Ph.D.
Roger Erickson, Ph.D.
Reha S. Erzurumlu, Ph.D.
Elisabeth Folkers, Ph.D.
Federico Girosi, Ph.D.
Simon Giszter, Ph.D.
Bernard F. Godley, Ph.D.
Jiping He, Ph.D.
Bruce Andrew Kay, Ph.D.
Samuel Kunes, Ph.D.
Blandine LaFerrere, M.D.
Ronald Bruce Langdon, Ph.D.
Ignacio Lopez, M.D., Ph.D.
Una Massone, Ph.D.
Jenny Lee McFarland, Ph.D.
Rosario Moratalla, Ph.D.
Sarah Pallas, Ph.D.
Usa Plantefaber, Ph.D.
Bruce Quinn, M.D., Ph.D.
Christoph Redies, Ph.D.
Patricia Renfranz. Ph.D.
U. Ingrid Richardson, Ph.D
Joachim Sandmann, Ph.D.
Cecilia Sarkissian, M.D.
Eric Schaeffer. Ph.D.
Jeffrey D. Schall, Ph.D.
Rosalind Segal, M.D., Ph.D.
Scott Selleck, Ph.D.
Cathy Shea, Ph.D.
Robert Snowden, Ph.D.
Edward Tehovnik, Ph.D.
Daphna Weinshall, Ph.D.
Kristin White, Ph.D.
Jerry Chi-Ping Yin, Ph.D.
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Administralive 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 study of mind, brain, and behavior has
grown in recent years with unforeseen rapidity.

ew avenues of approach, opened by develop-
ments in the biological and computer sciences,
raise the hope that human beings, who have
achieved considerable mastery over the world
around them, may also come closer to an
understanding of themselves. The goal of the
Department of Brain and Cognitive Sciences is
to answer fundamental questions concering
the nature of brain function and Intelligence. To
this end, the Department focuses on four
themes: neurobiology, neuroscience, computa-
tion, and cognition

Research in neurobiology deals with the biology
of neurons, emphasizing the special properties
of neurons as encoders, transmitters, and
processors of information. A detailed under-
standing of neuronal structure and functions
requires application of the techniques of con-
temporary molecular, cellular, and developmen-
tal biology. Application of these technologies is
leading to exciting studies about the nervous
system, providing new understanding of funda-
mental mechanisms of brain function. In addi-
tion, these studies have profound clinical impli-
cations, in part by generating a framework for
the treatment of neurological and psychiatric
disorders. Primary areas of interest include the
development of neuronal morphology and
connectivity, the cellular and molecular bases of
behavior in simple neuronal circuits, neuroche-
mistry, and cellular physiology.

In the area of systems neuroscience, depart-
mental investigators use a number of now
approaches ranging from computation to elec-
trophysiology and biophysics. Of major interest
are the visual and motor systems, where the
scientific goals are to understand transduction
and encoding of sensory stimuli into nerve
messages, the organization and development of
sensory-motor systems, the processing of
sensory-motor information, and the sensory-mo-
tor performance of organisms. Also of major
interest is neural and endocrine regulation,
where the scientific goal Is to understand the
effects of circulating compounds on brain
composition and behavior.

In omputational neuroscionce a particularly
strong Interaction exists between the Depart-
ment and the Artificial Intelligence Laboratory,
providing new intellectual thrust in a number of
areas in the neural and cognitive sciences
Including vision and motor control. Computa-
tional theories are developed and tested within
the framework of neurophysiological, psycho-
logical, and other experimental approaches. In
visIon research, In addition to theoretical work
addressing problems that any visual system
must solve, there is complementary experimen-
tal work on the electrophysiolog of visual cells
at various relay stations and on e development
of patterned vision and stereopsis. Work on
motor control is also strongly Interdisciplinary.
Basic research activities include studying the
relationships between multiple sensory inputs
and complex motor outputs.

In cognitive science, human experimentation is
combined with formal and computational analy-
ses to understand complex intelligent processes
such as language, reasoning, and visual infor-
mation processing. Such research is beginning
to answer age-old questions about the nature of
mind and has application in the fields of educa-
tion, artificial intelli once, human-machine
Interaction, and inihe treatment of cognitive and
language disorders. Cognitive science research
is focused on psycholinguistics, including
sentence and word processin ,language
ecquisition, and aphasia; visua cognition,
including reading, imagery, attention, and
perception of complex patterns such as faces
and objects; and reasoning, including learning,
probabilistic reasoning, and the nature and
development of concepts. In the field of percep-
tion, there is an effort to understand the encod-
ing of color, lightness, form, and depth informa-
tion by the visual system and the development
of these processes in infants. In behavioral
neuroscience, research is conducted on neuro-
logically impaired patients in an attempt to
understand brain mechanisms underlying
normal human sensation, perception, cognition,
action, and affect.

Departmental laboratories are well equipped for
studies ranging from molecular neurobiology to
electrophysiology, neuropsychology, psycho-
physics, human information processing, and
linguistics. In addition, the department maintains
a machine shop, an electronics shop, and the
Teuber Reading Room. Whitaker College facili-
ties include a VAX 11/780 mainframe computer
with numerous terminals, as well as a growing
network of SUN 3 computers, Symbolics LISP
machines, and numerous laboratory and office
microcomputers. The multi-user laboratory of
the Center for Cognitive Science provides
computational facilities for real-time experimen-
tal control, data analysis, modeling, and linguis-
tic analysis. There is an electron microscopy
laboratory operated jointly by the Whitaker
College and the Department of Biology, and
researchers whcse investi ations involve human
subjects have access to MIT's twelve-bed
Clinical Research Center. Students and faculty
may also use the facilities of other MIT depart-
ments and centers.

Undergraduate Offerings

Subjects at the undergraduate !evel normally
be gin with 9.00 introduction to Psychology or
9.62J Introduction to Cognitive Science. more
advanced subjects are available in the areas
covered by the Department. For all undergradu-
ates, many subjects may be taken to fulfill the
Institute Requirement in the Humanities, Arts,
and Social Sciences. Students Interested in
developing strong backgrounds in cognitive
science should consider the Bachelor of Sci-
ence in Cognitive Science.

Psychology

The field of psychology Is represented at MIT by
an interdisciplinary Program In Psychology in
the School of Humanities and Social Science.
The Program in Psychology encompasses
subjects from the Department of Brain and
Cognitive Sciences, the Sloan School of Man-
agement, the History Section in the Department
of Humanities, the Program in Science, Technol-
ogy, and Society, and others. It administers a
HASS Concentration and Minor in Psychology.
For information about the Concentration, con-
tact Professor Alan Hein (E10-208, 253-5759).
For information about other aspects of the
Pr ram, contact Professor Jeremy Wolfe
(E1 137, 253-4875).

The Minor Program in Psychology consists of
six subjects arranged into three levels of study
that provide students breadth In the field as a
whole and some depth in one area of special-
ization. The three levels are as follows:

TIER I: One subject:

9.00 Introduction to Psychology

TIER If: Three subjects, one from each of the
following areas:

1 Experimental Psycholo
2 Personality and al ychology
3 Applied Psychology

TIER Ill: Two subjects from one of the following
areas:

1) Experimental Ps chol
2 Personality and Social Pychology
3) Applied Psychology

For a listing of available subjects in these areas,
consult the Undergraduate Psychology Office
(E10-008), Psychology Program Coordinator
Professor Jeremy Wolfe (El0-137), or the HASS
Information Office (14N-408).
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Bachelor of Science In Cognitive Science
Course IX

Cognitive science is an evoMng field of study
concerned with human intelligence. Central
Issues in the discipline include the structure,
acquisition, use, and Internal representation of
human language, the interpretation of sensory
experience, the deveiopment of formal and
informal reasoning skills, the manipulation and
storage of Information within the nervous sys-
tem, and the planning and execution of motor
activity.

The Bachelor of Science in Cognitive Science
prepares students for graduate training in
psycho , ngustics, philosophy, or aspects
of artifil intel lence (rularly those as-

concem with vision) as well as for
rther work in the area of efficient human-ma-

chine Interaction.

Methods of inqui In ognitive science are
drawn from cogn tve an p tual psycholo-
gy, computer science and artificia] intelligence,
inguistios, philoso y of lan uage and mind,

neurosolence, an mathematoo. The under-
graduate program Is designed to provide In-
struction in the relevant aspects of these various
disciplines. The program Is administered by a
committee made up of faculty members from
these disciplines who also seve as advisors to
majors, helping them select a coherent set of
subjects within the requirements, including an
Independent research project. Members of the
committee are available to guide the research.

Bachelor of Science in Cognitive Science
Course IX

General inatitute Requiremene 17 subi

Science Requirement
Humanities At. and Social Sciencee Requirement
13 subject Can be satisfied by subjects In the Departm~ental
Program (for the Field of Concentration))

Science Distribution Requirement [two subjects
can be satisfied by 18.06 and either 18.08. 18,440.
or 18.313 In the Departmental Program)
Laboratory Requirement (can ce satisfted by 0.60 or
9.63 in Departmental Program]

TOTAL Subjects

PLUS

Departmental Progam Units

Subject names below are oWed %crete oss aOd by
Prerequlstes eany (corelulenes In ties)
Requrd sublects: 128-
Intoductory Wara:

9.024 introduction to Cognitve Science. 12
One orf f uowing:

18.05 Introduction to Probability and
Statistics, 12; 18.01*

18.440 Probability and Random variables. 12,18.02*

18.313 Probability 12: 18.02*

plus
18.06 UnearAlgebra, 12; 1802

core subjects:
9.01 Neuroscience and Behavior 12; 9.624*

6.001 Structure and Interpretation of Computer
Programs. 15

9.85 Cognitive Processes, 9

24.901J Language and its Structure, 12; 24.00

9.35 Perceptual Information ProcessIng, 9; .. 24

FoWdanona - One Of te fIlowing tur areas:
Area 1:

18.03 DifferentIal Equations, 12: 18.02*

6.003 Signals and Systems. 15 6.001, 0.002

or
2.02 introduction to Systems Dynamics. 12;

8.01. 18.02

Area
18.310 Principles of Applied Mathematics, 12;

18.02*

enter
18.511 Introduction to Mathematical Logic and

Recursion Theory. 12
or

8.04W Automate. computablity, and Complexty,
12;:18.063*

-132

Requbed Lsbles (en0tiued)
-Are& :

ste 24.951 Introduction to Unguistlcs1: Syntax, 12;
24.9014

24.981 Introductlon to unguistics I Phonology, 9
Area 4

9.A32 Laboratory In Cognitive Science. 12; 9.824*
6 18.441 Statistical Inference, 12; 18.440*

Pus
3 Research - One of the ollowing:

9 50 Research In Brain and Cognitive Sciences,
1212; 9.2

17 9,832 Laboratory In Cognitive Science, 12: S.A2J*

Reatduted EWecMvea: 16-24
TWo subjects to be arranged with the student's advisor
(se Department for list)

UnletI oeaimend "runat "als satiet
t#e Geneal Inastot Requlunentfe (51-17)

U"eestoed EletIlve 78-80

Total Unite R qle for the 5.8. Degree syend
the Gene'al Inl Requiremente 10

There is no prerequisite for Course 9 majors who have taken
9.62J.

2If 0.63 is elected under Area 4, It cannot be used to satisfy the
research component.
*Altemale praroquisites are listed In the subject description.
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Graduate Study

The Department offers programs of study
leadin to the doctoral degree in Molecular
Neurobiology, Systems Ne.,oscience, Compu-
tational Neuroscience, and Cognitive Science.
The programs are designed to prepare partici-
pants to teach and do original research.

Entrance Requirements for Graduate
Degrees

Students should have one year of college-level
work in three of the following five areas: physics,
chemistry, biology, mathematics, and computer
science. Students who do not fulfill these re-
quirements may be considered by the Depart-
ment on a case-by-case basis.

Doctor of Philosophy

General Institute requirements for the Ph.D. are
given in Chapter IV. Formal course work, de-
scribed below, is intended to prepare the stu-
dent to pass the general examinations and do
original thesis research. The general examina-
tions will be given In May or June of the second
year. There is no language requirement for the
doctorate.

Specific course requirements vary with the area
o specialization. Students in neurobology,
neuroscience, and computation start with an
Intensive neuroscience core course. The core
course covers the molecular and cellular fea-
tures of neurons, neurophysiology and neuroa-
natomy, the study of sensory and motor sys-
tems, and the principles of neural computation.
Further course work will be diversified to give
each individual the appropriate background for
research in his or her own area. Course work in
Molecular Neurobiology (organized in collabo-
ration with the Department of Biology) will
emphasize the current genetic, mo ecular, and
cellular approaches to biological systems that
are necessary to generate advances in neuro-
science. Training in Systems Neurosclence will
cover neuroanatomy, neurophysiology, and
neurotransmitter chemistry, concentrating on
the major sensory and motor systems in the
vertebrate brain. Specific ties to molecular
neurobiology or computation may be empha-
sized, depending upon the research Interests of
the student. Course work for students in Com-

uthational Neuroscience is intended to give
an understanding of empirical pproaches

to the study of the vertebrate brain and a theo-
retical background for anaiyzing computational
aspects of biological information processing.

Candidates for a degree in Cognitive Science
take an intensive core course in contemporary
cognitive psychology that introduces major
theoretical and empirical issues in perception,
language, conceptual development, mental
representation, memory, and reasoning. Addi-
tional course work covers such topics as lan-

uage processing, uage acquisition, cogni-vdevelopment, naul computation,
connectionist models, and visual Information
processing. Students also participate In ad-
vanced seminars and courses outside the
Department that are relevant to the individual
program of research. The latter may include
subjects in linguistics, philosophy, logic, mathe-
mati , or computer science. Competence in
statistics in also required.

Graduate students begin research prentice-
ship immediately upn arrival, at which time an
advisor assignment is made based upon a
match of interests. This initial assignment may
change as a student's goals become more
focused. At the end of the first year, a superviso-
ry committee of two to four facuity members is
formed. This committee monitors progress
during the early years and, with mem reship
changing as necessary, evolves into the thesis
committee. Thesis research normally requires
24-36 months of full-time activity after the
qualifying examinations have been passed. It Is
ex that the research embodied in the
PhD. dissertation will be original and significant
work, publishable in scientific journals.

Assistantships and Fellowships

Financial assistance Is available to qualified
applicants in the form of traineeships, research
assistantships, teaching assistantships, and a
limited number of fellowships, subject to avail-
ability of funds. Prospective students are en-
couraged to apply for individual fellowships
such as those sponsored by the National Sci-
ence Foundation, the Howard Hughes 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 programs in the department may be
obtained from Jan Ellertsen, Department of
Brain and Cognitive Sciences, Room E25-506,
MIT, Cambridge, Massachusetts 02139, (617)
253-5741.
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Additional Programs

Harvard-MIT Division of Health Sciences
and Technology

Harvard University and MIT are engaged In a
ma or collaborative effort, the Harard-MIT
Division of Health Sciences and Technology,
designed to focus science and technology on
human health needs. In this Division, the com-
lementary resources and strengths of both

nstitutions are being directed to the education
of physicians, medical engineers, medical
physicists, and other healtn scientists, and to
the effective application of modem science and
technology to major health problems.

The Division represents a fusion of the growing
interests of MIT and Harvard in developing new
patterns of education and research in health
and medicine and in more effectively utilizing
science and engineering In meeting Important
health needs. Tho Division is active in educa-
tion, research, and development.

The Division offers several educational pro-
grams: In Biomedical Sciences leading to the
M.D. degree, and in Biomedical Engineering
and in Medical Engineering/Medical Physics
leading to the Ph.D.

Biomedical Sciences is oriented toward stu-
dents with a strong interest and background in
quantitative science, especially in the biological,
physical, engineering, and chemical sciences.
Subjects in human biology developed for this
curriculum represent joint efforts of life scien-
tists, physicians, physical scientists, and engi-
neers selected from the faculties of both univer-
sities. Subjects are presented at Harvard
Medical School or at MIT

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 mar
complement the subjects offered in the Division.
Such study may be undertaken as part of the
curriculum leading to the M D. degree or may
be pursued In a combined M.D.-Master's
degree or M.D.-Ph.D. program. Students are
encouraged to become involved in independent
faculty-directed research early in their training.
Some students may opt to extend the duration
of their medical education to five or more years
in order to allocate more time to research. HST
students join the students of the regular Harvard
Medical School curriculum in the oflnical clerk-
ships. HST students are expected to choose a
field of concentration in which they spend
approximately one half of their elective time.
Faculty tutors provide guidance in the choice of
subjects and In the pursuit of Independent
study. Students arb expectud to present evi-
dence of scholarly work in the form of a thesis
based on laboratory research, clinical Investiga-
tion, critical analysis of a significant medical
problem, or other activities approved by the
faculty tutors.

The programs of study are designed to develop
physicians with a strong quantitative science
base, e.g., a cardiologist with knowledge of fluid
mechanics and electro physiolog ; an internist
with experience in molecular biology and bio-
chemistry and qualified to study and treat
metabolic disorders; a neurologist acquainted
with concepts of computer science and artificial
intelligence; an orthopedic surgeon with exten-
sive knowledge of mechanical engineering; a
physician-administrator with extensive knowl-
edge of the planning and management of health
services.

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 Assistantships.

Further details on the Biomedical Sciences
Program and application forms may be ob-
tained from the Office of Admission, Harvard
Medical School, 25 Shattuck Street, Boston,
Massachusetts 02115. A plications must be
submitted by October 15 of the year prior to
desired matriculation.

The doctoral curriculum in Medical En Ineer-
Ing and Medical Physics prepares indviduals
who will be thoroughly grounded in an engi-
neering discipline or In physics, and who will
also have extensive knowledge of human biolo-
gy and clinical medicine. Graduates are well
prepared for independent interdisciplinary
research at the Interfaee of technology and
medicine.

There are four major components to the curricu-
lum: 1) an intensive graduate program in an
engineering department or in physics, which
includes electives in biomedical engineering
subjects'; 2) a series of subjects in human
biolgy, taken toether with HST/MD candi-
datez; 3) specialized clinical training, which is
designed to equip the student conducting
effective research In patent-care environments.
and to thoroughly understand the process of
medical decision-making and the role of tech-
nology in health-care delivery; and 4) doctoral
thesis research on a fundamentally and clinically
important problem in medical engineering or
medical physics.

Te S.M. Degree, Including thesis. Is required or students
associated with departments that nonally require the S.M
degee as part or the doctorl program.

2
Thesub sHST011 .HST031, HST091. HST 101, HST 111.
and S 131

Approximately 15 students are admitted each
year into the Ph.D. program. Students with
undergraduate degrees in engineering or phys-
ics must apply for admission joIntly to a gradu-
ate department at MIT or Harvard, and to the
HST Division. Students who already possess a
Master's degree in engineering or physics may
apply to the HST Divis on alone. Applications
are due by January 15 of the year of desired
matriculation.

The HST Division Is committed to educating
physicians who will also have a deep under-
standing of the scientific basis of medicine, and
who are equipped for a career of Interdisciplin-
ary research. s part of its educational strategy,
the Division encourages students to spend time
In research during their M.D. curriculum, and a
thesis is required for the M.D. degree. 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 topursue a formal
Ph.D. program in addition to M.D. A second
option stretches the duration of the M.D. Pro-

ram to five or more years in order to permit the
nclusion of a major research training compo-
nent, and leads to the Master's degree in Hea'lh
Sciences and Technology, to be awarded In
addition to the M.D. degree.

The general requirements for a Master's pro-
gram at MIT are given in Chapter IV. The course
requirements must be In addition to the mini-
mum number of units required for M.D. degree.
Subjects may be chosen in scientific, technical,
or clinical areas relevant to the student's re-
search area. Thesis research may be conducted
at MIT, Harvard, or at Harvard-affiliated teaching
hospitals. The completed thesis document must
be approved by the thesis supervisor and must
be submitted to the HST/MD Graduate Commit-
tee. The Master's thesis will simultaneously fulfill
the thesis requirement for the HST/MD degree.

Although the Master's Degree Program in
Health Slences and Technology is available
only for students who are also enrolled in the
HST/MD curriculum, the two degrees are not
formally linked. Obtaining the M.D. degree is not
a prerequisite for the Master's degree.

Over 160 faculty members from MIT and
Harvard Medical School are associated with the
Division. Further information with a complete
listing of the faculty and description of all
programs, may be obtained from the office of

eDirectors of the Division, Room E25-519 at
MIT, (617) 263-7470. Information on Interdepart-
mental opportunities in biomedical engineering
may be found in Chapter VI.
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Additional Programs

Joint Program in Oceanography and Oceanographic Engineering
With the Woods Hole Oceanographic Institution

MIT and the Woods Hole Oceanoraphic Institu-
tion (WHOI) on Cape Cod offer joint doctoral
de rees in oceanography and both doctoral
an professional degrees in oceanographic
engineering. Graduate study In oceanography
encompasses virtually all of the basic sciences
as they apply to the marine environment: phs-
Ics, chemistry, geology, geophysics, and biolo-
gy. Oceanographic engineering allows for
concentration the ma jor engi eering fields of
civil, mechanical, electri , an ocean engi-
neering. The graduate rograms are adminis-
tered by joint MIT/WHI 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 Civil Engineering, Electrical Engineering
and Com uter Science, Mechanical ENgineer-
Ing, and Ocean Engineering in the Schcol of
Engineering. Financial aid, offered as research
assistantships to most entering graduate stu-
dents, is sufficient to cover tuition and fees and
provide a stipend. Upon admission, students
register in the appropriate MIT department and
atWHOI simultaneously, and are assigned
academic advisors at each institution. Because
the Joint Program 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 app icatons.

Research at WHOI is devoted to using the basic
sciences and engineering to gain a better
understanding of the marine environment.
Some 200 se ntists and technicians and a
support staff of about 600 work in five lar e
laboratories and smaller facilities located in
Woods Hole and on the nearby Quisset Cam-
pus. Another 75 people operate three research
vessels ranging from 177 to245 feet in length,
the deep-diving submersible ALVIN, and a small
coastal vessel. Computer services are provided
within WHOI and include links to other institu-
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 facilities 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 Geolloal Survey's Office
of Marine Resources Branch of Atanti Geology,
all located in Woods Hole. The village Is situated
on the southwest corner of Cape Cod, about 80
miles from Boston.

Subjects, seminars, and opportunities for re-
search partolpaton 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 oceanographic
cruises during graduate study.

The facu of MIT, tether with the WHOI staff,
offer a wide variety of formal and informal sub-
jects i0 various aspects of oceanography and
areas directy aplicable to ocean science and
engineering; b faculties are equally involved
in all levels of Instruction. The subjects are
sup lemented by numerous seminars, directed
stu des, and cross-r istration privileges with
Harvard, Brown, and te Boston University
Marine Program. Most subjects are offered on
an alternate year program; com lete listings can
be found in the course descrip ns of each
individual department.

Physical Oceanography

Physical oceanography is the study of the
physics of the ocean. Its central goal is to
describe and explain the complex motions of
the ocean. Principal research areas Include
general circulation, alr-sea interaction, shelf
dynamics, mesoscale processes, and small-
scale processes. The Department of Earth,
Atmospheric, and Planetary Sciences offers
programs in physical oceanography with WHOI,
which lead to the Doctor of Science or Doctor
of Philosophy degree.

Chemical Oceanography

Chemical oceanographers study the chemical
composition of the marine environment and the
processes that have produced the present
composition of sea water and sediments. Princi-
pal research areas include water column geo-
chemistry, sedimentary geochemistry, seawater-
basalt interactions, and atmospheric chemistry.
The Departments of Earth, Atmospheric, and
Planetary Sciences and Civil 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 Geophysics Is
to understand the physical and chemical pro-
cesses that determine the structure and evolu-
tion of the ocean basins and their margins.
Research is being conducted in a wide range of
specialties including micropaleontology, pale-
oceanography, petrology and volcanic pro-
cesses, seismology, gravity, magnetics, heat
flow, sediment dynamics, and Isotope geology.
The Department of Earth, Atmospheric, and
Planetary Sciences at MIT offers programs with
WHOI in marine geology and geophysics which
lead to the Doctor of Science or octor of
Philosophy.

Biological Oceanography

Biological oceanography seeks to describe the
biological processes which are active in the
marine and bordering environments. The re-
search of biological oceanographers Is diverse,
ranging from ecology and ytematice to bio-
chemistry and phys ology. e programs in
biological ocean raphy are coordinated by the
Department of Biology and WHOI, and may
Inv olve research in other MIT departments such
as Civil Engineering. The rograms lead to the
Doctor of science or Door of Philosophy.

Oceanographic Engineering

Oceanographic engineering involves the appli-
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 Civil Engineering,
Electrical En ineerin and Comp Science,
Mechanical Enginee ng, and Ocean Engineer-
ing offer joi proram with WHOI in oceano-

raphic nIneering The rams lead to the
Masters, n ineer', Door of Science, or
Doctor of Ph losophy degree.

Inquiries

Application for admission to the Joint Program
should be made on the MIT Graduate Applica-
tion Form, which may be obtained from the
Director of Admissions at MIT or from the Edu-
cation Office at WHOI. Requests for further
Information may be addressed to the Dean of
Graduate Studies, Woods Hole Oceanographic
Institution, Woods Hole, Massachusetts 02543,
(508)548-1400, x2200: or to the MIT Joint

rogram Office, Room 54-911, Cambridge,
Massachusetts 02139, (617) 253-7544.
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Explanatory Notes

*rhe descriptions In this chapter are subject to
change. The final list of subjects to be offered in
1989-90 will be published with the class sched-
ules booklet prior to the beginning of each term.

The information below the number and name
of the subject Is as follows:

The number(s) of prerequisite subjects, 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 year classification (and term) in which the
subject is normally scheduled. "U" is an
undergraduate subject, and "G" is a subject
primarily for graduate students. 1, 2, IAP, and S
represent fall term, spring term, Independent
Activities Period, and summer term.
respectively.

SD or LAB or HASS-D/HUM-D Indicates that
the subject Is on the approved list for Science
Distribution; Laboratory; or Humanities, Arts,
and Social Sciences Distribution credit.

HASS Indicates subjects outside the School of
Humanities and Social Science that can be
used to satisfy the Humanities, Arts, and Social
Sciences Requirement (other than HASS-D/
HUM-D subjects).

[P/F] indicates subjects that are offered on a
pass/fal! basis only.

The year offered comment states "Next offered
1990-91" or "Not to be offered 1990-91." There
is no comment if the subject is offered in both
academic years 1989-90 and 1990-91.

The time distribution of the subject, showing
In sequence the units allotted to: recitation and
lecture; laboratory, design, or fieldwork; and
preparation. Each unit represents 14 hours of
work. The total unit credit for a subject is ob-
tained by adding together all the units shown.
One unit of lecture or recitation credit is equiva-
lent to one semester hour. "Arr." indicates that
time units are specially arranged.

The name of the Instructor(s) in charge, as
known at press time.

(New) below the subject number and title indi-
cates a new subject offering.

(Revised Unit) or (Revised Content) below the
subject number and title indicates a change
from the previous catalogue.

A renumbered subject is so indicated in paren-
theses below the current number.

J at the end of a subject number indicates that
this subject Is offered jointly by more than one
department. The subject numbers of the other
d aments are indicated (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.

All subjects open only to special groups are
so noted at the end of the description of the
subject.

Department Course Number
(by School or College)

Architecture
Urban Studies and Planning

Aeronautics and Astronautics
Chemical Engineering
Civil Engineering
Electrical Engineering and

Computer Science
Materials Science and Engineering
Mechanical Engineering
Nuclear Engineering
Ocean Engineering

Economics
Humanities
Linguistics and Philosophy
Political Science

Management

Biology
Chemistry
Earth, Atmospheric, and

Planetary Sciences
Mathematics
Physics
Program in Applied Biological Sciences

Brain and Cognitive Sciences

Program Left

Health Sciences and Technology
Special Programs
Science, Technology. and Society
Engineering School-Wide Electives
Technology and Policy
Division of Toxicology
Aerospace Studies
Military Science
Naval Science

4
11

16
10

1

6
3
2

22
13

14
21
24
17

15

7
5

12
18
8

20

9

er Code

HST
SP

STS
SWE
TPP
TOX

AS
MS
NS
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Course 1 Civil Engineering

Fundamentals

1.UR Research in Civil Engineering

Prereq.: -
U(1, 2) [P/F]
Arr.

Individual research or laboratory study under
faculty supervision. Also, opportunities in ongo-
Ing research program. Umited number of
funded traineeships available.
Information: H. F. Hemond.

1.00 Introduction to Computers and
Engineering Problem Solving

Prereq.: -
U(1, 2) SD
3-1-8

Fundamental computational algorithms for
engineering and scientific applications. The C
programming language and UNIX are pres-
ented. Weekly programming problems cover
numerical analysis, graphics, data structures
searching, sorting, matrix methods, and simula-
tion. Emphasis on developing techniques for
software design. Programming background
helpful.
H. N. Koutsopoulos, H. M. Wilson

1.01J Engineering Aspects of Economic
Analysis

(Same subject as 14.014J)
Prereq.: -
U(2) HASS
3-2-7

Same subject as 14.01, with additional recitation
sections scheduled for Civil Engineering majors
to relate the concepts covered In lectures to
engineering problems and applications. Credit
Is not given for both 14.01 and 14.014J or 1.1J.
Consult K. D. Stolzenbach.

1.02 Optimal Design of Engineering Systems

Prereq.: 1.00 or equivalent
U(1)
3-1-8

School-Wide Elective Subject. Description given
at end of this chapter on SWE page.
H, N. Psaraftis, Y Sheffi, R. C. Larson

1.03 Introduction to Probability and Statistics
for Engineers

Prereq.: 18.03
U(1)
3-2-7

Elements of probability and statistics with em-
phasis on engineering applications. Probability
topics include analysis of Bernoulli Events,
common distributions including exponential'
Poisson, normal, lognormal, and extreme value.
Statistics include point and interval estimation
and hypothesis test.
F E. Perkins

1.04 Behavior of Physical Systems I

Prereq. 8.01, 18.02

3-2-7

Applies statics, geometric compatibility, and
force-deformation relations in analysis of simple
determinate and Indeterminate structures.
Reactions, internal forces, and deflections for
beams and trusses. Introduces stress-strain
behavior of construction materials and stress in
two dimensions (Mohr's circle). Exercises using
corr puters.
L. J Gibson

1.05 Behavior of Physical Systems i1

Prereq.: 8.01, 18.03
U(2)
3-2-7

Applies basic physical principles to the engi-
neering analysis of solid and fluid systems.
includes static equilibrium of fluids, conserva-
tion of mass and momentum of moving fluids,
thermodynamic properties, first and second
laws of thermodynamics. Applications to fluid
forces on structures, flow In conduits and
channels, state changes, mechanical and
thermodynamic energy cycles.
K. D. Sf olzenbach

1.06 Probabilistic Models in Engineering

Prereq.: 1.03 or 6.041 or 18.05
U(2)
3-2-7

School-Wide Elective Subject. Description given
at the end of this chapter on SWE page.
A. R. Odon, R. C. Larson, H. N. Psaraftls

1.07 Engineering Applications of Artificial
Intellgence

Prereq.: Permission of Instructor
U(2)
3-0-9

Applications of artificial intelligence techniques
to engineering problem solving are addressed.
Topics inciude basic search techniques, know-
ledge-based systems, natural language pro-
cessing, and robotics.
D. Sriram

1.08 Design of Automated and Robotic
Systems

Prereq.: -
U(1) Next offered 1990-91
3-0-9

Application of both software and hardware
aspects of automation and robotics to streamlin-
Ing the design and construction process. Data
acquisition and processing, control theory and
its applications to automation of construction
and manufacturing processes. Students re-
quired to design an automated systems for a
term project.
A. SIdcum

Fov additional undergraduate introductory
subjects, see: 1.30, 1.40, 1.50,1.60, 1.70,
1.0.



Civil Engineering 3D

Undergraduate Laboratory
Subjects

1.101J Decision Analysis Laboratory

(Same subject as TPP 01J)
Prereq.:
U(2) LAB
3-4-5

Explores the nature and existence of utility, the
basic model of how people respond to and
choose between alternatives. Students proceed
through introductory experiments to a major
project involving interviews and addressing a
ke issue of human perception of risk and

vaue. Brief lectures present the necessary
theory and psychometric techniques. Special
programs are used to reduce and plot data, and
t test theoretical hypotheses. The implications

for decision analysis and engineering design are
stressed.
R. de Neufville

1.102 Transportation Laboratory

Prereq.: -
U(2) LAB
0-3-3

Laboratory experience with the properties of
transportation systems. Students formulate an
experiment based upon readings and discus-
sions of current transportation problems. Em-
phasis on formulation of hypotheses about
properties and effects of different types of
transportation systems: planning of experiments
and data collection in the field to test these
hypotheses, analysis of results, and develop-
ment of recommendations for changes in
transport systems plans and policies.
Y Sheffi

1.105J Structural Engineering Laboratory

1.107 Aquatic Chemistry Laboratory

Prereq.: 5. 40 or 5. 11
U(2) LAB
2-6-4

Field sampling and laboratory analysis tech-
niques for determining chemical (e.g., salinity,
02, nutrients, haloforms, petroleum hydrocar-
bons) and biological (e.g., chlorophyll) parame-
ters in aquatic samples. Both wet-chemical and
instrumental (e.g., atomic absorption spectrom-
etry and gas chromatography) methods. Three
field trips are taken to acquire "real world"
samples for analysis and interpretation of the
data in terms of water quality and the processes
affecting It.
R M. Gschwend

1.108 Laboratory and Field Projects in
Environmental Fluid Mechanics
(New)

Prereq.: -
U(1) LAB
0-6-6

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.
Students may not receive credit for both 1.106
and 1.108.
E. E. Adams

Same subject as 4.415J)
rereq.: -

U(1) LAB
0-3-3

introduces students to properties of structural
materials and behavior of simple structural
elements and systems through a series of
experiments. Several laboratory projects involve
the student as both the designer and fabricator
of a structure. Information: J. J. Connor, Jr..

1.106 Laboratory Projects in Fluid Mechanics

Prereq.: -
U(1) LAB
0-3-3

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 Laboratory Requirement,
may be obtained by registering form 1.108
rather than 1.106.
E. E. Adams

General Methods and Concepts

Listed below are a number of subjects con-
cerned with general methods and concepts
rather than specific applications areas. Topics
Include:

information Systems and Computational
Methods

Analytical Mechanics
Engineering Systems, Economics, and

Management
Engineering Risk Assessment and

Probabilistic Analysis
institutions and Public Policy

Subjects under these headings are of Interest
to students from a variety of backgrounds,
both from within and outside the Department.
Subjects more oriented to applications based
on these methodologies are noted at the end
of each section.

Information Systems and
Computational Methods

1.12 Computer Models of Physical and
Engineering Systems

Prereq.: 18.02, 8.01
U(1) SID
3-0-9

School-Wide Elective Subject. Description given
at the 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: Introduction to
partial differential equations: finite difference
approximations; consistency, stability, and
convergence; Fourier analysis; finite element
methods. Examines both steady and transient
equations describing physical systems of inter-
est. Development of computer programs is
emphasized.
M. A. Celia

1.122 Theory and Application of Boundary
Element Methods (A)
(Revised Content)

Prereq.: 1.51
G(2) Next offered 1990-91
3-0-9

in-depth treatment of the theoretical aspects of
boundary element analysis methods. Applica-
tion to two- and three-dimensional domains,
with exam ps pertaining to thermal analysis,
stress analsis, fluid flow, and wave propagation.
Use of BE Y system for problem-solving
exercises. Alternate years.
J. J. Connor, Jr.



4D Civil Engineering

1.123 Building Knowledge-Based Systems
for Engineering Problem Solving (A)

Prereq.: Permission of Instructor
Gil, 2)
3-0-6

App roaches and existing software tools for
buIding 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. Sr/ram

For additional related subjects, see: 1.204,
1.70.

Analytical Mechanics

1.13 Design for Construction Automation (A,

Prereq.: 1.08
G(2) Next offered 1990-91
3-0-9

Covers the fundamentals of computer-con-
trolled machinery design (electronic and me-
chanical systems). The theme of the course is
design of integrated CNC 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

A utilitarian survey of elementary and intermedi-
ate analytical techniques, and their applications
in physical systems. Linear partial differential
equations. Separation of variables. Green's
functions. Complex variables and contour
integration. Integral transforms. Formulation and
solution of problems in seepage flows, statics
and vibration of elastic structures, soil consoli-
dation, and diffusion of energy or matter. Intro-
duction to perturbation methods. Open to
advanced undergraduates al3o.
C. C. Mel

For additional related subjects, see: 1.351,
1.382, 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
0(1)
3-0-6

School-Wide Elective Subject. Description given
at end of this chapter on SWE page.
R. de NeuMlle, J. R 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.
J. 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. Includes sampling theory,
experimental design, explanatory da a 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

For additional related subjects, see: 1.202J,
1.203J, 1.207, 1.281, 1.283J, 1.70, 1.731.
Subjects dealing with management of
engineering systems are: 1.40-1.482.

Engineering Risk Assessment
and Probabilistic Analysis

1.151 Probability and Statistics in
Engineering (A)
(Revised Content and Unit)

Prereq.: -
G(1)
3-1-8

Quantitative analysis of uncertainty in planning-
design, construction, and operation of engine-
ered facilities. Fundamentals of probability,
random processes, statistics, 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) Next offered 1990-91
3-0-6

School-Wide Elective Subject. Description given
at end of this chapter on S WE page.
A W Drake, A. R. Odoni

For additional related subjects, see: 1.203J,
1.711, 1.712,1.732.

Transportation

1.201 Transportation Systems Analysis (A)

Prereq.: Permission of Instructor
G(1)
3-0-6

Introduces the analysis of passenger and freight
transportation systems. Role of transportation
system in society and measuring system effec-
tiveness. Deterministic and stochastic models
of system performance. Determinants of de-
mand for transportation: travel behavior. Ana-
lyzes transportation networks, including predic-
tion of flow patterns, service quality, and
operating practices. Evaluates impacts and
design of transportation services and facilities.
Introduction to simulation, queuing, inventory
theory, logistics analysis, and other methods.
J. Sussman

1.202 Demand Modeling (A)

Prereq.: Permission of Instructor
G(2)
3-0-9

Analysis and forecasting of demand for facilities
and services. Emphasis on collection and
analysis of survey data. Review elements of
probability, sampling, and statistical methods.
includes alternative sample designs and data
collection methods, matrix-entry estimation
methods, linear regression analysis, discrete
choice methods, estimation and testing of
disaggregate and aggregate models, aggregate
forecasting methods and simulation. Illustrated
with applications from the fields of transporta-
tion, housing, telecommunications, and market-
ing.
M. Ben-Akiva

1.203J Logistical and Transportation Planning
Methods (A)

(Same subject as 6.281J, 11.526J, 13.665J,
15.073J. 16.76J)
Prereq.: 6.431, 15.075
G(1)
3-0-9

Quantitative techniques of operations research
with emphasis on applications In transportation
systems analysis (urban, air, ocean, highway,
pickup and delivery systems) and in the plan-
ning and design of logistically oriented urban
service systems (e.g., fire and police depart-
ments, emergency medical services, emergen-
cy repair services). Unified study of functions of
random variables, geometrical probability, multi-
server queuing theory, spatial location theory,
network analysis and graph theory. and relevant
methods of simulation. Computer exercises,
dis ussion of Implementation difficulties.
A. 1. Barnett, R. C. Larson, A. R. Odoni,
H. N. Psaraftis
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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 transportation
problems, using the C language. Covers imple-
mentation of network and graph algorithms,
algorithm design techniques, graphics. Case
studies using operations research techniques
for problems in transportation networks, vehicle
routing and scheduling, facility location, simula-
tion. Extensive micro-computer assignments.
H. N. Koutsopoulos

1.205 Advanced Demand Modeling (A)

Prereq.: 1.202
3(1)
3-0-6

Theories and applications of behavior models.
Includes: linear and nonlinear latent variable
models, multidimensional probabilistic choice
models, survey design, statistical estimation
techniques with multiple data sources, model
transferability, estimation and forecasting with
very large choice sets, joint discrete and contin-
uous 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
G(1) Next offered 1990-91
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:
combined modal split, distribution, and assign-
ment formulation: implementation of solution
algorithms; applications of discrete choice
models. Alternate years.
Y Sheffi, H. N. Koutsopoulos

1.208J Transportation and Logistics
Analysis (A)

(Same subject as 15.770J)
Prereq.: Permission of Instructor
G(2) Next offered 1990-91
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 carner
networks with emphasis on truck and rail net-
works. Integration of carrier and shipper per-
spective in system models. Alternate years.
. Sheffi, S. C. Graves

1.22 Trans ortation Infrastructure
Systems (A)

Prereq.: Permission of Instructor
G(1)
3-3-6

Integrated treatment of analytical methods and
new technologies for design, construction,
management, operation, and maintenance of
transportation facilities throughout their use.
Emphasis on a systems approach using com-
puter models. Case studies are used to demon-
strate the complex interactions in managing
transportation infrastructure.
Information: Y. Sheffi.

1.231J Planning and Design of Airport
Systems (A)

(Same subject as 16.781J)
Prereq.: Permission of Instructor
G(2) Next offered 1990-91
3-0-6

Equal emphasis on current practice and ad-
vanced concepts. Airport location and planning
with full consideration of economic, environ-
mental, and other impacts. Demand prediction.
determination of the capacity of the airfield,
estimation of levels of congestion. Design of
terminals, Role of airports in the aviation and
transportation system. Airport access problems.
Optimal configuration of air transport networks
and implications for airport development. Eco-
nomics of the airport. Financing and institutional
aspects. Special attention to intemational prac-
tice and developments. Alternate years.
R. de Neufville, 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
G(2)
3-0-9

Integrated treatment of technical and economic
aspects in highway design, construction, main-
tenance, and operation. Basic characteristics of
roads, traffic flows, and the process of highway
project development. Geometric design stan-
dards, speeds, capacities, accidents, and
construction costs. Introduction to integrated
computer-aided highway design. Maintenance
and rehabilitation, including requirements,
costs, impacts, and policy optimization. Data
collection, analysis methods, and management
options in traffic operations.

E. Ben-Akiva, TF Humphrey

1.25J Technological Development, Business,
and Political Change in the Middle East
(New - Context Subject)

Prereq.: -
U(2)
3-0-9

Employs historical and contemporary perspec-
tives to analyze the role of religion and tics in
shaping socioeconomic and technolog cal
change in contemporary development (and
comparisons with other regions). Examines
institutional changes within states and through-
out the region for the management of socioeco-
nomic and technological change. Focuses on
three broad dimensions of statehood:

Sopulation, resources, and technology.
xamines their interdependence and the impact

of their flows across national boundaries (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)

(Same subject as 11.380J)
rereq.: -

G(1)
3-0-6

See description under subject 11.380J.
R. A. Gakenheimer

1.254J Infrastructure in Third-World
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)

SSame subject as 4.715J, 11.488J, 17.558J,
1.485J, STS 509J)

Prereq.: -
G(1)
3-0-9

See description under subject 17.558J.
N. Choucri, L. Trilling, W Porfer, K. Keniston,
F Moavenzadeh
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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

1.258J Public Transportation Service and
Operations Planning (A)

(Same subject as 11.381J)
Prereq.: 1.201 or Permission of Instructor
G(2)
3-0-9

Evolution and role of urban public transportation
modes, systems, and services, including bus
and rail. Description of technological character-
istics and their impacts on capacity, seNice
quality, and cost. Current practice and new
methods for performance monitoring, route
design, vehicle and crew scheduling. Effect of
pricing policy and service quality on ridership.
Methods for estimating costs associated with
proposed service changes.
N. H. M. Wilson

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; maintenance
planning and administration; financial planning;
marketing; and management information and
decision support systems. Shows how these
general management tasks are dealt with in the
transit industry and presents altematives strate-
gies. Identifies alternative arrangements for
service provision, including different ways of
involving the private sector in public transporta-
tion,
N. H. M. Wilson

1.27 Studies in Transportation
Engineering (A)

Prereq.: Permission of Instructor
G(1, 2, S)
Arr.

Individual advanced study of a topic in transpor-
tation systems, selected with t'he approval of the
instructor. Information: Y Sheffi.

1.271 Research Seminar in Transportation

Prerea.: Permission of Instructor
G(1, 2) [P/F]
Arr-

Research seminar for graduate students in
transportation. Discussion of current research at
various stages of development, including prob-
lem 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 or 1.01J
G(1)
3-0-6

Theory and behavior of transportation markets:
urban and intercity, passenger and freight;
estimation and application of production, cost,
and demand functions. Evaluation of govern-
mental transportation policies: economic re ula-
tion, infrastructure investments, pricing, ani
financing.
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
G(2)
3-0-9

Methods for analysis of freight systems, with
emphasis on rail and motor carrier operations
and management of carrer assets. Study of
competitivo transportation companies and the
environment in which they operate. Market
issues, organizational structure, information
systems, and decisionmaking processes for
fleet management, facility operations, mainte-
nance, and operations/semice planning, Case
studies illustrate effects of regulation, technolo-
gy, labor relations, and competition on carrier
strategies.
C. 0. Martland

1.298 Research in Transportation

Prereq.: -
G(1, 2, S) [P/F]
Arr.

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.

1.299 Teaching In Transportation

Prere q. -
G(1.2 [P/F]
Arr.

For teaching assistants, in recognition of the
educational value derived from satisfactory per-
formance of assigned duties, and for other qual-
ified students interested in teaching in this area
as a career. Laboratory, tutorial, or classroom
teaching under supervision of a faculty member.
Credits for this subject may not be used for any
degree granted by Course 1.
Information: Y Sheffi.

Constructed Facilities

Geotechnical Engineering

1.30 Soil Mechanics

Prereq.: 1.04

3-1-8

Fundamental principles of soil behavior. Compo-
sition and structure of soils; phase relationships
and unit weights; classification systems. Influ-
ence of pore pressure on strength and com-
pressibility; effective stress, effect of flowing
water on stability. Drained and undrained
strength. Theory of consolidation. Principles of
limit equilibrium analysis for soil masses. Meth-
ods for estimating soil deformations. Lectures
supplemented by a laboratory and interactive
computer-aided design projects. Information:
R. V. D. Whitman.

1.32 introduction to Engineering Geology

Prereq.: -
U(2) So
3-3-6

Basic principles of physical geology, emphasiz-
ing topics pertinent to civil engineering, and a
brief overview on mineral resources. Identifica-
tion of minerals; igneous, metamorphic, and
sedimentary rocks. Alluvial, glacial, eolian,
lacustrine, marine, and colluvial sediments.
Weathering. Rock defects. Air photos and
9eolo i maps. Field trips.

. H. Einstein

1.322 Soll Behavior (A)

Prereq.: 1.361
G(2)
3-1-5

Some knowledge of field and laboratory testing
assumed; 1.37 desirable. Detailed study of soil
properties with emphasis on interpretati on of
field and laboratory test data for use in practice.
Includes: consolidation and secondary com-
pression; basic strength principles; stress-strain
strength behavior of clays, emphasizing effects
of sample disturbance, anisotropy and strain
rate strength and compression of granular soils;
engineering properties of compacted soils,
C. C. Ladd
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1.331 Soil Dynamics (A)

Prereq. -
G(2) Next offered 1990-91
3-0-6

Stress-strain behavior during transient and
repeated loadings, relation to wave velocity.
Strength de gradation and liquefaction. Analysis
of machine foundations; effect of soils upon
seismic motions; earth dams and retaining walls
during earthquakes; foundations for offshore
structures: other selected applications. Alternate
years. Information: R. V D. Whitman

1.351 Theoretical Soil Mechanics (A)
(Revised Content)

Prereq.: 1.30
G(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 poroelas-
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
G(1)
3-0-9

Consideration of the following fundamentals nf
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; bearing
capacity and slope stability: consolidation
theory: settlement analyses.
C. C. Ladd

1.364 Foundation Engineering (A)
(Revised Content)

Prereq.: 1.361
G(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 instrumenta-
tion and monitoring of foundation performance.
A. J. Whittle

1.366 Geotechnical Engineering (A)

Prereq.: 1.30
G(1)
3-0-6

Identification, presentation, and illustration of
principles of soil mechanics. Considers the
following 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 Geotechnical
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)
(Revised Content)

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. Engi-
neering eologic characterization of soil and
rock; Inc uding 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)
(Revised Content)

Prereq: 1.38, 1.361
G(2) ot to be offered 1990-91
3-0-6

Introduces theoretical and experimental aspects
of rock mechanics and on this basis prepares
the student for rock engineering: laboratory
and field testing. Empirical and analytical meth-
ods for describing strength, deformability and
permeability of intact rock and rock masses.
Fracture mechanics and mechanics of disconti-
nua including flow through discontinua. Design
and analysis of rock slopes and foundations on
rock. Discussion of blasting design. Alternate
y ears.H. H. Einstein

1.383 Underground Construction (A)

Prereq.: 1.361, 1.381
G(2) Next offered 1990-91
3-0-6

Familiarization with the most important aspects
of planning, design, and construction of
underground openings In soft ground and rock.
Detailed engineering analysis and design. Major
aspects of construction techniques and
construction planning. General planning and
economic problems. Alternate years
H. H. Einstein

1.39 Studies In Geotechnical Engineering (A)

Prereq.: Permission of Instructor
G(1, 2. S)
Arr.

For graduate students desiring further individual
study of special topics.
Information: R. V D. Whitman.

Construction Engineering and
Management
1.40 Project Management

Prereq.: -
U(2)
3-2-7

Overview of construction Industry, its organiza-
tions and interactions. Project and construction
management methodologies presented for
project and company planning, control, and
decision making. Includes scheduling, account-
ing, estimating, resource planning, organization
structuring used throughout all project phases.
Information: C. H. Heiliwoll.

1.411J Building Construction I

(Same subject as 4.402J)
Prereq.: -
U(2)
3-4-5

See demcaiption under subject 4.402J.
E Dwhosch

1.412J Building Construction il

( Same subject as 4.403J)
Prereq.: 1.02, 1.04: or 4.402J, 4.30 or 4.331
U(1)
2-4-3

See description under subject 4 403J.
R. Rush

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 estimating and
scheduling as techniques to support analysis of
alternatives.
J. M. Becker
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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) SD
3-0-9

See description under subject 4.42J.
L. Glicksman

1.421 Productivity and Competitiveness In
Construction (A)

Prereq.: -
G(1)
3-0-6

Examines US competitiveness In domestic and
international construction markets. Investigates
factors and strategies for improving competitive-
ness at the firm level. The first part of the course
treats the nature of productivity and its sources
in technology, economics of scale, learning-by-
doing, scientific management, and quality
control. Second part addresses appropriate
strategies and implementation plans for improv-
ing productivity and competitiveness.
A. H. Amsden

1.422 Management of Technological
Innovation In Construction (A)

Prereq -
G(2)
3-0--6

Provides students with a better understanding of
the issues and challenges involved in compet-
ing for construction on the basis of new technol-
ogy. The course addresses which firms should
innovate, when, where, and how much. It
investigates specific cases of construction
innovation in order to understand why some
innovations fail while others succeed. It com-
pares construction innovation in the US, Japan,
and other countries.
A. H. Amsden

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
construction industry. Studies the structure and
functioning of firms, sub-units of firms, and
conglomerations of firms with regard to the
influence of a wide range of factors including
strategy, human and other resources, and role
in the project development process. Frame-
works for observation, description, analysis, and
design of both individual enterprises and project
organizations presented and applied to real-
world situations.
H. G. 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 break-
down to performance measurement using

estimating, scheduling, and financial control.
Use of network-based systems for planning and
time control, Including CPM, PERT, and re-
source constrained scheduling. Inte rating
control of costs and time, with cash flow and
manpower projections. Comparison of current
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 the constructionrocess. Use of joint ventures, partnerships,
imited partnerships, corporations, and profes-
sional corporations are considered in framework
of qualifications for design and construction of
public buildings, limitation of professional liabil-
ity, and tax consequences. Construction con-
tract types and key concepts and clauses are
explained. Emphasis given to the role of design
professional. construction manager or engineer
in producing, managing, and interacting 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 mar-
agement in the domestic and international
construction indub'd-y. 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. Innovative financial securi-
ties, 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

1.46 Automated Sensing of In Situ
Conditions (A)

Prereq.: 8.02, 8.03 or equivalent
G(1) Next offered 1990-91
3-0-6

Overview of measurement and sensory princi-
ples. Survey of information needs and current
methods. Presentation of basic concepts of
transducers, signal generation, data acquisition,
signal and image processing, and data analysis
and interpretation. Application of these concepts
to specific techniques, including seismics,
acoustics and vibration, ground -penetrating
radar, infrared thermography, terrain conductiv-
ity, and machine vision. Case studies of specific
applications of these techniques to site investi-
gation, construction monitoring and control, and
condition assessment.
K. R. Maser

1.481 Research Seminar In Construction
Engineering and Management (A)

Prere
G(1 , 2
1-0-2

Seminar intended mainly for master's and
doctoral candidates in the Center for Construc-
tion Research and Education. Oral and written
presentation by students on thesis activities and
y faculty on research topics. Credit given in

spring term onl y.
FMavenzadeh C. H. Helllwell

1.482 Studies in Construction Engineering
and Management (A)

Prereq.: -
G(1, 2, S)
Arr.

Individual study of an advanced topic in con-
struction engineering and management, se-
lected with approval of faculty supervisor.
F Moavenzadeh

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. Struc-
tural 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
influence of different construction materials on
structural behavior, and develop the basic
principles for quantifying the material and
structural behavior. Includes problem formula-
tion, elasticity, elementary plasticity. Torsion.
plane stress, and plane strain. Stress concentra-
tions. Brittle fracture. Buckling. Thin shell struc-
tures. Design applications emphasized.
V C. Li
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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.
0. Buyukozturk

1.53 Constructed Facilities Project Laboratory
(Revised Unit)

Prereq.: 1.04
U(2' LAB
1-5-3

Concepts, techniques, and devices used to
measure engineering properties of materials.
Emphasis placed on measurement of load-
deformation characteristics of common
construction 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 end deformation of concrete under
various states of stress; failure criteria. Funda-
mental 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
G(2)
3-0-9

Mechanical properties of steel. Yield criteria.
Ductility. Fatigue failure. Stability considerations
in member design. Structural connections.
Stress concentrations. Residual stresses. Inelas-
tio analysis procedures. Umit states. Computer
methods for design.
Information: J. J. Connor, Jr.

1.543 Planning and Design of Structures (A)
(Revised Content)

Prereq.: 1.52
G(1)
3-0-6

1.552 Computer Aided Engineering 11 (A)
(New)

Prereq.: 1.00, 1.123, and 1.551
G(2)
3-3-6

Planning and conceptual design of structural
systems for buildings, bridges, and industrial
facilities. Loading criteria. Selection of structur-
al concepts. Methods for preliminary evaluation.
The influence of constructibility and durability of
design decisions.
0. Buyukozturk

1.544 Advanced Design of Structures (A)
(Revised Content)

Prereq.: 1.541, 1.542
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
study of a particular design.
0. Buyukozturk

1.545 Fracture and Fatigue Behavior In
Structura and Geo-materiais (A)

Prereq.: Permission of Instructor
Gil)
3-0-9

Linear and non-linear fracture modeling; stabil-
ity in material deformation; fracture and fatigue
characterization; testing methodology; design
for and against fracture failure; crack detection
techniques; computer simulation of crack
propagation; applications to structural materials,
including steel, concrete, ceramics, and fiber-
reinforced composites; and to geo-materials,
;ncluding rock, over-consolidated clay, and ice.
V C. Li

1.551 Computer Aided Engineering I (A)
(New)

Prereq.: 1.00
G(1)
3-3-6

Introduces current computer-based planning
and design methodologies to engineering
students. 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 compo-
nents of typical engineering projects. Topics
include: computer hardware and software,
graphics, geometrical modelers, analysis pack-
ages, and database management systems.
R. Logcher, D. Sriram

Study how various computer technologies can
be utilized to solve coordination, communica-
tion, and control problems that arise In large
scale engineering projects. The data models
and programs developed in 1.551 will be ex-
tended to facilitate concurrent engineering
processes. Involves the design and Implemen-
tation of a distributed computer-aided engineer-
ing environment. Topics include: distributed
databases, local area networks, advanced
knowledge-based systems, user Interfaces, and
design methodologies.
R. Logcher D. Srram

1.56J Structural Mechanics in Nuclear Power
Technology (A)

LSame subject as 2.084J, 13.14J, 22.314J)
Grereq.: Permission of Instructor
Gil)
3-0-9

See description under subject 22.314J.
0. Buyukozturk

1.571 Advanced Structural Analysis I (A)
(Revised Content)

Prereq.: 1.51
G(1)
3-0-9

Analysis of structures composed of members,
such as trusses, frames, and cable-stayed
systems. Technical theory of straight and
curved members. Approximate models for
framed structures and cable-stayed bridges.
Introduction to geometrically nonlinear behavior
of members.
J. J. Connor, Jr.

1.572 Advanced Structural Analysis 11 (A)
(Now)

Prereq.: 1.571
G(2)
3-0-9

Analysis of structures composed of plates and
shells. Technical theory of elasticity and torsion,

late stretching and bending, membrane and
Dnding behavior of shells. Applications to
long-span shell structures such as folded-plate,
cylindrical, dome, dish, and hyperbolic parabo-
loid shells, and to structures made of fibrous,
laminated, and layered composite materials.
S. Shyam Sunder
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1.581 Dynamics of Structures and Soils (A)
(Revised Unit)

1.135)
Frereq.: 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

1.582 Advanced Structural Dynamics (A)

(1.572)
Prere .: 1.581
G(2) ext offered 1990-91
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. K3usel

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 out-
side speakers. Participants required to submit
written critique on each lecture.
J. J. Connor, Jr.

1.589 Studies in Structural Design and
Analysis (A)

Prereq.: Permission of instructor
G(i, 2, S)
Arr.

Individual study of advanced subjects under
staff supervision. Content arranged to suit
the particular requirements of the student and
interested members 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) SD
3-0-9

Principles underlying the structure-properties
interaction in materials important to civil engi-
neers. Includes: atomic arrangements In crystal-
line and noncrystalline phases; thermodynamics
of phase relationships and structural change;
elasticity, microplasticity, viscoelasticity, and
fracture; corrosion, Application of principles to
structural metals, cementitious materials, struc-
tural-ceramics, wood, asphalt, and polymers.
Mechanical properties of composite materials
including Portland cement concrete, asphalt-
aggregate mixtures, and reinforced plastics.
FMoavenzadeh, F J. McGarry

1.591J Fracture of Structural Materials (A)

(Same subject as 3.90J, 13.16J)
krereq.: 1.59J or 2.30 or 3.141 or 13.15J
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.: -
G(2)
3-0-6

Develops an understanding of material behavior
based on microstructural mechanisms of defor-
mation. Includes study of elastic, plastic, creep,
fracture, and durability behavior. Applications to
traditional construction materials (steel, con-
crete, and timber) as well as recent develop-
rnents in civil engineering materials (compos-
ites, ice mechanics).
L. J. Gibson

1.593J Mechanical Behavior of Plastics (A)

(Same subject as 3.91J)
Prereq.: 3.064
G(1)
3-2-4

1.594. 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)
Arr.

Advanced topics in construction materials
selected by students for individual study with
staff approval. information: L. J. Gibson.

1.598 Research in Constructed Faciilties (A)

Prereq.: -
G(1 2, S) [P/F]
Arr

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.
formation: J. J. Connor, Jr.

1.599 Teaching in Constructed Facilities

Prere .: -
Gil, 21 [P/F]
Arr.

For teaching assistants, in recognitikn of educa-
tional value derived from satisfactory perform-
ance of assigned duties, and for other qualified
students interested in teaching in this area as a
career. Laboratory, tutorial, or classroom teach-
Ing 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.

See description under subject 3.91J.
F J. McGarry
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Water Resources and
Environmental Engineering

Hydrodynamics and Coastal
Engineering

1.60 Fluid Dynamics

Proreq.: 18.03
U(1)
4-0-8

Properties, states, and equilibrium of fluids.
Conservation laws for control volumes. Equa-
tions of continuity and motion. Dynamic simili-
tude, theory of models, and data presentation.
Laminar and turbulent boundary layers. Flow in
conduits and channels. Dynamic drag and lift
forces on immersed objects. Turbulent jets and
diffusion processes. Lectures supplemented by
problem sessions.
R S. Eagleson

1.62 Free Surface Hydraulics

Prereq.: 1.60
G(2) Not to be offered 1990-91
3-1-8

Derivation of the one-dimensional form of the
continuity, momentum, and energy equations.
Boundary resistance. Steady un .rm and
non-uniform flow in open channels, including
lateral in-outflow. Significance of the Froude
Number; sub- and supercritical flow and chan-
nel transitions. Applications of momentum and
energy principles. Flow controls: weirs, sluice
gates, spillways, stilling basins. Unsteady flows:
elements of floodrouting. overland flow, and
oscillatory waves. Class project.
0. S. Madsen

1.63 Principles of Hydrodynamics (A)

Prereq.: 1.60
G(1)
3-0-6

An advanced account of dynamics of incom-
essible fluids. Materials are ually divi

nto four parts: 1) Basic formulation (kinematics,
stress-strain, Navier-Stokes equations). 2)
Potential flows (vorticity and circulation, analytic
functions for two-dimensional problems, confor-
mal maing, flow through porous media). 3)
Viscous ows and bounda layers (exact and
approximate solutions). 4) Turbulent shear flows
(instability, Reynolds equations, wall shear flows,
and dispersion: free shear flows and plumes).
W K. Melvillo

1.64 Dynamics of Stratified Fluids (A)

Prere. 1.63
G(2) ot to be offered 1990-91
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
thermodynamics 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 subject concludes with a study of
the evolution of surface mixed layers in natural
water bodies. Alternate years.
W K. Melville

1.65 Experimental Methods in
Hydrodynamics (A)

Prereq.: 1.60
G(2) Next offered 1990-91
2-4-6

Introduces methods of experimental design,
measurement, data acquisition, and analysis in
hydrodynamics and environmental engineering.
Presents measuring techniques, including
laser-based optical, heat transfer, electrome-
chanical and flow visualization. Emphasis is on
laboratory techniques, but some examples are
drawn from field methods in oceanography and
meteorology. Lectures complemented by labo-
ratory classes and more extensive 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)
Arr.

Advanced topics selected by students for
individual 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
G(2) Next offered 1990-91
3-0-6

Basic theory of water waves assumed known.
Emphasizes the quantitative description of the
mechanics of sediment transport in steady and
unsteady flows based on hydrodynamic princi-
ples. Equations of motion for pairticles in a
turbulent flow, entrainment, bedload, and sus-
pended 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
G(1) Not to be offered 1990-91
3-0-9

Treats physical transport processes in surface
water, groundwater, and in the atmosphere with
emphasis on exchanges across phase
boundaries. To pics Include sediment-water
fluxes; gas exchange at the air-water Interface;
mass transfer from particles, droplets, and
bubbles: deosition, coagulation, and filtration
of particles; blofilms in porous media; canopy
flow; small-scale dispersion and mixing of
contaminants; interactions between mixing,
transport, and reactions; linkages between
physical, chemical, and biological processes.
K. . 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, energy
transport, dissipation by bottom friction. Refrac-
tion, diffraction by breakwaters. Some nonlinear
aspects, wave breaking. Emphasizes physical
interpretation of mathematical results and their
engineering application. Storm surges, coastal
circulation, forecasting of wind-wave character-
istics. Wind-wave statistics, wave forces on
piles; breakwater stability.
0. S. Madsen

1.691 Wave Dynamics In Coastal
Engineering (A)

Prereq.: 1.69, 1.131. or equivalent
G(2) Not to be offered 1990-91
3-0-9

Problems in water waves and currents of Inter-
est to coastal engineers. Emphasizes mechani-
cal principles and theoretical methods of analy-
sis. Topics chosen from the following areas: Ray
theory of refraction, scattering of shallow-water
waves, linearized theory of harbor oscillations.
Diffraction by a breakwater. Effect of entrance
losses. Mass transport due to viscosity. Radi-
ation stresses and short-wave/long-wave
interactions. Wave effects on poro-elastic sea
beds. Altemate years.
C. C. Mai
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1.692 Wave Dynamics in Oceanographic
Engineering (A)

Prereq.: 1.69, 1.31, or equivalent
G(2) Next offered 1990-91
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 as-
pects. Power absorption from sea waves. Non-
linear long waves in rivers or near a coast.
Nonlinear short waves: slow modulation and
instability of Stokes waves by slender or blunt
cylinders, Effects of currents or topography on
wave evolution. Nonlinear waves in shallow
water: solitons, harmonic generation, and reso-
nances. Alternate years.
C. C. Mel

1.695J Principles and Physics of Remote
Sensing In Oceanography (A)
(Revised Unit)

(Same subject as 12.975J)
Prereq.: 1.60, 12.800
G(1)
3-0-9

See description under subject 12.975J.
(Woods Hole Staff): H. C. Graber, K. A. Kelly

1.696J Oceanographic Applications of
Remote Sensing (A)
(Revised Unit)

(Same subject as 12.976J)
rereq .: 1.695J and Permission of Instructor

G(2) Next offered 1990-91
0-3-9

See description under subject 12.976J.
(Woods Hole Staff): H. C. Graber, K. A. Kelly

1.697J Oceanographic Systems I

(Same subject as 13.990J)
Prereq.: -
G(S)
2-4-6

See description under subject 13.990J.
(Woods Hole Staff)

1.698J Oceanographic Systems 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)
Arr.

See description under subject 13.999J.
(Woods Hole Staff)

Hydrology and Water Resource
Systems

1.70 Analysis Methods in Water Resources
and Environmental Engineering

Prereq.: 1.60
U(2)
3-3-6

Use of analysis tools (e.g., computer models) in
the design and evaluation of water resources
projects such as flood control, river basin devel-
opment, and water quality. Lectures discuss
governing principles, common models, and typ-
ical applications. In case studies, students may
select/develop models, run simulations, perform
experiments, or analyze data from field investi-
gations. Results of the case studies are inter-
preted and discussed in written and oral re-
ports. For advanced 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 hydrol-
ogy. Introduction to hydrologic probabilistic
models. Deterministic, numerical, models in
hydrology. Data analysis, design of collection
systems. Useful for graduate students with no
hydrology background.
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 mod-
els, flood routing, urban hydrology, flood/
drought frequency analysis, loss estimation,
groundwater models, and storage analysis. Data
sources for hydrologic models: instrumentation,
measurement systems, remote sensing. Model
limitations and the research-practice gap.
F E. Perkins

1.712 Sampling, Synthesis, and Forecasting
of Hydrologic Processes (A)

Prereq.: 18.440 or equivalent
G(2) N ext offered 1990-91
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
signals. Time and frequency domain analysis of
random processes and fields. Stochastic simu-
lation of rainfall and runoff. Estimation of static
and dynamic systems. Kriging and Kalman
filtering techniques. Applications in geology,
oceanography, mining. Alternate years.
R. L. Bras

1.72 Groundwater Hydrology (A)
(Revised Unit)

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 anisotro y, regional
vertical circulation, unsaturated flow, and re-
charge. Well hydraulics, stream-aquifer interac-
tion, distributed- and lumped-parameter nu-
merical 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)
(Revised Unit)

Prereq.: 1.72, 18.075 or 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 trans-
port processes In deformable media, boundary
conditions, and problem formulation. Stochastic
treatment of temporal and spatial variability.
Contaminant transport, macrodispersion, tracer
tests, salt water intrusion, heat transport, unsatu-
rated flow and solute transport, flow and trans-
Port in fractured rocks. Large-scale behavior of

eterogeneous media and uncertainty in model
predictions.
L. W Gelhar

1.723 Subsurface Water Quality (A)

Prer.: 1.72
G(2) Not to be offered 1990-91
3-0-6

Examines subsurface water quality problems
from chemical and physical viewpoints. Physical
transport of quality constituents, precipitation/
dissolution reactions, adsorption chemistry,
complexation, redox processes, microbial
transformations, the role of particulates, and
chemical influences on aquifer permeability.
Development of a mass transport equation, and
analytical and numerical solutions. Case studies
of quality problems with emphasis on hazardous
waste disposal. Alternate 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.
M. A. Celia
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1.725J Chemicals in the Environment: Fate
and Transport (A)

(Same subject as TPP 51J)
Prereq.: Permission of Instructor
G(1)
3-0 -9

For Institute students In all departments inter-
ested in hazardous substance management
(see TPP listings for other subjects).
Emphasis on man-made chemicals, their
movement through water, air, and soil, and their
eventual fate in the environment. Coverage of
specific topics is similar to 1.723, but for less
specialized students. Analogous coverage of
surface water and air fate and transport. Link-
ages to health effects, sources and control, and
policy aspects.
H. F Hemond

1.731 Water Resource Systems I (A)

Prereq.: Permission of Instructor
G(1)
3-0-6

Survey of deterministic optimization methods for
management of large-scale water projects.
Unear, integer, nonlinear, and dynamic program-
ming Illustrated with case studies. Applications
include reservoir and irrigation development,
conjunctive use of surface and groundwater,
and hazardous waste remediation.
0. McLaughlin

1.732 Water Resource Systems 11 (A)

Prereq.: 1.151 or equivalent
G(2) Not to be offered 1990-91
3-0-6

Effects of uncertainty on water resource
management. Quantitative methods for
describing and analyzing uncertainty. Real-time
estimation and control. Case studies include
reservoir operations, groundwater resource
development, water quality monitoring.
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)

Pre .: Permission of Instructor
G(2) ext offered 1990-91
3-0-6

Dominant physical, chemical, and biological
features of lakes and wetlands: basin geology.
water budget, wind-driven hydromechanical
phenomena, heat balance, thermal stratification,
radiation environment, biological communities
and cycles of major elements. Characterization
of wetlands, wetland biota, and chemical condi-
tions of wetlands. Methodologies of modem
limnology, including field meos and use of
models; and current issues in lake and wetland
management. Alternate years.
H. F Hemond

1.76 Aquatic Chemistry (A)

Prereq.: 5.40 or 5.11
G(1)
3-0-9

5.60 is a suggested prerequisite. 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, interac-
tions between solid phases and solutes, coordi-
nation, and redox. Emphasis on quantitative
study of model systems. Interactions between
physical, chemical, and biological variables in
natural waters stressed. 5.60 is a suggested
prerequisite.
F M. M. Morel

1.77 Water Quality Control (A)

Prereq.: 1.60
G(1)
3-0-6

Emphasis on mathematical models for predict-
ing distribution and fate of effluents discharged
into lakes, reservoirs, rivers, estuaries, and
oceans; and on formulation and structure of
models rather than on solution techniques. Role
of element cycles, such as oxygen, nitrogen,
and phosphorus, as water quali indicators.
Offshore outfalls and diffusion. Salinity intrusion
in estuaries. Thermal stratification in lakes and
reservoirs and sedimentation proesses.
D. R. F Harleman

1.79 Aquatic Ecology (A)

Prereq.: -
G(1) Next offered 1990-91
3-0-6

Basic graduate subject dealing with selected
aspects of the ecology of manne and freshwater
systems. Emphasizes physiol ical processes
of phytoplankton, but includes bacteria and
other aquatic microorganisms. Focus is on
organism/environment interactions. Topics
include photosynthesis, primary and secondary
production, nutrient limitation and uptake kinet-
ics, element cycles, population growth, and
chemostat theory. Lecture/seminar format with
extensive outside readings.
S. W Chisholm

1.80 Fundamentals of Ecology

Prereq.: -
U(2)
3-1-8

Basic subject dealing with ecological science;
principles of interrelationships between organ-
isms and their environment. Development of
basic concepts of energy flow and element
cycles in ecosystems; productivity; trophic
dynamics; communi structure and stability;
competition and preation; evolution and natural
selection; population growth; and physiological
ecolo. Emphasis on aquatic systems.
S IN isholm

1.811J Environmental Law: Pollution
Control (A)

(Same subject as TPP 33J)
Prereq.: -

G(1)
3-0-6

Reviews and analyzes Federal and state regula-
tion of air and water pollution and hazardous
wastes. Emphasizes use of legal mechanisms
and alternative approaches (such as economic
incentives) to control pollution. Focuses on the
major Federal legislation, the underlying admin-
istrative system, and the common law In analyz-
ing the goals of pollution control, economic
consequences, and the role of the courts.
Discusses both classical pollutants and toxic
industrial chemicals. Also provides an introduc-
tion to basic legal skills.
N. A. Ashford, C. C. Caldart

1.812J Regulation of Chemicals, Radiation,
and Blotechnology (A)

(Same subject as TPP 34J)
Prereq.: Any prior law course or Permission of
Instructor
G(2)
3-0-6

Focuses on policy design and evaluation In the
regulation of hazardous substances and pro-
cesses. Includes risk assessment, hazardous
chemical wastes, toxic air and water pollutants,
pesticides, food additives, pharmaceuticals,
radiation and radioactive wastes, product safety,
the Toxic Substances Control Act, workplace
hazards, biotechnology and victims' compensa-
tion, Both health and f conomic consequences
of regulation discussed.
N. A. Ashford, C. C. C4 /dart, D. B. Hattis

1.82 Problems in Aquatic Biology and
Chemistry (A)

Prereq.: Permission of Instructor
G(1, 2) [P/F]
Arr.

Advanced topics in fields of aquatic chemistry
and aquatic biology. Choice of Independent
study, seminar, laboratory or field studies.
Typical topics include analytical and bioassay
methodologies, nutrient and trace-metal interac-
tions with aquatic biota, element cycles, current
issues in oceano rahy.
S. W Chisholm, . M. Morel

1.83 Environmental Organic Chemistry (A)
(Revised Unit)

Prereq.: 5.41 or 5.12
G(1)
3-0-9

After describing the cycling of natural organic
matter in aquatic environments, focus shifts to
processes affecting anthropo enic organic
compounds. Uses physical chemical properties
to predict chemical transfers between environ-
mental compartments (air, water, sediments,
biota). Uses molecular structure-reactivity
relationships to estimate chemical, photochemi-
cal, and biochemical transformation rates.
Resulting models predict environmental con-
centrations (and related biological exposures) of
hazardous and natural organics in water re-
sources.
R M. Gschwend
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1.84 Aquatic Particles (A)

Prereq.: Permission of Instructor
G(2) Not to be offered 1990-91
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. Thermody-
namics of adsorption. Adsorption models,
equilibrium, and kinetics. Mixed phase solids.
Particle interactions. Stability of suspensions.
Coagulation theory. Size distributions. Role of
coagulation and blota 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
muncpal wastewater. Theory of mixing and
transport in reactor vessels. Biochemical pro-
cesses related to the carbon, oxygen, nitrogen.
and phosphorus cycles. Completely mixed and
plug flow reactors with and without recycle.
Activated-sludge systems and sludge digesters.
Fixed-film processes, adsorption, sedimenta-
tion, and other physical, chemical, and biologi-
cal processes.
D. R. F Harleman

1.898 Research In Water Resources an' the
Water Environment

Prereq.: -
G(1, 2, S) [P/F]
Arr.

For research assistants in water resources and
the water environment, when assigned research
is not used for thesis, but is approved for aca-
demic credit. Credits for this subject may not be
used for any degree granted by Course 1.
Information: R. L. Bras.

1.899 Teaching In Water Resources and the
Water Environment

Prereq.: -
G(1 2) [P/F]
Arr

For teaching assistants, in recognition of the
educational value derived from satisfactory
performance of assigned duties, and for other
qualified students interested in teaching In this
area as a career. Laboratory, tutorial, or clas-
sroom 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) [P/F]
0-6-0

1.92 Advanced Civil Engineering internship

Prereq.: 1.91
G(1, 2, S) (P/F]
0-6-0

1.91 provides credit for the first two work as-
signments of Course I students affiliated with
the Engineering Intemship Program. 1.92
provides credit for the third and fourth work
assi nments for students affiliated with the
Enqlneering Internship Program. Students
register for both 1.91 and 1.92 twice and must
complete both work assignments in order to
receive academic credit for the subjects. Enrol-
lment limited to students registered in the
Course I Intemship Option.
Information: 0. Buyukozturk.

1.961-1.966 Special Graduate Studies In Civil
Engineering (A)

Prereq.: Permission of instructor
G(i, 2)
Arr

Graduate subjects taught experimentally; spe-
cial subjects offered by visiting faculty; seminars
on topics of current interest.
Information: 0. S. Madsen.

1.968 Graduate Studies in Civil Engineering

1.980J Leadership Seminar in Technology
and Policy (A)

(Same subject as TPP 13J)
Prereq.: Thesis Registration
G(2)
2-0-1

See description under subject TPP 13J.
R. de Neutlle

1.991, 1.992 Special Undergraduate Studies
in Civil Engineering

Prereq.: Permission of Instructor
U(1, 2)
Arr.

Undergraduate subjects taught experimentally;
special subjects offered by visiting faculty;
seminars on topics of current interest.
Information: K. D. Stolzenbach.

1.999 Undergraduate Studies in Civil
Engineering

Prereq.. -
U(1, 2, S)
Arr.

Individual study, research, or laboratory investi-
gations under faculty supervision.
Information: K. D. Stolzenbach.

Prereq.: Permission of Instructor
G(1, 2 S)
Arr.

Individual study, research, or laboratory investi-
gations at the graduate level, under faculty
supervision. Information: 0. S. Madsen.

1.969 Graduate Studies In
Civil Engineering (A)

Prereq.: Permission of Instructor
G(1, 2, S)
Arr.

Individual study, research, or laboratory investi-
gations at the graduate level, under faculty
supervision, Information: 0. S. Madsen.
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2.UR Undergraduate Research in Mechanical
Engineering

Prereq,: -
U(1, 2, S) [P/F]
Arr

IndMdual study, research, or laboratory investi-
ations under faculty supervision, including

iidual participation In an ongoing research
project. Coordinator: D. G. Wilson

Mechanics, Dynamics, and
Acoustics

2.01 Mechanics of Solids

Prereq.: 8.01, 18.02
U(1. 2) SD
4-0-8

Introduces mechanics of continuous deform-
able media, emphasizing three-dimensional
requirements of force equilibrium, geometric
compatibility, and constitutive behavior. Stress
and Rt relation to force and moment. Strain and
Its relation to displacement. Linear elasticity with
thermal expansion. Failure modes. Applications
to stress distributions and deformations of rods,
shafts, beams, and other simple structures of
engineering Importance. Emphasizes computer
methods and matrix structural analysis.
M. R Cleary, D. G. Karr

2.02 Introduction to Systems Dynamics

Prereq.: 8.01, 18.02
U(1, 2) SD
4-0-8

Dynamic modeling by linear and nonlinear
lumped multiport elements of physical systems.
Unified treatment of active and passive mechan-
loal, fluid, electrical, thermal, and electronic
devices and systems. Concept of state and
state variables. Formulation and solution uf state
equations by direct analysis, and by digital
computer methods. Dynamic response and
stability of linear systems. System functions,
iole-zero configurations, and their interpreta-
on. Generalized Impedance and source equv-
ants. Extensive use of engineering examples.

D. Rowell

2.03.1 Dynamics

(Same subject as 13.003J)
Prereq.: 2.01, 2.02, 18.03
U(1, 2)
4-0-8

Dynamics of lumped and continuous models of
mechanical, electrical, and electro-mechanical
systems. Kinematics and d namics of rigid
bodies In two- and three imensional motions.
Formulation of equations of motion by momen-
tum principles and Lagrange's equations.
Behavior of linearized models: natural modes
and frequency response of lumped systems,
wave transmission and reflection in continuous
systems.
J. H. Williams, Jr., J. K. Vandiver

2.032 Dynamics (A)

Proreq.: 2.03J
G(1)
3-0-9

Momentum principles and energy rinciples.
Lgrange equations, Hamilton's principle.

plications to mechanical cystems including
gyroscopic effects. Study of steady motions and
nature of small deviations therefrom. Natural
modes and natural frequencies for continuous
and lumped parameter stems. Forced
vibrations. Dynamic stabity theory. Causes of
instability.
S. H. Crandall

2.034 Nonlinear Dynamics (A)

Prereq.: 2.032
G(2) Next offered 1990-91
3-0-9

A unified treatment of nonlinear phenomena in
the dynamics of discrete and continuous sys-
tems. Qualitative methods of analysis, phase

lane techniques. Qu antitave analysis of weak-
nonlinear sytems in free and forced vibra-

ons; pertu on methods, nonlinear reso-
nances, self-excited oscillations, lock-in
phenomena. Introduction to nonlinear stability
and bifurcation theory, nonlinear wave propaga-
tion, solitous. Applications are made to mechan-
ical, fluid, electrical, and flow-structure interac-
tion problems.
T R. Akylas

2.05 Kinematics and Dynamics of
Mechanisms and Manipulators (A)

Prereq.: 2.03J
G(1)
3-0-9

Analyzes kinematic and dynamic characteristics
of planar and spatial mechanisms, Including
machines and robotio manipulators. Use of
vector, graphical, and 4 by 4 matrix methods for
kinematic analysis. An Introduction to graphical

and computer methods for kinematic synthesis
of mechanisms. Methods for dynamic analysis
of mechanisms, and the use of ital simulation
techniques. Systems include rig and flexible
elements and active control systems. Applica-
tions from industrial machine systems and
robotic manipulators.
S. Dubowsky, H. West

2.06J Mechanical Vibration

(Same subject as 13.80
Prereq.: 2.03J or 13.003
U(2)
3-0-9

See description under subject 13.80J.
R. H. Lyon, J. K. Vandiver

2.060J Principles of Acoustics (A)

Same subject as 13.81J, 16.081J)
Grereq.: 2.03J or 16.004, 18.075
Gil)
3-0-9

Combined with subject 2.063, forms a two-term
sequence In acoustics at advanced level; sub-
jects may be taken in any order. Emphasizes
acoustics of fluids: basic equations, sources of
sound, radiation, diffraction and scatterings.
Acoustic, vorticity, and thermal fluctuations.
Energy density and Intensity, radiation Imped-
ance and directivity. Moving sources. Aero-
acoustics and hydroacoustics.
R Leehey, R. H. Lyon

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
random loading. Poisson pulse processes.
Measurement, identification, and response
problems. Coherence. Space-time correlations

an rs-spectra. Digital data processing.
Cepstrum analysis. Applications to vehicles and
structures subted to wide-band random
excitation.
S. H. Crandall

15D
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2.062 Wave Propagation (A)

Prereq.: 2.03J, 18.075
G(2) Not to be offered 1990-"1
3-0-9

Wave concepts in applied mechanics with
examples 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,
Ra leh waves, waves in periodic structures.
T R. A las

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 any order. Transmission of vibration in
structures and interaction with sound fields.
Dynamics of sound fields and longitudinal,
shear, and flexural vibrations. Normal modes,
phase and group velocity, energy decay. Radi-
ation impedance and input and transfer mobility
of structural elements. Statistical energy analy-
sis, reciprocity, energy sharing between struc-
tures and sound fields.
R. H. Lyon, R Leehey

2.064 Shear Flow-Structure Interaction (A)
(New)

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:
unsteady 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 Effects of compliant surfaces.
R Letthey

2.066 Machinery Noise and Diagnostics (A)

Prereq.
G(1) ext offered 1990-91
3-0-9

Uses basic ideas about vibration generation and
transmission and sound radiation in design of
quieter machines. Excitation mechanisms are
impact, dimensional variations, and fluid flow.
Vibration transmission models include transmis-
sion line and S.E.A. Criteria for acceptable levels
of noise and vibration are discussed. Vibration
signatures in time and frequency domains for
diagnostic purposes are described. Energy vs
time and vs frequency, and waveform recon-
struction are discussed as techniques for ob-
taining diagnostic signatures. Altemate years.
R. H. Lyon

2.067J Structural Acoustics (A)
(New)

(Same subject as 13.83J)
Prereq: -
G(1) N ot to be offered 1990-91
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 propa-
Stion are recommended. Alternate years.

H. Lyon, /. 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., 0. G. Karr, A. Moshaiov

2.072 Mechanics of Continuous Media (A)

Prereq.: Permission of Instructor
G(2)
3-0-9

Principles and practical application of continu-
um concept for deformation of solid, fluid, or
multiphase bodies. Kinematics and thermome.
chanic conservation laws through comprehen-
sive tensor notation. Stress and strain measures
and constitutive equations. Solution of many
basic problems for various materials as relevant
in metallurgy, materials processing, geome-
chanics and fluid dynamics, fracture mechanics
and structural analysis. Analytical and numerical
solution methodology for differential and integral
equations.
M, P Cleary, R. Abeyaratne

2.073 Solid Mechanics - Plasticity and
inelastic Deformation (A)

Prereq.: 2.30
G(1) Next offered 1990-91
3-0-9

Focuses on analysis of inelastic deformations of
solids, emphasizing behavior of polycrystalline
metals. Develops continuum constitutive models
including consideration of physical bases of
deformation. Limit analysis of continua, struc-
tures, and polycrystalline aggregates. Variational
formulations of governing equations including
finite element implementation. See also 13.131
and 16.24.
0. M. Parks

2.074 Applications of Mechanics for
Porous/Geological Materials (A)

Prereq.: Permission of Instructor
G(1) Not to be offered 1990-91
3-0-9

Extension of continuum mechanics to fluid-
infiltrated porous media: coupled heat/fluid flow
and solid deformation/frictional vielding/fracture.
Constitutive relations, micromodeling,

localization instabilities, and structural analysis.
Laboratory simulation. Examples from energy
and materials resources, prospecting and ex-
traction: machine excavation, oil/gas drilling/
fracturing, solution mining, geothermal; from
geophysics: wave propagation, earth-fault
mechanisms, igneous intrusions; and from blo-
mechan ,al load-bearing elements,
M. P Cleary

2.083 Applied Elasticity (A)

Prereq.: 2.01, 18.075
G(1)
3-0-9

Introduces the theory and applications of linea-
rized elasticity. Review of kinematics, kinetics,
and the constitutive law Anisotropic material
behavior. Several of the following topics: plane
problems; singular problems involving cracks.
point loads, dislocations. Torsion of noncircular
cylinders. Energy theorems and applications.
Linear elastic fracture mechanics. Fundamental
three-dimensional problems. Variational princi-
pies and applications. 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

2.092 Methods of Engineering Analysis (A)

Prereq.: 18.075
G(1)
3-0-9

Study of nature of complex problems in engi-
neering 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 mechan-
ics, hydraulics, heat transfer, elasticity, com-
pressible flow, etc. Numerical methods includ-
ing 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
G(2)
3-0-9

Formulation of finite element methods for analy-
sis of dynamic problems in solids, structures,
fluid mechanics, and heat transfer. Computer
calculation of matrices and numerical solution of
equilibrium equations by direct integration and
mode superposition. Effective ei;ensolution
techniques for calculation of frequencies and
mode shapes. Digital computer coding tech-
niques and use of an existing general purpose
finite element analysis program. Modeling of
problems and Interpretation of numencal results.
K. J. Bathe
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2.094 Theory and Practice of Continuum
Mechanics (A)

Prereq.: 2.01, 18.075
G(1) Not to be offered 1990-91
3-0-9

Basic principles of continuum mechanics and
finite element methods, modern application to
solution of practical problems in solid, structural,
and fluid mechanics, heat and mass transfer,
other field problems. Kinematics of deformation,
strain and stress measures, constitutive rela-
tions, conservation laws, virtual work, and
variational principles. Discretization of governing
equations using finite element methods. Solu-
tion of central problems using existing computer
porams.
K.J.Bethe

System Dynamics and Control

2.10 Elementary Programming and Machine
Computation

Prereq.: -
U(1, 2)
3-2-4

Assumes no prior com puting experience.
Introduces the use of digital computers in
science and engineering. FORTRAN, the most
popular language for scientific applications, is
used. Covers fundamentals of digital computa-
tion, outlines numerical techniques, character
manipulation, simulation and software develop-
ment. Some topics - e.g., graphics or intro-
duction to C - vary by semester. Problems
include examples from many disciplines.
Assumes no prior computing experience.
D. Rowell, S. H. Kim, L. Paul

2.101 Computer Models of Physical and
Engineering Systems

Prereq.: 18.02, 8.01
U(1) S
3-0-9

School-Wide Elective Subject. Description given
at end of this chapter on SWE page.
S. Shyam Sunder

2.11 Intelligent Systems Design

Prereq.: -
U(2)
2-0-7

Principles and techniques for the design of
Intelligent systems through knowledge engi-
neering, neuroscience, cognitive science,
systems theory, and information models.
Strengths and limitations of existing methodol-
gies as well as present applications and future
developments. Topics Include: frameworks,
knowledge representation, information process-
ing, reasoning, Prolog, expert systems, design
principles, and applications. Practice In design
throu h individual and group software projects.
S. H. im

2.14 Control System Principles

Prereq.: 2.02
U(1, 2)
3-2-7

Introduction to analysis and synthesis of feed-
back systems. Funntional 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 tech-
niques. Root locus and frequency response
mtthods. Performance indices and error criteria.
Controller realization. Examples of pneumatic,
hydraulic, electronic, and electromechanical
control systems.
D. Rowe/l/

2.141 Modeling and Simulation of Dynamic
Systems (A)

Prereq.: 2.151
G(1) Next offered 1990-91
3-0-9

Mathematical modeling of complex engineering
systems at a level of detail compatible with the
design and implementation of modern control
systems. Wave-like and diffusive energy trans-
mission systems. Multiport energy storing fields
and dissipative fields: consequences of symme-
try and asymmetry. Nonlinear mechanics and
canonical transformation theory. Examples will
include mechanisms, electromechanical trans-
ducers, electronic systems, fluid systems.
thermal systems, compressible 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; system
characteristics - controllability, observability,
stability; linear and nonlinear system responses.
Modification of system characteristics using
feedback. State observers, Kalman filters. Mod-
eling/ performance trade-offs in control system
design. Emphasis on application of techniques
to physical systems.
N. Hogan, D. Rowell

2.152 Advanced Control System Design (A)

Prereq.: 2.151 or 2.154; or equivalent
G(2)
3-0-9

Introduction to advanced methods in linear and
nonlinear control system design. Unear multiva-
riable state-space techniques: eigenstructure
placement, discrete Kalman filtering. Nonlinear
stability theory: model-reference adaptive
control, applied nonlinear control system de-
sign, sliding surfaces, optimal control. Empha-
sis on applications to physical systems and the
modeling/performance trade-offs.
J-J. E. Sotine

2.154J Multivariable Control Systems I (A)

(Same subject as 6.233J, 10.28J, 13.481J,
16.341J)
Prereq.: 2.14 or 6.302 or 10.35 or 16.30
G(1)
4-0-8

See description under subject 6.233J.
K. Youcef- Toumi, M. Athans,
G. Stephanopoulos, M.S. Trianta fyllou,
L. Valavani

2.155J Multivariable 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. Triantafyllou,
L. Valavani

2.156J Dynamics of Nonlinear Systems (A)

(Same subject as 6.243J, 16.311J)
Prereq.: 18.100. 18.06. 6.233J or 6.241
G(1) Next offered 1990-91
3-0-9

See description under subject 6.243J.
N. Hogan, J. L. Wyatt, Jr., M. Dahleh, R. Ramnath

2.157J Design and implementation of
Computer-Aided Engineering Systems (A)

(Same subject as 13.471J)
Prereq.: Permission of Instructor
G(1)
3-2-7

Overview of existing CAE systems; architecture
of high-performance graphic displays in engi-
neering workstations; orthographic and per-
spective display transformations; parametric
representation of curves and surfaces; elemen-
tary differential geometry; interactive graphics:
bicubic surface patches: image generation; NC
tool paths; solid modeling; advanced research
topics: project management for software devel-
opment. Group projects emphasize CAE system
development. Programming proficiency re-
3uired.

.1C. Gossard, N. M. Patrikalakis

2.158J Computational Geometry (A)

Same subject as 13.472J)
rereq.: 2.1 57J

G(2)
3-0-9

Continuation of 2.157J with lectures, home-
works, and individual projects focusing on
advanced research topics. Algebraic and ratio-
nal polynomial parametric representation meth-
ods. Intersections and algebraic geometry.
Sweeps. Blending and parallel surfaces.
Trimmed patches. Solid modeling: CSG, bound-
ary representation, octrees. Variational geometry
and tolerances. Feature representation and
recognition. Finite element discretizations.
Interrogation of geometric models for design,
analysis, and fabrication.
N. M. Patrikalakis, D. C. Gossard
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2.171 AnaSt ls and Design of Digital Control
Systems ()

Prereq.: 2.151, 2.14
3(2)
3-3-6

A comprehensive introduction to control system
synthesis in which the digital computer plays a
major role, reinforced with hands-on laboratory
experience. Covers elements of real-time
computer architecture; input-output interfaces
and data converters; analysis and synthesis of
sampled-data control systems using classical
and modern (state-space) methods; analysis of
trade-offs in control algorithms for computation
speed and quantization effects. Laboratory
projects emphasize practical digital servo inter-
facing and implementation problems with
timing, noise, nonlinear devices.
W Durfee, D. Rowell

2.18J Human Factors in Design

(Same subject as 9.39J, 22.088J)
Prereq.: Permission of Instructor
U(2) Next offered 1990-91
3-1-8

Analyzes human and computer roles, interfacing
and reliability in nuclear and chemical plants, air
traffic control, industrial robots, office autorna-
-n, and other systems. Introduces methods for

measurement of and statistical inference about
human behavior in such interactions. Reviews
human sensory and motor performance charac-
teristics and the derivation of human engineer-
ing design criteria for displays and controls.
Readings from the human factors engineering
literature. Case studies and design projects.
T B. Sheridan, D. D. Lanning, A. Hein,

2,181J Models of Man-Machine Systems (A)

Same subject as 16.355J)
rereq.: 18.03, Permission of Instructor

G( ) Next offered 1990-91
3-1-8

Introduces mathematical models of human
erformance and man-machine interaction.
sychophysical methods. Theory and models of

manual control, supervisory control, information
transmission, signal detection, Bayesian deci-
sion-making. Multi-attribute utility, fuzzy set,
and other judgment scaling techniques. Appli-
cation to process control, aircraft and robotic
systems. Readings from the literature. Laborato-
ydemonstrations and case studies.

B. Sheridan, S. R. Bussolari

2.192 Engineering Systems Analysis (A)

Prereq.: Permission of Instructor
G(1)
3-0-6

Fluid Mechanics and Combustion

2.20 Fluid Mechanics

Prereq.: 18.02, 18.03
U(1, 2) SD
4-0-8

Introduces incompressible flows. Hydrostatics,
Mass conservation equation. Differential equa-
tion of motion for inviscid flows. Bernoulli's
equation. Linear and angular momentum theo-
rems and applications to engineering problems.
Vorticity and irrotational flows. Equations gov-
erning viscous fluid flow, and some special
solutions. Boundary layers. Dimensional analysis
and modeling, with application to flow prob-
lems. Conservation of energy. Flows with head
losses and gains in ducts and pipes.
H. Kytomaa, R Renaud

2.22 Applied Computational Analysis
(Revised Content)

Prereq.: 18.03, 2.10
U(1) Next offered 1990-91
3-0-9

Formulation and application of numerical meth-
ods in fluid and solid mechanics, heat transfer
and dynamics. Methods of approximation,
integration. and solution of algebraic equations.
Finite difference and finite element methods.
Examples from forces in structures, flow net-
works, cooling surfaces, aerodynamic flows and
forces, deflection and stresses in solids, vibra-
tion. Formulation of models, numerical algo-
rithms, construction of codes, and analysis of
solutions. Do the homework on your favorite
computer, or ours (Athena).
A. F Ghoniem

2.25 Advanced Fluid Mechanics (A)

Prereq.: 2.20, 18.075 or 18.085
3(1)
3-0-9

Surveys principal concepts and methods of fluid
dynamics, Statics. Fluid kinematics. 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
viscous fluids and applications. Lubrication
theory. Boundary layer theory, including separa-
tion and other examples of shear flow phenom-
ena, 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. P Probstein, R. D. Kamm

2.272J Physicochemlcal Hydrodynamics (A)

(Same subject as 10.53J)
Prereq.: 2.25 or 10.50
G(1)
3-0-9

Fundamentals of physical-chemical Interactions
with fluid flow including aspects of biomolecular
hydrodynamics. Transport of mass, heat, and
charge in laminar flow. Particle-liquid flows with
and without charge effects. Macromolecules as
hydrodynamic particles with application to
separation processes. Surface tension, phase
change, and chemical reactions in flows. Sus-
pension rheology. Textbook: Physicochemical
Hydrodynamics, R. F. Probstein.
R. F Probstein, H. Brenner

2.273 Turbulent Flow and Transport (A)

Prereq.: 2.25
G(2)
3-0-9

Turbulent flows, with emphasis on engineering
methods. Governing equations for momentum,
energy, and species transfer. Turbulence: its
production, dissipation, and scaling laws. Aver-
aged (Reynolds) equations for momentum,
energy, and species transfer. Simple closure
approaches for free and bounded turbulent
shear flows: jets, pipe and channel flows,
boundary layers, plumes, dispersion problems,
etc., Including heat and species transport as
well as flow fields. Introduction to more complex
closure schemes and statistical methods in
turbulence.
A. A. Sonin

2.274 Computational Fluid Dynamics (A)

Prereq.: 2.25
Gil)
3-0-9

Familiarity with elementary numerical analysis
helpful. Computer assignments requirin pro-
gramming. Techniques for the numerical simula-
tion of viscous incompressible flows. Spatial
discretization: finite-di ference, finite-element,
spetral methods. Time-stepping. Accuracy,
stability, and generality considerations. Numeri-
cal diffusion, dispersion. Vorticity-stream func-
tion and primitive-variable formulations. Exam-
ples from internal and external flows, heat
trarsfer. Familiarity with elementary numerical
analysis helpful. Computer assignments requir-
ing programming.
A. T. Patera

2.275 Turbomachinery Design (A)

Prereq.: 2.20 or 2.25; 2.40 or 2.41J
G(1) Next offered 1990-91
3-0-9

Momentum transfer in turbomachines. Axial-
and radial-flow compressors and turbines:
design considerations, cascade fluid mechanics
including effects of viscosity and compressibility
and three-dimensional flow, performance
limitations; cavitation. Alternate years.
D. G. Wilson

School-Wide Elective Subject. Description given
at end of this chapter on SWE page.
R. de Neufvile, J. R Clark
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2.277 Biomedical Fluid Mechanics (A)

Prereq.: 2.20
G(2) Next offered 1990-91
3-0-9

Permission of instructor required for medical
students and undergraduates. Engineering
approach to the function of circulatory and
respiratory systems and to other oblems in
physiology Involving fluid dynam cs. Reviews
reievant anatomy and physiology emphasizing
quantitative considerations. Presents and dis-
cusses mathematical or engineering models in
relation to physiological phenomena they are
intended to simulate. For graduate students in
engineering and science, but open to medical
students and undergraduates with the permis-
sion of the instructor. Alternate years.
R. D. Kamm

2.280 Fundamentals of Chemically
Reacting Flows (A)
(New)

Prereq.: 2.20, 2.40
G(2) Next offered 1990-91
3-0-9

Fundamentals of physical gas dynamics and
combustion using analytical and numerical
methods. Conservation equations of reacting
flows. Chemical thermodynamics and kinetics.
Non-equilibrium flow. Detonation and bound-
ary layers. Ignition, flammability, and extinction.
Premixed and diffusion flames. Combustion
instabilities. Supersonic combustion. Turbulent
combustion. Fire, safety, and environmental
impact.
A. F Ghoniem

2.29. Air Pollution Control (A)

(Same subject as 10.71J)
Prereq.: Permission of Instructor
G(2) Next offered 1990-91
3-0-9

Common gaseous and particulate air pollutants
and their environmental effects. Modeling of
atmospheric chemical and physical processes
that disperse, transport, transform, and remove
air pollutants on local, regional, and global
scales. Formation of air pollutants in combustion
processes. Control technology and costs.
Regulation of air quality and emissions.
J. Fay, A F Sarofim

Materials

(See also listing 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. Emphasize" a combined materials
science and continut n mechanics approach.
Major topics: linear elasticity, linear viscoelastic-
Ity. rate-Independent plasticity, rate-dependent
plasticity, linear elastic fracture mechanics,
creep fracture, and fatigue failure. Laboratory
experiments involving a variety of materials.
testing methods and analyses, and a special

o. Anand, D. M. Parks, M. C. Boyce

2.301 Advanced Mechanical Behavior of
Materials (A)

Prereq.: Permission of instructor
G(2)
3-0-9

Requires background in materials or mechan-
lo. Selected topics treated from the atomic to
the applied level for insights into a variet of
materials and applications. Deformation n
elasticity, rubber elasticity, viscosity, creep, and
plasticity (with some slip line fields); viscoelastic
shift factor and superposition. Monotonic and
fatigue crack initiation and growth In ductile and
brittle structures. Hardness, friction, wear. High-
strength materials, composites. Requires
background in materials or mechanics. Text:
McClintock, Argon, Mechanical Behavior of
Materials, and notes.
F A. McClintock

2.302J Physics of inelastic Deformation of
Solids (A)

(Same subject as 3.25J)
Prereq.: 2.30 or 2.301
G(2) Next offered 1990-91
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, inorgan-
ic, and polymeric glasses; plasticity of crystalline
polymers; statistical theory of elastomeric be-
havior. 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
G(2) Not to be offered 1990-91
3-0-9

Fundamental crack tip solutions. Cohesive
strength of pure solids and interfaces. Micro-
crack initiation. Brittle fracture in tension and
compression. Static fatigue. Toughening of
brittle solids by crack tip shielding. Ductile
fracture by plastic cavitation, Intergranular
fracture at elevated temperatures. Brittle to
ductile transitions in fracture. Fracture of com-
posites. Fracture in cyclic deformation. Exam-
pies drawn from all prominent structural solids.
Alternate years.
A S. Argon

2.304J The Mechanics of Fracture (A)

(2.34J)
(Same subject as 3.41J)
Prereq.: 2.30 cr 3.39
G(1) Next offered 1990-91
3-0-9

Continuum mechanics modeling of fracture
phenomena from microstructural through
macroscopic scales. Emphasis is placed on
applications of both linear and nonlinear consti-
tutive relations in the development and quantita-
tive fracture mechanics models and methodolo-
g y. Topics: linear elastic and elastic-plastic
fracture; fatigue and fatigue crack growth; creep
fracture; fracture at bi-material interfaces; com-
putatimal methods.
0. M. Parks

2.35 Role of Microstructure in Mechanical
Behavior

Prereq.: 2.30
G(1)
3-0-9

Equilibrium and non-equilibrium means of
obtaining diverse microstructures in engineering
solids, Micromechanisms that govem the defor-
mation and fracture resistance of materials with
different microstructures. Discussion of specific
examples from prominent Industrial aloys,
polymers, composites, and cellular solids.
A. S. Argon

Thermodynamics and Statistical
Mechanics

2.40 Thermodynamics

Prereq.: 8.02, 18.03
U(1, 2) SD
4-0-8

Classical thermodynamics emphasizing relation
of abstract concepts to physical situations.
Work, heat, energy change, and the first law of
thermodynamics. Temperature, equilibrium, and
reversibility. Introduction to thermodynamics in
a computational environment. Thermodynami-
cally coupled systems, second law of thermody-
namics, thermodynamic temperature, entropy.
Bulk flow and open systems. The pure sub-
stance, solid, liquid, and gaseous phases.
Applications to engineering systems.
J. L. Smith, Jr., J. . 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 1.42J, 4.42J)
Ureroq.: 8.02, 18.02
U(1)S
3-0-9

See description under subject 4.42J.
L. R. Glicksman
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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 state,
property, work, energy, stable equilibrium,
available energy, entropy, thermodynamic
potential, and interactions other than work
(nonwork, heat, mass transfer). Applications to
properties of materials, bulk flow, energy con-
version, chemical equilibrium, combustion, and
industrial manufacturing.
E. R Gyffopoulos

Heat and Mass Transfer

2.51 Heat and Mass Transfer

Prereq.: 2.20, 2.40
U(1, 2)
3-0-9

Heat conduction in solids: steady and transient
states; finned surfaces. Heat and momentum
transfer associated with laminar and turbulent
flow of fluids in forced and free convection; fully
developed flows and boundary layer develop-
ment in ducts over flat plates and blunt bodies,
through tube bundles and packed beds. Con-
densation, Boiling. Heat exchanger design, heat
transfer in nuclear reactors. Radiative heat
transfer. Mass transfer in stationary systems;
mass transfer associated with laminar and
turbulent flows.
B. B. Mikic

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 so-
lected officers of US Navy and Coast Guard.
B. B. Mikic

2.55 Convective Heat and Mass Transfer (A)
(Revised Content)

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
external 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 systems.
S. B. Mikic, S. Motakef

2.56 Conduction and Change of Phase Heat
Transfer (A)
(Revised Content)

Prereq.: 2.51, 18.075
G(2)
3-0-9

Solutions of steady and transient heat conduc-
tion problems in orthogonal coordinate systems
with various boundary conditions. Approximate
methods: application of numerical techniques.
Moving boundaries: problems in freezing and
melting. Condensation heat transfer. Boiling:
mechanisms and heat transfer correlations.
Thermal modeling of engineering systems.
Thermal contact resistance.
B. B. Mikic

2.57J Two-Phase Flow and Heat Transfer (A)
(Revised Content)

(Same subject as 22.36J)
Prereq.: 22.312 or 2.20
G(2) Not to be offered 1990-91
3-0-9

See description under subject 22.36J.
M. S. Kazimi, R Griffith, H. Y Kytomaa

2.58J Radiative Transfer (A)

(Same subject as 10.74J)
Prereq.: 2.51 or 10.302
G(2) Next offered 1990-91
3-0-9

See description under subject 10.74J.
L. R. Glicksman, A. F Sarofim

Power Systems

2.601J Design of Thermal Power Systems (A)

(Same subject as 13.26J)
Prereq.: 2.20, 2.40, 2.51
6(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 tur-
bines, heat exchangers, evaporators, boilers,
and condensers. Takes design project exam-
ples from the fields of space, electrical utilities,
and marine power systems. Assumes knowl-
edge 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 operation
of internal combustion engines affect their
performance and fuel requirements. Study of
fuid flow, thermodynamics, combustion, heat
transfer and friction phenomena, and fuel prop-
erties, relevant to engine power, efficiency, and
emissions. Examination of design features and

operating characteristics of different types of
engines: spark-ignition, diesel, stratified-
charge, and mixed-cycle engines. Engine
Laboratory project. For graduate and senior
undergraduate students.
J. S. Hey.wood

2.621 Gas Turbine Design (A)

Prereq.: 2.20, 2.40 or 2.41J or 2.51
G(1) Not to be offered 1990-91
3-0-9

Applies engineering science to development of
gas turbines. Thermodynamics and fluid me-
chanics of flow phenomena in turbines and
compressors. Design of turbines, compressors,
heat exchange and combustion chambers.
Operating characteristics of gas-turbine power
plants in various applications. Alternate years.
D. G. Wilson

2.648 Superconducting Magnets (A)

Prereq.: 2.40, 2.51
G(2)
3-0-9

Focuses on one important engineering applica-
tion of superconductors - generation 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 superconduc-
tors, field and stress analyses, magnet instabili-
ties, ac losses and mechanical disturbances,
quench and protection, experimental tech-
niques, cryogenics. New high-temperature
superconductors for magnets - design and
operational issues at high temperatures.
Y lwasa, E. S. Bobrov

Experimental Engineering

2.671 Measurement and instrumentation

Prereq.: 2.02
U(1, 2) LAB
2-3-7

Experimental techniques for observation and
measurement of fundamental physical variables
such as force, pressure, temperature, flow, and
acceleration. Emphasizes principles of transduc-
ers, measurement circuitry, and computer-
aided methods of data analysis. Typical labora-
tory experiments involve oscilloscopes, strain
gages, accelerometers, thermocouples, digital
recorders, etc. Background for lab projects is
developed in lectures. Six units may be applied
to tho General Institute Laboratory Requirement.
C. F Dewey, Y twasa

2.672 Project Laboratory

Prereq.: 2.20, 2.40, 2.671
U(1, 2) LAB
1-3-2

Engineering laboratory subject for mechanical
engineering juniors and seniors. Major
emphasis on interplay between analytical and
experimental 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 problems
during the term.
S. Motakef, W Cheng
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Design

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 working
closely with section instructors, and includes 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

Prereq: -
U(1, 2)
2-2-2

Lectures and laboratory sessions on the basics
of manual and computer-aided sketching and
drawing to delineate engineering design
information and data. Exercises focus on spatial
visualization, pictorial representation, ortho-
graphic 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 elements, including
control components. Students working in
groups will design. fabricate, and test prototype
devices in response to requests from industrial
sponsors. Topics: typical machine elements,
power transmission elements, motors and prime
movers, control elements, material selection,
and assembly techniques. Taken prior to 2.73,
this subject enhances the design experience in
the latter.
C. R. Peterson

2.73 Design Projects

Prereq.: 2.03J, 2.20, 2.30, 2.40, 2.70
U(1)
2-3-4

Practice in engineering design through projects
specifically chosen to integrate significant
portions of material covered in prerequisites.
Typically, one group project and two individual
projects. Emphasizes pursuing creative solu-
tions to current, real, engineenng design prob-
lems. Guest lecturers invited to provide problem
backgrounds and insights. Other lecturers
address the breadth of topics involved in engi-
neering design from analytical techniques to
human-machine interactions, economics, and
patent laws.
C. R. Peterson

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,
an mechanics, human factors engineering,
and idea generation and creative problem
solving. 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,
assembly, and "debugging" of the mechanical
devices. During the fal, 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 microprocessors,
product liability and safety, entrepreneurship,
marketing of a product, patent applications, and
methods of redesign. From parts built for them
by participatinq industrial clients, students
assemble and debug" devices that they de-
signed during term I in 2.731. By the end of
term, devices are brought to specification and
presented to the respective sponsors.

WR Seering

2.737 Designing Smart Machines (A)

Prereq.: 2.10, 2.73, or equivalents or Permission
of Instructor
G(1)
2-4-6

Introduction to designing smart products with
embedded microcomputers. Topics include
microprocessors as design elements, micropro-
cessor 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. Stu-
dents undertake one or more preliminary proj-
ects and a substantial term design project
completed individually or in groups. Enrollment
limited.
W K. Durfee

Biomedical Engineering

(See also 2.277, 2.900J, and 2.907)
2.75 Phylology and Blomechanles of
Human ovement (A)

Prereq.: Permission of Instructor
G(1)
3-3-6

Synerglstic study of anatomy-physiology and
biomeohanics of human movement. Human
sensory, nervous, muscular, and skeletal sys-
tems and their integration as they relate to
posture, galt, and manipulation. Biomechanics
of muscle, bone, and skeletal joints. Human
performance measurement and sports blome-
chanios. Focus on normal human system leads
to pathological conditions and to technological
responses, i.e., amputation prosthesis, arthroi-
dial joint deterioration and replacement.
R. W Mann

2.76J Ultrasound: Physics, Biophysics, and
Technology (A)

(Same subject as 6.562J, HST 530J)
Prereq.: Permission of Instructor
G(1) Next offered 1990-91
4-1-7

Physics and technology of generation and
detection of ultrasound. Transducers and arrays.
Propagation and fields. Diagnostic, therapeutic,
and processing applications in medicine and
industry. State of the art of Imaging and Doppler
systems. Biophysics, biological effects, linear
and nonlinear phenomena. Hazards and safety
levels.
R R Lele, R R. Morgenthaler

2.761J Principles of Medical imaging (A)

(Same subject as 22.56J, HST 561J)
Prereq.: Permission of instructor
G(1)
4-0-8

See description under subject 22.56J.
R R Lele, V Wedeen

2.762J Laser, Microwaves, Ultraviolet,
Magnetic Fields, and Ultrasound in
Biomedical Sciences (A)

(Same subject as HST 531J)
Prereq.: Permission of Instructor
G(1) Not to be offered 1990-91
4-1-7

Fundamental physics and bIophysios, biological
effects and mechanisms, hazards and safety
levels of laser, microwaves, magnetic fields.
Ultrasound and ultraviolet. Sp eial emphasis on
current techniques and applications in medicine
and biomedical research.
R R Lele, Staff
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2.77 Research in Biological Effects and
Applications of Ultrasound and Other
Non-ionizing Radiations (A)

Pree .: 2.76J
0(1.21
Arr.

Opportunity for graduate students and ad-
vanced undergraduates to pursue substantialt heoretical or practical projects of their own
cholce or to conduct critical analysis of literature
In thMq area. Details arrenged on an individual
basis.
R R Lele

2.78 Seminar on Product Design for
Disabled People
(Revised Content)

Prereq.: Permission of Instructor

2-0-4

This seminar, for graduates and undergradu-
ates, acquaints the student with functional
problems caused by motor and sensory handi-
caps, and existing technological solutions.
Brainstorming sessions and assignments pro-
vide the student with experience In design of
innovative products to meet real needs of

isabled people. Lecturers are engineers and
practitioners from MIT and the Cambridge/Bos-
ton area.
M. J. Rosen

2.781J Biomedical instrumentation
Electronics

Sane subject as 16.608J, HST 570J)
rereq .: Permission of Instructor

6(S) Next offered 1990
6-6-6

See description under subject HST 570J.
0. Rowell, S. K. Burns

2.791J Quantitative Physiology: Cells and
Tissues

LSam 0 subject as 6.021 J, HST 541 J)
rereq.: 2.02 or 6.002 r607 18.02 18.03

U(1)
4-2-6

See description under subject 6.021J.
/. V Yannas, T F Weiss, R. C. Lee

2.792J Quantitative Physiology: Organ
Transport 1ystems

(Same subject as 6.022J. HST 542J)
prereq.: 2.791J: 2.20 or 6.013
U(1)
3-2-7

See description under subject 6.022J.
R. 0. Xamm, 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.
A W Mann, L. S. Frishkopt, L. R. Young,
C. Wall il

ManufaCturing

(See also 2.922)
2.800 Tribology (A)

Prereq.: Permission of Instructor
G(1)
3-0-9

Geonetric, chemical, and physical characteriza-
tion of surfaces. Various theories of friction and
wear of metals, polymers, and ceramics. Special
emphasis on delamination theory, discussion of
erosion, boundary lubrication and solid-film
lubrication. Rolling contact problems. Tribologlc-
al problems in magnetic recording and electncal
contacts. Monitoring and diagnosis of friction
and wear. Case studies.
E. Rabinowicz, N. Suh

2.810 Fundamentals of Manufacturing
Processes (A)

Prereq.: 2.01, 2.20, 2.86, or equivalents
G(i)
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 pro-
ceases by the principles of mechanics, heat and
mass transfer, thermodynamics, and chemistry.
Course will emphasize such issues as quality of
the output, production rate, microstru.tural
effects, equipment requirements, and cost. This
broad treatment will imnclude applications to the
processing of metals, polymers, composites,
and ceramics.
T G. Gutowski, G. Chryssolouris, E. Sachs

2.822 Processing of Polymeric
Composites (A)

Prereq.: 2.01, 2.20
G(l) ext offered 1990-91
3-0-9

Scientific and engineering aspes of manufac-
turing with polymeric composite materials,
Effects of processing on mechanical perform-.
ance, interfaces, rheological behavior of poly-
mers and reactive systems. Modeling of pro-
cessing steps including forming, flow and mold
filling, fiber orientation and breakage, consolida-
tion, cure, solidification, and banding. Discus-
sion and models taken from mi 3r processing
technologies. Topics in automation and new and
Innovative processes.
T G. Gutowski

2.830 Control of Manufacturing Processes (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 prob-
lems associated with a variety of processes are
then studied. These Include cutting, forming,
welding, and casting of metals, polymers, and
semiconductors.
D. E. Hardt, E. Sachs

2.835 Robot Design and Control (A)

Prereq.: 2.05, 2.151
G(2)
3-0-9

Graduate subject on the analysis, design, and
control of robot manipulators. Geometry, kine-
matics, statics, and dynamics of manipulators.
Sensors and actuators, arm design. Position
and trajectory control, compliant motion control.
Robustness and adaptation in robot control,
modeling performance trade-offs.
J-J E. Slotine, X. Youcef-Touml, H. Asada

2,840 Desn and Control of High-Precision
Machines ?k)
(New)

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 transmis-
sions, and servosystem design. Case studies
are used to illustrate fundamental concepts and
demonstrate application of the theory.
A. Slocum, K. Youcef-TountI

2.845 Nondestructive Evaluation and
Quality Engineering (A)

Prereq.: Permission of instructor
G(2) Next offered 1990-91
3-3-6

Principles and applications of nondestructive
techniques for materials evaluation, with empha-
sis on physics, signal processing, and Interpre-
tation. Relation to manufacturing quality assur-
ance tools, statistical quality control, In-process
sensing, and automation. Life testing consider-
ations ncluding reliability, accelerated testing,
proof testing, and failure analysis. Laboratory
proe",
E.Aainowicz

2.850 Machine Tools and Manufacturing
Systems (A)

Prereq.: Permission of instructor
0(1)
3-3-6

Machine tool basic building principles. Compu-
tational methods for machine tool elements.
Machine tool quality. Machine tool automation.
Numerical control and positioning systems.
Adaptive control and flexible manufacturing
systems. Process plannin and sr hedullng
related to machine tools. Future concepts in the
machine tool technology.
G. Chryssolourls
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2.852 Manufacturing Systems Analysis (A)

Prereq.: -
G(2)
3-0-9

Models of manufacturing systems, including
transfer lines and flexible manufacturing sys-
tems. Calculation of performance measures,-
including throughput, in-process Inventory, and
meeting production commitments. Real-time
control of scheduling. Effects of machine failure,
set-ups, and other disruptions on system
performance.
S. B. Gershwin

2.86 Manufacturing Processes and Systems

Prereq.: 2.01, 2.70
U(1, 2) LAB
3-3-3

Introduction to modem manufacturing pro-
cesses for metals, polymers, ceramics, and
composite materials. Discussions on manufac-
turing systems, automation technology, design
and manufacturing integration, computer appli-
cations, and principles and techniques for
quality assurance. Lectures emphasize process
modeling and analysis, while laoratory encom-
passes both hands-on practice and engineering
experimentation. Six units may be applied to the
General Institute Laboratory Requirement.
G. Chryssolouris, T G. Gutowski, E. Sachs,
N. R 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 development, design for manufactur-
ability, 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

2.881 Artificial Intelligence in Design and
Manufacturing (A)

Prereq.: 1.00, 2.10, or 6.001
G(1)
2-0-7

Applications of artificial intelligence to manufac-
turin, ranging from design to production.
Principles, strengths, and limitations of existing
techniques as well as present and future appli-
cations. Topics include: knowledge representa-
tion issues and techniques, Prolog, expert
systems, machine learning, and application
areas. These are covered in two concurrent
tracks - knowledge engineering and logic
programming.
S. H. Kim -

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 representa-
tion 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. R Suh

2.890J Pruseminar ir Manufacturing
(New)

(Same subject as 3.80J, 6.943J. 10,792J,
15.792J, 16.23J)
Prereq. -
G(1, 2) [P/F]
3-0-3

See description under subject 15.792J.
T H. Lee, S. C. Graves

Polymers and Fibers

2.900 Biomedical Materials

Prereq.: 3.091 or 7.01
U(2) Next offered 1990-91
2-0-4

Science and engineering of materials used In
medical applications: orthopedic implants,
artificial joints, blood vessel replacements,
artificial organs. Structure and properties of
polymers, ceramics, and metals on interaction
with the human body. Histological analysis of
connective tissue on materials science and
engineering. Fracture, structure, healing of
normal and abnormal bone. Implantation prob-
lems: Inflammation, thromuogenesis, rejection,
resorption, corrosion.
1. V Yannas

2,907J Phrsical 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 ma-
cromolecules. Solid state physics of collagen,
elastin, and glycosaminoglycans. Bonding ar.a
nonbonding interactions between macromole-
cules in extracellular matrices. Fibermatrix
Interactions in tendon, skin, cartilage, and the
blood vessel wall. Mechanics of mineralized
(bone) and nonmineralized connective tissues.
L. V Yannes

2.921J Deformation and Fracture of
Polymers (A)

(Same subject as 3.951 J)
Prereq.: 2.30
G(1)
3-0-9

Linear and nonlinear viscoelasticity below and
above T Phenomenology of plastic deforma-
tion in cAstalline, and glassy polymers, molecu-
lar theories for yielding, post yield extensions for
intermediate and large strains, development of
deformation textures, anisotropic yield condi-
tions. Fracture in polymers, statistical damage
accumulation. Crazing as a precursor to frac-
ture, kinetics of nucleation of crazes, mechanics
of craze extension, development and propaga-
tion of cracks. Fatigue In polymers under both
static and cyclic loading.
I. V Yannas

2.93J Engineers, Scientists, and Public
Controversies
(Context Subject)

LSame subject as 8.206J, STS 012J)
rereq.: -

U(2) HASS Next offered 1990-91
3-0-9

Investigates the nature of controversies sur-
rounding science and technology and the roles
technical specialists play in their resolution.
Students analyze the technical, social, political,
and ethical context of public controversies
through case studies documented by archival
videotapes, readings, and testimony of guests.
Cases may include the space shuttle accident,
nuclear reactor safety, Star Wars, and the re-
lease of environmental contaminants.
J. A. Fay, B. T Feld, C. Weiner

Special Studies

2.94J Accounting for the Social
Consequences of Technological Change
(Context Subject)

(Same subject as 14.15J)
Prereq.: 14.01; and for engineering majors, 2.40
and 2.70
U(21 Next offered 1990-91
2-0-7

Examines various indirect effects of technologi-
cal change on work, health, lifestyle, environ-
ment, etc., in case studies. Teams of students
identify and evaluate indirect costs and benefits.
Teams propose methods to take these into
account in decision making via government
regulatory or tax intervention or private voluntary
action. Intended for juniors and seniors with
engineering and economics training. May not
count toward HASS Requirement.
D. G. Wilson, J. Rothenberg

2.942 Entrepreneurship

Prereq.: -
G(2)
4-0-5

School-Wic'e Elective Subject. Description given
at end of this chapter on SWE page.
D. R Hoult
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2.943 Engineering Risk-Benefit Analysis (A)

Prereq.: 18.02
G( Next offered 1990-91
3-0-6

School-Wide Elective Subject. Description given
at end of this chapter on SWE page.
A W. Drake, A. R. Odoni

2.944 Product Design
(Revised Unit)

Prerea.: -
G(2)
3-1-8

Project-centered subject addressing transfor-
rnation of new ideas into technology-based
products, attaining a proper match between
product and marketplace, from the perspective
of both source and customer. Product design
Issues: evaluation; market perception; aesthetics
and human interfacing; design for manufactur-
ability, reliability, and repairability, pricing and
legal implications.
W C. Flowers

2.95J Ethical issues In the Work Life of
Engineers and Scientists
(New - Context Subject)

(Same subject as 16.996J, 18.096J, STS 061J,
PP 09J)

Prereq.: Permission of Instructor
U(1) HASS
3-0-9

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. Lec-
tures survey issues and practices in the various
Institutional and disciplinary contexts. In discus-
sion sections, students develop ethics scenarios
on Issues of their choosing and explore them
with representatives of corporations, universities,
etc., at which students might work or study.
Open to seniors, graduate students, or by
permission of instructor.
C. Whibeck, 0. Anick, S. Bird, I. Paul, L. Trilling

2.951 Engineering internship

Prereq.: -
U(1, 2, S) [P/F]
0-6-0

2.952 Advanced Engineering Internship (A)

Prereq.: 2.951
G(1, 2, S) [P/F]
0-6-0

Provides academic credit for undergraduate
and graduate work assignments for Mechanical
Engineering students participating in the Engi-
neering Internship Program. Undergraduate
gatcipation is approximately six months over

summers of practical work in manufactur-
Ing, engineering, resparch and development at
an Industrial plant. Graduate participation by
students admitted to the Departments gradate
program consists of aproximately seven
months at Industrial plant. Credit is awarded
after evaluation and approval of the actual work

ormed.

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. R Hoult, H. S. Marcus

2.97 Independent Activitles

Prereq.: -
U(IAP)
Arr.

For undergraduates desiring to carry on in Je-
pendent studies during the January Indepen-
dent Activities Period, och student will carry on
a program of his or her own choosing, either as
an independent worker, or as a member of a
team or class. Special lectures, seminars, and
laboratory projects arranged when appropriate.
Programs arranged on an individual basis in
consultation with the Instructor. Credit arranged
with the coordinator: D. G. Wilson.

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)

(2.452J)
SSame subject as 22.572J)
rereq.: Permission of Instructor

G(2)
3-0-9

A comparative introduction to the general
foundations of classical and quantum mechan-
ica, statistical mechanics, and thermodynamics,
pinpointing structural analogies and conceptual
differences. Perspectives and open questions
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 neces-
sa mathematical background.
E. RGyftopoulos

2.981 Low-Temperature Refrigeration (A'

(2.649)
Prereq.: 2.40
G(1) Next offered 1990-91
3-3-6

Thermodynamic processes for roducing
low-temperature refrigeration. Problems of heat
exchangers, insulation, and rectification. Appil-
cafzons of low-level refrigeration to liquefaction
of helium and to application of superconduc-
tors. Laboratory projects on related topics
according to Individual interests.
J. L. Smit, Jr

2.982 Intelligent Control and Sensing of
Physical Systems (A)
(Now)

Prereq.: -
Gil)
3-0-9

Introduces theory and techniques of high-level
control, In which control strategies and
decisions are made at a symbolic level.
Symbolic description of process behavior.
Pattern classification and clustering. In-process
monitoring and sensor fusion. Supervised and
unsupervised learning. Neural nets, Rule-
based control. Fuzzy con trol. Case studies on
robots, vehicles, and various physical plants.
Emphasis on the bridge between physical andW mbolic domains.

Asada

2.995 Special Topics In Mechanical
Engineering

Prereq.: -
U(1, 2, S)
Arr.

For undergraduates desiring to carry on sub-
stantial projects of own choosing in mechanical
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)
Arr.

Assigned reading and special problems or
research in special areas, either theoretical or
experimental, 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
Preparatien (A)

Prereq.: -
G(1. 2, S
Arr.

For students who must do additional work to
convert an S.M. Thesis to an M.E. Thesis, or for
students who do an M.E. Thesis after having
received an S.M. degree.
A. A. Sonin
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3.UR Undergraduate Research

Prereq.: -
U(1, 2, S) [P/F]
Arr.

Extended participation in work of a research
group. Includes independent study of literature,
direct involvement in group's research (com-
mensurate with student skills), and project work
under an individual faculty member. See UROP
coordinator for registration procedures.
S. B. Brown

3.00 Thermodynamics of Materials

Prereq.: 18.02
U(1) S
4-0-8

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 thermodynamics of
solutions. Thermochemistry of homogeneous
and heterogeneous reactions.
T W Eagar

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
binary and ternary systems, reaction equilibria in
systems containing components in condensed
solution. Electrochemistry, corrosion, Gibbs
phase rule, chemical kinetics, elementary mech-
anisms, reaction rate constant, activation ener-
gy, surface tension.

P.VRagone, C. V Thompson

3.03 Chemical Metallurgy
(Revised Unit)

Prereq.: 3.185
U(2)
3-0-9

Chemical principles of extractive metallurgy.
Representations of heterogeneous ulibnia.
UnIt operations and processes. Roas ng of
sulphides. Gaseous reduction of Iron oxide.
Reduction of zinc oxide and ferroalloy oxides.
Reduction of halides. Smelting of iron ores,
matte smelting of copper ores. Refining pro-
cesss-gas-niquid, solid-liquid, and lIquid-l-
quid. Hydrometallurgy and electrometallurgy.

notice of high-temperature processes. Exam-
pes taken from Industa processes.

0A.Sadoway

3.04 Special Problems In Materials Science
and Engineering

Prereq.: -
U(1, 2, S)
Arr.

For undergraduates desiring to carry on proj-
ects of their own choosing, which may be
experimental, theoretical, or of a design nature.
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 Thesis Seminar

Prereq.: -
U(1, 2)
Arr.

Lectures on basic skills necessary for conduct-
ing thesis planning, research, analysis, and
preparation of final document. Included: library
resources, how to plan experiments, depart-
mental central facilities, laboratory safety, data
analysis, technical writing, and thesis format.
Seminar also requires that each student present
an initial oral research proposal and deliver a
lecture reporting on completed thesis. Must be
taken both terms to receive 3 units of credit,
D. K. Roylance

3.05 Computer Models of Physical and
Engineering Systems

Prereq. 18.02, 8.01
U(1) so
3-0-9

School-Wide Elective Subject. Description given
at end of this chapter on SWE page.
S. Shyam 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
techniques for determination of polymer com-
position, molecular weight, and microstructure.
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; kinetics and thermodynam-
ics of crysaization: liquid crystallinity In pol
mere; thermodynamics of rubber elasticity. The
electrical, optical, transport, and mechanical
properties of polymers are analyzed with re-
spect to the above topics.
M. F Rubner

3.064 Pol mer Engineering
(Revised nit)

Prereq.: 3.11. 3.185
U(2)
3-0-9

Overview of engineering analysis and design
techniques for synthetic polymers. Treatment of
materials selection, mechanical characterization,
and processing in design of load-bearing and
environment-compatible structures.
0. K. Roylance

3.065J Polymer Science Laboratory

(Same subject as 10.67J)
rereq.: Permission of Instructor

U(1, 2)
1-8-3

Synthesis and molecular characterization of
polymers. Condensation polymerization and
chain reaction polymerization and copolymeri-
zation, reactions In homogeneous phase and at
interfaces, and the synthesis of linear chains
and highly ramified structures are carried out.
The resulting macromolecules are character-
ized: molecular mass and its distribution by
several methods, composition and constitution
by spectrometric and other analytical means,
and molecular thermodynamic properties.
Polymer-analogous reactions are used to
modify macromolecules. Graduate students will
be expected to do additional reading and
propare n.ore in-depth lab reports.
M. F Rubner, R. E. Cohen
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Course 3 Materials Science and Engineering

3.UR Undergraduate Research

Prereq.: -
U(1, 2,3) (P/F]
Arr.

Extended participation in work of a research
group. Includes independent study of literature,
direct involvement in group's research (com-
mensurate with student skills), and project work
under an Individual faculty member. See UROP
coordinator for registration procedures.
3. B. Brown

3.00 Thermodynamics of Materials

Prereq.: 18.02
U() SID
4-0-8

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 thermodynamics of
solutions. Thermochemistry of homogeneous
and heterogeneous reactions.
T W Eagar

3.01 Physical Chen'try of Materials

Prereq.: 3.00 or 5.60 or 2.40 or 10.13
U(2)
4-0-8

Reactions involving pore condensed phases
and gaseous phase, behavior of solutions. free
energy-compositior and phase diagrams of
binary and ternary systems, reaction equilibr 0 ,.
systems containing components in condensed
solution. Electrochemistry, corrosion, Gibbs
phase rule, chemical kinetics, elementary mech-
anisms, reaction rate constant, activation ener-
gy, surface tension.
0, V Ragone, C. V Thompson

3.03 Chemical Metallurgy
(Revised Unit)

Prereq.: 3.185
U(2)
3-0-9

Chemical principles of extractive metallurgy.
R resentations of heterogeneous equilibna.
Un ons and processes. Roasting ofsulp . Gaseous reduction of iron oxide.
Reduction of zinc oxide and ferroalloy oxides.
Reduction of halides. Smelting of iron ores,
matte smelti of copper ores. Refining pro-
0sses-ga0 - quid, solid-liquid, and liqu id-i-

Hdrometalliurgy and electrometallurgy.
netis of high-temperature processes. Exam-

ples taken from industrial processes.
D. R Sadoway

3.04 Special Problems In Materials Sciene
and Engineering

Prereq.: -
U(1. 2, S)
Arr.

For undergraduates desiring to carry on proj-
ects of their own choosing, which may be
experimental, theoretical, or of a design nature.
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 Thesis Seminar

Prereq.: -
U(1, 2
Arr.

Lectures on basic skills necessary for conduct-
ing thesis planning, research, analysis, and
preparation of final document. Included: library
resources, how to plan experiments, depart-
mental central facilities, laboratory safety, data
analysis, technical writing, and thesis format.
Seminar also requires that each student present
an initial oral research proposal and deliver a
lecture reporting on completed thesis. Must be
taken both terms to receive 3 units of credit.
0. K. Roylance

3.05 Computer Models of Physical and
Engineering Systems

Prereq.: 18.02, 8.01
U(1) SD
3-0-9

School-Wide Elective Subject. Description given
at end of this chapter on SWE page.
S. Shyam 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
techniques for determination of polymer com-
position, molecular weight, and microstructure.
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; kinetics and thermodynam-
Ics of crystallization: liquid crystallinity In pol
moe; thermodynamics of rubber elasfticiyTe
electrical, optical, transport, and mechanical
properties of polymers are analyzed with re-
spect to the above topics.
M. F Rubner

3.064 Polymer Engineering
(Revised Unit)

Prereq.: 3.11, 3.185
U(2)
3-0-9

Overview of engineering ,ialysis and design
techniques for syntheti polymers. Treatment of
materials selection, mechanical characterization,
and processing in design of load-bearing and
environment-compatibe structures.
D. K. Roylance

3.065J Polymer Science Laboratory

LSame subject as 10.67J)
rereq.: Permission of Instructor

U(1, 2)
1-8-3

Synthesis and moleculer characterization of
polymers. Condensation polymerization and
chain reaction polymerization and copolymeri-
zation, reactions in homogeneous phase and at
interfaces, and the synthesis of linear chains
and highl ramified structures are carried out.
The resung macromolecules are character-
ized: molecular mass and its distribution by
several methods, composition and constitution
by spectrometric and other analytical means,
and molecular tnsrmodynamio properties.
Polymer-analogous reactions are used to
modify macromolecules. Graduate students will
be expected to do additional reading and
prepare more in-depth lab reports.

. . Rubner, R. E. Cohen

25D
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3.069 Ceramics Processing
(Revised Unit)

Prereq.: 3.07, 3.185
U(2)
3-0-9

In-depth study of the unit operations in pro-
cessing technical ceramics and the effect of
these operations on the properties of the sint-
ered material. Topics include powder pro-
duOc tion and conditioning, drying, forming,
sintering, and microstructure development.
Relevant aspects of transport phenomena,
colloid science, and chemistry are discussed,
as well as contemporary issues in ceramic
composite processing. Case studies involving
both electronic and structural ceramics are
reviewed.
M. J. Cima,

3.07 introduction to Ceramics
(Revised Unit)

Prereq.: 3.01 or 10.14, 3.13
U(1) SD
4-0-8

Discusses the 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 exam-
ples from current ,igh-technology ceramic
topics. individual study of a particular ceramic,
ceramic property, or ceramic process selected
by the student required.
Y-M. Chiang

3.070J Materials for Nuclear Applications

S ame subject ; 2.070J)
rereq.: 3.091

U(2)
3-0-9

See description under subject 22.070J.
R. G. Ral/in ger

3.075 Ceramics and Glass Laboratory

Prereq.: 3.081, 3.07 or Pe ."v sion of Instructor

2-7-3

Investigates ceramics and glass properties arid
processing by means of a series of laboratory
experiments, plus an Intensive independent
g reject undertaken with faculty supervision.

xperlments include monodisperse ceramic
go wder synthesis. zinc oxide varistors and

ariumn titanate thermistors, high-performance
structural ceramic properties, glass-ceramics
composition, and processing analysis of ceram-
ic microstructures with electron microscopy.
Limited enrollment.
M, 4. Cima

3.08J industrial Competition in the US and
Asia
(Context Subject)

(Same subject as 21.464J)
Prereq.:-
U(2) HASS Next offered 1990-91
3-0-6

Examines causes of economic efficiency and
international efficiency and international compet-
itiveness in economies of the US and Asia,
particularly China and Japan, considering
relative importance of technological, economi-
cal, social, and historical factors. Topics include
costs of production, product quality, organiza-
tional structures, labor relations, and the educa-
tional system. Case studies of selected indus-
tries such as automotive, steel, electronics,
computers, and biotechnology.
J. R Clark, P C. Perdue

3.081 Materials Laboratory
(Revised Unit)

Prereq.: -
U(1, 2) LAB
1-5-6

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 mod-
ern analytical tools of transmission and scanning
electron microscopy. Limited enrollment.
L. W Hobbs, J. B. Vander Sande

3.082 Metals Processing Laboratory

Prereq.: 3.01, 3.081, 3.13
U(2)

16 5

Introduces relationship between processing-
structure-properties and performance of materi-
als. Each student participates in three laboratory
experiments drawn from metals processing.
Includes instruction in safety, technical writing,
oral presentation, and experimental design.
R. G. Ballinger, R. M. Pelloux

3.091 introduction to Solid-State Chemistry

Prereq.: -
U(1, 2) SD
5-0-7

Development of relationships between electron-
ic structure of elements, bonding characteris-
tics, and crystal structure. Characterization of
atomic and molecular arrangements in crystal-
line solids. Mechanisms and energy changes in
chemical reactions and phase transformations.
Chemical and physical properties of solids -
metals, semiconductors, insulators, glasses, and
polymers - as they relate to basic atomic
parameters and processing technology.
R. M. Latanision, A. F Witt

3.092 Higher, Faster, Hotter, Cheaper: Limits
to Performance

Prereq: 8.01, and 3.091 or 5.11
U(2)
2-0-4

Exploration of physical and eccnomic limits to
performance of engineering systems imposed
by properties and costs of currently available
materials. Discusses why materials behave as
they do, based on physical end chemical

principles, and what can be done to improve
their desired characteristics. Examples are
drawn from design of autos, high performance
aircraft (both high speed and low weight),
biomechanical devices, space vehicles, space
power systems, sports equipment, supercon-
ducting devices, communications equipment,
and computers.
A. F Witt

3.094 Materials Technology

Prereq.: -
U(2)
3-0-9

Mechanical behavior, phase diagrams, micro-
structures, and phase transformations in steels,
aluminum alloys, and titanium alloys used In
aerospace, automotive, and ocean vehicles.
Influence of microstructure and environment on
fatigue and fracture behavior. Concepts and
applications of fracture mechanics. Overview of
polymers, composites, and ceramics used in
vehicles.
S. B. Brown

3.10 Chemical Physics of Materials
(Revised Content)

Prereq.: 3.091 or 5.11, 8.02,18.03
U(2) SD
4-0-8

Introduction to the physics of the chemical
bond in molecules and solids; the behavior of
electrons in solids; lattice dynamics; thermal
properties; electrical conduction; semiconduc-
tors; magnetism and magnetic properties;
superconductivity.
R. M. Rose

3.11 Mechanics of Materials
(Revised Content)

Prereq.: 8.01, 18.03
U(1) SD
4-0-8

Overview of mechanical properties of ceramics,
metais, and polymers, emphasing 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 Solids

Prereq.: 8.02
U(1)
4-0-8

Uses symmetry theory in the description of the
atomic arrangement In crystals. Derivation of
space lattices, point groups, crystal systems,
and plane groups. Principles of space group
derivation and equivalent positions and their use
in specifying structure. interprets structures In
terms of packing and coordination polyhedra,
The nature of imperfections in real materials:
point defects and the strurture of line and
planar defects.
S. M. Allen, E. L. Thomas
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3.14 Physical Metallurgy
(Revised Content and Unit)

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, mircostructures,
and properties of alloy systems of major engi-
neering significance.
A. Mortensen

3.143J Materials of Construction

(Same subject as 1.59J)
Preiaq 8.01
U(2) SO
3-0-9

See description under subject 1.59J.
F J. McGarry, F Moavenzadeh

3.15 Electrical, 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, chemi-
cal composition, and bonding. Properties of
metals, semiconductors, and insulators includ-
ing electrical conduction, thermoelectric power,
Hall effect, optical absorption and reflection,
uminescence, magnetism related to microstruc-
ture, impurities, and degree of disorder. Manipu-
lation of properties for incorporation into de-
vices.
H. L. Tuller

3.155J Microelectronics Processing
Technology

(Same subject as 6.152J, 10.611J)
rereq.: 3.15

U(1. 2)
3-4-5

See description under subject 6.701J
D. A. Rudman, C. V Thompson, 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 proj-
ects that Include fabrication and characterization
phases.
N. Herbots

3.16 Electronic Materials

Prereq.: 3.15, 3.155J
U(2)
3-0-6

Synthesis of semiconductor physics and fabri-
cation concepts. Evaluation of real semicon-
ducting systems, I.e., IV, il-V, 1l-VI type com-
pounds in relation to their crystal, energy band

and defect structure and transport properties.
Implications for junction fabrication and proper-
ties including p-n, Schottky, and MOS junc-
tions. Analysis of other interfaces of particular
interest to the materials technologist such as
electrically active grain boundaries and sur-
faces.
H. C. Gatos

3.17J History and Anthropology of Materials
Technology

(Same subject as 21.543J)
Prereq.: -
U(1) HASS Not to be offered 1990-91
3-0-6

Evaluates development of several major materi-
als technologies and their impact on preindus-
trial societies. Considers criteria societies use
when selecting and processing materials and
why people engineer certain properties of
materials to exclusion of others. Explores ideo-
logical and aesthetic criteria and social values
so often overwhelmingly influential in materials
development. Research term project required
for graduate credit. Meets with 3.79. Research
term project required for graduate credit.
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 mechanical
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. Definition of binary diffu-
sivity, convection mass transfer, and mass
transfer coefficient. Illustrative examples given
throughout, chosen from the materials process-
in. 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
introductory statistical thermodynamics and
surface thermodynamics. Applies laws of ther-
modynamics to chemical behavior of elements,
compounds, and solutions. Discusses heteroge-
neous iuilibria, chemical reactions, and ther-
modynamics of Interfaces and structural de-
fects.
G. Kalonl

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 in-
cludes non-catalytic gas-solid reactions and
oxidation of metals and alloys.
D. R. Sadoway

3.25J Ph sics of inelastic Deformation of
Solids (A

(Same subject as 2.302J)
Prereq.: 2.30 or 2.301
G(2) Next offered 1990-91
3-0-9

See description under subject 2.302J.
A. S. Argon

3.26J Micro Mechanizms of Fracture (A)

(Same subject as 2.303J)
Prereq.: 2.30 or 2.301
G(2) N otto be offered 1990-91
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 arrangements
in selected metals, oxides, and silicates impor-
tant in materials science. Interprets structures in
terms of coordination polyhedra and packing.
Relationships between structures: polymorph-
ism, polytypism, and derivative structures.
Describes diffraction using Fourier transforms
and series. Determines structure through dif-
fraction effects: the phase problem, Patterson
function, and direct methods for phase determi-
nation.
B. J. Wuensch

3.29 Special Problems in Materials
Science (A)

Prereq.: -
G(1, 2, S)
Arr.

Advanced work in the field for qualified stu-
dents. Course work involves lectures, confer-
ences, assignied readings, or supervised labora-
tory work.
L. W Hobbs

3.30 Electron Microscopy: Image
Interpretation (A)

Prereq.: 3.081, 3.13
G(2) Next offered 1990-91
3-2-7

Derives relationship between detail in transmis-
sion electron microscopy images and Intemal
structure of an object to the atomic level. Fourier
theory of diffraction. Lens action, aberrations,
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and transfer functions. Elastic and inelastic inter-
action of electrons with atoms. Kinematical and
dynamical theories of electron diffraction. Phase
object approximations and high-resolution
imaging methods. Imaging of defects with dis-
placement 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.
Transfurmation by spinodal decomposition and
continuous ordering. Transformation mecha-
nisms in systems with multicritical points. Eutec-
toldal 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 modern scientific tools em-
playing results of these interactions to obtain
information about structure and chemistry of
materials on a microscale. Techniques: electron
microanalysis, Auger spectrometry, scanning
and transmission electron microscopy, low-
energy electron diffraction, and field ion
microscopy.
J. B. Vander Sande

3.33 Defects in Crystals (A)

Prereq.: 3.02, 3 12
G(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
include stacking faults, small- and large-angle
grain boundaries, and interphase boundaries.
Discusses geometrical structure and physical
properties such as stress fields, energies, and
mobilities. Treats interactions between defects
including point defect clustering, point defect-
dislocation pinning, dislocation climb, and grain
boundaries as point defect sources/sinks.
R. W Balluffi

3.34 Theory of Dislocations (A)

Prereq: -
G(1) Next offered 1990-91
3-0-9

Basic treatment of the structure and properties
of dislocations in crystals. Particularly useful for
students interested in applying dislocation
concepts to the mechanical properties of mate-
rials. Extensive usage of elasticity theory. In-
cludes dislocation topology; stresses and ener-
gles of straight and curved dislocations;
interactions between dislocations; dislocation
dynamics; effects of crystal structure on disloca-
tions; interactions between dislocations and
point defects; groups of dislocations.

.W Balluffl

3.36J Welding Engineering (A)

(Same subject as 13.17J)
prereq.: 3.02
G(1)
3-0-6

See description under subject 13.17J.
K. Masubuchi

3.37 Welding and Joining Processes (A)

Prereq.: -
G(2)
3-0-3

Discusses a wide variety of processes and ma-
terials from the viewpoint of their fundamental
physical and chemical properties. Specific top-
ics: cold welding, adhesive bonding, diffusion
bonding, soldenng, brazing, flames, arcs, high-
energy density heat sources, solidification,
cracking resistance, shielding methods, and
electric contacts. Emphasis on underlying sci-
ence 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 theo-
ries. Applications of stress rupture and thermal
fatigue testing. Strengthening principles 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 plasticity
theory. Strengthening mechanisms in metals.
Mechanical behavior of polymers. Application of

rinciples of linear elastic fracture mechanics to
rittle fracture and to fatigue crack propagation.

Micromechanisms of fracture (cleavage. ductile
fracture, fatigue, creep, stress corrosion crack-
ing). Principles of failure analysis. Discusses
case studies and reviews current research in
fracture.
S. B. Brown

3.40J Physical Metallurgy (A)

(Same subject as 22.71J)
Prereq.: 3.02, 3.11, or Permission of Instructor
G(1)
3-0-9

Discusses structure-property relationships in
metallic alloys selected to illustrate some basic
concepts of physical metallurgy and alloy de-
sign. Considers mostly mechanical properties.
Also considers structural features: structural sta-
bility, grain size, interstitial and substitutional so-
lutes, precipitates, second-phase particles, eu-
tectics and eutectolds, and composites.
K. C. Russell

3.41IJ The Mechanics of Fracture (A)

(Same subject as 2.304J)
Prereq.: 2.30 or 3.39
G(1) Next offered 1990-91
3-0-9

See description under subject 2.304J.
D. M. Parks

3.43 Physics and Chemistry of Materials (A)

Prereq.: 8.03, 18.03
G(1)
4-0-8

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 classi-
cal mechanics and electromagnetic theory;
basic concepts and formalism of quantum
mechanics; free electron, molecular-orbital, and
band theories: quantum statistics of electrons;
defect and interface states; lattice heat capaci-
ties; Boltzmann theory of electrical and thermal
transport; Ising model of order-disorder trans-
formations; electronic phase transitions.
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 noncrystalline
materials, surface physics, chemisorption and
catalysis: structural and electronic phase transi-
tions. Including superconductivity, lattice insta-
bilities (martensitic transformation), and melting.
K. H. Johnson

3.45 Magnetic Materials (A)

Prereq.: 3.43
G(1)
3-0-9

Magnetization phenomena, origin of magletism
in a material, magnetic domains and domain
walls, magnetic anisotropy, reversible and
irreversible magnetization processes. Special
topics: ferromagnetism of thin films and fine
particles, magnetic recording, magnetic circuits,
amorphous magnetic materials.
B. L. Averbach

3.46 Electronic Materials and Devices (A)

Prereq.: 3.20, 6.732J
G(1)
3-0-9

Evaluation of electronic and optica properties of
materials from the standpoint of their ctystal
structure, energy bands, defects, and micro-
structure. Implications for junction design and
properties including p-n, Schottky, MOS, and
hetero-junctions. Discussion of materials as-
pects of new device structures such as quan-
tum wells and high-electron mobility transistors.
N. Herbots
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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-qu-
ality crystals. Processes for integrated circuit
fabrication including oxidation, junction forma-
tion, and metallization. Emphasis on relation-
ships among processing, structure, and proper-
ties. Examples taken from materials processing
for applications in VLSI, optoelectronics, 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 systems
used in semiconductor device technology.
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. Implications 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) Next offered 1990-91
3-0-9

The fundamental mechanisms for magnetooptic
and optoelectronic behavior in materials. Elec-
tronic structure, atomic arrangements, symme-
try, effects on bandgap, drift mobilities, refrac-
tive index, trapping, charge depletion, Kerr and
Faraday effects, emission phenomena, electro-
luminescence, photoemission, and laser phe-
nomena. 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)
Arr.

Advanced work in the field for qualified stu-
dents. Course work involves lectures, confer-
ences, assigned readings, or supervised labora-
tory work.
H. L. Tuller

3.50 Physical Chemistry of Metallurgical
Processes (A)

Prereq.: 3.20
G(2)
3-0-6

Studies physicochemical nature of pyrometal-
lu ical processes and systems. Nature and
behavior of principal phases of interest: liquid
metals, slags, fused salts, mattes, gas, and
refractory materials. Nature of heterogeneous

reactions among constituents of these phases.
Application of physlcochemical principles to
analysis of behavior of pyrometallurgical pro-
cesses.
J. F Elliott

3.501 Physical Chemistry In
Pyrometallurgical Processes (A)

Prereq.: 3.20
G(1) Not to be offered 1990-91
3-0-6

Studies current state of understanding of the
thermodynamic and kinetic behavior of reac-
tions, components, and phases in pyrometal-
lurgical systems. Advanced treatment of the
reactions among components in metals, gases,
slags, and mattes. Emphasizes current literature
on the subject.
J. F Elliott

3.52 Materials Processing (A)

Prereq.: 3.02, 3.185, and 3.11 or 2.01, or
equivalents
G(2)
3-0-6

Fundamentals of traditional and nontraditional
materials processing. Coverage includes solidifi-
cation, rapid solidification, sintering, deformation
processing, and composite materials process-
ing with strong emphasis on metallic materials.
Particular attention paid to microstructural
evolution during processing, and resulting
material properties.
A. Mortensen

3.53 Electrochemical Processing of
Materials (A)

Prereq.: 3.185
G(1)
3-0-6

Principles of electrochemistry: thermodynamics
and kinetics of electrode processes, thermody-
namic and transport properties of aqueous and
nonaqueous electrolytes. Electrolytic process-
ing: electrowinning, electrorefining, electroplat-
ing electrosynthesis, electroslag remelting.
D. . Sadoway

3.54 Corrosion - The Environmental
Degradation of Materials (A)

Prereq.: 3.00
G(3)
3-0-6

Applies thermodynamics and kinetics of elec-
trode reactions to aqueous corrosion of metals
and allo s. Forms of corrosion and corrosion
testing. Methods of corrosion control including
alloy selection, water chemistry, design rules,
anodic and cathodic protection, and coatings.
Extension to environmental degradation of
ceramics and polymers. Discusses materials
degradation problems in marine environments
oil and gas production, energy conversion and
generation systems.

. M. Latanision

3.541 Oxidation and Corrosion of Materials at
Elevated Temperatures (A)

Prereq.: 3.20, 3.21
G(1) Not to be offered 1990-91
3-0-6

Application of fundamental principles of thermo-
dynamics and kinetics to determination of the
mechanisms of the oxidation and corrosion of
materials at elevated temperatures. Relationship
of oxidation theory to de sign of alloys, and of
coating materials for protection against oxida-
tion. Discussions of high-temperature oxidation
and corrosion problems that occur in systems
for the conversion and utilization of energy, and
In petrochemical and metallurgical Indus res.
G. J. Yurek

3.55 Macroscopic Transport In Materials
Processin (A)
(Revised Gontent)

Prereq.: 18.03
G(2) Next offered 1990-91
3-0-9

Principles of mathematical and physical model-
ing of primary metals processing, welding, rapid
soldification, and the processing of electronic
materials. The transport equations as building
blocks of mathematical models. Similarity or e-
ria in building of physical models. Synthesis of
an optimal mode ing approach, involving mathe-
matical models, physical models, and pilot
plants.
J. Szekely

3.555 Materials Selection and Design (A)

Prere.: 3.56
G(2) ot to be offered 1990-91
2-0-4

Synthesis of materials selection, design, and
manufacturing from the viewpoint of the materi-
als 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 be-
tween selection and processing. Case studies
used to illustrate integration of topics. Alternate
years.
J. R Clark

3.56 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. R Clark, R. de Neullle

3.561 Materials Systems Analysis (A)

Prereq.: 3.56
G(2) N ext offered 1990-91
2-0-4

Introduction to quantitative methods for analysis
of technical and economic factors associated
with the processing and use of materials. In-
cludes teolniques of microeconomio analysis,
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mathematical optimization, decision analysis,
and simulation modeling. Application of these
techniques to study production problem asso-
ciated with metals, polymers, ceramics and
composite materials, and competition among
materials in selected applications. Alternate
,,ears.
J. R Clark

3.565J Manufacturing/Technology
Interface (A)

Same subject as 13.685J, 15.365J)
rereq.: Permission of Instructor

G(2)
3-0-6

See description under subject 15.365J.
J. M. Ufferback

3.566 Entrepreneurship

Prereq.: -
G(2)
4-0-5

School-Wide Elective Subject. Description given
at end of this chapter on SWE page.
W C. Flowers

3.576J Law, Technology, and Public Policy (A)

(Same subject as TPP 32J)
Prereq.: -
G(2)
3-0-6

See description under subject TPP 32J.
N. A, Ash ford, C. Caldart

3.577 Engineering Risk-Benefit Analysis (A)

Prereq.: 18.02
G(2) Next offered 1990-91
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 de-
mand, materials markets, prices of materials,
production cartels and price stabilization, mate-
rials substitution, conservation and recycling,
and governmental policies concerning supply
sufficiency. Materials of mineral and organic
origin considered. Attention given to the relation
of materials to the environment, energy con-
sumption, innovation, and productivity. Open to
qualified undergraduates.
M. B. Bever

3.595 Special Problems in Materials
Engineering (A)

Prereq.. -
G(1.' 2,)
Arr,

Advanced work in the field for qualified stu-
dents. Course work involves lectures, confer-
ences, assigned readings, or supervised labora-
In ork.~arJ. .Clark

3.60 Thermal and Tensor Properties of
Ceramics (A)

Prereq.: 3.06 or 3.07
G(2) Net to be offered 1990-91
3-0-6

Analyzes tensor representation of propedies of
crystalline ceramics. Includes anisotropy, repre-
sentation surfaces and effects of crystal symme-
try, as well as application to piezoelectric and
elastic properties and propagation of elastic
waves in crystals. Discusses thermal properties:
heat capacity, thermal expansion, and thermal
conductivity, emphasizing materials and in-
fluences of microstructure.
B. J Wuensch

3.601 Electrical, Optical, and Magnetic
Properties of Ceramics (A)

Prere .: 3.07
G(1) Next offered 1990-91
3-0-6

Analyzes electrical, optical, and magnetic prop-
erties of ceramics in terms of band theory,
transport theory, and defect chemistry. Ex-
amines effects of materials processing, compo-
sition, and microstructure on properties. Dis-
cusses applications of theory towards new
materials development.
H. L. Tuller

3.611 Polyphase Ceramics (A)

Prereq: 3.06, 3.07
G(2) Next offered 1990-91
3-0-9

Applies phase transformation kinetics and
multi-component phase equilibria to structure
and properties of polyphase ceramics such as
glass-ceramic compositions, triaxial porcelains,
glazes, clay products, and refractories.
Y-M. Chiang

3.63 Ceramic Processes (A)

Prereq.: 3.06, 3.20
G(1)
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, thermodynam-
ics, transport processes, and kinetics in relation
to structures developed.
H. K. Bowen

3.64 Special Problems in Ceramics (A)

Prereq.: -
G(1, 2, S)
Arr.

Explores advanced work in this field. Course-
work Includes lectures, conferences, assigned
readings, and laboratory work.
H. K. owen

3.691-3.699 Teaching Materials Science and
Engineering

Prereq.: -
G(1,. 2)
Arr.

Laboratory, tutorial, or classroom teaching
under the supervision of a faculty member.
Students selected by Interview. (Enrollment
limited by availability of suitable teaching assign-
ments.)
D. K. Roylance

3.70 Special Problems In Metallurgy (A)

Prereq.: -
G(1, 2. S)
Arr.

Minor investigation in one of the special
branches of metallurgy. (Open ony to students
properly qualified In the special fie d.)
R. W Balluffl

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

3.72J Nuclear Fuels (A)

LSame subject as 22.72J)
rereq.: 3.13 or 3.14 or 22.71J

G(1) Next offered 1990-91
3-0-9

See description under subject 22.72J.
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

3.79 History and Anthropology of Materials
Technology (A)

PrereA.: Permission of Instructor
G(1) Net to be offered 1990-91
3-0-6

See description under subject 3.17J
L. W Hobbs, H. N. Lechtman
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3.80J Proseminar In Manufacturing
(New)

(Same subject as 2.890J, 6.943J, 10.792J,
15.792J, 16.23J)
Prere .: -
G(1,2 [P/F)
3-0-3

See descr Ition under subject as 15.792J.
T H. Lee, . C. Graves

3.90J Fracture of Structural Materials (A)

LSame subject as 1.591J, 13.16J)
rereq.: 1.59J or 2.30 or 13.1 5J

G(1)
3-0-6

Analyzes criteria for crack initiation and propa-
ation leading to structural failure. Studies

racture mechani..s starting with Griffith theory
for ideally brittle materials, through plane strain
fracture toughness phenomena. Effects of
geometry, rate, environment, fatigue, tempera-
ture, composition, and microstructure. Fracture
behavior of welded metals, heat affected zone.
Relatior: to dislocation mechanics. Significance
of fracture surface morphology. Metals, ly
mers, 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
Gil)
3-2-4

Relation among chemical composition, physical
structure, and mechanical behavior of plastics
or synthetic high polymers. Study of types of
polymers; fundamentals of viscoelastic phenom-
ena such as creep, stress relaxation, stress
rupture, mechanical damping, impact; effects of
chemical composition and structure on viscoe-
lastic and strength properties; methods of
mechanical property evaluation. Influences of
plastics fabrication methods. Emphasis on
recent research techniques and results. Individ-
ual laboratory projects investigating problems
related to current research.
F J. McGarry

3.92J Composite Materials (A)

(Same subject as 1.594J)
Prereq.: 3-06
G(2)
3-2-4

Concepts underlying formation, characteristics,
and behavior of plastics-based composites
such as fiberglass laminates, structural sand-
wiches, plywood, and load-bearing adhesive
joints. Typical components such as metals,

,lass synthetic and natural adhesives, plastics,
s, wood, paper, fabrics, and rubber. Corre-

latIon between adhesion principles and physical
behavior. Methods of design, analysis, fabnca-
tion, and testing. Discusses failure mechanisms
of chemical and mechanical types. Individual
laboratory projects investigating problems
related to current research.
F J. McGwry

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, crystalliza-
tion and melting of polymers, vitrification, inter-
action of electromagnetic radiation with poly-
mers, dielectric behavior, absorption of photons,
and the fate of electronic excitation energy,
electrical properties.
R Cebe, R. E. Cohen

3.930 Industrial Practice

Prereq.: -
U(S) [P/F]
0-6-0

Enrollment restricted to students in Course
IlIl-B. Provides academic credit for first ap-
proved 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
approved work assignment at a company. For
reporting requirements consult faculty industrial
practice coordinator.
R. M. Pelloux

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.
R. M. Pelloux

3.9rJ Physical Properties of Biological
Polymers (A)

, Same subject as 2.907J)
rereq.: Permission of Instructor

G(2)
3-0-9

See description under subject 2.907J.
1. V Yannas

3.951J Deformation and Fracture of
Polymers (A)

(Same subject as 2.921J)
Prereq.: 2.3O or 2.31, 2.32
G(1)
3-0-9

See description under subject 2.921J.
I. 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, R. C. Armstrong, D. K. Roylance

3.99 Special Problems In Polymer Science
and Engineering (A)

Prereq.: -
G(1, 2, S)
Arr

Advanced work in the field. Lecture, confer-
ences, assigned readings, and laboratory work.
M. F Rubner
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Course 4 Architecture

4.UR Undergraduate Research In
Architecture

Prereq.: -
U(1, 2) (P/F]
Arr.

Research and projet activities, which cover the
range represented by the various research
in sts and projects in the Department.
Staff

4.01 Introduction to Architectural Design I
(Revised Content)

Prereq.: -
U(1, 2)
3-3-6

First introductory architectural design studio
concerned with seeing and undotding the
built environment. Intended to give students
the experience of designing buildings through
models, Emphasis on the ways people inhabit
places and/or on ways of ordering architectural
form. Lectures, individual and group design
projects.
S. Hubbard, Jr., S. Kanda

4.04 Introduction to Architectural Design i1
(Revised Content)

C426)
Prereq.: 4.01
U(1, 2)
3-3-6

Second introductory architectural design studio
concerned with a disciplined observation of the
built environment. Intended to give students the
experience of using drawings to record build-
ings. Emphasis on study of architectural places
in their context by observing qualities of space,
light, form and materials, and/or projects indi-
eating various ways in which buildings, iand-
scape. and urban form can be described and
interpreted. Lectures, field studies, sketches,
drawings.
F Domeyko, B. Zevin

4.125,4.126 Architectural Deelgn'

Pree.: 4.04
U(1. 2)
0-12-9

4.131, 4.132 Architectural Design'

Prereq.: 4.125, 4.126
U(1, 2)
0-12-9

4.143, 4.144 Architectural Design (A)1

Prere : 4.125, 4.128
G(1, 2)'
0-12

Projects develop awareness of the principal
Issues facing the contemporary architectural
designer and the range of possibilities available
for effective satisfaction of common environ-
mental needs. Design for intensive, extensive,
and multiple space uses. Buildings of multi-
sto construction. Considers natural and
artIoal environmental controls as they influence
the design concepts and the installations
associated with them.
Architectural Design Staff

4.155, 4.156 Architectural Design (A)'

Prer.: 4.144
G(1, 2

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 devel-
opment, giving students Increasing experience
in the analysis of real-life situations requiring
program research.
Architectural Design Staff

4.160 Urban Settlement Design In
Developing Countries I (A)
(Revised Unit)

Prereq.: Permission of Instructor
G(2)
Arr.

4.161 Urban Settlement Design in
Developing Countries 11 (A)
(Revised Unit)

Prereq.: 4.160
G(1)
Arr

Advanced projects on urban settlement issues
Establishes basic attitudes to architectural for low-income groups in developing countries.
organization and its reflection in form. Includes Alms: to prepare designers to particpate effec-
projects where imposed onditions of site, tively in the process of shaping the environ-

r , and building system emphasize the mer,t; to develop tools to define and evaluate
!nterrlinship of fundamental elements in the design determin ; and to make these tools
patern of decision mald that oonstitutes available to those concerned and responsible
architectural design. De presentations for action at the policy-making level.
through drawings and Intended for R. Goethert
junior*, seniors, and entering graduate students.
Architecural Diesign St

4.13,3J Urban Design (A)

(Same subject as 11.332J)
Prereq.: Permission of Instructor
G(2)
Arr.

The design of urban environments. Strategies
for change in large areas of cities, to be devel-
oped over time, [nvolving different actors. Fitting
forms into natural, man-made, historical, and
cultural outlooks; enabling desirable
pattems: conceptualizing built form; providing

frastructure and service systems; guiding the
sensory character of development. Involves
architecture and planning students in joint work:
requires individual designs or design and plan-
ning guidelines.
D. rechman

4.164 Housing Design and Methods (A)

Prereq.: 4.211
G(2)
0-12-9

Understanding problems related to design of
residential environments and development of
skills to deal with these problems. Emphasizes
a plication of methods that deal with issues of
Scange, evaluation of the oeci of a given
environment to accommodate to changi ng uses
and lifestyles. Assesses the Impact of ohangirij
normative criteria on the phyi environment.
Developing aitemative solutions within a given
set of constraints. Projects in the design of
buildings and of urban (residential) environ-
ments.
N. Hamdl

4.165 Architectural Design In islamic
Societies (A)
(Revised Content)

Prereq.: 4.231
G(2)
0-12-9

Architectural design studio/workshop con-
cemed with the relationship between architec-
ture and its environment in Islamic and other
non-Westem societies. Focuses on the design
of a complex of buildings within a central urban
area selected so as to develop awareness of the
prinolpal issues facin architectural designers

ay. Cross-cultur comparisons including
consideration of envkonmental, social, and
aesthetic factors.
R. B. Lewcock, M. Khan

1Note about the subjects In Architectural Design: The sequence
In Archlectural Design Is a cumulattve program- Its succmsful
completion by te student Is Subject to evsution by the staff
Independent of formal grades accumulated.
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4.181-4.185 Architectural Design
Workshops (A)

Prereq.: 4.131 or 4.143
G(1,2)
Arr.

Form-making exercises that explore and/or
Inquire into a generic architectural design
problem. 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.: -
U(1, 2)
Arr

4.195, 4.196 Special Problems in
Architectural Design (A)

Prereq.: Permission of Instructor
G(1, 2)
Arr.

Supplementary work on individual or group
basis. Registration subject to prior arrangement
for subject matter and supervision by staff.
Architectural Design Starr

4.203 Computers and Architecture I

Prereq.: 4.01
U(1. 2)
3-6-3

Provides a general and up-to-date survey of
the contribution of computers and associated
imaging technologies in architectural education,
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.
Emphasis on digital modeling. Previous
programming experience useful but not
required. Enrollment limited.
F Miller

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, particular-
ly in the areas of micro-CAD, visual information
systems, and knowledge base engineering.
Work relates to ongoing research in the Com-
puter Resource Laboratory.
F Miller

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 pro-
cesses of both traditional paper-based and
emerging computer-based media. Themes

Include manipulation of formal references,
projective design exercises, and explorations
nto the role of various media in representation
and description. Enrollment limited.
F Miller

4.211 Interventions to Urban Housing (A)

Proreq.: 4.125 or 4.126
G(1)
3-3-6

Introduces the relative roles that users and
institutions 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
contexts, tackling related design information
and regulatory controls. Assessing professional,
governmental, and industrial interventions in
these processes, types, tools, and implications.
Case studies illustrate alternative approaches at
dwelling and neighborhood levels.
N. Hamdi

4.231 Architecture and Urban Contexts in
Isiamic Societies
(Revised Content and Unit)

Prereq.: Permission of Instructor
G(1)
3-6-6

Workshop concerned with the factors influenc-
ing the design of buildings in Islamic and non-
Western societies. Three case studies focusing
on traditional urban and social fabrics, their
ordering and organization. Problems of archi-
tectural design in areas of interaction between
old urban structures surviving in central areas
today, and new areas developed using modern
Western -influenced principles,
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 lrtroduction to Computational
Desigr, Tools

Prereq.: -
U(1)
3-6-3

Provides an introduction to computational tools
available to designers for observation and
documentation of precedents, for design pro-
jection, and for analysis and simulation of de-
signs. Emphasis is on developing expressive
ability with state-of-the-art tools, and on struc-
tural parallels between theories of design and
computational models. Lectures, case studies,
and laboratory projects.
Staff

4.255 Computational Design Workshop (A)

Prereq.: 4.251, 4.126
G(1, 2)
3-6-3

Form-modeling exercises which explore uses of
computational tools to represent, analyze. and
generate designs. Includes individual and group
projects which apply graphics editors, visual
documentation tools, and thematic description
languages. Enrollment limited
StaD

4.256 Computational Design Models (A)

Prereq.: 4.251
G(2)
3-0-6

Introduction to construction of intelligent design
systems. Case studies from related applications
of Al principles in other design fields. Projects
develop programs which express, exercise, and
exhibit knowledge about particular architectural
and environmental design issues. Discussion of
expected developments in computatioi de-
sign tools.
Staff

4.261 Design Skills Workshop

Prereq.: Permission of instructor
G(1)
Arr.

Supplements Level I Architectural Design Stu-
dio. Emphasizes acquisition of drawing and
observational skills. Field trips, guest lectures
and presentations focus on issues specific to
developing a design drawing repertoire. Individ-
ual tutorials in graphic skills. Enrollment limited
to and intended for entering M.Arch. students.
W L. Porter

4.273 Methods of inquiry in Architecture
Studies
(Revised Content)

Grereq.: 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-
cated. Considers how researchers and practi-
tioners In the field of architecture make use of
several different kinds of knowledge, with each
kind given priority by different people. Dis-
cusses how these priorities, once examined,
involve many distinguishabl valid methods for
achieving systematic knowledge about architec-
ture. Required core subject for all first-year
S. MArch.S. students.
J. Beinat

4.278J Design Research Seminar (A)

(Same subject as 11.338J)
Prer : -
G(1, 2)
2-0-7

See description under subject 11.338J.
D. A. Schon
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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)

Prere.: Permission of Instructor
G(1, 2)
Art

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)
Arr.

4.295-4.299 Special Topics in Design
Information (A)

Prereq.; Permission of Instructor
G(1, 2)
Arr.

Supplementary work on individual or group
basis. Registration subject to prior arrangement
for subject matter and supervision by staff.
Staff

4.301 Fundamentals of Visual Design
(New)

Prereq.: -
U(1, 2) HASS
4-2-6

Explores issues about the artistic vision and the
nature of the artistic process. Expression and
composition; the relationship of artistic work to
cultural issues, to its reception by the public,
and to the tradition of art-making; the perceptu-
al qualities of space, light, and color. Projects in
drawing and other media.
E. Levine

4.304 Creative Seeing
(Revised Content and Unit)

4.872)
rereq.. -

U(1) HUM-D
4-0-8

Provides experience with multiple ways of
presenting and visually manipulating the world.
The aim is to allow students to experience and
understand different levels of vision through
personal discovery. Projects, papers, and a final
project are required.
staff

4.321 Introduction to TWo-Dimensional
Design
(Revised Content)

L 4.823)
rereq.: 4.301

U(2) HASS
2-4-6

Projects in two-dimensions as a means for
visual invention, organization, and expression.
Emphasis on interaction of media, concepts,
and design principles in determining visual
form.
Staff

4.322 Introduction to Three-Dimensional
Desi n
(Revised Content)

4.824)
Urereq.: 4.301
U(2) HASS
2-4-6

Proje.ts in three-dimensions as a means for
visual awareness, imagination, and creative
insight. Emphasis on volume relationships,
scu Itural composition, defining space.

4.331 Graphics and Communication
(Revised Content)

(4.870)
Prereq.: 4.301
U(2) HASS
2-4-6

Public and personal ways of seeing, thinking
and communicating in visual and verbal modes,
including makings ideas visible, perception, and
personal response. Uses a variety of traditional,
electronic, and computational tools to explore
both intellectual and expressive issues of com-
munication. Enrollment limited.
Staff

4.341 Creative Photography 1

4.891)
rereq. 4.301

U(2) HASS
4-4-4

Introductory subject covering a variety of tradi-
tional and electronic cameras, exposure and
development of film, printing, and final presenta-
tion. Development of a sense for composition
through visual exercises and analysis of photo-
graphic images. Assumes that possibilities for
the growth of personal expression increase in
relation to technological understanding and
skills. Lab fee. Enrollment limited.
Staff

4.342 Creative Photography i

(4.892)
Prereq.: 4.341
U(1) HASS
3-0-9

Intermediate-level production subject empha-
sizing each student's unique vision. Use of
traditional and electronic imaging tools. Lab fee.
Enrollment limited.
Staff

4.351 Introduction to Film/Video
(Revised Content and Unit)

(4.971)
Prereq.: 4.301
U(2) HASS Next offered 1990-91
2-4-8

Introduction to and familiarization with studio
and portable video systems. Emphasis placed
both on the documentary and artistic aspects of
the medium. Lab fee. Enrollment limited.
Staff

4.361 Furniture Design
(New)

Prereq.: -
U(1)
3-0-6

Fumiture makers are small-scale deslgner/
builders free from constraints such as building
codes, weather, etc. Each student takes on a
project, makes the design, and builds it through
to completion.
C, Dewart

4.368, 4.369 Special Projects in
Visual Design for Architects (A)

L4.248. 4.249)
rere .: Permission of instructor

G(1 2)
Arr.

Supplemental work on individual or group basis
on visual design relevant to architecture. Regis-
tration subject to prior arrangement of subject
matter and supervision by staff.
Staff

4.371 Art and the Environment

(4.831)
Prereq.: -
U(1) HASS
3-0-6

Reviews art, architecture, and celebrations and
their positions In workday, religious, and political
life. Reconsiders the present position of art and
redefines the artist's options in the contempo-
rary environment. Examines fact and changes
effected by current science and technology
vis-a-vis our place in nature and history.
0. Piene

4.372 Environmental Art

4.832)
Prereq.: -
U(2) HASS
0-4-8

Design and planrng of environmental art instal-
lations in given and chosen existing settings
Emphasizes daring Ideas in conjunction with
realistic approach and possibility for execution.
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 Installations and per-
formances.
0. Plene
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4.378 Special Problems in Environmental Art

(4.838)
Prereq.: 4.372
U(1, 2)
Arr.

Supplementary work on individual or group
t asis. Registration subject to prior arrangement
for subject matter and supervision by staff.
0. Piene

4.381, 4.382 Advanced Visual Design (A)

(4.845, 4.846)
Prereq.: Permission of Instructor
G(1.,2)
0-9-12

Individual concepts, projects, design, and
execution of installations, objects, and events in
environmental art and performance involving
elemental and science-technology means and
media.
0. Piene

4.385-4.389 Special Problems in
Environmental Art (A)

(4.855 - 4.859)
Prereq.: Permission of Instructor
G(1, 2)
Arr.

Special work on an individual or group basis
using specific means such as video, hologra-
phy, and multimedia. Registration subject to
prior arrangement of subject matter and super-
vision by staff.
0. Piene

4.397-4.399 Special Problems in Visual
Design

4.828)
rereq.: 4.301

U., 2)
Arr.

Supplementary work on individual and group
basis. Registration subject to prior arrangement
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 modern skyscraper and the
Super Bowl, human ingenuity and skill have
transformed raw materials into structures, struc-
tures into shelter, and shelter into architecture.
The story of the evolution of building construc-
tion 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 I

(Same subject as 1.411 J)
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 overall
building fabric. Workshop includes development
of a basic set of construction documents,
computer-aided tutorials, field trips, and dem-
onstrations.
E. Dluhosch

4.403J Building Construction il

(Same subjct as 1.412J)
Prereq.: 1 2, 1.04; or 4.402J, 4.30 or 4.331
U(1)
2-4-3

Integrated analysis and on-site case studies of
selected building projects and/or their constitu-
ent subsystems and elements, Investigates
operational integration and technical implemen-
tation of materials and processes to realize
explicitly stated performance criteria by means
of the best current building practice.
Staff

4.408, 4.409 Special Problems in Building
Construction (A)

Prereq.: 4.30, 4.402J
G(1, 2)
Arr.

Supplementary work on individua: or group
basis. Registration subject to prior arrangement
for subject matter and supervision by staff.
E. Dluhosch

4.411 Building Technology Laboratory

4.41)
Urereq.: 8.02, 18.02
U(1) LAB
0-4-2

Basic concepts of building technolcgy and ex-
pet mental methods explored in a realistic labo-
ratory setting. One or two experimental projects
dealing with one facet of building technology
such as lighting, moisture control, energy, or.
structures. Computers used for data acquisition
or simulation of system performance.
L. Glicksman

4.415J Structural Engineering Laboratory

(4.315J)
(Same subject as 1.105J)
Prereq.: -

U(1) LAB
0-3-3

See description under subject 1.105J.
Information: J. J. Connor, Jr.

4.417J Design with Microclimate

4.071 J)
Same subject as 11.185J)
rereq.: 8. 1, 18.01

U(1) LAB
3-3-6

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. Investi-
gates how vegetation affects microclimate and
how microclimate influences vegetation. Model-
ing methods for testing design alternatives and
measurement techniques for adequate site
reconnaissance. Concludes with a comprehen-
sive environmental design problem.
T E. Johnson

4.42J Fundamentals of Energy in Buildings

Same subject as 1.42J, 2.45J)
rereq.: 8.02. 18.02

U(1) SD
3-0-9

Introduction to energy fundamer. important
to buildings. Conservation of energy. 'roperties
of pure substances, gas mixtures, psyc, romet-
rics. Heat pumps and refrigeration cycles,
limiting thermodynamic performance. Heat
transfer within buildings and major components.
L. Glicksman

4.43 Architectural Acoustics

Prereq.: 4.401
U(1)
4-0-5

Describes interactions between people and
sound, indoors and outdoors, and uses this
information to develop acoustical design criteria
for architecture and planning. Physical princi-
ples of sound generation, propagation, and
reception. Properties of materials for sound
absorption, reflection, and transmission. Tech-
niques and data used to provide good hearing
conditions, and to control noise in rooms,
buildings, and the environment. Practical
examples and case histories.
C. J. Rosenberg
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4.440 Basic Structural Theory

(4.30)
Prereq.: 8.02, 18.02
U(2) SD
3-3-6

Introduces the static behavior of structures and
strength of materials. Reactions, truss analysis,
stability of structures. Stress and strain at a
point, shear and bending moment diagrams.
Stresses in beams, Mohr's Circle, column
buckling. Deflection of beams. Laboratory to
solve structural problems by building simple
models and testing them.
L. B. Gro/sser

4.441 Synthesis of the Behavior of
Structural Systems I

(4.331)
Prereq.: -
G(1)
4-0-5

4.442 Synthesis of the Behavior of
Structural Systems I1

(4.332)
rereq.: 4,441

G(2)
4-0-5

Classification of the most characteristic patterns
of the behavior of basic structural materials,
structural systems, and their components.
Catenary, arch, and shell structures. Flow of
internal forces in deep walls and beams,
trusses; frames and plates. Studies relationship
between shape of structure and its technologi-
cal and mechanical efficiency as a way to
general optimization. Applies mastery of simpli-
fied procedures - graphical and numerical -
to the design of structural systems.
J. Axley

4.443 Framing Systems for Small Structures

L 4.341)
rereq.: 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-
ton 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)

(4.38, 4.39)
Prereq.: Permission of Instructor
G(1, 2)
Arr.

Supplementary structural design on individual
or group basis. Registration subject to prior
arrangement for subject matter and supervision
by staff.
Staff

4.45 Uses of Energy in Buildings

Prereq.: 4.401
U(2)
3-0-6

Explores how energy conservation influences
the form of commercial buildings and how
artificial and natural heating, ventilating, and air
conditioning work. Emphasizes a qualitative
understanding of the various energy flows
affecting buildings, as well as a quantitative
understanding 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 integration.
T E. Johnson

4.458 Energy Conscious CAD (A)

(4.468)
Prereq.: 4.417J or 4.45
G(2)
4-5-12

Examines the energy-conscious design issues
using a devoted desk-top computer equipped
with a CAD package. Presents design and
modeling methods for predicting daylighting
and thermal behavior, solar geometry, and the
comfort issues of glare reduction, visual delight,
and thermal equilibrium. Emphasizes building
material choices and the latest building technol-
ogy for conserving energy. Computer applica-
tions for modeling and presentation graphics-
Examines a commercial problem in studio
format.
T E. Johnson

4.461 Building Simulation
(New)

Prereq.: Permission of Instructor
G(2)
3-0-9

Mathematical modeling of whole-building
systems for purposes of: building energy
analysis, airflow analysis, and contaminant
disperal 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 em-
ploying discrete models of mass, momentum,
and energy transport processes, formulates the
governing equations, and solves them. Applica-
tion to practical and current research.
J. Axley

4.471 Control of Space Conditioning Systems
(New)

Prereq.: Permission of Instructor
G(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

4.485 Environmental Technology (A)

(4.415)
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.
Office and site visits, outside lecturers, and team
teaching to provide a technical and practical
base for architectural design practice.
Staff

4.497-4.499 Special Problems in Building
Technology (A

Prereq.: -
G(1, 2)
Arr.

Supplementary work on individual or group
basis. Registration subject to prior arrangement
for subject matter and supervision by staff.
Staff

4.51 Building Systems

Prereq: Permission of Instructor
G(1)
3-0-6

Explore the relationship between structure, the
processes of construction, and form, The influ-
ence of functional and contextual constraints 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 industrialized 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 pre-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. D/uhosch

4.54 introduction to Building Economics
(Revised Unit)

Prereq.: 14.01 or 14.014J or 15.001
U(2)
3-0-6

Reviews basic analytical concepts of micro- and
macroeconomics, with applications to building
projects and the building industry. Provides ar
economic overview of the entire building pro-
cess, emphasizing building technology ssues
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Microeconomic analysis of planning; real estate
development and management; design, con-
struction, and operation and maintenance of
buildings; and Inter-industry analysis of the
building industry in developed and developing
countries. Requires participation in study

roups using computer tools.
.Bon

4.55 Building Economics (A)
(Revised Unit)

Prereq.: Permission of Instructor
G(1)
Arr.

Presents the subject in four independent three-
week modules: review of micro- and macroeco-
nomic concepts relevant to the building field,
project evaluation tools and techniques for
building decisions, real property management
tools and techniques, and inter-industry analy-
sis of the building industry. Requires participa-
tion In development of decision-support sys-
tems for project evaluation and real property
management, as well as empirical research
projects into building industry structure using
computer tools and databases.
R. Bon

4.58 Space Habitat Design Workshop

Prereq.: -
G(1)
Arr.

Explores the limits of building technology that
will be available by the end of the century in a
multidisciplinary and interdepartmental frame-
work. Focuses on design and construction of
space stations, bases, and colonies, with an
emphasis on habitation issues. Also studies
social, political, legal, and economic aspects of
space architecture. Emphasizes long-term
possibilities for peaceful colonization of space.
Requires participation in design teams develop-
ing overall space habitat configurations and
construction strategies.
R. Bon

4.59 Special Topics In Building
Economics (A)

Prereq.: Permission of Instructor
G(1, 2)
Arr-

Supplementary study on selected topics such
as managerial, economic, socioeconomic,
and/or political problems connected with the
building industry. Registration subject to prior
arrangement for subject matter and supervision.
R. Bon

4.601 Introduction to Art History
(Revised Content and Unit)

Prereq.: -
U(1) HASS-D/HUM-D
4-0-8

Introduces selected topics in the history and
theory of painting and sculpture from prehistoric
times to 1800, by focusing on major artists and
monuments. Stresses the cultural, historical,
and social circumstances of artistic activity in
addition to teaching the fundamentals of visual
analysis. Includes study of works in local mu-
seum In the evenings or on weekends.
L. W Kinney

4.602 Modernism and Mass Culture:
1830-1968
(New)

Prereq.: -
U(2) HASS-D/HUM-D
4-0-8

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, photogra-
phy, design, and advertising, and attempts to
theorize and situate the relationship between the
traditional arts and mass culture. No previous
knowledge of art history is assumed or required.
B. Buchloh, L. W Kinney

4.605 Introduction to the History and Theory
of Architecture
(Revised Unit)

Prereq.: -
U(1) HASS-D/HUM-D
4-0-8

Provides an outline of the history of architecture
and urbanism from Ancient Egypt to the pres-
ent. Analyzes buildings as the products of
culture and in relation to the special problems of
architectural design.
F Passanti

4.625 Selected Topics in Architecture In the
Middle Ages

Prereq.: 4.605
G(1)
3-0-6

N history of buildings from the time of Rome's
conversion to Christianity to the beginning of
the Renaissance. Deals with the history of
architectural form, methods of design and
construction, and the historical and physical
contexts of the buildings. Open to qualified
undergraduates.
D. H. rriedman

4.635 Renaissance Architecture

Prereq.: 4.605
U(1) HASS
3-0-6

A history of the architecture of the 15th and 16th
centuries in Italy. The formation and develop-
ment 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

Prereq.: 4.605
U(2) HASS
3-0-6

A history of European architecture in the 17th
and 18th centuries. Works of Bernini, Borromini,
Mansart, Wren, Juvarra, and Neumann. The
major developments in the history of architec-
tural design in the context of the political and
cultural environment of the period.
D. H. Friedman

4.638 Advanced Study In Renaissance
Architecture (A)

Prereq.: Permission of Instructor
G(1 or 2)
Arr.

Seminar on a selected topic from Renaissance
architecture. Requires original research and
presentation of oral and written reports.
D. H. Friedman

4.639 Advanced Study In 16th-, 17th-, and
18th-Century Architecture (A)

Prereq.: Permission of Instructor
G(1)
Arr.

Seminar on a selected topic from architecture of
the period. Requires original research and
presentation of oral and written reports.
H. A. MilIon

4.642 19th-Century Art
(Revised Unit)

Prereq.: -
U(1) HUM-D
4-0-8

Survey of major artists and movements in
19th-century European painting and sculpture,
from Neo-Classicism to Post-impressionism.
Emphasis on emerging phenomena and con-
cepts characteristic of the century, including:
the avant-garde, "art for arts sake," the mu-
seum and exhibition, the dealer/critic system,
and the engagement of art and politics.
L. W Kinney

4.643 Advanced Study in 19th-Century
Art (A)
(New)

Prereq.: Permission of Instructor
G(2)
Arr.

Seminar on a selected topic from 19th-century
art. Requires original research and presentation
of oral and written reports.
L. W Kinney

4.644J Representations of Women In
19th-Century Culture

(Same subject as SP 474J)
Prereq.. -
U(2) HASS
3-0-6

Examines the representation of women In
19th-century European visual arts and literature,
as a problem central to the histories of modern-
Ism in the arts and modemization. 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 rulation to the status of women In
other spheres such as medicine, philosophy,
social etiquette, and political science.
L. W Kinney
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4.645 Selected Topics In Architecture -
1750 to the Present

Prereq.: 4.605
G(1)
3-0-6

General study of modern architecture In
Europe and America In the context of
architectural and social programs. Open to

ualified undergraduates.
. Anderson

4.646 American Landscapes, Towns, and
Buildings

Prereq.: 4.605
G(1)
3-0-6

Introduces environmental history in the US,
concentrating on 19th- and 20th-century
developments. Open to qualified
undergraduates.
S. Anderson, 0. H. Friedman

4.647 American Architecture: Boston

Prereq.: 4.605
G(2)
3-0-6

Studies urban and architectural development of
Boston and its region. Selected topics in Ameri-
can architecture and urbanism as context for or
comparison with Boston. Open to qualified
undergraduates.
S. Anderson, D. H. Friedman

4.651 20th-Century Art
(Revised Unit)

Prereq. -
U(1) HUM-D
4-0-8

Cubism, Futurism, Constructivism, and other
phases of early 20th-century art, during which
the theories, styles, and attitudes of contempo-
rary art were formulated. Dadaism, Surrealism,
and other intermediate phases leading to Ab-
stract Expressionism in New York. Considers
Post-Painterly Abstraction styles, Pop Art,
Minimalism, and the resurgence of Realism both
historically and critically.
B. Buchloh

4.653 Advanced Study In 20th-Century
Art (A)

Prereq.: Permission of Instructor
G(2)
Arr.

Seminar on a selected topic from 20th-century
art. Requires original research and presentation
of oral and written reports.
B. Buchloh

4.655 Modern Architecture in Europe from
1895 to the Bauhaus (A)

Prereq.: 4.645
G (2)
3-0-6

Art and architecture in Europe from the late 19th
century to the time of the Nazi repression of
modern art. Intensive study of the people,
works, and controversies from which the
European "modem movement" emerged,
leading in turn to the transformation of American
architecture.
S. Anderson

4.656 Advanced Study In 20th-Century
Architecture (A)

Prereq.: Permission of Instructor
G(2)
3-0-6

Seminar on a selected topic in 20th-century
architecture. Focus on the formation of Euro-
pean modernism and its later reception in
Europe and elsewhere. Requires original re-
search and presentation of oral and written
reports.
F Passanti

4.657 Advanced Study on Le Corbusier (A)

Prereq.: Permission of Instructor
G(l)
3-0-6

Seminar on 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
G(1 or 2)
Arr.

Seminar on a selected topic in the architecture
of the late 18th century to the present. Requires
original research and presentation of oral and
written reports.
S. Anderson

4.661 Theory and Method in the Study of
Architecture and Art (A)

Prereq.: Permission of Instructor
G(1)
3-0-6

Studies theoretical and historiographical works
pertaining to the fields of architecture, art, and
environmental studies. Members of seminar
pursue work designed to elucidate and criticize
their own presuppositions and methods. Open
only to Ph.D. candidates and other advanced
students. May be repeated for credit.
S. Anderson

4.663 Studies Toward a Theory of
Architecture and Environmental Design (A)

Prereq.: Permission of Instructor
G(2)
3-0-6

Considers contemporary theoretical positions.
Requires reports in the context, criticism, or
support of the seminar thesis.
S. Anderson

4.664 Criticism of Architecture (A)

Prereq.: Permission of Instructor
G(1)
3-0-6

Surveys various approaches (social, environ-
mental, economic, compositional, structural,
functional) and bases for the criticism of archi-
tecture. Emphasizes the formal bases of criti-
cism. 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 rational and
emotional response to architecture.
S. Anderson

4.665 Contemporary Architecture:
A Critical Review

Prereq.: 4.125
G(2)
3-0-6

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 advanced
M.Arch. students.
F Passanti

4.671 History of Urban Form (A)

Prereq.: Permission of Instructor
G()
3-0-6

Studies in the history of the physical city from
Antiquity to the present, with points of special
focus determined by the instructor. Analyzes
the typologies of urban buildings, public places,
and city plans in their relation to changing
contexts of culture, politics, and the structure of
public and private institutions.
. H. Friedman

4.673 Seminar in Urban Communal Space (A)

Prereq.: Permission of Instructor
G(2)
Arr.

A working seminar ccnducting continuing
research on the soclophysical structure of urban
communal space. Attention to the literal qualities
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 critical essays, graph-
ic analyses, formalizations or designs. Enrol-
lment limited.
S. Anderson
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4.678 Advanced Study In the History
of Cities (A)

Prereq.: Permission of Instructor
G(1 or 2)
Arr.

Se ninar on a selected topic on cities and
urbanism. Requires original research and pre-
sentation of oral and written reports.
S. Anderson

4.687-4.689 Special Studies in the History,
Theory, and Criticism of Architecture and
Urban Form in the Islamic World (A)

Prereq.: Permission of Instructor
G(1, 2)
Arr.

Special topics in the history, theory, and criti-
cism 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.: -
U(1, 2)
Arr.

4.692, 4.693 Special Studies In the History,
Theory, and Criticism of Art (A)

Prereq.: Permission of Instructor
G(1, 2)
Arr.

Individual or group projects on topics in the
history, theory, and criticism of art. Registration
subject to prior arrangement for subject matter
and supervision by staff.
Staff

4.695 Special Studies In the History, Theori,
and Criticism of Architecture and Urban Form

Prereq.: -
U(1, 2)
Arr.

Individual or group projects in the history,
theory, and criticism of architecture and urban
form. Registration subject to prior arrangement
for subject matter and supervision by staff.
S. Anderson

4.696-4.699 Special Studies in the History,
Theory, and Criticism of Architecture and
Urban Form (A)

4.713 Architectural Theory and Function in
Islamic Societies (A)
(Revised Content)

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 elements
In the architecture and urbanism of Asian and
African societies. Analyzes the significance of
contemporary philosophies, practices, and
attitudes on the individual, society, and the
designer in the light of the changes taking place
in the late 20th century.
R. B. Lewcock, M. Khan

4.714 The Genesis of Built Form: The House
and Society (A)
(Revised Content)

Prereq,: Permission of Instructor
G(1)
3-0-9

Analyzes theories of the generation of architec-
ture from consideration of climate, building
material, etc., and theories of domination of
architectural 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
establishment of architectural priorities from
subconscious motives.
R. B. Lewcock

4.715J Politics, Technology, and Public Policy
in the Middle East (A)

(Same subject as 1.255J, 11.488J, 17.558J,
21.485J, STS 509J)
Prereq.: -
G(1)
3-0-9

See description under subject 17.558J.
R. B. Lewcock, N. Choucri, 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

Prereq.: Permission of Instructor
G(1, 2)
Arr.

4.718 Issues of Contemporary Architecture in
Africa and Asia (A)
(New)

Prereq.: 4.713
G(2)
2-0-7

Seminar focusing on specific vital issues affect-
ing contemporary architecture in regions of
Africa and Aia. opics include: the develop-
ment of appropriate architectural theories;
criticism of the attitudes and work of specific
architets, the role of the architect in society;
and the social, economic, and technical factors
affecting design. Presentations by participants,
and invited lecturers.
R. B. Lewcock, M. Khan

4.721J Introduction to the Development
Industry

(Same subject as 11.430J)
Prereq.: -
G(1)
2-0-7

See description under subject 11.430J.
J. McKellar

4.724 Design for Development (A)

Prereq.: 11.218
G(2)
2-4-6

Introduction to the design process from the
perspective of the developer. Includes the
developer/architect relationship; the design
program and process; principles of design
quality; interrelationship of form, function, and
financial outcome. Offers both a theoretical
base and practice in a studio setting.
D. Frenchman, M. Buckley, R Roth,

4.726J Site Planning

(Same subject as 11.336J)
rereq.: 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 subjet as 11.301J)
Prereq.: Permission of instructor
G(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.
R Clay

Special topics in the history, theory, and criti-
cism of architecture and urban form, varying at
the discretion of the Instructor.
S. Anderson
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4.746J Environmental Design Policy and
Action (A)

(Same subject as 11.337J)
rereq.: -

G(2)
3-0-6

See description under subject 11.337J.
J. de Monchau, J. M. 0. Schuster

4.747J Theory of City Form (A)

SSame subject as 11.330J)
rereq.: 11.001 or 4.736J or 11.301J

G(2)
Arr.

Theories about the form that settlements should
take. Attempts a distinction between descriptive
and normative theory by examining examples of
various theories of city form over time. Concen-
trates on the origins of the modern city and
theories about its emerging form, including the
transformation of the 19th-century city and its
organization. Analyzes current 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(2)
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)
Arr.

Examines in greater depth themes from the
basic subject in city form theory. Introduces
new concepts from current research and prac-
tice for analysis by the seminar participants.
Requirements include presentation to the semi-
nar of a theoreticAl project undertaken by each
student.
J. Beinart

4.751 Urbanization and Design In Developing
Countries (A)

Prereq.: Permission of instructor
G(1)
3-3-6

Identifies and examines shifts in issues and
approaches facing designers, from mass hous-
ing 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)
rereq.: Permission of Instructor

G(2)
3-0-9

Examines relationship between housing needs
and government-sponsored projects. Emphasis
on costs recovery, affordability, replicability, user
selection, and project administration. Extensive
case examples provide bases for comparisons.
R. Goethert

4.755J Special Interest Group in Urban
Settlements: SIGUS Workshops (A)

SSame subject as 11.465J)
rereq.: Permission of instructor

G(2)
Arr.

Interactive interdisciplinary workshops which
focus on projects and practices on urban
settlement issues in developing countries
throughout the world. Participation by guest
practitioners.
R. Goethert, N. Hanidi, R. A. Gakenheimer
B. Sanyal

4.767J Planning In Socialist Countries (A)

(Same subject as 11.417J)
Prereq.: Permission of Instructor
G(2)
3-0-6

See description under subject 11.417J.
T Lee

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. Representatives of
public and private decision making agencies
may participate.
S. C.Howell

4.781, 4.782 Research Topics In
Architecture Studies (A)

Prereq.: 4.273
G(1. 2)
Arr.

Research work on individual or group basis,
Registration subject to prior arrangement for
subject matter and supervision by staff.
Sta

4.795-4.799 Special Problems in
Architecture and Social Change (A)

Prereq.: Permission of Instructor
G(1, 2)
Arr.

Supplementary work on individual and group
basis. Registration subject to prior arrangement
for subject matter and supervision by staff.
Staff

4.770 Environmental Psychology

Prereq.: -
U(1) HASS
3-3-6

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
successful designing for human use, from
urban to machine interface. Readings reinforce
lectures and fieldwork. Semester projects
dovetailed with student's field of interest.
S. C. Howell

4.771 Behavior in the Bulit 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,
interviewing, and perceptual measures in sys-
tematic evaluations of environments in use.
S. C. Howell
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Media Arts and Sciences

4.818, 4.819 Graphics/Imaging Media
Projects

L4.878, 4.879)
rereq.: Permission of Instructor

U(1, 2)
Arr.

Special work on an Individual or group basis
combining research and projects of multidimen-
sional graphics, typography, imaging, static or
dynamic, 2- or 3- , and audio in an intelligent
electronic design environment. Registration
subject to prior acceptance of project, supervi-
sion by VLW staff. Completion dependent on
successful demonstration and documentation of
semester's project.
M. Cooper, Staff

4,831 3-D Computer Graphics

4.911)
rereq.: -

U(1)
3-0-9

Previous programming experience required.
Overview of the techniques of computer image
synthesis, including both hardware and soft-
ware. Line drawing and color raster graphics.
Homogeneous coordinates, hidden surface,
and smooth-shading algorithms. Programming
problems and a term project. Enrollment limited.
0. Zeltzer

4.862 Holographic Imaging
(Revised Content)

(4.953)
Prereq.: Permission of Instructor
U(1) LAB
3-5-4

A laboratory-based exploration of the principles,
techniques, and applications of holography as a
3-D Image communication medium. Begins
with interference and diffraction, and proceeds
through white-light holography to computer-
graphic imagery. Meets with 4.954. Term proj-
ect required, with oral presentation and written
report. Lab fee. Enrollmeni limited.
S. Benton

4.866 Workshop in Elastic Movie Time
(New)

Prereq.: Permission of Instructor
U(1)
3-3-6

Meets with graduate subject 4.988. See 4.988
for full description.
G. Davenport

4.869 Independent Projects in Film/Video
Production

(4.978)
Prereq.: Permission of Instructor
U(1, 2)
Arr.

Supplementary work on Individual or group
basis. Registration subject to prior arrangement
of subject matter and supervision by staff.
G. Davenport

4.885 Com uters and Graphics
Workshop 1(A)

Prereq.: Permission of Instructor
G(1)
2-4-6

4.886 Computers and Graphics
Workshop 11(A)

Prereq.: 4.885
G(2)
2-4-6

Integrated seminar-workshop researches issues
relevant to the graphic synthesis of design
practice, research, and artificial intelligence. The
first semester addresses: 1) VLW computational
resources and programming concepts; 2)
Design issues in traditional and electronic
environments; and 3) Artificial intelligence
concepts and issues. A minicourse in research
methods and writing is included. Small proj-
ects., a term paper, and project are required.
Enrollment limited.
R. MacNeil, M. Cooper

4.888-4.889 Graphic Imaging
Media Projects (A)

Prereq.: Permission of Instructor
G(1, 2)
Arr.

Special work on an individual or group basis
combining research and projects of multidimen-
sional graphics, typography, Imaging, static or
dynamic, 2- or 3-D, and audio In an intelligent
electronic design environment. Registration
subject to prior acceptance of project, supervi-
sion by VLW staff. Completion dependent on
successful demonstration and documentation of
semester's project.
M. Cooper, Staff

4.894 Visual Communication Systems (A)
(New)

Prereq.: Permission of Instructor
G(1)
2-0-7

Bit-rate reduction algorithms for digital transmis-
sion and storage of images, with an emphasis
on moving video sequences. Topics Include:
source coding by removal of redundant infor-
mation; predictive coding; perfect reconstruc-
tion filter banks; scalar and vector quantization;
displacement estimation techniques; motion
compensation for prediction and interpolation;
analyses of proposed systems for videotele-
phone, videoconferencing, storage of video on
compact disks, and high-definition television.
B. Girod

4.895 Seminar on Multi-Sensor Systems (A)
(New)

Prereq.: Permission of Instructor
G(2)
2-0-7

An In-depth treatment of current research in
multi-sensor systems for recovery of 3-D
shape/motion/illumination/reflectance, with
readings from recent papers. The emphasis Is
on integration of such sensors and signal pro-
cessing techniques as: multiple intensity cam-
eras, active and passive range sensing tech-
niques, contrived illumination, and combinations
of depth cues. Term projects required, with
written and classroom presentations.
B. Girod

4.904J Computer Graphics and Vision (A)

(Same subject as 9.366J)
rereq.: 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.: Permission of Instructor
G(1)
2-0-7

Natural and artificial vision systems begin by
transforming an image into a set of representa-
tions, thus choosing the "languages" to be used
at each stage of visual processing. This seminar
surveys representations proposed in the context
of human perception, neurophysiology, ma-
chine vision, and image processing, and ex-
plores how these representations can be used
in such tasks as object recognition, image data
compression, motion analysis, texture analysis,
and so on. A reasonable facility with mathemat-
ics and computation will be expected.
E. H. Adelson, A. Pentland

4.908 Special Projects in Computers
and Vision (A)

Prereq.: Permission of Instructor
G(1, 2)
Arr.

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 comput-
er graphics. Readings from recent papers.
Significant term projects including an imple-
mentation, written report, and classroom pre-
sentation.
0. Zeltzer



4.919 Special Projects in
Computer Graphics (A)

Prereq.: Permission of Instructor
G(1, 2)
Arr.

Supplementary work on individual or group
basis. Registration subject to prior arrangement
for subject matter and supervision by staff.
0. Zeltzer

4.921J Digital Audio Processing (A)

Same subject as 21.671J)
rereq.: Permission of Instructor

G(1)
3-6-3

Audio signal processing for expressive commu-
nication. Analysis/synthesis of speech and
music, linear-prediction, phase vocoders, digital
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. Assignments
and synthesis projects.
B. Vercoe

4.922J Writing for Computer
Performance (A)

Same subject as 21.672J)
rereq.: 4.921

G(2)
3-6-3

Music composition using digital audio as an
expressive medium. Audio processing in specif-
ic musical contexts. Stylistic relationship be-
tween instrumental and electronic writing, and
integration of these media as found in works of
Davidovsky, Boulez. Dirocted composition of an
original work for digital ;ynthesis, and prepara-
tion for its performance in an end-of-term
public concert.
B. Vercoe

4.925J Musical Aesthetics and Media
Technology (A)

Same subject as 21.685J)
rereq.: 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 concerns implied by the new
media. Practical hands-on experience with
computer music technology, with special em-
phasis on MIDI-based synthesizers and sam-
plers and real-time performance systems. Term
project required.
T Machover

4.926J Projects In Media and Music (A)

(Same subject as 21.686J)
rereq.: Permission of Instructor

G(2)
3-3-3

Current computer music concepts and ractice.
Project-based work on research or prou~lction
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)
Arr.

Advanced work on current topics in music
research and production. Individual or group
basis. Registration subject to prior arrangement
of subject matter and supervision by staff.
B. Vercoe

4.931J The Society of Mind (A)

(Same subject as 6.868J)
Prereq.: Permission of Instructor
G(1)
3-0-9

See description under subject 6.868J.
M. L. Minsky

4.943 Learning Environments (A)

Prereq.: Permission of Instructor
G(1, 2)
3-0-6

Seminar to develop a framework for under-
standing the entry of new technologies -
computers, video technologies, communica-
tions - into the process of learning. Reading
covers a broad range of topics in human
sciences, epistemology, and computer
sciences: research projects, either self-initiated
or assigned. May be repeated for credit.
S. A. Papert

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 control
over her/his environment.
E. Ackermann

4.948, 4.949 Special Topics in Learning
Environments (A)

Prereq.: Permission of Instructor
G(1, 2)
Arr.

Supplementary work on individual or group
basis. Registration subject to prior arrangement
and supervision by staff.
Staff

4.954 Holographic Imaging

Prereq.: Permission of Instructor
G(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
G(2)
3-3-3

An introduction to the synthesis of holographic
3-D images from digital, video, and photograph-
ic data, and their applications. Limited
enrollment.
S. Benton

4.958 Spe.!l Problems in Spatial
Imaging (A)

Prereq.: 4.954
G(1, 2)
3-3-3

Advanced workshop in holography as an ex-
pressive medium, reflecting the points of view of
visiting holographers. Limited enrollment.
Staff

4.959 Special Projects in Spatial
Imaging (A)

Prereq.: 4.862 or 4.954
G(1, 2)
Arr

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)

(4.931)
Prereq.: Permission of Instructor
G(2)
2-0-7

Provides a technical introduction to video imag-
ing, storage, and display devices, and their
digital counterparts. Regards the video system
as a general communications link capable of
transmission of analog images as well as com-
puter data, connected to image processing
equipment as well as digital computers and
displays. Topics: raster scan display architec-
ture, anti-aliasing, optical storage, video encod-
ing. Requirements include individual term
projects.
A. Lip pman

4.962 Conversational Computer
Systems (A)

(4,932)
rereq.: 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. Emphasis
on human interface design issues, including
extensive readings from current research litera-
ture, laboratory sessions, and a term project
Topics include human speech production and
recognition, text to sound rules, synthess of
intonation, isolated and connected speech
recognition, parsers and dialogue generabon
Programming exprinence required excet #W-
permission of instructor.
C. Schmandt

A2n Aro-hifecture42D Architecture
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4.969 Special Projects in
Communications (A)

(4.939)
Prereq.: Permission of Instructor
G(1, 2)
Arr.

Supplementary work on Individual or group
basis. Registration subject to prior arrangement
of subject matter and supervision by staff.
A. Lippman

4.985 Special Topics in Cinematic
Stor yelling (A)
(Revised Content)

L4.999)
rereq.: Permission of Instructor

G(2)
Arr.

Seminar explores the effect of digital representa-
tion on cinematic storytelling. The relation of
moviemaking process to form and content is
analyzed. Concepts of "expert editor" and
"expert viewer" are introduced. Using sample
footage, a constraint approach to shot design
and editing conventions is considered; symbolic
descriptions of story action are evolved. Individ-
ual rojects. Umited enrollment.
G. Davenport

4.988 Workshop in Elastic Movie Time (A)
(Revised Content and Unit)

Prereq.: Permission of Instructor
G(1)
3-3-6

A workshop in the design and production of
interactive videodisc. Focuses on the principles
of cinematic journalism, and familiarizes stu-
dents with camera, sound, and video editing
techniques. Students produce several short
movies which are then combined for mastering
on videodisc; concurrently students develop the
interactive interface for viewing the videodisc.
Meets with 4.866.
G. Davenport

4.989 Independent Projects in Motion
Picture Production (A)

Prereq.: Permission of Instructor
G(1, 2)
Arr.

Individual or group work of advanced and
experimental 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)

(4.961)
Prereq.: -
G(1, 2, S)
Arr.

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)

L4.963)
rereq.: Permission of Instructor

G(1, 2)
Arr.

Selection of thesis topic, definition of method of
approach, and preparation of thesis proposal.
Independent stud supplemented by individual
conferences with faculty.
Staff

4.994 Media Arts and Sciences Doctoral
Proseminar (A)

(4.964)
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 work-
shop pursue work desypned to elucidate and
criticize their own presuppositions and meth-
ods. Required of Ph.D. candidates in the Media
Arts and Sciences program. May be repeated
for credit. Restricted to doctoral candidates.
S. Papert

4.995 Preparation for Ph.D. Thesis (A)

(4.965)
Prereq.: -
G(1, 2)
Arr.

Selects thesis subject, defines method of ap-
proach, and prepares preliminary thesis outline.
Independent study, supplemented by frequent
individual conferences with staff members.
Restricted to doctoral candidates.
S. Benton

4.996-4.999 Special Topics in Media
Technoly (A)

(4.966-4.969)
Prereq.: Permission of Instructor
G(1 2)
Arr.

Supplementary work on individual or group
basis. Registration subject to prior arrangement
for subject matter and supervision by staff.
Staff
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Course 5 Chemistry

5.UR Undergraduate Research

Prereq.: -
U(1, 2) [P/F]
Arr.

Program of research to be arranged by the
student and a departmental faculty member.
Department Coordinator: R. L. Danhelser.

5.03 Principles of Inorganic Chemistry I

Prereq.: 5.12
U(2)
4-0-8

Presents principles of chemical bonding and
molecular structure, and their application to the
chemistry of representative elements of the
periodic system.
D. Seyferth, A. Davison

5.04 Principles of Inorganic Chemistry 1I

Prereq.: 5.03
U(1)
4-0-8

5.61 background encouraged. Systematic
presentation of the chemistry of coordination
compounds of the transition elements. Special
emphasis placed on ligand field theory, to
interpret the electronic spectra, magnetic prop-
erties, reaction mechanisms, structure, and
stabilities of these inorganic complexes. 5.61
background required.
A. Davison, R. R. Schrock

5.05 Principles of inorganic Chemistry iII

Prereq.: 5.03, 5.04
U(2)
3-0-9

Continued development of systematic Inorganic
chemistry of the elements. Application of va-
lence theory and advances in structural chemis-
try to topics not covered In 5.03 and 5.04.
Emphasizes synthesis and reactivity, metal
complexes with n-wt acceptor ligands, organo-
metallic chemistry, and reactivity patterns of the
heavier element.
S. L. Buchwald, R. R. Schrock

5.065 Advanced inorganic Chemistry (A)

Prereq.: 5.03
G(2) Next offered 1990-91
2-0-4

Extended treatment of some special topics of
current Interest In modem Inorganic chemistry,
organometallio compounds of non-transition
elements; treatment in terms of modem elec-
tronio and structural theory. Alternate years.
0. Seyferth

5.066 Inorganic Chemistry (A)
(Revised Content and Unit)

Prereq.: 5.03
G(1)
3-0-6

Transition metal catalysis. Consists of 1) a
discussion of principles of catalysis, evolution of
catalytic systems and experimental techniques;
2) a survey of reaction types and metal cata-
lysts; and 3) detailed exploration of several
exemplary catalytic reactions from a mechanis-
tic viewpoint.
D. Seyferth

5.067 Advanced Inorganic Chemistry Topics
(Revised Content)

Prereq.: 5.03, 5.04. 5.73
G(2)
3-0-6

Lectures covering fundamental principles and
illustrative examples of selected spectroscopic
and structural methods In physical Inorganic
chemistry, chosen from among the following:
X-ray crystallography: electron spin and nuclear
magnetic resonance spectroscopy; Moessbauer
spectroscopy; infrared and Raman speotrosco-
py; EXAFS spectroscopy; magnetic susce tibil-
i ; electronic spectroscopy. In addition, iscus-
sion of fundamentals and great case histories in
bioinorganic chemistry will be held In seminar
sessions.
S. J. Lippard

5.11 Principles of Chemical Science

Prereq.: -
U(1, 2) SD
5-0-7

Introduction to chemistry, with emphasis on
basic principles and their applications. Includes
atomic and molecular electronic structure,
thermodynamics, acid-base and redox equillb-
ria, mechanisms, catalysis, and aspects of metal
coordination chemistry and organic chemistry.
Term 1: S. J. Li pard, R. J. Silbey
Term 2: R. W Feld, D. C. Youvan

5.12 Organic Chemistry I

Prereq.: 5.11
U(1, 2) SD
6-0-7

Introduction to organic chemistry. Development
of basic principles to understand the structure
and reactivity of organic molecules. Emphasis
on substitution and elimination reactions and
chemistry of the carbonyl group. Introduction to
the chemistry of aromatic compounds.
Term 1: D. S. Kemp
Term 2: F 0. Greene, R T Lansbury

5.13 Organic Chemistry 11

Prereq.: 5.11, 5.12
U(2)
5-0-7

Intermediate organic chemistry. Synthesis,
structure determination, mechanism, and the
relationships between structure and reactivity
emphasized. Special topics In organic chemistry
included to Illustrate the role of organic chemis-
try in biological systems and in the chemical
industry.
R. L. Danheiser, J. Rebek

5.195 Interpretive Spectroscopy (A)

Prereq.: 5.13, 5.61
Gil)
3-0-6

Discusses spectrometric techniques and their
application to identification of organic chemical
compounds. Major emphasis on complementa-
ry use of infrared, nuclear magnetic resonance,
and mass spectrometry. Also discusses Instru-
mental and operational aspects of mass spec-
trometry.
K. Blemann, G. A. Berchtold

5.22J Biotechnolegy and Engineering
(New - Context Subject)

(Same subject as 10.02J)
Prereq.: -
U(2)
3-0-6

Illustrates how the principles of chemistry,
biology, and engineering are integrated to
create new products for human health and
consumption. Uses case-study format to
examine recenty developed products of phar-
maceutical and biotechnology industries: how a
product evolves from Initial idea, through pat-
ents, testing, evaluation, production, and mar-
keting. Emphasizes scientific and engineering
principles, as well as the responsibility scientists.
engineers, and business executives have for the
consequences of their technology.
J. M. EssIgmann, R. S. Langer
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5.310 Laboratory Chemistry

Prereq.: 5.12
U(1, 2) LAB
2-8-2

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, elec-
trophoresis, kinetics, data analysis, and elemen-
tary synthesis. Enrollment limited to 100 stu-
dents in Term 1 and to 180 students in Term 2.
Term 1: R. A. Alberty, D. C. Youvan
Term 2: K. A. Nelson

5.311 Introductory Chemical Experimentation

Prereq.: 5.12
U(1) LAB
2-8-2

First term of a three-term laboratory subject
sequence for Course V majors. Experimental
work emphasizes development of fundamental
laboratory skills and techniques: volumetric and
colorimetric analysis; preparation, purification
and characterization of chemical substances:
and data analysis. Enrollment limited to 50
students. Registration in Course V or permission
of instructor required.
J. l. Steinfeld

5.315 Laboratory in Protein Chemistry
(New)

Prereq.: 5.310 or 5.311
U(IAP)
1-4-1

Experimental work will emphasize modern
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
permeation, ion-exchange, and affinity chroma-
tography, gel electrophoresis, UVNis spectro-
photometry and HPLC.
J. M. Essigman, 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 reactions: and
synthesis, purification, and analysis of organic
compounds employing ir, nmr, uv, mass spec-
troscopy, 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
emphasis on chemical synthesis and the funda-
mentals of quantum chemistry illustrated
through molecular spectroscopy. Projects
include NMR, ESR, and computer-interfaced IR
spectroscopy; synthesis of organometallics
under inert atmosphere; and synthesis of poly-
mers.
K. A. Nelson

5.43 Organic Chemistry

Prereq.: 5.13
U(1)
4-0-8

Topics covered in this course may include
organometallic chemistry, the chemistry of
natural products, and biomolecules.
S. Buchwald, R Lansbury

5.48J The Protein Folding Problem

(Same subject as 7.38J)
Prereq.: 7.05 or equivalent
G(2)
3-0-6

See description under subject 7.38J.
J. A. King

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
approaches to stabilization of enzymes. Immo-
bilized enzymes, coenzymes, and whole cells.
Immobilized biocatalyst reactors. Enzymatic
processes in heterogeneous systems. Funda-
mentals 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

5.50 Bio-Organic Chemistry, Enzyme
Reaction Mechanisms (A)

Prereq.: 5.13
U(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, sterochemis-
try and prosthetic group reactivity. Major transfer
reactions, coenzyme catalyzed reactions, oxida-
tion reactions, carbon-carbon bond forming
reactions, elimination and racernization reac-
tions.
J. Stubbe

5.511 Synthetic Organic Chemistry I (A)

Prereq.: 5.43
G(1)
3-0-6

Introduction to the design of syntheses of
complex organic compounds.
S. Masamune, K. B. Sharpless

5.512 Synthetic Organic Chemistry 11 (A)

Prereq.: 5.511
G(2)
3-0-6

General methods and strategies for the synthe-
sis of complex organic compounds.
G. A. Berchtold

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: Staff.

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

5.55 Organic Chemistry: Natural Products (A)

Prereq.: 5.511
G(2)
2-0-4

Chemistry and physological action of natural
products. Methods o\ isolation; determination of
structures and synthesis.
G. H. BOchi

5.56 Special Topics in Organic Chemistry (A)

Prereq.: 5.511, 5.53
G(2)
2-0-4

Advanced topics of special current interest.
S. Masamune, K. B. Sharpless
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5.57 Chemistry of Amino Acids, Peptides, and
Proteins (A)

Prereq.: 5.13
G(2) ext offered 1990-91
3-0-6

Synthesis of amino acids and peptides. Protec-
tive groups, amide formation, deprotection.
Purification and manipulation of peptides.
Correlations between structure and biological
activity. Conformations of peptides. Peptides
and proteins as reactive organic molecules.
Relationships between structure and reaction
mechanism for enzymes.
Staff

5.58 Introductory B10-Inorganic Chemistry

Prereq.: 5.03
3(1)
3-0-6

Emphasizes structural, spectroscopic, and
functional properties of transition metals coordi-
nated to proteins. Overviews metabolism, stor-
ago, toxicity, and catalytic roles of metal ions,

lowed by description of the principal methods
useful in metallobiochemistry. Considers in
detail examples from the major categories of
metalloproteins.
W H. Orme-Johnson

5.60 Chemical Thermodynamics

Prereq.: 18.02
U(1, 2) SD
4-0-8

Equilibrium properties of macroscopic systems.
Basio 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, colligative
properties of solutions, homogeneous and
heterogeneous chemical equilibrium of reac-
tions in the gas phase and solutions.
Term 1: C. W Garland, P W Phillips
Term 2: R. J. Silbey, R. A. Alberty

5.61 Physical Chemistry

Prereq.: 8.02, 18.02
U(1) GD
4-0-8

Introductory quantum chemistry; elementary
atomic spectra; particles and waves; wave
mechanics; atomic structure and the Periodic
Table; valence theory; experimental methods of
determining molecular strcture; structure of
crystals and liquids; photochemistry.
R. Field

5.62 Physical Chemistry

Prereq.: 5.60 or 10.13
U(2)
4-0-8

Elementary kinetic theory and statistical me-
chanics; transport properties of gases and
liquids; rates of chemical reactions.
S. T Ceyer

5.64J Biophysical Chemistry

(Same subject as 7.71J)
Prere.: 5.60, 7.05
U(1)
3-0-9

See description under subject 7.71J.
G. A. Petsko, R Schimmel

5.68 Kinetics of Chemical Reactiens (A)

Prereq.: 5.62
G(2)
3-0-6

Experimental and theoretical aspects of reactive
and inelastic molecular processes, including
colliriion and transition - state theories, homo-
geneous reactions in gas and liquid phases,
molecular beam scattering, information theory
of kinetic processes. Case studies in c'iemical
kinetics, including chemical lasers, atrospheric
chemistry, combustion dynamics. Advanced
undergraduate students need permission of
instructor.
. /. Steinfeld

5.70 introduction to Statistical
Thermodynamics (A)

Prereq.: 5.62
3(1)
3-0-6

Reviews classical thermodynamics and intro-
duces elementary statistical mechanics, with
applications to simple physical and chemical
systems.
I. Oppenheim

5.72 Statistical Mechanics (A)

Prereq.: 5.70, 5.73, 18.075
G(2)
3-0-6

Principles and methods of statistical mechanics.
Classical and quantum statistics, grand en-
sembles, fluctuations, molecular distribution
functions, and other topics in equilibrium statisti-
cal mechanics. Topics in thermodynamics and
statistical mechanics of irreversible processes.
. Oppenheim

5.73 introductory Quantum Mechanics I (A)

Prereq.: 5.61, 8.03
G(1)
3-0-6

Fundamental concepts of quantum mechanics:
wave properties, uncertain principle, Schro-
dinger equation, Basic applications to: harmonic
oscillator, hydrogen atom, WKB method. Pertur-
bation theory and variation method. Paull princi-
ple and spin. Introduction and use of operator
and matrix methods.
J. Waugh

5.74 Introductory Quantum Mechanics 11 (A)

Prereq.: 5.73, 18.075
G(2)
3-0-6

Time-dependent quantum mechanics, Liouville
equations, relaxation phenomena, correlation
functions, linear response theory, quantum
transport, Anderson localization.
R Phillips

5.89 Special Problems in Chemistry for
Undergraduates

Prereq.: -
U(1, 2)
Arr.

Program of study to be arranged by the student
and a departmental faculty member. A letter
grade is given in this activity.
R. L. Danheiser

5.90 Special Problems in Chemistry (A)

Prereq.: -
G(1, 2) [P/F]
Arr.

Directed research and study of special chemical
problems. For graduate students only.
G. A. Berchtold
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5.913 Seminar in Organic Chemistry (A)

Prersq.:-
G(1) F]
1-0-

5.914 Seminar In Organic Chemistry (A)

G(2) jPF]
1-0-2

Discusses current journal publications in organ-
Ic chemistry by graduate students and staff
members. Consult G. Berchtold.

5.915 Seminar in Analytical Chemistry (A)

Prer: -
G(1) [P/F]
1-0-2

5.916 Seminar in Analytical Chemistry (A)

Prereq.: -
G(2) /F]
1-0-

Discusses topics of current interest in analytical
chemistry by graduate students and staff mem-
bers.
K. Biemann

5.931 Seminar in Physical Chemistry (A)

Prereq: -
G(1) j/F]
1-0-2

5.932 Seminar in Physical Chemistry (A)

Prer. :-
G(2) P/F]
1-0-2

Discusses topics of current interest in physical
chemistry by staff members and students.
R. J. Silbey

5.941 Seminar in inorganic Chemistry (A)

Prereq.: -
G(1) jP/F]
1-0-

5.942 Seminar in Inorganic Chemistry (A)

Prereq.:
G(2P/F

Discusses current research in inorganic chemis-
try by graduate students and staff.
R..Schrock
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Course 6 Electrical Engineering
and Computer Science

Basic ('ndergraduate
Subjects

6.001 Structure and Interpretation of
Computer Programs

Prereq.: -
U(1, 2)
5-3-7

Control of complexity in large programming
systems. 1) Building abstractions: computational
proceses; higher-order procedures; com-
pound data; data abstractions. 2) Controlling
interactions; generic operations; self-describing
data; message passing: streams and infinite
data structures. 3) Meta-linguistic abstraction:
interpretation of programming languages:
machine model; compilation; embedded lan-
guages. Substantial weekly programming
assignments are an integral part of the course
Enrollment may be limited.
H. Abelson, G. J. Sussman

6.002 Circuits and Electronics

Prereq.: 8.02 or 8.021 or 8.022 or 8.023, 18.03
or 18.06
U(1, 2) SD
4-2-9

Fundamentals of lumped networks, resistive
elements and networks, energy storage ele-
ments, dynamis of first- and second-order
networks, sinusoidal steady-state analysis,
network equivalence theorems, electronic
devices, circuits, and applications. Alternate
week laboratory. Students with appropriate
exprience in electronic circuits may treat the
8.02 prerequisite as a corequisite. Enrollment
mv be limited.
J. . Roberge

6.003 Signals and Systems

Prereq.: 6.001, 6.002
U(1, 2)
4-2-9

Laplace transform and its applications to
networks and electronic systems including
feedback. Description of linear time-invanant
systems in the time and frequency domains:
convolution, Fourier series and integrals.
Uncertainty relations and sampling theorems.
Discrete-time systems and signals. Applications
to analog and digital filtering systems and
modulation systems.
W M. Siebert

6.004 Computation Structures

Prereq.: 6.001, 6.002
U(1, 2)
4-3-8

Introduces architecture of digital systems,
emphasizing structural principles common to a
wide range of technologies. Multilevel imple-
mentation strategies: definition of new primitives
(e.g., gates, instructions, procedures, pro-
cesses) and their mechanization using lower-le-
vel elements. Analysis of potential concurrency;
precedence constraints and performance
measures; pipelined and mulidimensional
systems. Instruction set design issues: architec-
tural support for contemporary software struc-
tures.
S. A. Ward

6.012 Electronic Devices and Circuits

Prereq.: 6.002, 8.02
U(1, 2)
4-0-8

Modeling of electronic devices and analysis of
nonlinear circuits. Physical electronics of semi-
conductor junction and MOS devices. Develop-
ment of circuit descriptions for these devices;
relation of electrical behavior to internal physical
behavior, and limitations of circuit models.
Development of incremental and large-signal
techniques for analying circuits containing
nonlinear devices. Analysis of signal-processing
circuits that employ these devices, with exam-
ples chosen from switching circuits, single-
ended and differential amplifiers, and integrated-
circuit amplifiers.
C. G. Fonstad, Jr., A. C. Smith

6.013 Electromagnetic Fields and Energy

Prereq.: 6.002, 8.02
U(1, 2)
4-0-8

Maxwell's equations and the Lorentz force law.
Quasistatic forms of Maxwell's equations. Stu-
dies of electro-quasistatic fields and their
sources through solutions of Poisson's and
Laplace's equations. Steady conduction and
polarization. Charge relaxation. Magneto-quasis-
tatic approximation; magnetic boundary value
problems, magnetization, induction, current
induced in stationary and moving conductors.
Electric and magnetic forces derived from
energy. Electromagnetic waves. Extensive use
of engineering examples.
H. A. Haus

6.014 Electrodynamics

Prereq.: 6.013
U(1, 2)
4-0-8

Plane waves in three dimensions; radiation from
elementary electric dipoles, current distribu-
tions, and arrays; diffraction and interference.
Waves on continuous transmission lines, period-
ic structures, and dielectric and mete du; wave-
guides; propagation and evanescence; energy

low an impedance matching. Phase and
group velocity. Natural frequencies and modes
of closed electromagnetic structures; coupling
to resonant structures, loaded and unloaded
O's. Examples taken from the fields of acous-
tics, tics, and microwaves.
J. A. Ong, D. H. Staelin

6.017 Introduction to Quantum Physics

(8.211)
Prereq.: 18.03, 8.02
U(2) SD
5-0-7

Introduces quantum physics, with application to
atoms, molecules, and solids. Emphasizes
failures of classical physics, experimental basis
for quantum mechanics, and an understanding
of the Uncertainty Principle. Applies Schroe-
dinger's theory to the free particle, tunneling,
the harmonic oscillator, and the hydrogen atom.
Discusses Pauli Exclusion Principle, many-elec-
tron atoms, and quantum theory of ionic and
covalent bonding. Not usable as a restricted
elective for physics majors.
R L. Hagelstein

6.018 Statistical Mechanics and
Thermodynamics

Prereq.: 8.02, 18.03
U(1) SD
4-0-8

Statistical description of large physical systems.
Laws of thermodynamics developed from
statistical mechanics: phase space; entropy and
temperature; work and heat; chemical potential;
equations of state; free energies; heat engines
and refrigerators; phase transitions. Quantum
statistics: Fermi-Dirac and Bose-Einstein gases;
statistics of electrons in metals and semicon-
ductors; superfluidity and superconductivity;
blackbody radiation.
D. J. Epstein
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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)
4-2-6

Principles of mass transport, electrical signal
generation, motility, and mechanical stability for
biological membranes, cells, and tissues. Mass
transport through membranes: diffusion, osmo-
sis, chemically mediated, and active transport.
Electric properties of cells: ion transport; equilib-
rium, resting, and action potentials, intercellular
communication: electrica and chemical junc-
tions. Muscle contraction. Laboratory and
computer exercises illustrate the concepts. For
juniors and seniors.
i 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 animals. Mechanisms of regulation and
horneostasis. Anatomical, physiological, and
pathophysiological features of the cardiovascu-
lar, 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, R. D. Kamm

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 psycho-
physics of audition, vision, orientation, and body
stabilization. Organization of neuromuscular and
proprioceptive systems at level of spinal cord
reflex. Postural control and kinetics of move-
ment. Suppimented by laboratory exercises.
6.021J recommended background.
L. S. Frishkopf, R. W Mann, L. R. Young,
C. Wall ///

6.033 Computer System Engineering

Prereq.: 6.004
U(1)
4-0-8

Topics on the engineenng of computer software
and hardware systems. Multilevel memory
systems; naming and binding; privacy of infor-
mation. Atomicity and coordination of parallel
activities. Recovery and reliability. Networks and
distributed systems. Techniques for controlling
complexity. Impact of computer systems on
society. Case studies of working systems and
outside reading in the current literature provide
comparisons and contrasts.
B. H. Liskov

6.034 Artificial Intelligence

Prereq.: 6.001
U(1) SD
4-0-8

Studies the Ideas and techniques that enable
computers to behave intelligently. Case studies
of programs that solve engineenng problems
like experts, diagnose disease, learn from
experience, understand the visual environment,
and engage in English discourse. The role of
search, constraint propagation, logic, common
sense, reasoning, and representation.
R H. Winston, R. A. Brooks

6.035 Computer Language Engineering

Prereq.: 6.170
U(2)
4-4-4

Analyzes issues associated with the implemen-
tation of higher-level programming languages.
Fundamental concepts, functions, and struc-
tures of compilers. The interaction of theory and
practice. Using tools in building software. In-
cludes 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 procedures,
and systems for reasoning effectively and
efficiently within stereotypical situations. Exam-
ples drawn from mathematics, natural language
comprehension, and programming. Applica-
tions of theoretical results to human problem
solving and education.
C. E. Hewitt

6.037 Computer Graphics

Prereq.: 18.02
U(1)
3-0-9

Introduction to hardware, algorithms, and soft-
ware of computer graphics. Topics include line
generators, affine transformations, line and
polygon clipping, splines, interactive technique
menus, orthographic and perspective projec-
tion, solid modeling, hidden surface algorithms,
lighting models, and shading. Substantial pro-
gramming experience required. Recommended
for upperclass students only,
M. H. Raibert

6.041 Probabilistic Systems Analysis

Prereq.: 18.02
U(1, 2) SD
4-0-8

Modeling, quantification, and analysis of uncer-
tainty. Formulation and solution in sample
space. Random variables, transform techniques,
simple random processes and their probability
distributions, Markov processes, limit theorems,
elements of statistical inference, and decision
making under uncertainty. Interpretations,
applications, and lecture demonstrations.
A. W Drake

6.044J Computability, Logic, and
Programming

(Same subject as 18.423J)
Prereq.: 18.063 or 18.310
U(1)
3-0-9

Introduction to logic and computability theory
underlying programming. R.e. and recursive
sets. Reducibility. Undecidable problems con-
cerning programs, words, matrices, equations.
Equational logic. Program schemes and first-
order formulas. Recursion versus iteration.
Elementary logic: completeness, incomplete-
ness. Program correctness.
A. R. Meyer

6.045J Automata, Computability, and
Complexity

, Same subject as 18.400J)
Urereq.: 18.063 or 18.310

U(2)
4-0-8

Less mathematical and slower paced than
6.840J/18.404J. Introduces basic mathematical
models of computation and the finite represen-
tation of infinite objects. Finite automata and
regular languages. Pushdown automata and
context-free languages. Turing machines and
their variants. Partial recursive functions and
grammars, Church's Thesis. Undecidability,
languages, grammars, and combinatorial sys-
tems. Reducibility and completeness. Time
complexity and NP-completeness.
N. A. Lynch

6.046J Introduction to Algorithms

(Same sub'ect as 18.410J)
Prereq.: 6. 1, 18.063 or 18.310
U(1.2)
4-0-8

Techniques for the design and analysis of
efficient algorithms, emphasizing methods
useful in practice. Topics include sorting; data
structures for sets: trees, heaps, hashing. Graph
algorithms: shortest paths, depth-first search,
network flow. Computational geometry. Integer
arithmetic: GCD's, primality testing. Fast Fourier
transform. Multiplication of polynomials. Dynam-
ic programming. Linear programming. Parallel
and distributed algorithms.
C. E. Leiserson, D. B. Shmoys
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6.047J Algorithmic Algebra and

(Same subject as 18.421J)
Prereq.: 18.06 or 18.710, 18.063 or 18.310 or
18.703
U(2) Next offered 1990-91
3-0-9

See description under subject 18.421J.
S. Goldwasser, H. Rogers, Jr.

6.048J Graph Algorithms

( Same subject as 18.431J)
rereq.: 18.310 or 18.314 or 18.063

U(2) Next offered 1990-91
3-0-9

See description under subject 18.431J.
0. B. Shmoys

6.061 Introduction to Electric
Power Systems

Prereq.: 6.002, 6.013
U(S)
3-0-9

Fundamentals of energy-handling electric
circuits and electromechanical apparatus.
Modeling of magnetic field devices and descrip-
tion 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 machin-
ery. Modeling of synchronous, induction, and
do machinery.
J. L. Kirtley, Jr.

6.071 Introduction to Electronics

Prereq.: 8.02,18.01
U(1, 2) SD
4-2-6

Introductory subject suitable for students with
little or no previous background in electronics.
Elementary network theory, diode and transistor
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 commu-
nications systems. 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.
R.S. Kennedy

Undergraduate Laboratory
Subjects

6.100 Electrical Engineering and Computer
Science Laboratory

Prereq.: -
U(1, 2, S)
Arr.

Individual experimental work related to electrical
engineering and computer science not covered
by other subjects. Student must make
arrangements with a project supervisor and file
a proposal endorsed by the supervisor.
Department approval required. Written report to
be submitted upon completion of work. If 6.100
is used to satisfy Departmental Laboratory
Requirement, 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) LAB
3-8-1

Introductory experimental laboratory involving
design and construction of electronic analog
and digital circuits. Introduces electrical measur-
ing and display instrumentation. Studies the
operation and use of modern electronic de-
vices. Independent project on design and
construction of a practical electronic circuit.
Project includes the conceptual design phase,
generation of the circuit schematic and parts
list, construction and testing of the circuit, and
successful demonstration that original objec-
tives have been met.
C. D. Paton, J. K. Roberge

6.111 Introductory Digital Systems Laboratory

Prereq.: 6.002 or 6.071
U(1, 2) LAB
3-7-2

Lectures and labs on digital logic, flipflops
PALs, counters, timing, synchronization, finite-
state machines and microprogrammed systems
prepare students for the design and implemen-
tation 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
U(1
3-7-2

Explores the use of microprocessors as ele-
ments In larger systems. Lectures cover micro-
processor architectures and assembly lan-
guages, LSI peripheral devices, Interfacing
sing le-chip and special-purpose microcomput-
ers, design and debugging aids, communica-
tion strategies, and multiprocessor systems.
Exercises: assembly language, analog Interfac-
ing, and digital signal processing; microcontrol-
ler networks and multiprocessor systems. Major
project: the design, construction, programming,
and testing of a system using microprocessors
as processing elements. Lited enrollment.

6.121J Bloelectronios Project Laboratory

( Same subject as HST 575J)
rereq.: 6.002 or 6.071

U(2) LAB
2-8-2

Project Laboratory In electronic instrumentation,
interfacing the analog and digital world. Stu-
dents specify design, implement, and evaluate
biomedical Instruments, Including several
interrelated analog and digital subsystems.
Extensive use of integrated analog circuits and a
microprocessor. Classroom development of
analytic models for complex functional compo-
nents and the measurement process In the
context of a longitudinal laboratory project.
Written report 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

Microcomputer-based control system laborato-
ry. Lectures: analysis and design of sampled-da-
ta control systems, microcomputer-based
control system implementation, and dynamic
system control objectives. Laboratory experi-
ments and term project on design and hardwa-
re/software implementation of microcomputer-
based control systems. Typical projects: control
of ac and do motors, power electronic circuits,
and magnetic levitators. Lmited to 25 students.
J. H. Lang

6.151 Semiconductor Devices Project
Laboratory

Prereq.: 6.701J
U(2) LAB
0-12-0

Student use of the Microelectronics Laboratory
facilities for individual or team projects In the
area of design, fabrication, modeling, and
characterization of Individual MOS or bipolar
devices, and of Integrated circuits using these
devices. Each term, the project topics are
selected to fit the general areas of deveiopment
in the Laboratory. Enrollment limited.
C. G. Sodinil, L. R. Reif
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6.152J Microelectronics Processing
Technology

S.701J)
e subject as 3.155J, 10.611J)

rereq.: 6.012
U(1, 2)
3-4-5

Introduces the theory and technology of Inte-
grated-circuit fabrication. Lectures and laborato-
ry sessions on basic processing techniques
such as diffusion, oxidation, epitaxy, photolitho-
grap , chemical vapor deposition, and plasma
etch ing. Emphasis on the Interrelationships
between material properties, device structure,
and the electrical behavior of devices. Provides
background for thesis work in microelectronics
or for 8. 151.
C. G. Sodini, 0. A Rudman, C. V Thompson,
H. H. Sawin

6.161 Modern Optics Project Laboratory

6.182 Psychoacoustics Project Laboratory

Prereq.: -
U(2) LAB Next offered 1990-91
3-4-5

Introduces the methods used to measure
human auditory abilities. Discusses auditory
function, principles of psychoacoustic measure-
ment, models for psychoacoustic performance,
and experimental techniques. Project topics:
absolute and differential auditory sensitivity,
operating characteristics of human observers,
span of absolute judgment, adaptive measure-
ment procedures, scaling sensory magnitudes.
Oral presentation and written report Knowledge
of probability helpful. Alternate years.
L. 0. Braida

Prereq.: 6.013, 6.003
U(1) LAB
2-8-2

Lectures, laboratory exercises, and projects in
modern optics. Topics: polarization properties of
light, reflection and refraction, coherence and
interference, Fraunhofer and Fresnel diffraction,
imaging and transforming properties of lenses,
spatal iltering, coherent optical processors,
holography, optical properties of materials,
lasers, nonlinear optics, electrooptic and acous-
tooptic materials and devices, optical detectors,
fiber optics, and optical communication. Seniors
may use this laboratory to find a thesis.
C. Wardse

6.163 Strobe Project Laboratory

Prereq.: -
U(1, 2) LAB
2-8-2

A project laboratory for experiments, dealing
mainly with the characteristics of electronic flash
sources of light and their applications to pho-
tography and measurement problems. A pro-
gram of experimentation concerned with elec-
tronic flash, organized with each group of
students at the start of the term. Sign advance
reservation list in room 4-405.
H. E. Edgerton, C. E. Miller

6.170 Laboratory In Software Engineering
(Revised Unit)

Prereq.: 6.001
U(1. 2)
3-9-3

Introduces concepts and techniques relevant to
the production of large software systems. Stu-
dents taught a programming method based on
the recognition and description of useful ab-
stractions. Topics: programming methodology;
procedural, data, and control abstractions;
specifications; top down design, implementa-
tion, and testing. Several programming projects
of varying size undertaken by students working
sil and in groups.
J. . utag, 8. H. Liskov

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 recur-
sive least-square-error solutions. State space
models of discrete- and continuous-time multi-
input-output systems. Linear time-invariant
systems: controllability, observability, modes,
minimality, transfer function matrices, compen-
sators, state feedback, optimal regulation,
observers, frequency domain design. Introduc-
tory 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
G(2)
3-0-9

Introduces sequential decision making via
dynamic programming. Unified approach to
optimal control of stochastic dynamic systems
and Markovian decision problems. Applications
from control theory and operations research
include linear-quadratic problems, inventory
control, and resource allocation models. Opti-
mal decision making under perfect and imper-
fect state information. Certainty equivalent and
open loop-feedback control, self-tuning control-
lers. Infinite horizon problems, successive
approximation, policy iteration.
D. R Bertsekas

6.233J Multivarlable Control Systems I (A)

(Same subject as 2.154J, 10.28J. 13.481J,
16.341J)
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 perform-
ance specifications via singular values. Multivari-
able system analysis; stability, controllability,
observability, poles and zeros, modal properties.
Closed-loop stability, multivariable Nyquist
criterion, and singular-value based robustness
tests. Impact of unstable poles, nonminimum-

e zers, and time-delays. Computer-aided

M. Athans, K. Youcef-Toumi,
G. Stephanopoulos, M. S. Triantafyllou,
L. Valavani
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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 systems.
Performance and robustness trade-offs. Model-
based compensators; separation properties.
Linear-quadratic and Kalman filter designs. Inte-
gral control and other dynamic augmentation.
Linear-quadratic-gaussian compensators with
loop transfer recovery. Other design methodolo-
gies. Model and compensator simplification.
Nonlinear effects. Computer-aided design
homework using models of physical processes.
M. Athans, K. Youcef-Toumi,
G. Stephanopoulos, M. S. Triantaiyllou,
L. Valavani

6.238 Dynamics, Estimation, and Control of
Electrical Machine Systems (A)

Prereq.: 6.201 or 6.233J
G(2) Not to be offered 1990-91
3-0-9

Control theory approach, aimed at robotics,
traction, and similar applications. Dynamic
models for electrical machines and power
electronic circuits; transformations; time-invari-
ant, periodically varying, and sampled data
models. Time and frequency scale decomposi-
tion. State-space averaging. Lyapunov stability
methods; instability phenomena. Parameter
estimation; (adaptive) state observers. Linear
and nonlinear state feedback; field-oriented and
sliding-mode control; adaptive and optimal
control, Implementation. Alternate years.
J. H. Lang, G. C. Verghese

6.241 Dynamic Systems (A)

Prereq.: 6.003, 18.06
G(1)
3-0-9

Graduate introduction to modern system theory,
Meets with 6.201, but requires completion of
additional or alternative readings, problems, and
tests.
G. C. Verghese, S. K. Mitter

6.242 Advanced Linear Control Systems (A)

Prereq.: 18.06, 6.241 or 6.201 or 6.233J
G(2)
3-0-9

Introduction to uncertain multivariable control
systems, modeling assumptions and objectives,
Stability of linear time invariant systems,
coprime factorization, parametrization of all
stabilizing compensators. Design using H2, Hoo
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

G(1) Next offered 1990-91
3-0-9

Introduction to nonlinear deterministic dynami-
cal systems. Differential equations. Planar
autonomous systems. Index theory. Poincare-
Bendixson theorem. Fundamental theory: Picard
iteration, contraction mapping theorem, Bel-
Iman-Gronwall lemma. Stability of equilibria by
Lyapunov's first and second methods. Applica-
tion to dissipative dynamical systems and the
Lur'e problem. Input-output theory. Functional
analysis. Small-gain and passivity theorems.
Loop transformations. Circle and Popov criteria.
Alternate years.
J. L. Wyatt, Jr., M. Dahleh, R. Ramnath,
N. Hogan

6.251 Introduction to Optimization (A)

Prereq.: 18.06
G(2)
3-0-9

An introduction to optimization and algorithms
emphasizing basic methodologies and the un-
derlying mathematical structures. Linear pro-
gramming: simplex method, duality theory, poly-
hedral geometry. Network flow problems and
algorithms. Introduction to complexity, theory of
N -completeness, and possible 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 approach
to nonlinear optimization problems. Uncon-
strained optimization methods include gradient,
conjugate direction, Newton, and quasi-Newton
methods. Constrained optimization methods
include feasible directions, projection, and
Lagrange multiplier methods. Convex analysis,
Lagrangian relaxation, nondifferentiable optimi-
zation, and applications in integer programming.
Comprehensive treatment of duality theory.
Apolications drawn from control, communica-
tions power systems, and resource allocation
problemns.
D. R Beitsekas, J. F Shapiro

6.255 Computation and Communication in
Distributed Systems (A)

Prereq.: 18.06
G(1) Next offered 1990-91
3-0-9

Parallel and distributed algorithms in fast parallel
computation and data communication networks.
Basic communication tasks in regular processor
architectures. Parallel algorithms (direct and
iterative, synchronous and asynchronous) for
linear and nonlinear equations, optimization,
dynamic programming, and network flow prob-
lems. Algorithms for controlling 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 Processes (A)

Prereq.: 1.07 or 6.041 or 6.431 or 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 reversibility:
random walks and large deviations; applications
from queueing, communication, control, and
operations research.
R. G. Ga/lager, R. C. 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 queueing
theory, algorithms, linear and nonlinear pro-
gramming 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. R Bertsekas

6.264J Queues: Theory and Applications (A)

(Same subject as 15.072J)
Prereq.: 6. 262 or 6.432 or 15.071J
G(2)
3-0-9

Modeling and analysis of queueing systems,
with app ications in communications
manufacturing, operations research, computers,
service industries, transportation, and urban
systems. Simple Markovian queues, networks of
queues, non-Markovian single and multi-server
queues, priority queues, bounds and
approximations, 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. 1 6.76J)
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,
H. N. Psaraftis

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
systems, communications, and control. Se-
lected topics according to student and instruc-
tor interest. See instructor for specific topics to
be offered in a particular term.
S. K. Mitter
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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.
Hi h-frequency and low-frequency design
calculations and simulation of multistage transis-
tor circuits. Trans-linear circuits. The charge-
control model. Introduction to operational-am-

lifier design and application. Some previous
aboratory experience assumed.
J. K. Roberge, H. S. Lee

6.302 Feedback Systems

Prereq.: 6.003 or 2.02
U(2)
4-2-6

Introduction to design of feedback amplifiers
and automatic control systems. Properties and
advantages of feedback systems. Time-domain
and frequency-domain performance measures.
Stability and degree of stability. Root locus
method. Nyquist criterion. Frequency-domain
design. Compensation techniques. Sampled-
data feedback systems. Application to electron-
ic, electromechanical, and other physical sys-
tems. 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. Bums

6.312 Acoustics

Prereq.: 6.002
U(1)
3-1-8

Sound generation and propagation in elastic
media. simple sources and arrays of sources.
Derivation of lumped parameter acoustical
elements and circuits from solutions of wave
equations. Radiation impedance. Conversion
among acoustical, electrical, and mechanical
energy. Modeling and analysis of electroacousti-
cal devices such as microphones and loud-
speakers. Sound in rooms. Interaction of sound
and humans.
A. G. Bose

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 computers:
interprocessor communications technologies.
T F Knight, Jr.

6.331 Advanced Circuit Techniques (A)

Prreq.: 6.301, 6.302, Permission of Instructor
G(1) Not to be offered 1990-91
3-2-7

Following a brief classroom discussion of rele-
vant principles, each student completes the
paper design of several advanced circuits such
as multiplexers, sample-and-holds, gain-con-
trolled amplifiers, analog multipliers, digital-to-
analog or analog-to-digital converters, and
power amplifiers. One of each student's designs
ma be resented to the class, and one may be
bui an evaluated. Associated laboratory
emphasizing the use of modern analog building
blocks. Enrollment limited. Alternate years.
J. K. Roberge

6.332 Advanced Instrumentation
Electronics (A)

Prereq.: 6.003
G(1)
3-0-9

Modem 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-mea-
surement, thermal. electrochemical, optical
measurement systems. Topics: linear circuits,
op-amps, filters, differential amplifiers, synchro-
nous detectors, phase-locked loops, sampling,
quantization, microprocessor interface and
control.
S. K. Burns, J. C. Weaver

6.333 Electronic Circuits (A)

Prereq.: 6.003
G(2) Next offered 1990-91
3-0-9

Theory, analysis, and design of linear and
nonlinear electronic circuits, emphasizing the
use of computers to solve symbolic and numeri-
cal circuit problems. Topics: direct and iterative
methods of circuit analysis, transformations and
simplifications, computer simulation, fundamen-
tal limitations, and optimal design. Examples:
amplifiers; oscillators; VLSI; feedback; power
electronics; circuit analogs for field and electro-
mechanical systems.
R. D. Thornton

6.334 Power Electronics (A)

Prereq.: 6.012, 6.013
G(2)
3-n-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 systems. Charac-
teristics of power semiconductor devices:
diodes, bipolar and field effect transistors, and
thyristors. Modeling, analysis, and control
techniques. Magnetic circuits. Numerous appli-
cation examples. Assumes background in
elementary device physics.
J. G. Kassakian, M. F Schlecht

6.335 Fundamental Theory of Nonlinear
Networks (A)

Prereq.: 6.003, 18.06
G(2) Next offered 1990-91
3-0-9

Network topology: graph theory, Tellegon's
theorem, colored arc lemma, applications.
Algebraic n-ports. Circuit properties: passivity,
losslessness, reciprocity, monotonicity. Resistive
networks: uniqueness, no-gain, sensitivity and
extremum principles. Dynamic networks: state
equations, differential equation theory, Lapunov
stability. Analog circuits as parallel, distri uted
computing engines. Neural networks. Current
topics and applications. Recommended prereq-
uisite: 6.201. Alternate years.
J. L. Wyatt, Jr

6.336 Numerical Simulation of Large-Scale
Circuits (A)

Prereq.: 6.003, 18.06
G(1) Not to be offered 1990-91
30-9

Network equation formulation techniques:
nodal, modified nodal, and sparse tableau
analysis. Methods for solving linear and nonlin-
ear algebraic systems: LU decomposition,
sparse matrices, Newton algorithms, and secant
methods. Numerical methods for stiff differential
equation systems: stability of multistep discreti-
zation methods and truncation error timestep
control algorithms. Techniques for very large
problems: decomposition methods, relax ion
algorithms, semi-implicit and multi-rate integra-
tion techniques. Alternate years.
J. K. White, J. L. Wyatt, Jr.

6.341 Discrete-Time Signal Processing (A)

Prereq.: 6.003, 18.075 or 18.04
G(1, 2)
4-0-8

Representation, analysis, and design of discrete
time signals and systems. Z-transforms and the
discrete Fourier transform. Difference equations.
The fast Fourier transform (FFT) algorithm.
High-speed convolution. Time- and frequency-
domain design techniques for recursive (IIR)
and nonrecursive (FIR) systems. Finite word-
length effects. Additional topics may include
homomorphic signal processing, Hilbert trans-
forms, parametric signal modeling, power
spectrum estimation, and applications to
speech and image processing.
A. V Oppenheim
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6.343 Digita' Speech Processing (A)

Prereq.: 6.341
G(2) Next offered 1990-91
4-0-8

Applications of digital techniques to the pro-
cessing of speech signals. Time- and frequen-
cy-domain models fo" speech processing.
Speech analysis techniques, including homo-
morphic, linear prediction, and short-time
Fourier analyses. Principles of speech band-
width compression, speech synthesis, and
speech recognition. Survey of applications in
the area of human-machine communication,
including voice-response systems and speech
recognition systems. Alternate years.
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-di-
mensional signals and systems. Two-dimension-
al Fourier transform, z-transform, discrete Fouri-
er transform, and fast Fourier transform
algorithms. Image processing basics. Image
enhancement. Image restoration. Image coding.
J. S. Lim

6.345 Automatic Speech Recognition (A)
(New)

Prereq.: 6.341: 6.041 or 6.431 or 6.501
G(2) Next offered 1990-91
3-1-8

Graduate-level introduction to automatic speech
recognition. Provides background in signal
processing, acoustic theory of speech produc-
tion, acoustic-phonetics, computational linguis-
tics. Description of speech recognition sys-
tems: 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

6.346 Architectures for Digital Signal
Processing (A)

Prereq.: 6.341, 6.823
G(1) Next offered 1990-91
3-0-9

Interrelationships between algorithm design and
special-purpose computer architectures for
digital signal processin Hi h-performance
computers. Linear algebr a gorithms and
machines. Orthogonal transformations. Filter,
Convolution and Fast Transform architectures.
Compilation of algorithms into architectures.
Image processing and local neighborhood
operators. SIMD and MIMD designs. Term paper
or project required, Alternate years.
B. R. Musicus

6.371 introduction to VLSI Systems (A)

Prereq.: Permission of Instructor
G(1, 2)
3-3-6

Provides background in integrated devices,
circuits, and digital subsystems needed for
design and Implementation of integrated sys-
tems. Design methodology, use of ratioed
design rules and library modules, symbolic
layout languages, computer-aided design
techniques. Stdents 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 avail-
able after the end of the term for packaging and
testing by the student. Limited enrollment.
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. Circuit design of
high speed gates. Analog aspects of digital
design. Clocking. System level issues in VLSI
design.
T F night, Jr.

Probabilistic Systems and
Communication

6.431 Applied Probability

Prereq.: 18.02
G(1, 2)
4-0-8

Meets with 6.041. Requires the completetion 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 commu-
nication, control, and signal processing. Review
of probability and introduction of vector notation
for sets of random variables. Principles of hy-

othesis testing and parameter estimation.
ntroduction to stochastic processes in continu-

ous and discrete time. Correlation functions.
power spectra and linear systems with stochas-
tic inputs. Series expansions of processes.
Signal detection and parameter estimation from
noisy observations. Wiener filtering.
J. H. Shapiro, A S. Willsky

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 estimation
in discrete and continuous time. Linear state-
space models driven by white noise. Kalman
filter and its properties. Implementation issues,
including the solution of the Riccat equation,
the square-root filter, and efficient algorithms for
the Kalman gain. Optimal smoothing for linear
systems. Nonlinear filtering and the extended
and second-order Kalman filters.
A. S. Willsky

6.435 System Identification (A)

Prere.: 6.003, 6.041 or 6.431 or 18.313
G(1) Not to be offered 1990-91
3-0-9

Determination of valid mathematical models for
physical and social systems, using observations
of their behavior. Different philosophies of mod-
eling: state space, time series. Multiple Input-
output, nonlinear, and time varying systems.
Parameter estimation algorithms: full information
maximum likelihood, least squares. Parameter
identifiability. Model validation; statistical hypoth-
esis testing, reasonability. Bad data-anormaly
detection, robust estimation. Discussion of avail-
able software packages. 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 information,
with emphasis on concepts fundamental to the
engineering of reliable, efficient communication
systems. Mathematical definition of information
and study of its properties; efficient representa-
tion of message sources; communication chan-
nels and their capacity; coding for reliable
transmission of data over noisy channels. Addi-
tional topics of interest such as representing
data and control information in data communi-
cation networks are included.
R. G. Gallager

6.450 Communication Systeme

Prereq.: 6.003; 6.041 or 18.313 or 18.440
G(1)
3-0-9

Graduate-level introduction to communication
systems and to their implementation with fiber
optics technology. Description of signals and
noise in the frequency domain. Analog and
digital methods of modulation, demodulation,
multiplexing, and transmission. Signal-to-noise
ratios and error probabilities as measures of
system performance. Meets with 6.074, but
Involves additional discussion, reading, home-
work, and a design project, all pertaining to fiber
optic technology.
R. S. Kennedy
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6.451 Principles of Communication (A)

Prereq.: 6.003, 6.432
G(2)
3-0-9

Fundamental principles underlying the transmis-
sion of digital data over noisy channels. Mathe-
matical description of signals, noise, and chan-
nels. Digital modulation and signal design.
Decision regions and optimum receivers. Inter-
symbol interference and adaptive equalization.
Convolutional codes. Fading and multipath
channels. Topics of current interest.
R A. Humblet

6.453 Optical Detection and
Communication (A)

Prereq.: 6.041,.6.014
G(2) Not to be offered 1990-91
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, atmospheric, and fiber optic com-
munications. Application of noise analysis to
optical detection for phase-sensing interferome-
ters, photon correlation instruments, and optical
radars. Alternate years.
J. H. Shapiro

6.454 Advanced Topics in Optical
Communication Research (A)

Prereq.: Permission of Instructor
G(1) Next offered 1990-91
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. Alternate years.
J. H. Shapiro

6.455J Geophysical and Oceanographic
Signal Processing I (A)

(Same subject as 13.741J)
Prereq.: 2.02 or 6.003, 6.041, 18.075
G(1) Next offered 1990-91
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
G(2) Next offered 1990-91
3-1-8

See description under subject 13.742J.
A B. Baggeroer

Bioelectrical Engineering

6.501 Sound, Speech, Hearing

Prereq.: 6.003
U(1) Not to be offered 1990-91
3-0-9

Introduces the physical, physiological, and
psychological bases of auditory communication.
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 linguistic units that
underlie speech events. Disorders of human
communication. Alternate years.
K. N. Stevens, L. D. Braida

6.532J Sensory-Neural Systems (A)

Same subject as 16.352J)
Grere Permission of Instructor
G( 1) N tto be offered 1990-91
3-0-9

Detailed consideration of a number of sensory-
neural systems with respect to anatomy, physi-
ology, 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
G (2) N ext offered 1990-9 1
3-0-9

Survey of structural properties of natural lan-
guages, with special emphasis on the sound
pattern. Physiology of speech production,
articulatory 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 genera-
tion of speech. Recommended prerequisite:
mathematical background equivalent to 6.003.
Alternate years.
K. N. Stevens, S. J. Keyser

6.542J Laboratory on the Physiology,
Acoustics, and Perception of Speech (A)

(Same subject as 24.966J, HST 712J)
Prereq.: Permission of Instructor
G(2) N ot to be offered 1990-91
2-2-8

Experimental investigations of speech pro-
cesses. To pics: 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, a) perception and discrimi-
nation of speechlike sounds, and other topics.
Recommended prerequisites: 6.501, 6.002 or
18.03. Altemate years.
K. N. Stevens

6.551J Signal Processing by the Auditory
System: Physiology (A)

(Same subject as HST 714J)
Prereq.: 6.003, 6.023J
G(2) Next offered 1990-91
3-0-9

Physiological mechanisms involved in signal
transmission and processing in the normal and
pathological auditory system. Emphasizes the
normal ear and brain stem, with some discus-
sion of higher brain levels; current prosthetic
approaches. Background other than listed
p rerequisites 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
G(1) Next offered 1990-91
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 between
behavior and physiology, reflecting the tono-
topic organization and stochastic responses of
the auditory system. Mathematical models of
psychophysical relations, incorporating quaritita-
tive knowledge of physiological transformations
by the peripheral auditory system. Discusses
related research on diagnosis and aids for
partially deaf. Alternate years.
L. D. Braida

6.555J Signal Processing Laboratory (A)

(Same subject as 16.356J, HST 582J)
Prereq.: 6.003
G(2)
3-6-3

See description under subject HST 582J.
W M. Siebert, B. Delgutte, R Albrecht

6.561J Fields, Forces, and Flows:
Background for Physiology (A)

(Same subject as HST 544J)
Prereq.: Permission of Instructor
G(1)
3-0-9

Conduction, diffusion, convection in electro-
lytes; fields in heterogeneous media; electrical
double layers; Maxwell stress tensor and electri-
cal forces in physiological systems. Fluid and
solid continua: equations of motion useful for
porous, hydrated biological tissues. Case stu-
dies: membrane transport; electrode interfaces;
electrical, mechanical, and chemical transduc-
tion in tissues; electrophoretic, electroosmotic
flows; diffusion/reaction; ECG. Electromechani-
cal and physicochemical interactions in biomat-
erials and cells; orthopaedic and other clinical
examples.
A. J. Grodzinsky
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6.562J Ultrasound: Physics, Biophysics, and
Technology (A)

LSame subject as 2.76J, HST 530J)
rereq.: Permission of Instructor

G(l) Next offered 1990-91
4-1-7

See description under subject 2.76J.
R R. Morgenthaler, R R Lele

6.566J Blosensors, Signal Processing, and
Biomedical Applications (A)

(Same subject as HST 585J)
rereq.: Permission of Instructor

G(1)
3-3-6

See description under subject HST 585J.
J, C. Weaver

Eiectrodynamics

6.601 Fields, Forces, and Motion

Pre'eq.: 6.013
U(1)
3-0-9

Electromechanical interactions in lumped-para-
meter and continuum systems. Integral and
differential electromagnetic laws, including
motion. Lumped electrical and mechanical
elements: thermodynamics of discrete electro-
mechanical coupling, equations of motion.
Synchronous and induction rotating machines.
Linear and nonlinear transducers, transient and
steady-state dynamics; electromechanical time
constants. Field transformations, dc rotating
machines, magnetic diffusion and charge
relaxation in moving conductors. Electromag-
netic 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. Ideal photon detector. Semicon-
ductor photodiode. Shot noise, Johnson noise.
Am lifier noise In FET's. Signal-to-noise ratio
an effects on optical system performance.
Measurement precision. Detection probabilities.
Bit error rates.
R. H. Kingston

6.631 Optics and Optical Electronics (A)

Prereq.: 6.014 or 8.07
G(1)
3-0-9

A first-year graduate s-ibject on fundamental
concepts and techniques of modern optics and
quantum electronics. Review of Maxwell's
equations and the vector properties of light.
Interference and interferometers. Temporal and
spatial coherence. Scalar diffraction theory.
Propagation of spherical and Gaussian-spherical
beams. Thin film and "fiber" waveguides. De-
vice applications of electrooptic effoct and
nonlinear optics.
H. A. Haus, S. Ezekiel

6.632 Electromagnetic Wave Theory (A)

Prereq.: 6.014 or 8.03
0(1)

3-0-9

A first-year graduate subject on electromagnetic
field theory, em phasizing mathematical ap-
proaches. roblem solving, and physic i4 inter-
pretation. Examples deal with propagation,
guidance, resonance, radiation, and scattering
of electromagnetic waves.
J. A. Kong

6.633 Electrodynamics of Waves, Media,
and Interaction (A)

Prereq.: 6.014 or 8.07, 18.04 or 18.075
G(2) Next offered 1990-91
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. Enery,
momentum, and their flows associated wit
small-amplitude wave propagation in passive
and active media. Geometric 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 intrinsic stochasticity.
Alternate years.
A. Bers

6.634 Nonlinear Optics (A)

Prereq.: 6.014, 6.01/
G(2)
3-0-9

Nonlinear optical phenomena, emphasizing
applications, techniques, and devices. Nonlinear
polarization: harmonic generation, frequency
conversion, optical Kerr effect, self-phase modu-
lation, wavefront conjugation. Pulse propagation
in nonlinear media. Applications to fiber optics.
Nonlinear laser spectroscopy. Picosecond and
femtosecond measurement techniques.
E. R Ippen, J. G. Fujimoto

6.635 Topics In Electrodynamics (A)

Prereq.: 6.014 or 6.632 or 8.07
G(2)
3-0-9

Material covered differs from year to year ac-
cording to interest of students and instructor in
charge. Typical topics include electrodynamics
of moving media, waves in dispersive media,
quantum optics, remote sensing, radiative
transfer theory and random media. Offered
when there are suitable topics with enough
student and staff interest.
J. A. Kong

6.637 Optical Information Processing (A)

Prereq.: 6.003, 6.014
G(2)
3-0-9

Systems, 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;
digital optical processors; matrix-algebra pro-
cessors: symbolic optical processors; optical
neural networks; adaptive optics; acoustooptic,
electrooptic, and photorefractive spatial light
modulators; limitations of optical computers.
C. Warde

6.638 Electrical and Optical Processes in
Gases (A)

Prereq.: 8.03, 6.017
G(2) Not to be offered 1990-91
3-0-9

Basic processes in plasmas, lasers, and electri-
cal insulation. Collisions involving particles and
radiation fields, including classical and quantum
effects. Collective particle behavior, mobility,
diffusion, and distribution functions with Max-
Boltzmann, Druyvesteyn, and Fokker-Planck
approximations. Analysis of surface effects,
charge multiplication, breakdown, excitation and
Inversion mechanisms, and plasma properties.
Applications In diagnostics, lasers, plasma
etching and processing, switches, dielectrics,
and ion sources. Alternate years.
C. M. Cooke

6.641 Microwave Circuits (A)

Prereq.: 6.014
G(2) Not to be offered 1990-91
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 ob-
stacles. Multiport junctions. Non-reciprocal
ferrite devices. Cavity and solid state resonators;
filters. Perturbation theory. Introduction to com-
puter-aided optimization. Alternate years,
F R. Morgenthaler
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6.642 Antennas and Radiation (A)

Prereq.: 8.014
G(2) Ne offered 1990-91
3-0-9

General theory of radiation and its application to
the analysis of representative types of antennas;
emphasizes the design of antenna arrays, mi-
crowave reflectors, and lenses. Alternate years.
J. A. Kong, F R. Morgenthaler

6.651J introduction to Plasma Physics I (A)

LSame subject as 8.613J, 22.611J)
rereq.: 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

6.652J introduction to Plasma Physics It (A)

(Same subject as 8.614J, 22.612J)
rereq.: 6.651J or 8.613J or 22.611J, 18.076

G(2)
3-0-9

See deccription under subject 22.614J.
A. Bers. R. Davidson, K. Molvig

6.653J MHD Theory of Magnetic Fusion
Systems I (A)

LSame subject as 22.615J)
rereq.: 6.651J or 22.601 or 22.611J or 8.613J

Gil)
3-0-9

See description under subject 22.615J.
R. Parker

6.661 Receivers, Antennas, and Signals (A)

Prereq.: 6.014
G(2) Next offered 1990-91
3-0-9

Detection and measurement of radio and optical
signals encountered in communications, astron-
omy, and radar. Statistical analysis of signal
processing systems, including radiometers,
spectrometers, interferometers, and digital
correlation systems. Matched filters and ambi-
guity functions. Communications channel
performance. Measurement of random electro-
magnetic fields. Angular filtering properties of
antennas, interferometers, and aperture synthe-
sis 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
G(1) Not to be offered 1990-91
3-0-9

See description under subject 12.620J.
D. 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. Electromag-
netic forces, force densities, and stress tensors,
including magnetization and polarization. Classi-
fication of energy-conversion processes.
Charge migration and relaxation, and magnetic
diffusion and induction interactions with material
motion. Introduction to electromechanics of
continua. Temporal and spa"- modes. Spectral
numerical techniques. Methuo of characteristics.
Varied applications.
J. R. Melcher

6.672 Continuum Electromechanics 11 (A)

Prereq.: 6.671
Gl) Not to be offered 1990-91
3-0-9

Laws, approximations, and relations of continu-
um mechanics. Mechanical and electromechan-
ical transfer relations. Statics and dynamics of
electromechanical systems having a static
equilibrium. Electromechanical flows. Field
coupling with thermal and molecular diffusion.
Electrokinetics. Streaming interactions. Applica-
tions to materials processing, magnetohydrody-
namic and electrohydrodynamic pumps and
generators, physiochemical systems, heat
transfer, continuum feedback control, electron
beam devices, and plasma dynamics. Emphasis
on microfabricated systems Alternate years.
J. R. Melcher

6.683 Operation and Planning of Electric
Power Systems (A)

Prereq.: Permission of Instructor
G(2) Next offered 1990-91
3-0-9

Electric power system generation, transmission
distribution at a regional (e.g., New England)
level. Customer interaction and feedback.
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 man-
agement, and deregulation. Impact of micropro-
cessors. Alternate years.
J. R. Melcher

6.685 Electric Machines (A)

Prereq.: 6.061 or 6.601
G(2) Next offered 1990-91
3-0-9

Treatment of transformers, electromechanical
transducers, rotating and linear electric ma-
chines. Lumped-parameter electromechanics of
interaction. Consideration of the basic machine
types: do, induction, synchronous. Develop-
ment of device characteristics: energy conver-
sion density, efficiency; and of system interac-
tion characteristics: regulation, stability,
controllability, and response. Problems taken
from current research. 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 device operation,
with emphasis on its application to integrated
circuits; introduces use of energy band view-
point. Topics: theory of p-n junction and Schott-
ey barrier operation; principles of bipolar

transistor operation, including careful develop-
ment of the charge-control model; metal-semi-
conductor junctions; the MOS capacitor; char-
ge-coupled devices and the MOS transistor.

irst- and second-order effects are discussed
for both bipolar and MOS transistors.
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 elec-
tron and tight binding approximations; effective
masses and semiclassical 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.
S. D. Senturia, T R Orlando

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, empha-
sizing simple ohysical models. Topics: electron-
ic structures, dynamics of electrons in solids,
Fermi surfaces, transport phenomena in metals
and semiconductors; optical properties of
metals, semiconductors and insulators; lattice
modes; magnetic phenomena in solids, para-
magnetism, diamagnetism, ferromagnetism;
resonance studies in a magnetic field; super-
conductivity.
M. S. Dresselhaus

6.734J Application of Group Theory to the
Physics of Solids (A)

(Same subject as 8.510J)
Prereq.: 6.732 or 8.232
G(2) Not to be offered 1990-91
3-0-9

Group theory techniques: mathematical back-
ground, representation theory, character tables,
basis functions, point groups, space groups,
double groups, time reversal symmetry. Apli-
cations: crystal field structure, selection ru es,
directed valence and bonds, molecular vibra-
tions, group of the wave vector with application
to energy bands, lattice modes. Altemate years.
M, S. Dresselhaus
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6.735J Physics of Semiconductors and
Devices (A)

SSame subject as 8.532J)
rereq.: 6.732 or 8.232

G(1)
3-0-9

See description under subject 8.532J.
M. S. Dresse/haus

6.741J Theory of Solids I (A)

(Same subject as 8.511J)
rereq.: 6.732 or 8. 232

G(1)
3-0-9

See description under subject 8.511J.
J. Joannopoulos

6.742J Theory of Solids 11 (A)

(Same subject as 8.512J)
Prereq.: 6.741J
G(2)
3-0-9

See description under subject 8.512J.
J. Joannopoulos

6.751 Quantum Electronics (A)

Prereq.: 6.017 or 8.05
G(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 electromag-
netic field and spontaneous plus stimulated
optical transitions between energy levels. Reso-
nant processes: electric dipole transitions,
absorption, dispersion, saturation. Photon optics
and counting. Coherence. The laser and its
operating characteristics. Rate equations, optical
pumping, 0-switching, mode locking. Reso-
nance fluorescence, light scattering.
G. W Pratt, Jr.

6.753 High-Frequency Magnetics and
Magnetic Recording (A)

Prereq.: 6.014 or 6.601
G(2) Not to be offered 1990-91
3-0-9

Basic principles underlying static and dynamic
behavior of magnetic materials used for high-
frequency application and information storage.
Theory of magnetic domains, including magnet-
ic bubbles; magnetic resonance; propagation of
electromagnetic, magnetostatic, and magnetoe-
lastic waves. Linear and nonlinear microwave
ferrite devices. Introduction to longitudinal and
transverse magnetic recording. Alternate years.
F R. Morgenthaler

6.762 Dielectric and Optical Materials and
Devices (A)

Prereq,: 6.013
G(1) Next offered 1990-91
3-0-9

Devices dependent on polarization rather than
transport. Tensor properties and crystal symme-
try. Nonlinear dielectrics: ferroelectrics, paramet-
ric amplification. Elasticity. Coupled effects:

pyro- and piezo-electricity. Optical properties:
waves in anisotropic crystals; indicatrix; electro-
optics, photoelasticity, optical modulators; beam
deflectors. Nonlinear optics: frequency doub-
ling; parametric conversion; photo refractive
effects. Alternate years.
D. J. Epstein

6.763 Applied Superconductivity (A)

Prereq.: 6.013 or 8.07
G(2) Not to be offered 1990-91
3-0-9

Phenomenological approach to superconductiv-
ity, surveying large-scale and small-scale appli-
cations. Electrodynamics of superconductors,
London's model, flux quantization. Type il
superconductors, upper critical fields, pinning,
critical state model. Josephson Junctions 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 R Orlando

6.771 Physics of Semiconductor Devices (A)

Prereq.: 6.730, 6.012
G(2)
3-0-9

The physical basis of semiconductor device
operation. Homogeneous and inhomogeneous
semiconductors in equilibrium; electrochemical
potential; generation-recombination mecha-
nisms; Boltzmann transport equation; ambipolar
transport, p-n homojunctions and heterojunc-
tions; Schottkey diodes, MOS capacitors: Gum-
mel approach to bipolar devices; Zener and
avalanche breakdown; high-level injection;
quasi-static behavior of bipolar and MOS tran-
sistor; pnpn devices; CMOS; latchup.
S. D. Senturia

6.772 Integrated Circuit Devices and
Processes (A)

Prereq.: 6.720
G(1) Next offered 1990-91
3-0-9

Silicon integrated circuit technology. Theory and
practice of IC fabrication and device design,
emphasizing their relation to circuit perform-
ance. Topics: materials and fabrication
processes; large-signal models for bipolar and
field-effect transistors; components and circuit
building blocks for modern digital ICs; circuit
layout considerations in LSI; computer-aided
analysis and design of processes, devices, and
circuits, using state-of-the-art simulators.
Alternate years.
D. A. Antoniadis

6.773 Topics in Semiconductor Device
Research (A)

Prereq.: 6.720, 6.018: or 6.771
G(2) Not to be offered 1990-91
3-0-9

Topics selected from current device research
areas. In recent years, subject matter has in-
cluded Schottkey barriers and heterojunctions,
charge-coupled devices, diode lasers, quantum
well devices, and ultrahigh-speed transistors,
including the heterojunction bipolar, high elec-
tron mobility, and permeable base transistors.
Emphasis on device physics as it relates to
device performance. Alternate years.
A. L. McWhorter, C. G. Fonstad, Jr.

6.774 Physics of Microelectronic
Fabrication (A)

Prereq.: 6.701J
G(1)
3-0-9

Fundamental principles of the processes used
in the fabrication of silicon monolithic integrated
circuits. Physical models of bulk crystal growth,
thermal oxidation, solid-state diffusion, ion
implantation, epitaxial deposition, chemical
vapor deposition, and thin-film deposition.
Refractory metal silicides, plasma and reactive
ion etching, rapid thermal processing. Techno-
logical limitations on integrated circuit design
and fabrication. VLSI fundamentals.
L. R. Reif

6.775 Design of Analog MOS LSI (A)

Prereq.: 6.301
G(2)
3-0-9

A detailed exposition of the principles involved
in designing analog circuits in MOS LSI. Device
physics, small signal and large signal models.
Biasing. Basic circuit building blocks. Opera-
tional amplifier design. Large signal consider-
ations. Principles of switch d capacitor net-
works. Applications: fully integrated filters,
comparators, A/D and D/A converters. PCM
encoders and decoders; other signal process-
ing circuits. A comprehensive design project is
a required part of the subject.
H. S. Lee, C. G. Sodini

6.776J Plasma Processing In integrated
Circuit Fabrication (A)

(Same subject as 10.616J)
Prereq.: Permission of Instructor
G(2) Next offered 1990-91
3-0-9

Studies glow discharge properties and pro-
cesses as applied to integrated circuit fabrica-
tion. The physics and chemistry of nonequili-
brium plasmas. Emphasizes the plasma kinetics
and plasma-surlace interactions. Extensively
reviews plasma etching processes, 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 measure-
ment techniques. Resist technology. Optical
projection, holographic, X-ray, ion, and electron
lithography. Aqueous, ion, and plasma etching
techniques. Lift-off, and electroplating. Ion im-
plantation. Applications in microelectronic de-
vices, and quantum-effect electronics. Permis-
sion of instructor required for undergraduates.
H. /. Smith
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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.
D. J. Epstein

Computer Science

6.801 Machine Vision

Prereq.: 6.003
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 inversion
problem. Binary image processing and filtering
of images as preprocessing steps. Recovering
shape, lightness, orientation, and motion. Using
constraints to reduce the ambiguity. Photomet-
ric stereo and extended Gaussian sphere.
Applications to robotics; intelligent interaction of
machines with their environment.
8 K. R Horn

6.802 Robot Manipulation

Prereq.: 8.01, 18.02
U(2)
3-0-9

Introduces kinematic, dynamic, and spatial
constraints on robot motion. Basic consider-
ations in design and application of robot sys-
tems. Solving kinematics of robot manipulators.
Planning trajectories subject to position, veloc-
ity, and acceleration constraints. Using rigid-bo-
dy dynamics in the control of robots. Controlling
force and compliance in manipulation. Survey of
basic issues in robot programming. Develop-
ment of algorithms for automatic synthesis of
robot programs. Programming experience
recommended.
T Lozano-Perez

6.821 Programming Languages (A)

Prereq.: Permission of Instructor
G(1)
4-0-8

Principles of functional, Imperative, and logic
programming languages. Meta-circular interpret-
ers, semantics (operational, dlenotational, and
axiomatic), type systems (polymorphism, infer-
ence, and abstract types). object oriented
prgramming, modules, multiprocessing. Case

stu ies 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 lan-
guage support in the evolution of computer
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 programming issues in
vector and multiprocessor systems. Assumes
undergraduate knowledge of programming
languages and computer systems.
Arind

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 reasoning, truth
maintenance, constraint propagaton, machine
learning, automated planning, and general
search techniques. Emphasis on general theo-
retical principles and on connections to other
areas of computer science. A working knowl-
edge of the design and analysis of computer
algorithms is assumed.
. A. McAllester, P Szolovits, H. E, Shrobe

6.830J Program Semantics and
Verification (A)

(Same subject as 18.427J)
Prereq.: 6.821, 6.045J or 6.840J or 6044J
G(2) Not to be offered 1990-91
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 systems
for program verification: soundness and com-
pleteness. Logics of programs, type theory,
lambda calculus. Further topics selected from
semantics and verification of complex lan-
guages with concurrent and parallel constructs;
current verification technology. May be repeated
for credit. Alternate years.
A, R. Meyer

6.835 Concurrent Systems for Artificial
Intelligence (A)

Prereq.: 6.001, 6.034
G(1) ext offered 1990-91
3-0-9

Concurrent systems and their relationship to
artificial intelligence. Organizations as exemplars
of highly intelligent parallel systems. Concurrent
architectures for artificial intelligence (e.g.,
Apiary, Connection Machine, and parallel Prolog
machines). Incrementally evolving networks of
computers. Mathematical models of concurrent
systems (e.g., Actor Model, Milner's algebraic
model, and Hoare's process model).
C. E. Hewitt

6.840J Theory of Computation
(A except XVIII)

(Same subject as 18.404J)
Prereq.:1 8.063 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. F Sipser

6.845 Concurrent VLSI Architecture (A)

Prereq.: 6.823, 6.371
G(1) Not to be offered 1990-91
3-5-4

Principles and practi al Issues in the construc-
tion of VLSI computi1i systems. Methods to
estimate cost and peormance. Trends in VLSI
technology. Special purpose VLSI chips: logic
added memories, intelligent sensors, signal and
image processors. Communication in VLSI sys-
tems: power, density, and timing models; net-
work topology; routing algorithms; performance
analysis. Concurrent computers: programming,
addressing, synchronization, data movement,
control flow. Class project. Alternate years.
W J. Daily

6.847 Dataflow Architecture and
Languages (A)

Prereq.: 6.001, 6.004
G(1)
3-0-9

Dataflow model as a basis for designing parallel
systems. Suitability of functional languages for
programming parallel machines; data- and
demand-driven execution models; dataflow
program graphs; static and dynamic dataflow
machines; compiling into dataflow 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. Leiserson, F T Leighton

6.849J Advanced Parallel and VLSI
Computation (A)

(Same subject as 18.436J)
Prereq.: 6.848J
G(2) Next offered 1990-91
3-0-9

See description under subject 18.436J.
C. E. Leiserson, F T Leighton
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6.851J Theory of Algorithms (A except XVIII)

(Same subject as 18.414J)
rereq.: 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 a. 18.437J)
Prereq.: -
G(1) Next offered 1990-91
3-0-9

Design and analysis of concurrent algorithms,
emphasizing those suitable for use in distributed
networks. Process synchronization, allocation of
computational resources, distributed consen-
sus, distributed graph algorithms, election of a
leader in a network, distributed selection, distrib-
uted termination, deadlock detection, concur-
rency control, communication, clock synchroni-
zation. Special consideration 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
G(2) Not to be offered 1990-91
3-0-9

Study and discussion of the literature of com-
puter systems. Subject is designed to help
students understand the nature of research in
computer systems and to develop a student's
ability to judge ideas critically. Computer archi-
tecture, networks, operating systems, program-
ming language/system interface, network proto-
cols, file systems, replication, protection,
transactions, database systems, computer
graphics, user interfaces, and application sys-
tems. Alternate years.
D. K. Gifford

6.854J Advanced Algorithms (A)

SSame subject as 18.415J)
rereq.: 6.851J, 18.06 or 18.710

G(1)
3-0-9

See description under subject 18.415J.
R. L. Rivest, E. Tardos

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 leaming; learning
concepts from examples; leamable classes of
concepts; boolean formulae: geometric con-

cepts; representing prior knowledge; computa-
tional limitations; pattern recognition; Bayesian
learning: connectionist models; perceptrons,
back-propa ation: distribution-free learning
validating what's 'ared; coping with noise;
identif ing finite automata and Markov chains,
speec recognition applications; identification of
programs in the limit; extrapolation; learning
from positive data only.
R. L. Rivest

6.863J Natural Language and the Computer
Representation of Knowledge (A)

(Same subject as 9.611J)
Prereq.: 6.034
G(2)
3-0-9

Relationship between computer representation
of knowledge and the structure of natural lan-
guage. Emphasizes development of the analyti-
cal skills necessary to judge the computational
implications of grammatical formalisms, and
uses concrete examples to illustrate particular
computational issues. Efficient parsing algo-
rithms for context-free grammars; augmented
transition network grammars. Question answer-
ing systems; computer acquisition of syntactic
knowledge, Models for the semantics of English
relevant to symbolic computation.
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 systems. Topics: selection and
coordination of gait, energetics and speed
mechanical design, control of balance, algo-
rithms for rough terrain, and gymnastics. Testing
of published models and algorithms through

cmputer simulations.
M. H. RaiberV

6.866 Machine Vision (A)

Prereq.: Permission of Instructor
G(1)
3-0-9

Intensive introduction to the prccess of generat-
ing a symbolic description of the environment
from an image. Students expected to attend the
6.801 lectures as well as occasional seminar
meetings on special topics. Material presented
in 6.801 is supplemented by reading from the
literature. Students required to prepare a paper
analyzing research in a selected area.
B, K. R HoMn

6.867 Robot Manipulation (A)

Prereq.: Permission of Instructor
G(2)
3-0-9

Intensive introduction to the planning and
control of robot motion. Students expected to
attend the 6.802 lectures as well as occasional
seminar meetings on special topics. Material
presented in 6.802 is supplemanted by reading
from the literature. Students required to prepare
a paper analyzing research in a selected area.
T Lozano-Perez

6.868J The Society of Mind (A)

(Same subject as 4.931J)
Prereq.: Permission of instructor
G(1)
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, reasoning, memory,
consciousness, ideals, emotions, and personali-
ty. Incorporates ideas from psychology, artificial
intelligence, and computer science to resolve
theoretical issues such as wholes vs parts,
structural vs functional descriptions, declarative
vs procedural representations, symbolic vs
connectionist models, and logical vs common-
sense theories of learning.
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 signifi-
cant amount of knowledge about their applica-
tion domain. Outline: 1) brief review of relevant
Al techniques; 2) case studies from a number of
application domains, chosen to illustrate princi-
ples of system development; 3) discussion of
technical issues encountered in building a
system, including selection of knowledge repre-
sentation, knowledge acquisition, etc.: and
4) discussion of current and future research.
Hands-on experience in building an expert
system (term project).
R. S. Patil

6.875J Cryptography and Cryptanalysis (A)

(Same subject as 18.425J)
rereq.: 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 tele-
phone, oblivious transfer identification schemes.
Multi-party protocols. Pseudorandom number
eneration.
. Micai

6.876J Advanced Topics In
Cryptography (A)

(Same subject as 18.426J)
Prereq.: Permission of Instructor
G(1)
3-0-9

Recent results in public-key cryptography,
pseudorandom number generation protocols
for secure transactions, and cryptanalysis
presented and discussed. A series of lectures
on isolated topics by instructor and invited
speakers. May be repeated for credit.
S. Goldwasser
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6.891-6.899 Special Topics in the Computer
Sciences (A)

Prereq.: Permission of Instructor
G(1, 2)
Arr.

A seminar-type discussion of special topics in
the computer sciences. Opportunity for gradu-
ate students and instructors to investigate a
topic of common interest. Topic and staff an-
nounced each term. These subjects given
independently or sequentially, as circumstances
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

6.903J Automation, Robotics, and

(Context ubject)

(Same subject as STS 01 3J)
Prereq.: -
U(1) HASS
3-0-9

Exploration of the short- and long-term effects
of increased automation and the use of robots
and computers on unemployment levels. Vari-
ous aspects of the issue are examined through
lectures, readings, and library research in a
combined lecture and seminar mode. Term
paper required. Latter half of semester is de-
voted to oral progress reports and group dis-
cussion of the papers.
L. D. Smullin, M. R. Smith

6.910 Special Studies In Electrical
Engineering and Computer Science

Prereq.: -
U(1, 2, S)
Arr.

Opportunity for individual study at the under-
graduate level related to electrical engineering
and computer science not covered by other
subjects offered by the Department, Student is
responsible for Initiation of arrangements and

f'i fproposal. Consult Department Under-
raguate Office.
. A Gould

6.911-6.919 Special Subjects in Electrical
Engineering and Computer Science

Prereq.: -
U(1. 2)
Arr.

Opportunity for roup study of unde raduate
subjects relatedc electrical engineer ng and
computer science not otherwise included in
curriculum. Programs subject to approval of
professor in charge.
L. A Gould

6.921 VI-A Internship

Prereq.: -
U(S) [P/F]
0-12-0

Provides academic credit for the first two As-
signments of VI-A students at companies
affiliated with the Department's VI-A Internship
Program. Students register for this subject
twice. The grade of "J is given following com-
pletion of the first Assignment. Students must
complete the second Assignment in order to
receive the full academic credit of 24 units for
this subject. Enrollment limited to students
participatin? in the VI-A Internship Program.
X. J. OToole

6.922 Advanced VI-A Internship

Prereq.: 6.921
U(2, S) [P/F]
0-12-0

Provides academic credit for the third Assign-
ment of VI-A students at companies affiliated
with the Department's VI-A intemship Program.
Enrollment limited to students participating in
the VI-A Internship Program.
K. J. O'Toole

6.925 Engineering Internship

Prereq.: -
U(1, 2, S) [P/F]
0-6-0

Provides academic credit for the first two Work
Assignments of Electrical Engineering and
Computer Science students participating in the
Engineering Internship Program. Students
register for the subject twice. The grade of "J" is
given following completion of the first Work
Assignment. Students must complete the sec-
ond Work Assignment in order to receive the full
academic credit of 12 units for this subject.
Enrollment limited to Course VI students in the
En ineering Internship Program.
J. . Roberge

6.929 Undergraduate Thesis Presentation

Prereq,: -
U(1, 2, S)
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 Assignment.
Consult Department Undergraduate Office.
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.
0. R Hoult

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 interfer-
ence and related proceddings. Rights and obli-
gations of engineers in connection with educa-
tional institutions, government, and large and
small businesses. Various manners of trans-
planting inventions into '5usiness operations,rncluding development of New Englnaad elec-
tronics industry and its different types of institu-
tions. 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 Rathlens, J. R Ruina

6.934 Nuclear War: Threat and Avoidance

Prereq.: -
U(2) HASS
3-0-6

School-Wide Elective Subject. Description given
at end of this chapter on SWE page.
M. M. Miller, R Morrison, G. W Rathlens,
E. G. Rothschild, J. R Ruina

6.936 Entrepreneurship

Prereq.: -
G(2)
4-0-5

School-Wide Elective Sub jct. Description given
at end of this chapter on SWE page.
0. P Hoult

6.938 Engineering Risk-Benefit Analysis (A)

Prereq.: 18.02
G(2) Next offered 1990-91
3-0-6

Sc-ool-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)
3-2-7

School-Wide Elective Subject. Description given
at end of this chapter on SWE page.
A. R. Odoni, R. C. Larson, H. N. Psaraftis
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6.940 Optimal Design of Engineering
Systems

Prereq.: 1.00 or equivalent
U(1)
3-1-8

School-Wide Elective Subject. Description given
at end of this chapter on SWE page.
R. C. Larson, H. N. Psaraftis, Y Sheffti

6.942J Cases and issues in Engineering
Management (A)

(Same subject as 15.368J)
Prereq.: -
G(2)
3-0-6

Case studies in industry and government
illustrate strategic planning, domestic and
international product strategy, R&D planning,
technology assessment and transfer, and
project management. Discussion of current
issues 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
activities and environment.
T H. Lee

6.943J Proseminar in Manufacturing
(New)

(Same subject as 2.890J, 3.80J, 10.792J,
15.792J, 16.23J)
Prereq.: -
G(1, 2) [P/F]
3-0-3

See description under subject 15.792J.
T H. Lee, S. C. Graves

6.951 Graduate VI-A internship

Prereq.: 6.922
G(1, S) [P/F]
0-12-0

Provides academic credit for a Graduate Assign-
ment of graduate students at companies affili-
ated with the Department's VI-A Internship Pro-
gram. Enrollment limited to graduate students
participating in the VI-A Internship Program.
K. J. O'Too/e

6.952 Graduate VI-A internship

Prereq.: 6.951
G(1, 2, S) [P/F]
0-12-0

Provides academic credit for graduate students
who require an additional term at the company
to complete the Graduate Assignment of the
Department's VI-A Internship Program. This
academic credit is for registration purposes only
and cannot be used toward fulfilling the require-
ments of any degree program. Enrollment
limited to graduate students participating in the
VI-A Internship Program.
K. J. O'Toole

6.955 Advanced Engineering internship

Prereq.: 6.925
G(1, 2, S) [P/F]
0-6-0

Provides academic credit for the third Work
Assignment of Electrical Engineering and Com-
puter Science graduate students participating in
the Engineering Internship Program. Students
register for the subject twice. The grade of 'J" is
given following completion of the first term of
the Work Assignment. Students must complete
the second term of the Work Assignment in
order to receive the full academic credit of 12
units for this subject. Enrollment limited to
Course VI graduate students participating in the
Engineering Internship Program.
J. K. Roberge

6.961 Introduction to Research in Electrical
Engineering and Computer Science

Prereq.: -
G(1, 2)
Arr.

Opportunity to become involved in graduate
research, under guidance of a staff member, on
a problem of mutua' interest to student and su-
pervisor. Recommended for all entering full-time
graduate students in the Department of Electri-
cal Engineering and Computer Science. Individ-
ual programs subject to approval of professor in
charge. Enrollment restricted to graduate stu-
dents in Electrical Engineering and Computer
Science. Normal registration is for 12 units.
D. J. Epstein

6.962-6.969 Special Studies In Electrical
Engineering and Computer Science

Prereq.: -
G(1. 2)
Arr.

Opportunity for study of graduate-level topics
related to electrical engineering and computer
science but not included elsewhere in the
curriculum. Registration under this subject
normally used or situations involving individual
study (under supervision of a faculty member)
of topics of mutual interest to student and
supervisor, but may, when appropriate, be used
for small study groups. Normal registration is for
12 units. Registration subject to approval of
professor in charge.
0. J. Epstein

6.971-6.979 Spec.ial Subjects in Electrical
EngineerhIg and Computer Science (A)

Prereq.: -
G(1, 2)
Arr.

Opportunity for group study of advanced sub-
jects related to electrical engineering and com-
puter science not otherwise included in curricu-
lum. Programs subject to approval of professor
in charge.
0. J. Epstein

6.980 Teaching Electrical Engineering and
Computer Science

Prereq.: -
G(1, 2) [P/F]
Arr.

faculty member. Enrollment limited by availabil-
ity 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) [P/F]
Arr.

For Teaching Assistants in Electrical Engineering
and Computer Science, in cases where teach-
ing 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) [P/F]
Arr.

For Research Assistarts 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) [P/F]
Arr.

Extended participation in the work of a faculty
member or research group, including indepen-
dent study of the literature, direct involvement 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 letter
of intent and final summary report are available
in the Department Undergraduate Office. Grad-
ing P/F only.
R. D. Thornton

6.ThU Undergraduate Thesis

Prereq.: -
U(1, 2. S)
Arr.

Program of undergraduate research leading to
the writing of an S.B. thesis: to be arranged by
the student 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)
Arr.

Program of graduate research leading to the
writing of an S.M., E.E., Ph.D., or Sc thesis; to
be arranged by the student and an accronate
MIT faculty member.
A. C. Smith

For qualified students interested in gaining
teaching experience. Classroom, tutorial, or
laboratory teaching under the supervision of a
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7.UR Undergraduate Research

Prereq.: -
U(1. 2) [P/F]
Arr.

Undergraduate research opportunities in the
Department of Biology. For further Information,
consult the Departmental Coordinator:
D. E. Housman. A written report is required.
Permission of Department required. Consult
Department headquarters.

7.OOJ AIDS: Scientific Challenge and
Human Challenge
(Context Subject)

(Same subject as 15.60J)
Prereq.: -
U(1)
3-0-3

AIDS presents a challenge for many disciplines.
As a public health and policy issue, it is a chal-
lenge to our ethical beliefs and to the tpayer.
As a scientific problem, it is a test of our ability
to find methods of cure and prevention. As an
International Issue, it threatens economic and
social progress in the developing world. Lec-
tures illuminate AIDS as a challenge in molecu-
lar biology, epidemiology, economics, manage-
ment, public policy, and other professions. Ten
lectures: subject ends before Thanksgiving.
Limited enrollment.
0. Baltimore, M. Rowe

7.01 General Biology

Prereq.: -
U(2) SD
4-0-3

Introduction to cell biology, biochemistry, and
genetics, stressing molecular and quantitative
aspects, to serve as a 'language" for discus-
slons of current research in molecular biology.
Topics may include membrane cell biology and
human disease; DNA biochemistry in bacteria;
molecular neurobiology of leaming; oncogenes;
Immunology; sex determination; cell structure
and cell behavior; molecular biology of aging.
Consult Department Headquarters.

7.011 Introduction to Experimental Biology

Prereq.: 7.01 or 7.05
U(1, 2) LAB
2-8-5

Application of experimental techniques In blo-
chemistry, microbiology, and cell biology.
Emp izes integraling factual knowledge with
u ding the des gn of experiments and
data analysis to prepare the students for re-
seach projects.
Term 1: Consult Department Headquarters
Term 2: D. Page, Staff

7.03 Genetics

Prereq.: -
U(1)
4-0-8

Continuity and variation In the multiplication of
livin or anisms. Mutation and selection as a
mec an sm for biological change. Principles of
formal genetics. Physical and chemical basis of
heredity. Structure and function of the hereditary
material. Molecular basis for mutation, genetic
function, and recombination In microorganisms.
R. Lehmann, H. R. Horvitz

7.031 Experimental Microbial Genetics

Prereq.: 7.011, 7.03, 7.05
U(1) Not to be offered 1990-91
2-16-6

Laboratory project in microbiology and
genetics. in 1987-88, used advanced genetic
approaches based on the use of transposon
and gene and operon fusions to address

roblems related to the nodulation of alfalfa by
the nitrogen-fixing bacterium Rhizobium meliloti.
Enrollment limited.
G. C. Walker, Staff

7.04 Cell and Developmental Biology

Prereq.: 7.08
U(2)
4-0-8

Basic properties of cells and their relationshi to
development: biochemical and structural difer-
entiation of cells. Principles of embryology and
development: determination, pattem formation,
and cell-cell interaction. Analysis of develop-
ment by techniques of cell biology, genetics,
molecular biology, and biochemistry.
R. Jaenisch, T Orr-Weaver, H.-S. Shin

7.041 Experimental Drosophila
Molecular Genetics

Prereq.: 7.011. 7.03, 7.05
U(2)
2-16-6

Laboratory project applyin molecular genetic
techniques to selected problems in Drosophila
biol . Insertional mutagenesis with P trans-
posa es elements used to generate mutations
affecting embryonic development and the
regulation of gene expression. Mutant pheno-
types characterized and the corresponding

lyzed using standard recombinant
DNA technIques. Molecular cloning and Droso-
phila cell culture methods used to address
guestions of geno regulation.

. Rio, H. Steller

7.05 General Biochemistry

Prereq.: 5.12
U(1) SD
5-0-7

Contributions of biochemistry toward an under-
standing of the structure and functioning of
organisms, tissues, and cells. Chemistry and
functions of constituents of cells and tissues
and the chemical and physical-chemioal basis
for the structures of nucleic acids, proteins, and
carbohydrates. General metabolism of carbohy-
drates, fats, and nitrogen-containing materials
such as amino acids, proteins, and related
cam pounds.
G. M. Brown, U, L. Rajshandary

7.06 Metazoan Cell Biology

Prereq.: 7.01 or 7.05
U(2)
3-0-9

Molecular and structural biology of cells and
higher or anisms. Macromolecular biochemis-
try, inclucing RNA synthesis and processing
and protein synthesis. Structure, function, and
formation of subcellular components and orga-
nelles. Structural networks in cells and their
relation to tissue. Emphasizes biochemistry and
electron microscopic anatomy.
H. Lodish, Staff

7.08 Cell and Molecular Biology

Prereq.: 7.03, 7.05
U(2)
4-0-8

Nucleic acid molecular biology: mechanisms of
DNA replication, regulation of gene expression
in prokaryotes wid eukaryotes, including the
blosynthesis of RNA and proteins. Recombinant
DNA technol y. Structure, biogenesis, and
functions of su ellular organelles and mem-
branes. Cytoskeleton and extracellular matrix.
Control of cell growth and oncogenes.
B. J. Meyer, Staff

7.09J Cellular Neuroblology

SSame subject as 9.09J)
Prereq.: 7.05

U(2)
4-0-8

An introduction to the structure and function of
the nervous system. Emphasis placed on the
cellular properties of neurons and other excit-
able cells. Includes the structure and biophysi-
cal properties of excitable cells, synaptic trans-
mission, neurochemistry, neurodevelopment,
and Integration of information in simple systems
and the visual system.
S. J. Burden, R. 0. G. McKay, W G. Quinn

Biology
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7.11 Biology Teaching

Prereq.: -
U(1, 2) [P/F]
Arr.

For qualified undergraduate students Interested
in gaining some experience in teaching. Labora-
tory, tutorial, or classroom teaching under the
supervision of a faculty member. Students
selected by Interview. Consult Department
headquarters.

7.15 Experimental Molecular Biology:
Biotechnology I

Prereq.: 7.011, 7.03. 7.05
U(1)
2-16-6

Laboratory project applying recombinant DNA
and other modern genetic techniques to prob-
lems in prokaryotic genetics. Cloning of genes
from a variety of prokaryotic and lower eukaryot-
ic organisms, and characterization of the cloned

enes for structure and function.
A. Young, R W Robbins

7.16 Experimental Molecular Biology:
Biotechnology |1

Prereq.: 7.011, 7.03, 7.05
U(2)
2-16-6

Laboratory methodology and theoretical basis
for cloning and manipulation of genes in euka-
ryotic organisms. Mammalian cell culture,
biological assays with mammalian cells, isolation
of hybridomas that secrete monoclonal antibo-
dies, and cloning and expression of genes in
eukaryotic organisms.
R. C. Mulligan, 0. E. Housman

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 between
bacteria and bacteriophages. Genetic and
metabolic regulation of enzyme action and
enzyme formation.
B. Magasanik, G. C. Walker

7.24 Topics In Bacteriology (A)

Prereq.: 7.21, Permission of instructor
G(1) [P/F]
2-0-6s

Recent developments in bacteriology:
regulatory mechanisms and membrane
phenomena. Consult Department Headquarters.

7.25 Topics in Bacterial Viruses

Prereq.: 7.21, 7.27
G(2)
2-0-6

Biological and molecular properties of bacterio-
phages as model systems for the study of
viruses and as prototypes of noncellular organ-
isms are presented and discussed on the basis
of specific examples from current literature.
Consult Department headquarters.

7.26 Animal Virology

Prereq.: 7.21
G(1)
3-0-9

General survey of animal virology, including
studies of their enome organization, virion
structure, genetics; virus interaction with the
infected cell and the immune system. The virus
is viewed as a model system of the macromo-
lecular metabolism of the cell. The pathogenesis
of medically important virus diseases Is dis-
cussed.
M. Chow, N. H. Hopkins

7.27 Regulation of Gene Expression (A)

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 micro-
organisms.
B. Magasanik, A. Grossman

7.28 Topics In Nucleic Acid and
Protein Biochemistry (A)

Prereq.: 7.03, 7.05
G(1)
3-0-9

Genome structure and function, with an empha-
sis on regulation of DNA transactions, protein
synthesis, and selective protein tumover in both
bacteria and eukaryotes. Each topic is covered
by in-depth discussion of specific recent devel-
opments in the field.
A. Varshavsky

7.30 Method and Logic In Molecular
Biology (A)

Prereq.: Permission of Instructur
G(1)
4-0-8

Logic and experimental design: an in-depth
discussion and assessment of biochemical,
physical, and genetic methods empl d in
testing hypotheses. Enrollment limited to
Course VII graduate students.
S. J. Burden, B. J. Meyer, E. Signer

7.31 Biochemistry for Graduate Students (A)

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

7.32J Analysis of Differentiation and
Development

(Same subject as 9.320J)
Prereq.: 7.05 or 7.33

G(2) [P/F]
3-0-9

Graduate discussion seminar examining in-
de th fundamental aspects of development and
diferentiation. In addition, particular attention
paid to the critical appraisal of current published
research in Important areas of the field.
Consult Department Headquarters.

7.33 Genetics for Graduate Students (A)

Prereq.: Permission of Instructor
G(1)
4-0-8

Principles of genetics, including Mendellan
systems and prokaryotic genetics. Application
of principles to biological function, including
regulation and development. Mechanisms of
recombination, mutation, and evolution. Discus-
sion of original scientific papers and review of
problem sets and exams supplement lectures.
L. Guarente, T Orr-Weaver

7.38J The Protein Folding Problem

L Same subject as 5.48J)
rereq.: 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 conformation: confor-
mation of linear and cyclic peptides; structure-
activity relationships for peptide hormones;
hydrophilicity and hydrophobicity scales; helix
and sheet packing; unfolding and refolding of
proteins in vitro; aggregation reactions; folding
of newly synthesized polypeptide chains in vivo;
genetic analysis of folding pathways; conforma-
tion of active sites; design of new active sites;
protein stability.
J. A. King

7.411-7.419 Seminars in Biological
Oceanography (A)

Prere.: Permission of Instructor
G(1, 2 [P/F]
Arr.

Selected topics In biological oceanography.
Information: A. L. Peirson (Woods Hole Staff)
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7.421 Special Problems In Biological
Oceanography (A)

Prereq.: -
G(1, 2) [P/F]
Arr.

Advanced problems in biological oceanography
with assigned reading and consultation. Infor-
mation: 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, chemical, and
geological oceanography and diversity of life in
the oceans, fundamental topics in population
dynamics, behavioral and community ecology,
population genetics, physiology and biochemis-
try of marine organisms form the first part.
Subsequent one-week sessions include micro-
biology, phytoplankton, zooplankton, biogeo-
chemistry, sediment dynamics, benthos, and
evolution. Laboratory, fieldwork, and discussion
in addition to lectures. Permission of instructor
required for undergraduates
(Woods Hole Staff): F Grassle

7.491 Research in Biological
Oceanography (A)

Prereq.; -
G(1, 2) [P/F]
Arr.

Directed research in biological oceanography
not leading to graduate thesis and generally
done before the qualifying examination. Possi-
ble areas include population dynamics, physiol-
ogy, and cytology of marine microorganisms:
physiology, nutrition, and productivity of phyto-
plankton; influence of organisms on the compo-
sition of seawater; systematics, physiology, and
ecology of pelagic larvae, zooplankton, benthos,
and mesopelagic fishes; ph siology and migra-
tion of large fishes; diving p ysiology; and use
of sound by marine mammals.
(Woods Hole Staff)

7.52J Biotechnology of Mammalian Cells

( 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
expression in mammalian cells; ph sioogy 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. S/nskey D. /. C. Wang, H. F Lodish

7.53 Laboratory in Biological Ultrastructure

Prereq.: 7.06 or 7.08
U(1)
3-3-3

Organization of macromolecules into larger
structures and cell organelles; structure and
assembly of enzymes, viruses, ribosomes,
microtubules. flagella and cilia, centrioles,
muscle, cartilage, and bone. Instruction in
operation of the electron microscope and
techniques for preparing and visualizing biologi-
cal samples. Image processing and analysis of
ultrastructure from micrographs.
J. A. King, R Reilly

7.54 Human Physiology

Prereq.: 7.05
U(1)
4-0-8

Comprehensive course in human physiology,
emphasizing the molecular basis and applied
aspects of organ function and regulation in
health and disease. Material covered includes a
review of cell structure and function, as well as
the mechanisms by which the endocrine and
nervous systems integrate cellular metabolism.
Special emphasis on examining the cardiovas-
cular, pulmonary, gastrointestinal, and renal
systems.
R. D. Rosenberg, M. Krieger

7.55J Reproductive Biology

Same subject as SP 484J)
rereq.: -

U(2) HASS Next offered 1990-91
3-0-6

A rigorous introduction to aspects of molecular,
cell, and developmental biology that pertain to
human reproduction. Attendant ethical and
social 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. Whitbeck

7.56 Human Genetics
(New)

Prereq.: 7.03
U(IAP) [P/F]
2-0-4

Humans are clearly the most fascinating sub-
jects for genetic study. Nontheless, knowledge
of human genes has inevitably lagged far be-
hind that of organisms that produce more
offspring, reproduce more rapidly, and whose
matings can be controlled in the laboratory.
Now, new technologies are changing the situa-
tion; soon we may know as much about human
genes as about those of Drosophila and mice
We will begin with a review of the principles of
human genetics, discuss technological ad-
vances and give examples of recent work in
which application of these technologies is
helping to reveal the genetic basis of sex deter-
mination and of inherited diseases.
N. Hopkins, M. S. Fox, Staff

7.57J Genetics and Molecular Medicine (A)
(New)

(Same subject as HST 181J)
Prereq.: 7.01, 7.05
G(IAP)
4-0-8

See description under subject HST 181J.
E. W Erbe, D. E. Housman

7.60 Cell Biology I (A)

Prereq.: 7.08
G(2)
4-0-8

Structure and organization of genes and ge-
nomes. Jcleic acid biosynthesis, structure and
assembly of nuclei and chromosomes, regula-
tion of cell cycle, DNA replication, RNA tran-
scription, processing and translation, differenti-
ation of specialized cell types. Text and literature
readings.
R A. Sharp, Staff

7.61 Cell Biology 11 (A)

Prereq.: 7.08
G(1)
4-0-8

Structure and function of membranes. Trans-
port, channels, and pumps. Synthesis and
processing of membrane and secreted proteins.
Receptors, endocytosis, and recycling of mem-
brane proteins. Cytoskeletal and extracellular
matrix proteins; structure, function, and assem-
bly. Intracellular organization and motility. Cell
adhesion, morphology, and migration. Hor-
mones, receptors, and second messengers in
cellular recognition. Organization of specialized
cell types. Text and literature readings.
R. 0. Hynes, Staff

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
carcinogenesis in cultured cells and in animals,
activation of chemical carcinogens, chromo-
somal and genetic influences, monoclonal vs
polyclonal tumors, malignant-normal cell hy-

rids, host-tumor interactions, tumor immunolo-
gy reversibility of malignant phenotype, causes
and treatment of human cancer. Lectures and
student papers.
H. E. Ruley S. H. Cochran

7.63 Immunology (A)

Prereq.: Permission of Instructor
G(2)
3-0-9

Principles of immunology, including immuno-
chemistry and molecular and cellular immunolo-
gy. An in-depth critical analysis of current litera-
ture in the field. Particular attention paid to the
function of the immune system as a whole as
studied by modem methods and techniques.
Discussions of original papers supplement
lectures. Consult Department Headquarters.
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7.64 Advanced Cell Structure and Function
(New)

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 morpho-
logical and biochemical techniques for studying
cell architecture In major tissues, mechanisms
of Image formation that influence data Interpre-
tation, the biochemistry of cellular substructures
and methods of chemical cell dissection. The
cells in major body organs will conclude the
material.
S. Penman

7.65J Principles of Neuroscience (A)
(New)

Same subject as 9.011J)
Prereq.: Permission of Instructor
G(1)
4-0-8

See description under subject 9.011J.
M. Sur; A. Lander; E. Bizzi, R. Andersen,
R Schiller, R. J. Wurtman, N. Y-S. Kiang

7.66J Cellular and Molecular Biology of the
Nervous System

(Same subject as 9.321J)
Prereq.: -
G(2)
2-0-4

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
expression 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. -
G(1)ot to be offered 1990-91
3-0-6

See description under subject 9.322J.
W G. Quinn, H. Steller

7.71J Biophysical Chemistry

(Same subject as 5.64J)
Pr eq.: 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 nuclec 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 stabilizing
three-dimensional structure. Hydrophobic
effects and water structure. Prediction of struc-
ture from amino acid sequence. Enzyme kinet-
ios and allosteric systems, Interactions with
nuclelo acids.
G. A. Petsko, R Schimmel, L. Lerman

7.73 General Immunology

Prereq.: 7.05
U(1)
4-0-8

A comprehensive survey of Immunology.
Includes antigen-antibody reactions, immuno-
globulin structure, organization and expression
of immunoglobulin genes, cells and tissues of
the Immune system, major histocompatibility
complex (MHC), genes encoding MHC proteins
and T-cell antigen-specific receptors, antibody
formation, cell-mediated immunity, complement,
hypersensitivity, immunodeficiencies, graft
rejection.
0. H. Raulet, L. A. Steiner

7.75 Advanced Biochemistry (A)

Prereq.: 7.05
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
(New)

Prereq.: Permission of Instructor
G(2)
3-0-9

In-depth analysis and discussion of classic and
current literature with emphasis on the relation-
ship between protein structure and function.
Topics include cooperativity, allostery, specifici-
ty, and catalysis; signal transduction, receptors,
virus assembly, evolution of proteins and pro-
tein-nucleic acid interactions.
R S. Kim

7.77 Nucleic Acids 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, ph sical, and genetic ap-
proaches to studies ornucleic acids. DNA
conformation including A-, B-, and Z-forms.
Superhelical and bent DNA. Protein-nucleic
acid systems, including repressors and activa-
tors, nucleosomes, restriction enzymes. aminoa-
cyl tRNA synthetases, ribosomes, and RNA
polymerases. Catalysis by RNA. Mechanisms of
ranscription In praryotes and eukaryotes.
U. L. RafBhandary, R Schimmel, A. Rich

7.78 Seminar in Lipid and Carbohydrate
Biochemistry (A)

Prere .: 7.05
G(2) Next offered 1990-91
2-0-4

Discusses recent research in the area of com-
plex lipids and carbohydrates. Lipid topics
Include phospholipids, prostaglandins, and
steroids. In the carbohydrate area, emphasizes
membrane and cell surface components of
bacteria, yeast, and animal cells. Format in-
cludes lectures, discussions of recent literature,
and student reports.
P W Robbins

7.81 Frontiers In Modern Plant Biology (A)

Prereq.: 7.03, 7.05
G(1) fP/F]
3-0-9

Intensive analysis of key original literature, both
classical and current, with emphasis on exper-
imental approaches and analysis of primary
data. Topics Include regulation of cell, tissue,
and organ growth; control of gene expression;
fertility, embryogenesis, and seed development;
transformation and transgenlc plants; transpos-
able 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

Seminar course covering biological, genetic,
and molecular approaches to mouse develop-
ment. Topics include preimplantation develop-
ment; postimplantation development; cell line-
age studies; embryonic stem cells; tranegenic
mice; insertional mutagenesis; tissue Interac-
tions and induction; X-inactivation; sex determi-
nation; T-locus; genetic basis of coat color;
hematopoesis.
R. Jaenisch, H.-S. Shin

7.83 Industrial Microbiology
(Revised Unit)

(20.821)
Prereq.: 7.05
U(1)
3-0-9

Selected topics concemed 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 metabolic
regulation, genetics, and biochemical pathways
leading to fermentation products.
A. L. emain

7.86 Molecular Genetics (A)

Prereq.: 7.05, 7.27
G(2) [P/F]
3-0-

Examines In depth selected topics by study and
discussion of the literature in seminar format.
Special emphasis on experimental details sup-
porting current ideas about replication of nucle-
ic acids, genome organization, genetic recombi-
nation, and gene function as developed in
microbial systems. Subject designed to estab-
lish familianty with literature and patterns of
thought in the field and develop ability to evalu-
ate papers critically. Undergraduates who have
taken 7.03 and 7.21 admitted with permission of
instructor.
M. S. Fox
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7.90 Spoolal Problems In Biology for
Undergraduates

Prereq.: -
U(1, 2)

Program of study or research to be arranged
with a Department faculty member. Written
report required. Permission of Department
required. Consult Department headquarters.

7.93 Selected Topics In Biology (A)

Prere .:. -
G(1, [P/F]
Arr.

Classwork In various fields of biology not cov-
ered by the regular subjects of Instruction.
Consult Department headquarters.

7.941 Research Problems (A)

Prereq.: -
G(1) [P/F]
Arr.

7.942 Research Problems (A)

Prereq.; -
G(2) [P/F)
Am

Directed research in a field of biological sci-
ence, but not contributory to graduate thesis.
Consult Department headquarters.

7.99 Molecular Configuration in
Biological Systems Seminar (A)

Prereq.: 7.05
G(2)
2-0-4

Properties conferred on biochemical sub-
stances by assumption of specific physical
configurations. O tical methods (emphasizing
X-ray diffraction) for determining configuration
in macromolecular systems. Special emphasis
on molecular structure of crystalline proteins
and nucleic acids.
A Rich
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Course 8 Physics

General Undergraduate
Subjects

8 825 Atoms, Quarks, and Cosmology

Prereq.: 8.02
U) PF]

2-0-4

Fundamentals of physics, with a global view.
Behavior of gases and solids, photoelectric
effect, X-ray and electron diffraction, and atomic
spectroscopy. Fundamentals of quantum me-
chanics, wave-particle dualism, uncertainty
principle, and particle spin. The structure of
atoms, nuclei, and fundamental particles will be
linked to the structure of the visible universe,
using elementary classical and quantum ideas.
Primary emphasis on general concepts, assum-
ing only freshman-level mechanics and electro-
magnetism.
B. .Burke

8 S63 Computer-Aided Physics Laboratory

Prereq.: -
U(1. 2) [P/F]
0-4-2

Computers are essential in physics e xperiments
and in theoretical calculations that do not yield
to analytical methods. Students in this seminar
learn to use IBM PCs In both of these areas.
Languages available are BASIC, FORTRAN, and
Pascal, all with high-resolution computer graph-
los. A number of experiments in mechanics,
electricity, magnetism, and other areas of phys-
ics the computers for taking, plotting, and fitting
theoretical functions to the data. Students are
also taught numerical methods to solve nonideal
physics problems. Also available on a limited
basis as a Freshman Advisor Seminar.
R. J. Ledoux

8.UR Undergraduate Research

Prereq.: -
U(1, 2) (P/F]
Arr.

Undergraduate research opportunities in
physics. For further Information, contact the

epartmental UROP Coordinator.
A. M. Bernstein

8.01 Physics I

Prereq.: -
U(1 2)
5-0-7

Introduces classical mechanics. Space and
time: straight-line kinematics; motion In a plane;
forces and equilibrium; experimental basis of
Newton's laws: particle dynamics: universal
gravitation; collisions and conservation laws;
Work and potential energy; vibrational motion:
conservative forces; inertial forces and non-iner-
tial frames; central force motions; rigid bodies
and rotational dynamics.
Term 1: D. E. Pritchard
Term 2: V Kstlakowsky

8.012 Physics I

Prereq.: -
U(1)
5-0-7

Elementary mechanics, presented at greater
depth than in 8.01. Newton's laws, concepts of
momentum, energy, angular momentum, rigid
body motion, non-Inertial systems. Uses ele-
mentary calculus freely. Concurrent registration
in a math subject more advanced that 18.01 is
recommended.
S. W Stahler

8.02 Physics ||

Prereq.: 8.01 or 8.012: 18.01
U(1, 2)
5-0-7

Introduction to electromagnetism and electro-
statics: electric charge, Coulomb's law, electric
structure of matter; conductors and dielectrics.
Concepts of electrostatic field and potential,
electrostatic energy. Electric currents, magnetic
fields and Am pere s law. Magnetic materials.
Time-varying fields and Faraday's law of Induc-
tion. Basic electric circuits. Electromagnetic
waves and Maxwell's equations.
Term 1: W Busza
Term 2: H. V Bradt

8.022 Physics il

Prereq.: 8.012
U(2)
5-0-7

Parallel to 8.02, but more advanced mathemat-
cally. Some knowledge of vector calculus
assumed. Maxwell's e uations, in both differen-
tial and Integral form. Electrostatic and magnetic
vector potential. Properties of dielectrics and
magnetic materials.
J. L. Tonry

8.03 Physics Ill

Prereq.: 8.02 or 8.021 or 8.022, 18.02
U(1, 2) SD
5-0-7

Mechanical vibrations and waves; simple har-
monic motion, superposition, forced vibrations
and resonance. cou led oscillations and normal
modes; vibrations ofcontinuous systems;
reflection and refraction; phase and group
velocity. Optics; wave solutions to Maxwell's
equations; polarization; Snell's Law, interference,
Huygens's principle, Fraunhofer diffraction,

Ierm 1: L. G. Herten
Term 2: T J. Greytak

8.04 Quantum Physics I

Prereq.: 8.03 or 6.014, 18.03
U(1, 2) SD
5-0-7

Experimental basis of quantum physics: photo-
electric effect, Compton scattering, photons,
Franck-Hertz experiment, the Bohr atom, elec-
tron diffraction, deBroglie waves, wave-particle
duality of matter and light. Introduction to wave
mechanics: Schroedinger's equation, wave
functions, wave packets, probability 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: J. W Negele
Term 2: E. W Bertschinger

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 densities, functions
of a random variable. Concepts of macroscopic
variables and thermodynamic equilibrium, fun-
damental assumption of statistical mechanics,
microcanonical and canonical ensembles. First,
second, and third laws of thermodynamics. Nu-
merous examples Illustrating a wide variety of
physical phenomena such as magnetism, poly-
atomic gases, thermal radiation, electrons in
solids, and noise in electronic devices. Concur-
rent enrollment in 8.04 is recommended.
J. M. Graybeal

8.05 Ouantum Physics lI

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. Angular
momentum, magnetic moments. Identical

Srles and the exclusion principle: many-elec-
n atoms, the periodic table, simple mole-

cules, Fermi and Bose gases. Perturbation
theory: time-Independent theory, variational
principle, adiaba c and sudden approximations,
time-dependent theory. Discusses real physical
examples at each stage.
Term 1: E. W Bertschlnger
Term 2: J. W Negele
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8.06 Mechanics i

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. Coup led oscillators, Green's func-
tions. Normal modes; continuum limit; elastic
strings, solids. Canonical variables, Hamilton's
equations. Information: S. A. Rappaport.

8.07 Electromagnetism 1i

Prereq.: 8.03, 18.03
U(1)
4-0-8

Survey of basic electromagnetic phenomena:
electrostatics, magnetostatics; electromagnetic
properties of matter. Time-dependent electro-
magnetic fields and Maxwell's equations. Elec-
tromagnetic waves, emission, absorption, and
scattering cf radiation. Rela'aistic electrodynam-
ics and meuhanics.
B. Zwiebach

8.08 Statistical Physics i1

Prereq.: 8.05
U(2)
4-0-8

Probability distributions for classical and quan-
tum systems. Microcanonical, canonical, and
grand canonical partition-functions and asso-
ciated 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, magnet-
ic 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

Undergraduate Laboratory and Undergraduate Elective
Specia Project Subjects Subjects

8.11 Physics Project Laboratory I

Prereq.: -
U(1) LAB
1-6-5

8.12 Physics Project Laboratory II

Prereq.: -
U(1, 2) LAB
1-6-5

Students carry out experimental projects of their
own choice and design to study ph sical phe-
nomena. Faculty help define proects and teach
techniques and methods for setting up exper-
imental apparatus, making measurements, veri-
fying observations, and analyzing data. Prior
experience in a laboratory environment not re-
quired. Projects in the past have included topics
in optics, acoustics, interferometry, spectrosco-
py, microwave optics, particle counting, hydro-
dynamics, nuclear magnetic resonance, Hall
efect, and quantum phenomena. Not usable as
a restricted elective for physics majors.
R. K. Yamamoto

8.13 Experimental Physics I
(Revised Unit)

Prereq.: 8.04
U(1)
0-6-12

8.14 Experimental Physics |1
(Ravised Unit)

Prereq.: 8.04. 8.05
U(2)
0-6-12

About five fundamental laboratory experiments
carried out each term, covering most aspects of
modern physics relating to names such as
Rutherford, Franck-Hertz, Hall, Ramsauer,
Doppler, Fraunhofer, Faraday, Mossbauer,
Compton, Stern-Gerlach. Stresses basic exper-
imental techniques and data analyses, and
written and oral presentation of experiment
results. Second term requires knowledge of

aantumn mechanics at the 8.05 level.
WClark

8.18 Special Problems in Undergraduate
Physics

Prereq.: -
U(1, 2)
Arr.

Opportunity for undergraduates to engage in
experimental or theoretical research under the
supervision of a staff member. Specific approval
required in each case.
S. A. Rappaport

8.19 Readings in Physics

Prereq.: -
U(1, 2) [P/F]
Arr.

Supervised reading and library work. Choice of
material and allotment of time according to
individual needs. For students who want to do
work not provided for In the regular subjects.
Specific approval required In each case.
S. A. Rappaport

8.20 Introduction to Special Relativity

Prereq.: 8.01, 8.02, 18.01
U(1) SD
2-0-7

Analyzes time stretching, Lorentz contraction,
limiting speed of light, solutions to the twin
paradox using invariance of the interval, Lorentz
transformation, and space-time diagrams.
Analyzes particle collisions, Interactions, trans-
formations, creations, and annihilations, using
conservation laws and the energy-momentum
4-vector. Examples from MIT research projects.
Puzzles and paradoxes. Briefly discusses the
theory of gravitation (general relativity).
E. H. Farhi

8.202J Life and Institutions of Science
(Context Subject)

Same subject as STS 014J)
rereq.. -

U(1) HASS
3-0-9

An examination of the activity of science in three
contexts: the personal experience context of
"doing science"; the intellectual context of
science as a way of thinking and knowing; and
the social context in terms of the people who do
science and the institution in which it is done,
the nature and basis of support for science, and
the uses society makes of it. The main focus is
on today's world, but provides historical per-
spective as well. Intended primarily for juniors
and seniors in science and engineering.
J. G. King, C. Kaysen

8.204J Does Technology Drive Politics?:
The Decision to Build the H-Bomb
(Context Subject)

(Same subject as 21.441J)
Prereq.: -
U(1) Next offered 1990-91
3-0-6

In considering the relationship between science,
technology, and society, no subject is more
important or more illuminating than the decision
of the US government in 1950 to develop the
H-bomb in response to the first Soviet A-bomb
test. The decision was made by President
Truman and his advisors despite the recom-
mendation of the Atomic Energy Commission.
Students will study the physics and history of
the era; each will research In depth one of the
decision makers (e.g., Oppenheimer, Lillienthal,
Acheson, Truman, and others). May not count
toward HASS Requirement. Consult Department
headquarters.

8.206J Engineers, Scientists, and Public
Controversies
(Context Subject)

(Same subject as 2.93J, STS 012J)
Prereq.: -
U(2) HASS Next offered 1990-91
3-0-9

Investigates the nature of controversies sur-
rounding science and technology and the roles
technical specialists play In their resolution.
Students analyze the technical, social, political,
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and ethical context of public controversies
through case studies documented by archival
videotapes, readings, and testimony of guests.
Cases may include the space shuttle accident,
nuclear reactor safety, Star Wars, and the re-
lease of environmental contaminants.
B. T Feld, C. Weiner, J. A. Fay

8.208 Nuclear War: Threat and Avoidance

Prereq.: -
U(2) HASS
3-0-6

Engineering School-Wide Elective Subject,
Description given at end of this chapter on SWE
page.
M. M. Miller, R Morrison, G. W Rathjens,
E. Rothschild, J. R Ruina

8,22 Computational Physics
(Revised Content)

Prereq.: 8.04 or 6.017, 805
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 phys-
ics problems taken from such c' a-rse areas as
astrophysics, atomic physics, soid-state phys-
ics, electricity and magnetism, statistical phys-
ics, mechanics, etc. No previous computer
experience required.
L. A. Jacobs, J. E. Young

8.231 Physics of Solids I

Prereq.: 8.044 or 6.018, 8.211 or 8.05
U(1)
4-0-8

First term of a sequence presenting basic
concepts of the quantum theory of solids.
Emphasizes simple physical models. Topics:
periodic structure and symmetry of crystals;
diffraction; reciprocal lattice; chemical bonding;
lattice dynamics, phonons, thermal properties;
free electron gas; nearly free electron approxi-
mation; tight binding approximation; semicon-
ductors: electrons, holes, impurities: materials
with s. p, d, and f electrons.
A. N. Berker

8.232 Physics of Solids i1

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; optical properties
of metals. semiconductors, and insulators;
lattice modes; magnetic phenomena in solids
such as paramagnetism, diamagnetism, ferro-
magnetism; resonance studies in a magnetic
field; superconductivity.
A. N. Berker

8.242 Quantum Electronics and Laser
Spectroscopy

Prereq.: 8.04 or 6.017
U(2)
3-1-8

Fundamental processes in lasers and their
applications 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. TechniqLes in nonlinear spectrosco-
py, such as stimulated Raman effect, free induc-
tion decay, optical nutation, photon echoes, and
CARS. As part of the curriculum, each student is
required to carry out a laboratory project. Famil-
iarity w/ Maxwell's equations and the Schroe-
dinger equation is required.
M.S. Feld

8.243 Modern Optics

Prereq.: 8.03
U(1) SD Not to be offered 1990-91
3-0-9

Ray matrices, reflection and refraction at dielec-
tric interface. Fresnel equations, Gaussian
beams, optical resonators. Fiber optics. Propa-
gation in anisotropic media, optical activit,
electrooptics, and magnetooptic effects. ropa-
gation in nonlinear media, effects of second-
and third-order nonlinear susceptibility. Interfer-
ence, Michelson and Fabry-Perot interferome-
ters, Fourier transform spectroscopy, multi-layer
films. Fraunhofer and Fresnel diffraction. Diffrac-
tion gratings. Fourier optics, spatial filtering,
holography
R. L. Aggarwal

8.263 Physics of Fluids

Prereq.: 8.03
U(1) SD Not to be offered 1990-91
3-0-9

Introduction to the physics of fluids. Emphasis
on phenomena rather than mathematics. Topics:
physical properties of liquids, gases, plasmas.

ynamics, waves, and turbulence.
K. U. Ingard

8.276 Nuclear and Particle Physics

Prereq.: 8.05
U(2) Not to be offered 1990-91
4-0-8

A modern view of the fundamental structure of
matter. Starting from a model that views
.quarks" as basic building blocks of mesons
and baryons, the properties and interactions of
these particles are established. Quantum num-
bers and multiplet structure of particle families.
Nuclei as multibaryon systems: stability, radioac-
tive decay, reactions. Current topics in nuclear
and particle physics research at MIT
J. L. Matthews

8.282 Introduction to Astrophysics and
Astronomy

Prereq.: -
U(2) SD
3-0-9

Quantitative introduction to physics of the
galaxy and the universe, as determined from a
variety of astronomical observations and from
cosmic ray and neutrino experiments.
Topics: the sun and "normal" stars, supernovae,

pulsars, globular clusters, compact objects
(white dwarfs, neutron stars, black holes,
optical and X-ray stellar binary systems, Inter-
stellar medium and star formation, galaxies,
quasars, and cosmology. Prior knowledge of
astronomy not necessary. Not usable as a
restricted elective by hysics majors.
S. A. Rappaport, S. W Stahler

8.284 Modern Astrophysics

Prereq.: 8.04, 8.05
U(1)
3-0-9

Applications of physics (Newtonian, statistical,
and quantum mechanics) to fundamental pro-
cesses that occur in celestial objects. Includes
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.
Noprior knowledge of astronomy is required.
H. Bradt

8.286 The Early Universe

Prereq.: 18.03, 8.02
U(2) SD Not to be offered 1990-91
3-0-9

Introduction to modern cosmology. First half
deals with the development of the big-bang
theory from 1915 to 1980, and latter half with
recent impact of particle theory. Topics: special
relativity and the Doppler effect, Newtonian
cosmological models, introduction to non-Eu-
clidean spaces, thermal radiation and early
history of the universe, big-bang nucleosynthe-
sis, introduction to grand unified theories and
other recent developments in particle theo,
barvogenesis, the inflationary universe mdel,
and the evolution of galactic structure.
A. H. Guth

8.287J Observational Techniques of Optical
Astronomy

Same subject as 12.117J)
rereq.: One subject in Astronomy or

Astrophysics
U(1) LA
3-4-5

See description under subject 12.1 17J.
J. L. Elliot

8.291J Planetary Science I

, Same subject as 12.131J)
rereq.: 8.03. 18.03

U(1) SD
3-0-9

See description under subject 12.131J.
D. C. Jewitt

8.292J Planetary Science Il

(Same subject as 12.132J)
Prereq.: 12.131J or 8.291J
U(2) SD Next offered 1990-91
3-0-9

See description under subject 12. !Z.
J. Wisdom
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8.293J Dynamical Astronomy

(Same subject as 12.126J)
Prereq.: 18.03, 8.03
U(2) SD
3-0-9

See description under subject 12.126J.
J. Wisdom

8.299 Physics Teaching

Prereq.: -
U(1, 2) [P/F]
Arr.

For qualified undergraduate students Interested
in gaining some experience in teaching. Labora-
tory, tutorial, or classroom teaching under the
supervision of a faculty member. Students
selected by interview.
S. A. Rappaport

8.ThU Undergraduate Physics Thesis

Prereq.: -
U(1, 2, S)
Arr.

Program of undergraduate research, leading to
the writing of an S.B. thesis. To be arranged by
the student under approved supervision.
A. M. Bernstein

Graduate Subjects

An asterisk (*) denotes subjects not routinely
offered; they will be given when sufficient
Interest is indicated.

General and Mathematical Physics

8.312 Electromagnetic Theory (A)

Prereq.: 8.07
G(2)
4-0-8

Basic principles of electromagnetic theory:
Maxwell's equations; vector and scalar poten-
tials; conservation laws, methods in electro- and
magnetostatics. Scattering and diffraction of
electromagnetic waves. Theory of special relativ-
ity; covariant formulation of 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-fields of a particle.
R. L. Jaffe

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, observ-
ables, eigenstates, eigenvalues, probabilities of
the results of measurement, transformation
theory, equations of motion, constants of mo-
tion. Symmetry in quantum mechanics, repre-
sentations of symmetry groups. Variational and
perturbation approximations. Systems of identi-
cal particles and applications. Time-dependent
perturbation theory. Scattering theory: phase
shifts, Bom approximation. The quantum theory
of radiation. Second quantization and many-bo-
dy theory. Relativistic quantum mechanics of
one electron.
K. A. Johnson

8.323 Relativistic Quantum Field Theory I (A)

Prereq.: 8.322
G(1)
4-0-8

8.324 Relativistic Quantum Field Theory 11 (A)

Prereq.: 8.323
G(2)
4-0-8

A two-semester course on relativistic quantum
field theory, stressing the formulation of gauge
field theory and application to fundamental
phyical problems. Classical field theory, canon-
iquantization, the Dirac field. Interacting
fields and perturbation theory, Feynman graphs.
Symmet'as. Calculations in quantum electrody-
namics. Functional Integral formulation of gauge

theories. Divergences, regularization, and
renormalization. Higher-order processes in
electrodynamics. Fundamental constituents of
matter: the standard models of electroweak and
strong interaction. Non-abelian gauge theories,
spontaneous symmetry breakdown, the Gold-
stone and Higgs mechanisms. The Weinberg-
Salam theory. Renormalization group. Examples
drawn from particle physics and condensed
matter physics.
J. Polonyi

8.333 Statistical Mechanics I (A)

Prereq.: 8.321
G(1)
4-0-8

8.334 Statistical Mechanics 11 (A)

Prereq.: 8.333
G(2)
4-0-8

A two-semester course on statistical mechanics.
Basic principles are examined in 8.333: the laws
of thermodynamics and the concepts of tem-
perature, work, heat, and entropy. Postulates of
classical statistical mechanics, microcanonical,
canonical, and grand canonical distributions;
applications to lattice vibrations, ideal gas, pho-
ton gas. Quantum statistical mechanics; Fermi
and Bose systems, Interacting systems: cluster
expansions, van der Waal's gas, mean-field
theory. Topics from modern statistical mechan-
ics are explored in 8.334: the hydrodynamic
limit and classical field theories. Phase transi-
tions and broken symmetries: universality, corre-
lation functions and scaling theory. The renor-
malization approach to collective phenomena.
Dynamic critical behavior. Random systems.
Term 1: T Tanaka
Term 2: M. Kardar

8.361 Quantum Theory of Many-Particle
Systems (A)

Prereq.: 8.322, 8.333
G(1) Next offered 1990-91
3-0-9

Introduces general many-body theory applica-
ble to low temperature, nuclear, and solid-state
physics. Reviews occupation number represen-
tation and classical Mayer expansion. Perturba-
tion theory: diagrammatic expansions and
linked-cluster theorem for zero or finite tempera-
ture systems of fermions or bosons. Green's
functions: analytic properties, equations of
motion, relation to observables, approximations,
linear response theory, random phase approxi-
mation. Superconductivity: electron-phonon
interaction, Instability of normal state, BCS
ground state, perturbation theory.
Information: T. J. Greytak.

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.
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8.391, 8.392 Special Problems In Graduate
Physics (A)

Prereq.: Permission of Instructor
G(1, 2) [P/F]
Arr.

Advanced problems in any area of experimental
or theoretical physics, with assigned reading
and consultations.
G. F Koster

8.399 Physics Teaching (A)

Prereq.: Permission of Instructor
G(1, 2) [P/F]
Arr.

For qualified graduate students interested in
gaining some experience in teaching.
Laboratory, tutorial, or classroom teaching
under the supervision of a faculty member.
Students selected by interview.
G. F Koster

Physics of Atoms, Radiation,
Solids, Fluids, and Plasmas

8.421 Atomic and Molecular Physics (A)

Prereq.: 8.05
G(1) Next offered 1990-91
3-0-9

The interaction of radiation with atoms: reso-
nance; absorption, stimulated, and spontaneous
emission; dressed atom formalism; multiphoton
processes; structure of simple atoms; interac-
tions with strong electric and magnetic fields.
Additional topics vary from year to year: Lamb
shift, atomic tests of basic theory, measure-
ments of the fundamental constants, "cavity
quantum electrodynamics," four-wave mixing,
coherence, atom .om interaction, atomic and
molecular collisions.
D. Kleppner

8.481, 8.482 Selected Topics in Physics of
Atoms and Radiation (A)*

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.

8.510J Application of Group Theory to the
Physics of Solids (A)

(Same subjct as 6.734J)
Prereq.: 8.232 or 6.732
G(2) Not to be offered 1990-91
3-0-9

See description under subject 6.734J.
M. S. Dresselhaus

8.511J Theory of Solids I (A)

(Same subject as 6.741J)
Prereq.: 8.232 or 6.732
G(1)
3-0-9

First term of a theoretical treatment of the phys-
ics of solids. Concept of elementary excitations.
Symmetry: translational, rotational, and time-rev-
ersal invariances: theory of representations.
Energy bands: APW, OPW, pseudopotential and
LCAO schemes. Survey of electronic structure
of metals, semimetals, semiconductors, and
insulators. Excitons. Critical points. Response
functions. interactions in the electron gas.
R Lee

8.512J Theory of Solids 11 (A)

Sme subject as 6.742J)
rereq.: 8.232, 8.5 11 J

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
insulators, polarons, field-theory description.
Superconductivity: experimental observations,
phenomenological theories, B.C.S. theory.
B. Altshuler

8.532J Physics of Semiconductors and
Devices (A)

(Same sub ect as 6.735J)
Prereq.: 6 32 or 8.232
G(1)
3-0-9

Transport, optical, and magnetic properties of
semiconductors, Quantum wells, superlattices,
2-D electron systems, quantized Hall ettect,
intercalation, semiconductor-metal transiton,
tunneling, physics of MOS devices, ion impan-
tation, laser annealing, amorphous semiconduc-
tors, organic conductors, magnetic semicon-
ductors, 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.: 8.511J, 8.333
G(2) Next offered 1990-91
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. Theoreti-
cal development is strongly phenomenological
to elucidate physical behavior with minima
mathematical complexity. Uses conservation
laws, broken symmetry, and the fluctuation-dis-
sipation theorem to Illustrate the interconnection
between apparently diverse systems, with spe-
cial attention to behavior near phase transitions.
Information: T J. Greytak.

8.571 Theory of Phase Transitions In
Macromolecular Solutions

Prereq.: -
G(1)
3-0-9

Statistical mechanics used to provide a unified
description of the experimental properties of a
broad variety of macromolecular systems that
exhibit phase transitions and critical phenome-
na. Systems studied include: (a) magnetically
coupled spins, (b) binary mixtures of organic
molecules, (c) gas-liquid transition In a pure
fluid, (d) solutions of amphiphiles, micelles, and
microemulsions, and (e) polymer solutions. The
central role of fluctuations Is stressed and the
connection between the fluctuations and the
equilibrium susceptibilities will be established.
G. B. Benedek

8.575J Statistical Thermodynamics of
Complex Liquids (A)
(New)

(Same subject as 10.44J, 22.52J)
Prereq.: 8.08, 10.14, or equivalent
G(2)
3-0-9

Sen description under subject 22.52J.
J. J. Litster, S. H. Chen, D. Blankschtein

8.581, 8.582 Selected Topics in Physics of
Solids

Prereq.: Permission of Instructor
G(1, 2)
3-0-9

Presentation of topics of current interest, with
contents varying from year to year.
Information: G. F. Koster.

8.613J introduction to Plasma Physics I (A)

(Same subject as 6.651J, 22.611J)
Prereq: 6 .14 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 confinement
schemes. MHD models; simple equilibrium and
stability analysis. Two-fluid hydrodynamic
plasma models; wave propagation 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

8.614J Introduction to Plasma Physics 1i (A)

SSame subject as 6.652J, 22.612J)
rereq.: 6.651J or 8.613J or 22.611 J, 18 076

G(2)
3-0-9

Linear waves and instabilities in magnetized
plasma; solutions of Vlasov-Maxwell equations
in homogeneous and Inhomogeneous plasmas:
conservation principles for energy and momen-
tum; negative energy waves, absolute and
convective instabilities. Quasi-linear theory and
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conservation principles: evolution of unstable
particle distribution functions. Collisional trans-
port theory; Fokker-Planok equations; particle
diffusion, thermal conductivity, and viscosity in
magnetized plasma.
R. C. Dav/dson

8.621J Plasma Kinetic Theory (A)

(Same subject as 22.64J)
Prereq.: 8.613J
G(2)
3-0-9

See description under subject 22.64J.
K. Molvig

8.624 Waves, Instabilities, and
Radio-Frequency Heating of Plasmas and
Nonlinear Effects (A)

Prereq.: 8.613J
3(2)
3-0-9

Comprehensive theory of electromagnetic
waves in a magnetized plasma. Effects of finite
temperature including linear mode-conversion.
Vlasov theory of waves and instabilities in a hot,
magnetized plasma. Bernstein waves, drift
waves, gravitational modes, and loss-cone
modes. Electromagnetic waves in a hot plasma,
with applications to radio-frequency heating of
fusion pasmas (ECRH RH, LHH). RF current
drive in tokamaks. Parametnc instabilities.
Discusses relevant experimental results.
M. Porkolab

8.641 Physics of High-Energy Plasmas I (A)

Prere.: 8.613J
G(1) ext offered 1990-91
3-0-9

8.642 Physics of High-Energy Plasmas 11 (A)

Prereq.: 8.613J
G(1) Not to be offered 1990-91
3-0-9

Basic concepts of plasmas, with temperatures
of thermonuclear interest, relevant to fusion
research and astrophysics. Microscopic
transport processes due to inter-particle
collisions and collective modes (e.g., microin-
stabilities). Relevant macroscopic transport
coefficients (electrical resistivity, thermal
conductivities, particle "diffusion"). Runaway
and slide-away regimes. Magnetic reconnection
processes and their relevance to experimental
observations. Radiation emission from inhomo-
geneous plasmas. Conditions for thermonuclear
uming and ignition (D-T and "advanced"

fusion reactions, plasmas with polarized nuclei).
Role of "Impurity" nuclei. "Finite- _" (pressure)
regimes and ballooning modes. Convective
modes in configuration and velocity space.
Trapped particle regimes. Nonlinear and
explosive instabilities. Interaction of positive and
ngative energ modes. Each subject can be
taken Indepen ently.
a. 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
topics varyin from year to year.
Information: 6. F. Koster.

Nuclear and Particle Physics

8.710 Introduction 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
motion in spherical and deformed nuclei and its
microscopic basis. Correlations. Electromagnet-
ic robes: muonic atoms, electron scattering,
photon reactions, moments. Collective motion
and giant resonances. Hadronic probes: direct
and compound reactions. f3-decay. Sum rules.
Heavy ion reactions. Evidence for meson cur-
rents and quark-gluon substructure. Nuclear
astrophysics. Experimental methods. Accelera-
tors. Current topics.
W Bertozzi

8.711 Nuclear Physics (A)

Prereq.: 8.321, 8.710
G(1)
4-0-8

Advanced course in experimental foundations
and theoretical understanding of the structure of
nucleons and nuclei. Hadron structure: evi-
dence for quarks and their properties; symme-
tries and classification of states; quark models of
the nucleon. Nucleon-nucleon scattering; phe-
nomenological potentials and meson exchange
theories; quark models of nuclear forces. Nu-
clear matter: Brueckner theory; correlations.
Shell model and effective interactions; core po-
larization: pairing, Hartree-Fock description of
spherical and deformed nuclei; collective mo-
tion. Phases of hadronic matter.
M. Baranger

8.712 Advanced Topics In Nuclear
Physics (A)

Prereq.: 8.711 or Permission of Instructor
G(2)
4-0-8

Cou se for experimentalists and theorists with
the following rotation of topics:
Nuclear chromodynamics (spring 1990): Intro-
duction to QCD; structure of nucleons; lattice
QCD; phases of hadronic matter and relativistic
heavy Ion collisions.
Reaction theo rng 1991): Coupled-chan-
nel theory; proecon operator analysis; statisti-
cal model; elastic, Inelastic, and transfer reac-
tions; microscopic theory of multiple scattering
and the optical potential.
Medium-energy physics (spring 1992): Nuclear
and nucleon structure and dynamics studied
with Intermediate- and high-energy probes
(photons, electrons, nucleons, pions, and
kaons). Information: J. W Negele.

8.731 Nuclear Physics Seminar (A)

Prereq.: 8.322, 8.712
G(1) (P/F]
2-0-4

Advanced seminar on current topics. Short
presentations by both experimentalists and
tneorists. Emphasis varies yearly. Typical topics:
ultrarelativistic heavy-ion collisions; quark mod-
els of nucleons, nuclei, and nucleon-nucleon
interaction; new observables in electron scatter-
ing, using polarized beams, polarized targets,
and coincidence measurements; recent exper-
ments on relativistic nucleon-nucleon scattering;
developments In many-body theory, Including
functional integral and stochastic methods.
Information: L. Rosenson.

8.781, 8.782 Selected Topics In Nuclear
Theory (A)*

Prereq.: 8.751
G(1,2)
3-0-9

Presents topics of current interest in nuclear
structure and reaction theory, with content
varying from year to year.
Information: 6. F Koster.

8.810 Particle Physics I (A)

Prereq.: 8.321, 8.322
G()
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. Accelerators.
Quark model, color symmetry, Dirac equation,
and QED. V-A theory. Conservation-violation;
parity, etc., experiments. K-mesons, associated
production, puzzles, mixing, regeneration,
CP-violation.
L. S. Osborne

8.811 Particle Physics 11 (A)

Prereq.: 8.810
G(2) Next offered 1990-91
3-0-9

New experiments and data. New machines,
detectors, technologies; proton-anti-proton and
electron-positron colliders. 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 extremely high energies.
M. Chen

8.871, 8.872 Selected Topics In Theoretical
Particle Physics (A)*

Prere .: 8.323
G(1 2)
3-0-9

Presents topics of current interest In theoretical
particle hysics, with content varying from year
to year. Infarmation: G. F Koster.
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8.881, 8.882 Selected Topics in Experimental
Particle Physics (A)*

Prereq.: 8.811
G(1, 2)
3-0-9

Presents topics of current interest in experimen-
tal particle physics, with topics varying from
year to year. Information: G. F Koster.

Space Physics and Astrophysics

8.910 Astrophysics (A)

Prereq.: 8.05, 8.08
G(2)
3-0-9

Size and time scales in astrophysics. Stellar
structure equations and survey of stellar evolu-
tion. Degenerate stars and interacting binary
stars. Radiative transfer, line formation, spectros-
copy of interstellar medium. The equilibrium of
stellar systems and the distribution of stars in
our galaxy. Introduces cosmology.
P Schechter

8.911 Astrophysical, Space, and Laboratory
Plasmas, Theoretical Foundations and
Comparative Study (A)

Prereq.: 8.07, 18.04. 18.302 or equivalent
G(1) Next offered 1990-91
3-0-9

Part 1; fundamentals for plasmas on all scales:
astrophysical, heliospheric, magnetospheric,
ionospheric, and laboratory domains. Phase
space distributions, Boltzmann and Vlasov-Max-
well equations, Fokker-Planck approximation.
Adiabatic invariants, guiding center motion,
conservation laws. virial theorem, collision-domi-
nated plasmas, Onsager relations. Part II: ap-
proximations based on scales: MHD approxima-
tion, closure problem and breakdown of
differential fluid equations, discontinuities and
shocks, fluctuations, linear waves.
J, W Belcher

8.913 Plasma Astrophysics I (A)

Prereq.: Permission of Instructor
G(2) Not to be offered 1990-91
3-0-9

8.914 Plasma Astrophysics 11 (A)

Prereq.: Permission of Instructor
G(2) Next offered 1990-91
3-0-9

For students interested in space physics,
astrophysics, and plasma physics in general.
Ma9netospheres of rotating magnetized planets,
ordinary stars, neutron stars, and black holes
Pulsar models: processes for slowing down,
particle acceleration, and radiation emission;
accreting plasmas and X-ray stars; stellar winds;
heliosphere and solar wind: relevant magnetic
field configuration, measured particle distribu-
tion in velocity space and induced collective
modes; stability of the current sheet and
collisionless processes for magnetic reconnec-
tion; 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, magnetotal, trapped
particle effects); relationship between gravita-
tional (galactic) plasmas and electromagnetic
piasmas. 8.913 deals with hellospheric, 8.914
with extra-heliospheric plasmas.
B. Coppi

8.921 Stellar Structure and Evolution (A)

Prereq.: Permission of Instructor
G(1) Not to be offered 1990-91
3-0-9

Observable stellar characteristics; overview of
observational information. Principles underlying
calculations of stellar structure. Physical pro-
cesses in stellar interiors; properties of matter
and radiation; radiative, conductive, and con-
vective heat transport; nuclear energy genera-
tion; nucleosynthesis; neutrino emission. Proto-
stars; the main sequence, and the solar neutrino
flux; advanced evolutionary stages; variable
stars; planetary nebulae, supernovae, 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 or Permission of Instructor
G(2) Next offered 1990-91
3-0-9

Observations of the distribution of stars, clus-
ters, gas, and dust in the galaxy. Theory of the
equilibrium of stellar systems: Vlasov equation,
Fokker-Planck equation, Jeans's theorem, and
the third integral Introduces spiral structure
theory. Interstellar clouds, evolution of superno-
va envelopes, star formation, and the energy
budget of the interstellar medium.
Information, P C. Joss.

8.923 High-Energy Astrophysics (A)

Prereq.: Permission of Instructor
G(1)
3-0-9

Observation and theory of high-energy phe-
norrena and processes in astrophysics. Radia-
tiv- processes, including bremsstrahlung radi-
aton, synchrotron radiation, Compton
scattering, coherent emission. Relativistic shock
waves and other relativistic phenomena. Spheri-
cal and disk accretion theory. Neutron stars:
pulsars; black holes. Applications to galactic
X-ray sources, quasars, and active galactic
nuclei.
A. Lightman

8.931J Radar Astronomy, Astrometry, and
Geodesy (A)

(Same subject as 6.662J. 12.620J)
Prer .: 8. 3 or 6.014, 18.075 or 18.085
3) ot to be offered 1990-91
3-0-9

See description under subject 12.620J.
G. H. Petteingill, C. C. Counselman, D. H. Staelin

8.942 Cosmology (A)

Prere .: Permission of Instructor
(2) Nt to be offered 1990-91

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
hysical laws. First and last states. Some
now led go of relativity expected. 8.962

recommended though not required.
K. Freese

8.952 Particle Physics of the Early
Universe (A)

Prereq.: 8.323, 8.324
G(2) Next offered 1990-91
3-0-9

Thermal equilibrium states in quantum field
theories. Phase transitions and the fate of the
false vacuum. Homotopy theory and topological
defects: monopoles, stringc, and domain walls.
The standard cosmological model, The Inflation-
ary universe. Quantum field theory in de Sitter
space. Quantum origin of density fluctuations in
inflationary models.
A. H, Guth

8.962J General Relativity (A)

Same subject as 18.295J)
Irereq.: 18.06. 8.06, 8.312

G(1)
3-0-9

See description under subject 18.295J.
N. R Warner

8.981, 8.982 Selected Topics In
Astrophysics (A)*

Prereq.: Permission of instructor
G(1, 2) [P/F]
3-0-9

Topics of current interest, varying from year to
year. Information: G. F Koster.

8.ThG Graduate Physics Thesis (A)

Prereq.: -
G(1. 2, S)
Arr.

Program of graduate research, leading to the
writing of an S.M., Ph.D., or Sc.D. thesis; to be
arranged by the student and an appropriate MIT
facult member.
G. F oster
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9.UR Undergraduate Research

Prereq.: -
U(1, 2, S) [P/F]
Arr.

Individual participation in an ongoing research
project. For students in the Undergraduate
Research Opportunities Program.
C. Atkeson

9.00 Introduction to Psychology

Prereq.: -
U(1) HASS-D/HUM-D
4-0-8

A survey of the study of human mental life and
behavior. Explores sensation, perception, learn-
ing, memory, thinking, feeling, emotion, motiva-
'ion, personaiy Uses py.hlgcl oil n

al data Cosi u ala
literary impact of psychology. Examines contro-
versies about mental illness. IQ, sex roles, fairy
tales, and lie detectors.
J. M. Wolfe

9.01 Neurosclence and Behavior

Prereq.: 9.00 or 9.62J
U(1)
3-0-9

Relation of structure and function at various
levels of neuronal integration. Topics include:
functional neuroanatomy and neurophysiology,
motor systems, centrally programmed behavior,
sensory systems, arousal, sleep and dreaming,
motivation and reward, emotional displays of
various types, "higher functions" and the neo-
cortex, and neural processes In learning and
memory.
N. Y-S. Kiang

9.011 J Principles of Neuroscience (A)
(Now)

(Same subject as 7.65J)
Prereq.: Permission of Instructor
G(1)
4-0-8

Survey of principles underlying the structure
and function of the nervous system, integrating
molecular, cellular, systems, and computational
approaches. Topics: development, cell biology
of neurons, neurotransmitters and synaptic
transmission, sensory systems of the brain, the
neuroendocrine system, the motor system,
higher cortical functions, behavioral and cellular
anal es of leamin and memory.
M. ZurA Lander, E Bizzi, R. Andersen,
P Schbler, R. J. Wuriman, N. Y-S. Kiang

9.019 Introduction to Behavioral
Neurosclene (A)

Prereq.: 9.011J
G(2) Next offered 1990-91
3-0-6

Integrates classical and current research on the
effects iof brain Insult on human and animal be-
havior. Emphasizes specific neural mechanisms
underlying memory, attention, language, per-
ception, spatial abilities, motivation, and emo-
tion. Also includes hemispheric specialization
and the role of neurotransmitters and hormones
in brain diseases. Some lectures includn dem-
onstrations of behavioral tosting methodt and
presentations of patients. Alternate years.
S. H. Corkin

9.024 Development and Plasticity of the
Visual System (A)

Pren - -
G(2re xt offered 1990-91
3-0-6

Topics include recent discoveries and promising
research directions bearing on development of
the visual system. Focuses on anatomical,
physiological, behavioral, and theoretical ap-
proaches to visual function in higher mammals,
including man. Alternate years.
M. Sur, R. Held, H. Steller, G. E. Schneider

9.027 Biochemistry and Pharmacology of
the Neurotransmitters (A)

Prere .: 9.011J
G(2) ot to be offered 1990-91
3-0-9

Considers the neurotransmitters and other com-
pounds that mediate communications among
neurons, and between neurons and other cells.
Discusses experimental criteria for identifying
these compounds; the best-known candidates;
the processes controlling their synthesis, re-
lease, and metabolism in the body; their recep-
tors; their responses to circulating chemicals
(drugs, nutrients, hormones, toxins); and their
involvement in diseases and in physiological
and behavioral mechanisms. Alternate years.
R. J. Wurtman

9.029 Cellular Physiology (A)

Prereq.: Permission of Instructor
G(2)
3-0-6

Focuses on combined biochemical, molecular,
and biophysical approaches to investigate the
physiology of excitable membranes. Emphasis
is on structure, function, and regulation of
membrane ion channels.
I. Levitan

9.030 Cerebral Cortex (A)

Prereq.: -
G(2) Next offered 1990-91
3-0-6

A general survey of the structure and function of
the cerebral cortex. Topics include cortical anat-
omy, functional localization, and newer compu-
tational approaches to understanding cortical
processing operations. Motor cortex, sensory
cortex (visual, auditory, and somatosensory cor-
tex), association cortex and limbic cortex. Em-
phasis Is on using animal models to understand
Human cortical function and Includes correla-
tions between animal studies and human neu-
ropsychological literature. Alternate years.
R. Andersen

9.036 The Visual System (A)

Prereq.: Permission of Instructor
G(1) N to be offered 1990-91
3-0-6

Reviews the current neurophyslological and
neuroanatomical research literature on the
mammalian visual system. Alternate years.
R H. Schiller

9.06 Conflicting Images of Humanity
and Nature

Prereq. -
U(1) HASS
3-0-6

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 7.09J)
rereq.: 7.05

U(2)
4-0-8

See description under subject 7.09J.
S. J. Burden, R. D. G. McKay, W G. Quinn
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9.20 Animal Behavior

Prereq.: 9.00
U(1) HASS
3-0-6

Reviews basic concepts in the study of animal
behavior. Addresses selected problems, includ-
ing animal learning, cognition and communica-
tion, navigation, sexual behavior, aggression,
domestication, foraging and feeding, defense
against predation, perception, and learning.
Examines the interacting contributions of envi-
ronment and heredity to the shaping of behavior
and for meeting the requirements for individual
and species survival.
A. Hei

9.201 Advanced Animal Behavior (A)

Prereq.: 9.20 or equivalent
G(2) Next offered 1990-91
3-0-6

Survey and special topics designed for gradu-
ate students in the brain and cognitive sciences.
Emphasizes ethological studies of natural be-
havior patterns and their analysis in laboratory
work, with contributions from field biology
(mammology, primatology sociobiology, and
comparative psychology. Stresses mammalian
behavior but also includes major contributions
from studies of other vertebrates and of inverte-
brates. Also covers applications of animal-beha-
vior knowledge to neuropsychology and behav-
ioral pharmacology. Alternate years.
G. E. Schneider

9.320J Analysis of Differentiation
and Development

(Same sub ect as 7.32J)
Prereq.: 7. 5 or 7.33
G(2) [P/F]
3-0-9

See description under subject 7.32J.
M. L. Pardue, W G. Quinn

9.321J Cellular and Molecular Biology of the
Nervous System

LSame subject as 7.66J)
rereq.: -

G(2)
2-0-4

See description under subject 7.66J.
S. J. Burden, R. 0. G. McKay A. Lander

9.322J Genetic Neurobiology (A)

(Same subject as 7.67J)
Prereq.: -
G(1) Not to be offered 1990-91
3-0-6

Deals with the specific functions of neurons, the
interactions of neurons in development, and the
organization of neuronal ensembles to produce
behavior, by functional analysis of mutations and
molecular analysis of their genes. Concentrates
on work with nematodes and fruit flies. Alternate
years. H
W G, Quinn, H. Steller

9.345 Current Topics In Visual Neuroscience

Prereq.: -
G(1)
2-0-4

Reading and discussion cf current publications
in the fields of neurophysiology, psychophysics,
anatomy, and computational neuroscience as
they relate to the study of the mammalian visual
system. Each student is required to make a
one-hour presentation of recent work taken from
the literature. Permission of instructor required
for undergraduate 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
signals in the nervous system? How can the
brain use those signals to determine the flavor
of a banana, the sound of a flute, or the shape
of a cow? All senses discussed. Vision is cov-
ered most extensively. Includes perception of
color, motion, form and depth, individual differ-
ences, and development.
R. Held

9.351 Human Vision (A)

Prereq.: 9.35 or Permission of Instructor
G(2) Not to be offered 1990-91
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
undergraduates with sufficient background.
Alternate years.
J. M. Woe

9.358J Image Representations ft Vision (A)

(Same subject as 4.906J)
Prereq.: Permission of Instructor
G(1)
2-0-7

See description under subject 4.906J.
E. H. Adelson, A. Pentland

9.36 Natural Computation and Control

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 students
are expected to attend and complete. This basic
material is supplemented by readings and
in-depth study of a particular problem. Term
paper required.
W A. Richards

9.363 Research in Natural Computation (A)

Prereq.: Permission of Instructor
G(1, 2, S)
Arr.

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
sensing (touch). The use of constraint in the
inference process is stressed, as well as the
exclusion of false inferences.
W A. Richards

9.365 Dissection by Psychophysics (A)

Prereq.: 9.35 or Permission of Instructor
G(1) Next offered 1990-91
3-0-6

Noninvasive techniques for analyzing the level
of processing of information by the brain.
Methods include those which solate receptors,
first and second neuronal levels, thalamus,
mid-brain, and at least two cortical levels.
Although major examples are visual, some
consideration is given to auditory and somato-
sensory systems.
W A. Richards

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 pro-
cessing, physical optics, and the power and
limitations of graphics displays. Exploration of
how these three areas interact in the design of
realistic scenes and surfaces. Includes anti-
aliasing, tiling, solid-modeling, shading, ray-trac-
ing, color, texture, motion blur, and animation.
Surfaces of particular interest are clouds, water,
rocks (fractals), and trees.
A. Pentland, D. Heeger, W A. Richards

Prereq.: 9.35 or 9.62J, 1P 02
U(1)
3-0-6

Objects differ widely from each other as well as
among themselves in terms of their appearance
and behavior in a natural environment. These
differences are limited, however, by the natural
and physical properties of the world. Recogniz-
ing these constraints allows us to understand
how different objects may be represented and
manipulated. Examples stress the computation
of visual aspects of a scene, although useful
acoustic and tactile representations are also
included.
W A. Richards
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9.370 Computational Approaches to
Motor Control (A)

Prere.: -
G(2) ext offered 1990-91
3-0-9

Biological motor control viewed from the per-
spectives of robotics, systems theory, and
artificial intelligence. Constraints on the control
of movement from the environment, mechanics,
and physiology. Hierarchical planning levels:
han d, joint, and muscle variables. Movement
mechanics kinematics and dynamics. Control of
position and force. System identification, self-
calibration, adaptation, and leaming. Computer
simulation laboratory. Alternate years.
C. Atkeson

9.371 Motor Learning (A)

Prereq.: 9.370
Gil) Not to be offered 1990-91
3-0-6

Reading and discussion of selected current
topics in motor learning. The emphasis is on
formulating mathematical bases or the control
of movement, whether in biological systems or
in machines. Computer simulation laboratory.
Alternate years.
C. Atkeson

9.372 Movement: Mechanisms and
Models (A)

Prereq.: 9.370, 9.373, or 9.374J
G(1, 2)
3-0-6

Research seminar directed at surveying basic
concepts and methods in the study of the
vertebrate motor system. Reviews current
investigations on neural integration in movement
contro , emphasizing spinal cord, cerebellar,
and cortic mechanisms; arm trajectory forma-
tion, physiology, and biomechanics; eye-head
and eye-hand coordination; manipulation.
E. Bizzi, C. Atkeson

9.373 Somatosensory and Motor Systems (A)

Prereq.: 9.011 -
G(2) Not to be offered 1990-91
3-0-9

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. Cere-
bellar structure and function. Motor thalamus.
Basal ganglia. Somatosensory cortex: maps and
neuronal properties. Motor psychophysics and
computational approaches to motor control.
Alternate years.
E. Bizzi, M Sur

9.374J Legged Locomotion in Robots and
Animals ( )

(Same subject as 6.865J)
Prereq.: Permission of Instructor
G(2)
3-0-9

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 solving
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, regulanzation
theory, neuronal and biophysical mechanisms.
Term paper required for graduate credit.
T A Poggio, E. C. Hildreth

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

9.39J Human Factors in Design

(Same subject as 2.18J, 22.088J)
rereq.: Permission of Instructor

U(2) Next offered 1990-91
3-1-8

See description under subject 2.18J.
A. Hein, T B. Sheridan, D. D. Lanning

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,
D. Osherson, S. Pinker, K. Wexler, J. M. Wolfe

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) LAB
2-8-2

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-

roved in advance by faculty supervisor and R
. Schiller. Written presentation of results is

required. Consult P H. Schiller.

9.59 Psychology of Language and
Communication

Prereq.: 9.62J or 24.900J
U(1) HASS
3-0-6

Studies real-time language processing. System-
atic examination of core problems of language
production and perception: lexical and syntactic

rocesses in spoken and written language of
oth normal and language-impaired popula-

tions. Stresses methodological problems in
psycholinguistic experimentation.
K. Wexler

9.591 Seminar In Psychology of Language
and Communication (A)

Prereq.: 9.59
G(2) Next offered 1990-91
3-0-6

Reads, discusses, and criticizes selected topics.
Emphasizes one or more of the following
themes in a particular term: theories of lan-
guage, speech perception, communication in
subhuman species, aphasia, language acquisi-
tion, language and thought, interaction between

rammatical structure and verbal performance.
Permission of instructor required for students
without 9.59 or 9.401 background. Alternate
years. Consult Department Headquarters.

9.601J Language Acquisition I (A)

LSame subject as 24.949J)
Grereq.: Permission of Instructor
Gil)
3-0-6

Reading and discussion of current theory and
data concernin language acquisition. Empha-
sizes learning of syntax and morphology, and
especially research relating syntactic theory and
learnability theory to empirical studies of chil-
dren's linguistic abilities.
S. Pinker, K. Wexier

9.602J Language Acquisition |1 (A)
(New)

(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

See description under subject 6.865J.
M. H. Raibert
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9.605 Seminar on Visual-Spatial Cognition (A)

Prereq.: Permission of Instructor
G(2) Next offered 1990-91
3-0-6

Reading and discussion on current theory and
data relevant to cognition. Topics include visual
information processing, attention, mental imag-
ery, shape recognition, face recognition, reason-
ing, concepts, and language. Studies from
experimental psychology, human neuropsychol-
ogy, and artificial intelligence are discussed.
Alternate years.
S. Pinker

9.611J Natural Language and the
ComputerRepresentation of Knowledge (A)

SSame subject as 6.863J)
rereq.: 6.034

G(2)
3-0-9

See description under subject 6.863J.
R. C. Berwick

9.62J introduction to Cognitive Science

Sam- subject as 24.116J)
rreq.: -

U(1) HASS
3-0-9

Surveys major issues that occupy contemporary
cognitive science. Topics: induction and induc-
tive logics as psychological theories; formal
learning theory in linguistics; Is English a finite
state language?; deduction and deductive
logics as psychological theories; concepts and
conceptual composition; the problem of natural
concepts; images and percepts. Emphasizes
clear formulation of questions and theoretical
criteria of adequacy. Examines specific propos-
als in response to these questions.
D. N. Osherson

9.621J Topics in Cognition

(Same subject as 24.811J)
Prereq.: -
G(1) Not to be offered 1990-91
3-0-9

See description under subject 24.811J.
J. Higginbotham, D. Osherson

9.63 Laboratory in Cognitive Science

Prereq.: 9.62J or 24.116J
U(2) LAB
0-6-6

Students conduct a set of demonstration experi-
ments on human perception, memory, language
comprehension, and imagery. These emphasize
individual student solutions to design and
analysis problems. In the final phase of the
course, students perform an experiment of their
own design on one of these topics. All experi-
ments are run on-line in a computer-based lab.
Enrollment limited.
S. Pinker

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 padicular models of
memory, speech perception and production,
motor control, and language comprehension.
M. I. Jordan

9.65 Cognitive Processes

Prereq.: -
U(2) HASS
3-0-6

An introduction to human information process-
ing and learning; topics include the nature of
mental representation and processing; the
architecture of memory; pattern recognition;
imagery 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
G(2) Next offered 1990-91
3-0-9

Surveys major issues and basic findings in
human cognitive processing. Topics include
pattern recognition, word perception, the archi-
tecture of memory, mental codes, learning, and
attention, in addition to special topics of current
interest, Alternate years.
M. C. Potter

9.66J Theory of inductive Inference

( Same subject as 24.252J)
rereq.: 9.62J

U(2)
3-0-9

9.661J Theory of Inductive Inference

(Same subject as 24.520J)
Grereq.: 9.62J
G(2)
3-0-9

introduces the mathematical theory of inductive
inference and learning. Applications to machine
learning. Rigorous development of automata-
theoretic models and general limitation results.
D. N. Osherson

9.671J Problems of Mental
Representation (A)

(Same subject as 24.518J)
Prereq.: Permission of Instructor
G(1)
3-0-9

See description under subject 24.518J.
N. Block

9.68 Affect: Biological, Psychological, and
Social Aspects of "Feelings"

Prereq.: 9.00
U(2) HASS
3-0-6

Affect is to cognition and behavior as feeling is
to thinking and acting, or as values are to beliefs
and practices. 9.68 considers these relations -
both at the psychological level of organization
and in terms of their neurobiological and socio-
cultural counterparts.
S. L. Chorover

9.70 Social Psychology

Prereq.: -
U(2) HASS
3-0-6

Examines interpersonal and group dynamics,
considers how the thoughts, feelings, and
actions of individuals are influenced by (and
influence) the beliefs, values, and practices of
large and small groups. Learning occurs mainly
through class discussions and participation in
study groups. Regular homework assignments,
occasional lectures, and demonstrations.
S. L. Chorover

9.75J Psychology of Gender

(Same subject as SP 460J)
Prreq.: -
U(1) HASS Not to be offered 1990-91
3-0-6

Examines evidence (and lack thereof) for differ-
ences in the ways men and women think, act,
and feel; and in the ways their brains are orga-
nized. Topics: biological mechanisms of physi-
cal gender differentiation in mammals; male and
female brain: sex differences in personality
(aggression, capacity for intimacy) and in cogni-
tive abilities (spatial and verbal skills); mecha-
nisms of gender development (biological,
psychoanalytic, social, cognitive); role of gender
in differences in conceptualization of the world.
Alternate years.
S. E. Carey

9.88 Origins of Behavior

Prereq.: 9.00 or 9.62J
U(2) HASS
3-0-6

Examines the evolving conceptualizations of the
prenatal period, infancy, and early development.
Considers the interaction of innate and experi-
ential factors in the development of learning
capacities, perception, motor patterns, and
social interaction in animals and humans. Em-
phasis is on the earliest stages of life.
A. Hein

9.891 Seminar in Cognitive Development (A)

Prereq.: Permission of Instructor
G(2) Not to be offered 1990-91
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
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9.91, 9.92 Topics in Brain and Cognitive
Sciences

Prereq.: 9.00 and 9.62J and any other two
subjects In Brain and Cognitive Sciences
U(1, 2)
Arr.

IndMdual 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)
Amr

Opportunity for graduate study of advanced
subjects in Brain and Cognitive Sciences not
included In other subject listings. Programs
subject to approval of professor in charge.
Consult M. . Potter or W. G. Quinn.

9.921 Research In Brain and Cognitive
Sciences (A)

Prereq.: -
G(1)
Am

9.922 Research in Brain and Cognitive
Sciences (A)

Prereq.: -
G(2)
Am

9.923 Research in Brain and Cognitive
Sciences (A)

Prereq.: -
G(S)
Arr.

Guided research under the sponsorship of
individual 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) JP/F]
0-0-6

9.932 Research Reports (A)

Prereq: -
G(2) [ /F]
0-0-6

9.933 Research Reports (A)

Prereq.: -
G(S /PF]

Graduate students submit written reports of their
research efforts according to the Department's
stated deadlines. Registration is mandatory for
graduate students In fall term of second and
third year and in term when thesis proposal is to
be submitted. Restricted to candidates for
doctoral degree in Course IX.
Consult M. C. Potter or W. G. Quinn.

PsyChology

The undergraduate program in Psychology is
described in Chapter 7. Foi- additional related
subjects in Psychology, see:

Architecture: 4.770-4.771

Brain and Cognitive Sciences: 9.00, 9.01, 9.06,
9.30, 9.35, 9.36, 9.351, 9.39J, 9.59, 9.62J, 9.63,
9.65, 9.68, 9.70, 9.75J, 9.88, 9.90

Management 15.301, 15.312, 15.313, 15.322,
15.339,15.665, 15.824

Political Science: 17.704

Humanities: 21.386, 21.435
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Course 10 Chemical Engineering

10.UR Undnrgraduate Research

Prereq.: -
U(1, 2) [P/F]
Arr.

Opportunity for participation In the work of a
research group, or for special investigation in a
particular field. Topic and hours to fit individual
requirements.
C. M. Mohr

10.ThU Undergraduate Thesis

Prereq.: -
U(1, 2, S)
Arr.

Program of undergraduate research, leading to
the writing of an S.B. thesis; to be arranged by
the student and appropriate MIT faculty mem-
ber.
C. M. Mohr

10.001 Introduction to Computer Methods

Prereq.: -
U(1)
2-0-4

Introduction to the use of computers in chemi-
cal engineering and to the computer environ-
ment on Athena. Exposure to methods for text
and picture creation and manipulation, symbolic
manipulation, and numerical programming.
Elementary methods for numerical analysis are
presented.
R. C. Armstrong, R. A. Brown

10.02J Biotechnolgy and Engineering
(New - Context Subject)

(Same subject as 5.22J)
Urereq.: -
U(2)
3-0-6

Illustrates how the principles of chemistry,
biology, and engineering are Integrated to
create new products for human health and
consumption. Uses case-study format to ex-
amine recently developed products of pharma-
ceutical and biotechnology industries: how a
product evolves from Initial idea, through pat-
ents, testing, evaluation, production, and mar-
keting. Emphasizes scientific and engineering
principles, as well as the responsibility scientists,
engineers, and business executives have for the
consequences of their technology.
J. M. Essigmann, R. S. Langer

10.11 Computer Models of Physical and
Engineering Systems

Prereq.: 18.02, 8.01
U(1) SD
3-0-9

School-Wide Elective Subject. Description given
at end of this chapter on SWE page.
S. Shyam Sunder

10.13 Chemical Engineering
Thermodynamics I

Prereq.: 18.02
U(1) SD
4-0-8

Basic concepts of thermodynamics. First,
second, and third laws. Theoretical develcp-
ment with applications to open and closed
systems. Concepts of energy, entropy, equilibri-
um, and reversibility. Introduction to properties
of mixtures, including colligative properties,
chemical reaction equilibrium, and phase equi-
librium.
C. M. Mohr, K. K. Gleason, J. W Tester

10.14 Chemical Engineering
Thermodynamics i1

Prereq.: 10.13
U(2)
3-0-6

Extension of 10.13, intended primarily for chem-
ical engineering majors. Thermodynamics of
multicomponent systems. Further discussion of
the molecular basis of thermodynamics; quan-
tum mechanical principles, spectroscopy,
structure, and thermodynamic properties.
Applications to open-system processes: power
cycles, refrigeration, prime movers.
C. M. Mohr, T A. Hatton

10.21 Structures and Properties of Matter

Prereq.: 5.11, 5.62
U(1)
3-0-6

Atomic and molecular Interactions and their
impOrtance in determining physical and chemi-
cal properties of matter. Dielectric properties of
materials. Description of physical and specific
chemical Intermolecular forces, Including hydro-
gen bonds. Bulk and interfacial properties of
pure and mixed gases and liquids. Techniques
for characterizing molecular structure and for
predictin properties of matter.
C. K. Colton

10.25 Industrial Chemistry and Chemical
Process Pathways (A)

Prereq.: 5.11, 10.14,10.37
G(1)
3-0-6

Chemical and engineering principles involved in
creation and operation of viable industrial pro-cesses. Topics: analysis of process chemistry

y)/ p-pathways (i.e., radical, Ionic, and pericyclic
ieactions of organic syntheses) and d-pathways
(i.e., catalysis by transition-metal complexes).
Use of reaction mechanisms for inference of
co-product formation, kinetics, and equilibria:
process synthesis logic related to reaction
selectivity, recycle, separations. Illustrations
drawn from current and contemplated commer-
cial practice.
R S. Virk

10.26 ChemIcal Engineering Laboratory

Prereq.: 5.11, 10.14, 10.302, 10.37
U(1)
2-8-2

Laboratory projects in the areas of applied
chemical research and unit operations. Students
work In groups and choose one project for the
whole term from projects suggested by local
industry. Training in planning research projects,
execution of experimental work, oral presenta-
tions, and writing reports. Draws on all theory
courses and literature surveys.
R. F Baddour, D. J. Goldstein

10.27 Chemical Engineering Processes
Laboratory

Prereq.: 10.13, 10.14, 10.301
U(2)
1-8-3

Introduces practical chemical engineering
operations through hands-on experience with
representative pilot-scale equipment and pro-cesses, Intended to provide instruction In the art
of experimentation and data analysis and intro-
duce theory of selected unit operations. Empha-
sis given to developing oral and written commu-
nication skills.
D. J. Goldstein, R. F Baddour

10.28J Multivariable Control Systems I (A)

(Same subject as 2.154J, 6.233J, 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
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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. Triantafyllou, L. Valavani

10.301 Fluid Mechanics

Prereq.: 18.03
U(2)
3-0-9

Introduces the mechanical principles governing
fluid flow. Stress in a fluid. Conservation of mass
and momentum, using differential and integral
balances. Elementary constitutive equations.
Hydrostatics. Exact solutions of the Navier-
Stokes equations. Approximate solutions using
control volume analysis. Mechanical energy
balances and Bernoulli's equation. Dimensional
analysis and dynamic similarity. Introduces
boundary-layer theory and turbulence.
J. M. Beer, W M. Deen, M. A. Kramer

10.302 Transport Processes

Prereq.: 10.13, 10.301
U(2)
4-0-8

Principles of heat and mass transfer. Steady and
transient conduction and diffusion. Convective
transport of heat and mass in both laminar and
turbulent flows. Natural convection. Condensa-
tion and boiling. Application to design of heat
exchangers. Radiative heat transfer
G. Stephanopoulos

10.31 Separation Science

Prereq.: Permission of Instructor
G(1) Next offered 1990-91
3-0-6

Advanced topics in separation science. Empha-
sis on characteristics and selection of separation
processes, physicochemical aspects of molecu-
lar recognition and selectivity in separations,
irreversible thermodynamics and generalized
driving forces, coupling of driving forces and
novel separations. Examples drawn from bio-
technology, materials processing, and environ-
mental control.
T A Hatton

10.32 Separation Processes
(Revised Unit)

Prereq.: 10.14, 10.302
U(1, 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.: 10.301, 18.02
G(1)
3-0-6

10.341 Finite Element Methods for Problems
in Transport Phenomena (A)

Prereq.: 10.34
G(1) Next offered 1990-91
3-0-6

Mathematical techniques underlying transport
problems basic to most chemical engineering
processes. Quaternions, vectors, polyadics,
cartesian tensors, general tensors, curvilinear
coordinate systems. Representations of rotation
and orientation. Anisotropic material tensor
properties. Applications to the derivation of
transport equations in physical space, at inter-
faces, along lines, and in multidimensional
phase spaces.
H. Brenner

10.331 Nonlinear Analysis in Chemical
Engineering

Prereq.: 10.33
G(2) ext offered 1990-91
3-0-6

Emphasizes both classical and modern meth-
ods for analyzing nonlinear ordinary and partial
differential equations arising in reaction engi-
neering and transport phenomena. Topics:
elementary stability theory and bifurcation
analysis of steady states: introduction to time-
periodic phe nomena and transitions to chaos:
numerical methods for tracking multiple-steady
and time-periodic states.
R. A. Brown

10.332 Linear Operator Theory In Chemical
Engineering Science

Prere .: 18.03, 18.06, or equivalent
G(1) Next offered 1990-91
3-0-6

Introduction to linear operator theory. Set theory,
metric and linear spaces. Inner product and
Hilbert spaces, orthogonality, adjoint and self-
adjoint operators, spectral representation theory,
Green's functions, and Sturm-Liouville opera-
tors. Applications to problems in partial differen-
tial equations and control theory.
T 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 arising
in heat and mass transfer, fluid mechanics, and
chemical reaction engineering. Topics: numeri-
cal linear algebra, solution of nonlinear algebraic
equations and ordinary differential equations,
and finite-difference and finite-element methods
for elliptic and parabolic partial differential
equations. All methods presented in context of
problems arising in transport phenomena.
Lectures and assignments assume knowledge
of FORTRAN.
R. A. Brown

Advanced methods for solving problems in fluid
mechanics and heat and mass transfer. Empha-
sis on efficient techniques for handling highly
irregular boundaries, nonlinearities, compicated
boundary conditions, and singularities. Variation-
al, Galerkin, and collocation schemes dis-
cussed.
R. A. Brown

10.35 Chemical Process Dynamics and
Control (A)

Prereq.: 10.37, 18.03
G(2)
3-0-6

Introduces Incentives and methods of chemical
process control. Dynamic behavior of chemical
reactors, separation units, heat exchangers.
Model linearization and stability analysis. Design
of simple PID controllers. Cascade, feedforward,
and adaptive control. Introduction to multivariate
control systems. Design of control systems for
complete plants. Digital computer control.
M. A. Kramer

10.36 Process Design

Prereq.: 10.302, 10.32
U(2)
3-0-6

Presents an integrated approach to conception
and preliminary design of chemical processing
systems. It emphasizes invention of processing
schemes, but it includes a balanced coverage
of analysis and optimization. Case studies of
real process design problems are used as a
vehicle to illustrate problem-solving methodolo-
gies.
G. Stephanopoulos

10.361 Integrated Chemical Engineering I

Prereq.: 10.32, 10.37, computer proficiency
U(i)
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 synthe-
sis, economic analysis, and process design.
G. Stephanopoulos, L. B. Evans

10.362 Integrated Chemical Engineering 11

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 simulation. Integra-
tion of societal issues, such as engineering
ethics, environmental and safety considerations,
and impact of technology on society are ad-
dressed in the context of case studies.
L. B. Evans, A. F Sarofim
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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 particles.
Reactor design - role of reaction pathway and
thermochemistry; reactor size: modeling of
performance.
R S. Virk

10.38 Analysis and Simulation of Chemical
Processing Systems (A)

Prereq.: 10.302, 18.03
G(2)
2-3-4

Techniques for computer-aided analysis of
chemical processing systems. Development of
mathematical models to describe dynamic and
steady-state process behavior. Optimization
techniques, numerical methods for solving
resulting systems of nonlinear algebraic and
differential equations and nonlinear program-
ming problems. Students gain experience in
solving case study problems on the computer.
L. B. Evans

10.381 Computer-Aided Process Design (A)

Prereq.: 10.302, 10.32
G(1) Next offered 1990-91
2-0-7

Use of the computer for steady-state process
simulation and design, with the aid of the AS-
PEN software system. Modeling the flowsheet,
selection of thermophysical property models,
use of data regression to fit constants in mod-
els, unit operation models, development of
specialized models for chemical reactors, cost
estimation, and economic evaluation. Tech-
niques for convergence of recycle streams and
design specifications. Students gain experience
in the use of ASPEN to solve case study prob-
lems.
L. B. Evans

10.382 Synthesis and Design of Chemical
Processing Systems (A)

Prereq.: 10.302, 10.32
G(1) Next offered 1990-91
3-0-6

Unifying approach to synthesis and design of
optimal process flowsheets. Selection of opti-
mum chemical reaction route. Generation of
altemative processing schemes and preliminary
evaluation of process designs. Synthesis of
optimal reactor networks, energy management
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

10.39 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 energy
technologies. Special subjects such as fuel
cells, solar energy, and geotherma! energy can
be studied and presented as tetn paper topics.
Open to undergraduates.
J. B. Howard

10.40 Chemical Engineering
Thermodynamics (A)

Prereq.: 10.13
G(1)
4-0-8

Basic postulates of classical thermodynamics.
Application to transient open and closed sys-
tems. Criteria of stability and equilibria. Thermo-
dynamic properties of pure materials and mix-
tures with some discussion of estimation and
correlating techniques. Phase and chemical
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 systems.
Equations of state for pure components and
mixtures, solution models for mixtures of elec-
trolytes and non-electrolytes. Surface thermody-
namics, equilibrium in body-force fields, statisti-
cal 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.
Experimental determination of interfacial tension.
Thermodynamics of interfaces. The Gibbs
adsorption equation. The Van der Waals ap-
proach to interfacial phenomena. Surface ten-
sion of pure liquids and solutions. Surface films,
;/etting and contact angles. Effect of curvature
on the equilibrium state of pure systems and
mixtures. Fundamentals of adsorption, micelliza-
tion, solubilization, and emulsification.
D. Blankschtein

10.44J Statistical Thermodynamics of
Complex Liquids (A)
(New)

(Same subject as 8.575J, 22.52J)
Prereq.: 8.08, 10.14, or equivalent
G(2)
3-0-9

See description under subject 22.52J.
S. H. Chen, J. D. Litster, D. Blankschtein

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 pro-
cesses and the design of artificial internal or-
gans and extracorporeal devices. Reviews

ertinent physiological principles. Rheology of
lood. Convective and diffusive mass transport

in blood and tissues. Mass transport characteris-
tics 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

roblems. Fundamentals of momentum transfer.
orced and free convection of heat and mass in

laminar flow, including laminar boundary layers.
Heat and mass transfer in turbulent flows.
Simultaneous heat and mass transfer in prob-
lems with phase changes or chemical reactions.
R. C. Armstrong, R. A. Brown, W M. Deen

10.51 Macromolecular Hydrodynamics (A)

Prereq.: 10.301
G(2)
3-0-6

Observed phenomena in polymeric flow sys-
tems. Techniques of viscometry and viscoelastic
measurements for polymeric fluids. Rheological
models. Continuum theories. Molecular theories
of polymeric fluids. Analytical solutions to flow
problems; non-Newtonian viscosity, linear

vasticity, normal stresses, recoil, stress
relaxation.
R. C. Armstrong
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10.515 Structural Theories of Polymer Fluid
Mechanics (A)

Prereq.: 10.301
G(2) Next offered 1990-91
3-0-6

Structural and molecular models for polymeric
liquids. Nonequilibrium properties are empha-
sized. Elementary kinetic theory of polymer
solutions. General phase space kinetic for
plymer melts and solutions. Network theories.
Interrelations between structure and rheological
properties-R. C. Armstrong

10.52 Mechanics of Fluids (A)

Prereq.: 10.50
G(2)
3-0-6

Advanced course in fluid and continuum me-
chanics. Content may vary, drawing from such
topics as low Reynolds number hydrodynamics,
Brownian motion, suspension mechanics, flow
In porous media, multiphase/particulate flow,
ideal fluid theory, laminar boundary-layer theory,
stability theory, and turbulence.
H. Brenner

10.53J Physicochemical Hydrodynamics (A)

(Same subject as 2.272J)
Prereq.: 10.50, 2.25
G(1)
3-0-9

See description under subject 2.272J.
R. F Probstein, H. Brenner

10.54 Advanced Topics In Heat and Mass
Transfer: Macrotransport Processes (A)

10.56J Biotechnology of Mammalian Cells

(Same subject as 7.52J)
Prereq.: 7.03 or 7.05, 5.60 or 10.13
U(2)
4-0-8

See description under subject 7.52J.
A. J. Sinskey, D. L. C. Wang

10.565 Separation Processes for Biochemical
Products (A)

Prereq.: -
G(1)
3-0-6

Introduces the fundamental principles of sepa-
ration operations important to the recovery of
products from biological processes. Lectures
cover membrane filtration, chromatography,
centrifugation, electrochemical separation.
C. L. Cooney

10.57 Modeling of Biological Systems (A)

Prereq.: Permission of Instructor
G(2)
2-0-7

Analytical (mathematical) descriptions of inter-
esting biological mechanisms, systems, and
processes. Examples covering the entire spec-
trum, from simple biological reactions to intri-
cate networks of metabolic pathways, whole-cell
metabolism, pure and mixed population dynam-
ics and stability, and full bio-reactor models,
considered. Emphasis focused on the accurate
mathematical representation of biological reality
and, hence, the correct problem definition for
the purpose of organizing existing knowledge,
enhancing system understanding, identification,
and control.
G. Sfephanopoulos, A. J. Sinskey

Prereq.: 10.50
G(2)
3-0-6

Biochemical Engineering

10.58 Structure, Dynamics, and Reactivity in
Biotechnology

Prereq.: 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, em-
phasizing proteins. Prokaryotic and eukaryotic
cell properties and relationship to cell function.
Topics Include protein stability, denaturation,
motions and electrostatic properties; analytical
techniques; cellular transport processes, and
intercellular organization. Biophysical and
biochemical phenomena considered, with an
eye toward blotechnological processes.
M.L Yarmuin

10.59 Blochemical Engineering (A)

Prereq.: Permission of Instructor
G(2)
4-0-8

Interaction of chemical engineering, biochemis-
try, and microbiology. Mathematical representa-
tions of microbial systems. Kinetics of growth,
death, and metabolism. Continuous fermenta-
tion, agitation, mass transfer, and scale-up In
fermentation systems, enzyme technology.
C. L. Cooney, D. I. C. Wang

10.591 Biochemical Engineering
Laboratory (A)

Prereq.: Permission of Instructor
G(2)
0-5-1

Laboratory portion of biochemical engineering.
Experiments focus on mass transfer problems,
microbial kinetics, product formation and recov-
ery processes, and computer-aided fermenta-
tion. Fermentation process plant design.
D. L. C. Wang, C. L. Cooney

Generalized Taylor dispersion theory applied to
chromatographic separation processes, flow in
porous media, transport properties of macromo-
lecular solutions, and generic analyses of heter-
ogeneous systems, including adsorption phe-
nomena and chemically reactive continua.
H. Brenner

10.55 Colloid and Surfactant Science (A)

Prereq.: Permission of Instructor
G(2)
3-0-6

Introduction to theory and applications of colloi-
dal dispersions and surfactant science. Mono-
layer adsorption at interfaces, electrical double
layers, dispersion forces, electrokinetic phe-
nomena, and stabilization of dispersions.
Chemistry, structure, and classification of surfac-
tants, critical micelle concentrations, micellar
solubilization, and catalysis. Detergency and
wetting phenomena. Emulsion technology and
applications.
T A Hatton
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Applied Chemistry

10.60 Heterogeneous Catalysis and Catalytic
Processes (A)

Prer4q.: 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 practical
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. Commonality of
mechanisms for significant groups of catalyzed
reactions such as hydrogenation, partial oxida-
tion, and hydrocarbon reactions catalyzed by
solid acida and zeolites. Recent industrial devel-
opments and projected future trends.
C. N. Satterfield

10.611J Microelectronics Processing
Technology

(Same subject as 3.155J, 6.152J)
Prereq.: 6. 071
U(13 2)
3-4-5

See description under subject 6.701J.
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 thermodynamics
and kinetics including adsorption-desorption,
catalytic properties, and sputtering processes.
Applications to microelectronics, optical materi-
als, 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
G(2) Next offered 1990-91
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, R Cebe

10.642 Molecular and Phenomenological
interpretation of Polymer Viscoelasticity (A)

Prere -
G(1) extoffered 1990-91
2-0-7

Theory and phenomenology of linear viscoelas-
tic behavior of polymers. Material functions and
their interconversion, model representation,
time-temperature equivalence. Reviews molecu-
lar theories. Introduces nonlinear 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
reactoi inalysis, including residence-time
distributions, concepts of mixedness, and
segregation, dispersion, and CSTR models.
Mass and energy transfer limitations in hetero-
geneous noncatalytic and catalytic reaction
systems. Reactor stability and sensitivity to
operating parameters. Choice and design of
reactors for heterogeneous reactions.
J. B. Howard, A. F Sarofim, C. N. Satterfield

10.652 Principles and Applications of
Chemical Kinetics (A)
(New)

Prereq.: 10.65 or 10.37 and 5.62
G(2)
3-0-6

Estimation of thermodynamic and kinetic prop-
erties based on molecular dynamics. Methods
including collisional theory and transition state
theory will be developed for the estimation of
unimolecular, bimolecular, termolecular, and
complex reaction systems. Pressure effects and
fall-off treatment using Lindemann-Hinshel-
wood, Kassel, RRK, and RRKM treatments.
Chemical activation and ion-molecule reactions.
Content may vary drawing on applications in
combustion, plasma chemistry, and heteroge-
neous 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
reaction 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 reactors, 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)

LSame subject as 3.97J)
rereq.: 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 copolymeri-
zation, reactions in homogeneous phase and at
interfaces, and the synthesis of linear chains
and highly ramified structures are carried out,
The resulting macromolecules are character-
ized: molecular mass and its distribution by
several methods, composition and constitution
by spectrometric and other analytical means,
and molecular thermodynamic properties.
Polymer-analogous reactions are used to modify
macromolecules.
R. E. Cohen, M. F Rubner

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. Statisti-
cal thermodynamics of interpenetrating random
coiling polymers in solution with application to
phase separations, swelling of networks, de-
pression of melting point. The isolated chain
molecule in dilute solutions analyzed for mass
or size by static methods (osmometry, light
scattering, neutron scattering) and by dynamic
methods (intrinsic viscosity, size exclusion
chromatography. electrophoresis, sedimenta-
tion). Comparison of responses of synthetic and
biological (protein, polysaccharide, polynucleo-
tide) macromolecules to these methods.
E. W Merrill

10.682 Statistics of Macromolecular Systems

Prereq.: Permission of Instructor
G(2)
3-0-6

Structure, configuration, and conformation of
macromolecules. Polymerization and copoiymn-
erization statistics. Spatial arrangement of
chains, linear and nonlinear, with and wthout
the effects of excluded volume. Dilute ard
concentrated systems. Chain dynamcs Rota-
tional isomeric state theory. Experimerta otser-
vation of spatial arrangements of macrsrmcie-
cules, with special focus on scatterrg :f
radiation.
J. M. Deutch
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10.691 Synthesis of Polymers (A)

Prereq.: 5.42
G(2)
3-0-6

Studies synthesis of polymeric materials, em-
phasizing interrelationships of chemical path-
way, process conditions, and "microarchitec-
ture" of molecules produced. Chemical
pathway: anionic, radical, condensation, ring-
opening. Process conditions: bulk, solution,
emulsion, suspension, gas phase, batch vs;
continuous fluidized bed. "Microarchitecture":
tacticity, molecular-weight distribution, se-
quence distributions in copolymers, 'errors" in
chains such as branches, head-to-head addi-
tion. peroxide incorporation.
E. W Merrill

10.70 Principles of Combustion (A)

Prereq.: Permission of Instructor
G(2)
3-0-6

Basic concepts and applications of combustion:
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 pollutant formation
and emission: oxides of nitrogen and sulfur,
polycyclic aromatic compounds, fine inorganic
particulates. Reduction of pollutant emission by
combustion process modifications.
J. M. Beer

10.71J Air Pollution Control (A)

(Same subject as 2.29J)
Prereq.: Permission of Instructor
G(2) Next offered 1990-91
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 environment.
Material balance concepts and evaluation of
ambient levels of chemicals in the environment.
Evaluation of health and ecological impact.
Concepts of risk assessment and management.
Regulatoy framework and historical back-
ground. Technological solutions based on
process modification and emissions control.
Case studies are selected from a range of major
environmental problems ranging from hazard-
ous waste chemicals, combustion-generated
pollutants, acid rain, global CO2.
J. R. Ehrenfeld, A. F Sara tim

10.731 Seminar in Combustion Chemistry

Prereq.: Permission of Instructor
G(1, 2) [P/F]
2-0-4

Readings, presentations, and discussions of
selected, currently active research topics in
combustion chemistry. One or two topics stu-
died each term. Examples are chemistry and
structure of flames, thermochemical kinetics
methods and calculations, mathematical model-
ing and computer analysis of reaction 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) [P/F]
2-0-4

Review of current literature and research on
gas-solid reactions, with particular emphasis on
combustion, gasification, and gas absorption at
high temperatures. Includes the mechanisms
and kinetics of gas-solid reactions, the charac-
terization of the structure and modeling of
diffusion in porous solids, aerosol formation,
and growth.
J. M. Bedr, M. Flytzani-Stephanopoulos

10.733 Solid Thin Films and interfaces
(New)

Prereq.: Permission of Instructor
G(1, 2) [P/F]
2-0-4

Current research topics and fundamental issues
relating the structure and properties of solid thin
films and interfaces to processing history.
Emphasis on applying analytical techniques,
such as solid-state NMR, to explore the thermo-
dynamics and kinetics of growth, defect forma-
tion, and structural modification incurred during
microelectronics fabrication.
K. K. Gleason

10.74J Radiative Transfer (A)

(Same subject as 2.58J)
Prereq.: 10.302 or 2.51
G(?) Next offered 1990-91
3-0-9

Principles of thermal radiations and their appli-
cation to engineering heat transfer problems.
Basic laws of thermal radiation. Radiative prop-
erties of surfaces. Radiant interchange among
surfaces separated by a transparent medium.
Thermal radiation characteristics of gases and
particle clouds. Radiative interchange through
absorbing, emitting, and scattering media.
Application to furnaces, high-temperature
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

reactive fluids. Thermodynamic and chemical
equilibrium in multicomponent 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

10.792J Proseminar in Manufacturing
(New)

(Same subject as 2.890J, 3.80J, 6.943J,
15.792J, 16.23J)
Prereq.: -
G(1, 2) [P/F]
3-0-3

See description under subject 15.792J.
S. Graves

10.801 Entrepreneurship

Prereq.: -
G(2)
4-0-5

School-Wide Elective Subect. Description given
at end of this chapter on SWE page.
W C. Flowers

10.805J Technology, Law, and the Working
Environment (A)

(Same subject as TPP 35J)
Prerq.: -
Gil)
3-0-6

Addresses relationship between technology-re-
lated problems and the law applicable to work
environment. National Labor Relations Act,
Occupational Safety and Health Act. Toxic
Substances Control Act, state worker's compen-
sation, and suits by workers in the courts dis-
cussed. Problems related to occupational health
and safety, collective bargaining as a mecha-
nism 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-re-
lated areas.
N. A. Ashford, C. Caldart

10.806 Management in Engineering

Prereq.: -
U(1)
3-0-9

School-Wide Elective Subect. Description given
at end of this cha ter on SWE page.
D. R Hoult, H. S. Marcus

10.816 Engineering Risk-Benefit Analysis (A)

Prereq.: 18.02
G(2) Next offered 1990-91
3-0-6

School-Wide Elective Subject. Description given
at end of this chapter on SWE page.
A. W Drake, A. R. Odoni

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, mecha-
nisms, and products of pyrolysis of solid- and
heavy-liquid fuels in presence of inert and



86D Chemical Engineering

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 Waterford, NY
Group problem assignments conducted at plant
sites involve development of existing polymer
manufacturing processes. Exposure to highly
diversified unit operations at pilot-scale or
production levels, including distillation, extrac-
tion, filtration, extrusion, and fixed- and fluidized-
bed reactor systems. Credit granted in lieu of
Master's thesis; see Departmental description
on School of Chemical Engineering Practice in
Chapter 7 for details. Enrollment limited and
subject to plant availability.
T A. Hatton

10.84 (10.85) School of Chemical
Engineering Practice - Midland Station (A)

Prereq.: Permission of Instructor
G(1, 2, S)
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, de-
sign, 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

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 include
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

lant availability.
A. Hatton

10.88 (10.89) School of Chemical
Engineering Practice - Richmond Station (A)

Prereq.: Permission of Instructor

0-11-0

Conducted at Chevron's oil refining, petrochem-
icals, and research facilities in Richmond, CA.
Group problem assignments include process
improvement and development, design, envi-
ronmental control, and process control as they
apply to the petroleum Industry. Credit granted
in ieu of a Master's thesis; see Departmental
description on School of Chemical Engineering
Practice in Chapter 7 for details. Enrollment
limited and subject to facility availability.
T A. Hatton

General

10.90 Experimental Research Problem (A)

Prereq.: Permission of Instructor
G(1, 2)
Arr.

For special and graduate students who wish to
carry out some minor investigation in a particu-
lar field. Subject and hours to fit individual
requirements.
W M. Deen

10.91 Experimental Research Problem

Prereq.: -
U(1, 2)
Arr.

For undergraduate students who wish to carry
out a special investigation in a particular field
Topic and hours to fit individual requirements.
R. C. Armstrong

10.94 Special Problems in Chemical
Engineering

Prereq.: Permission of Instructor
U(1, 2)
Arr

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)
Arr.

Directed research and study of special chemical
en ineering problems.
W .Deen

10.971 Seminar in Fluid Mechanics and
Transport Phenomena

Prereq.: Permission of Instructor
G(1, 2) [P/F]
2-0-4

Seminar series on current research on Newto-
nian 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) [P/F]
2-0-4

Seminar allows students to present their re-
search programs to other students and staff.
The research topics include fermentation and
enzyme technology, mammalian and animal cell
cultivation, and biological product separation.
0. I. C. Wang, C. L. Cooney



10.973 Bloengineering

Prereq.: Permission of instructor
G(1, 2) [P/F]
2-0-4

Seminar covering topics related to current
research in the application of chemical engi-
neering principles to biomedical science and
biotechnology.
C. K. Colton, W M. Deen

10.974 Catalyais ared Reaction Engineering

Prereq.: Permission of instructor
G(1, 2) [P/F]
2-0-4

Seminar on research topics and recent develop-
ments in heterogeneous catalysis, reaction
engineering, and related topics. Intended pri-
marily for students engaged in research 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) [P/F]
2-0-4

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) [P/F]
2-0-4

Seminars in the state of the art in chemical
process and control-system design, with em-
phasis on recent research. Discussions guided
by the interests of participating students. Rele-
vant topics in mathematics, numerical methods,
and knowledge-based programming intro-
duced.
M. A. Kramer, L. B. Evans

10.977 Artificial Intelligence in Chemical and
Biochemical Engineering

Prereq.: Permission of Instructor
G(1 2) [P/F)
3-0-3

Research seminars on the evolving state of the
art in artificial intelligence, and how it affects the
solution of problems in chemical and biochemi-
cal engineering. Includes expert systems in
product and orocess development and design;
leaming expert systems In process control;
expert assistants in problem formulation; model-
based hybrid expert systems; search tech-
niques; pattern recognition. LISP programming,
background in artificial intelligence necessary.
G. Stephanopoulos

10.978 Seminar in Applied Thermodynamics
and Applied Heat and Mass Transport

Prereq.: Permission of instructor
G(1, 2) [P/F]
2-0-4

Review of current topics in applied and theoreti-
cal thermodynamics and transport. Subjects
include oxidation reactions and salt solubility in
supercritical water; phase equilibria in gas
hydrate/clathrate systems; fundamental pro-
cesses 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) [P/F]
2-0-4

Advanced topics in plasma processing used in
the fabrication of microelectronics. Emphasis
placed on topics of plasma kinetics, gas-solid
interactions, sputtering, and reactor design.
Discussions include current research in the
literature.
H. H. Sawin

10.980 Macretransport Processes

Prereq.: Permission of Instructor
G(1, 2) [P/F]
2-0-4

Seminar covering current research topics on
theoretical aspects of transport processes,
continuum mechanics, and statistical mechan-
ics. Seminars given by graduate and postdoc-
toral students, participating faculty, and guest
speakers.
H. Brenner

10.981 Seminar in Colloid and interface
Science

Prereq.: Permission of Instructor
G(1, 2) [P/F)
2-0-4

Review of current topics in colloid and interface
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 phe-
nomena in colloidal systems; biomedical as-
pects of colloidal systems.
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 phenom-
ena, irreversible thermodynamics, statistical
mechanics.
T A. Hatton

10.989 Special Topics in Biotechnology
(New)

Prereq.: Permission of Instructor
G(1, 2) [P/F]
2-0-4

Research seminars, presented by graduate
students and visitors from industry and acade-
mia, covering a broad range of topics of current
interest in biotechnology. Discussion focuses on
generic questions with potential biotechnologi-
cal applications and the quest for solutions
through a coordinated interdisciplinary ap-
proach.
G. Stephanopoulos

10.991 Seminar in Chemical Engineering (A)

Prereq.: Permission of Instructor
G(1) [P/Fl
2-0-4

10.992 Seminar in Chemical Engineering (A)

Prereq.: Permission of Instructor
G(2) [P/F]
2-0-4

For students working on doctoral theses.
R. A. Brown

10.ThG Graduate Thesis (A)

Prereq.. -
G(1, 2. S)
Arr

Program of graduate research, leading to the
writing of an S.M., Chem.E., Ph.D., or Sc.D.
thesis; to be arranged by the student and
appropriate MIT faculty member.
W M. Deen
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Course 11 Urban Studies and Planning

Undergraduate Subjects

Introductory Subjects

11.001 introduction to Urban Design and
Development

Prereq.:
U(1)
3-0-9

Examines both the structure of the cities and
ways that they can be changed. Includes histor-
Ical forces that have produced cities, models of
urban analysis, contemporary theo of urban
design, and implementation strateg es. A series
of core lectures focuses on student work.
Speakers present cases, involving current
projects, which illustrate the scope and meth-
ods of urban design practice.
0. Frenchman

11.002 Introduction to Public Policy Analysis
and Government Action

Prereq -
U(1)Next offered 1990-91
3-1-8

Presents major analytic techniques of public
policy analysis: deterministic and probabilistic
models, cost-benefit analysis, decision analysis,
linear programming. Class sessions organized
in order of main tasks of policy analyst: identify-
ing altematives, implementation, evaluation.
Compares alternative approaches to public
policy analysis.
G. T Marx

11.003 Planning and Applied Social
Research I

Prereq.: 11.007J, 14.01
U(1) Next offered 1990-91
4-0-8

Concerned with these questions: What theories
from the social sciences are applicable to the
design, Implementation, or evaluation of public
policies and programs? How good should such
theories be? What theories of social science do
current public policies and pr rams presume?
How good are these theories? me subject as
11.507. Consult G. T Marx.

11.004 The Professions
(New)

Prereq.: -
U(2)
2-0-7

Social/psycholo ical appraisal of the world of
professionals. x plores professions as socio-
political constructions which have evolved In
response to societal needs. Attention to issues
of autonomy, claims to expertise, priviledged
communications, ethics, political legitima Ion,
economic and ideological influences and rela-
tions of educational practices and technological
Innovations to the creation and perpetuation of
social suport for a professional enterprise.
M. Kahne

11.005 Urban Social Structure and Process

Prereq.: -
U(2) HASS
3-0-6

Sociological anaysis dealing primari'y with
transformations, rom the turn of the century to
the present, in the major institutions of urban
society. Contemporary structures, changes, and
interrelations of ecological and demographical
bases; age and sex structures; stratification,
economic, political, educational, and religious
institutions. Examines ethnic and racial relation-
ships in the US.
G. Marx

11.006J American Society: Values,
institutions, and Variety

(Same subject as 17.257J)
Prereq.: -
U(2) HUM-D
3-0-9

Study of American society, including the Ameri-
can value system and factors that shape it; the
expression of these values In basic institutions
such as govemment, work, religion, and family:
sources of societal differentiation Including
class, gender, race, age, ethnicity, and region;
and current and future social trends and
scenarios.
G. T Marx

11.007J Politics and Public Policy

(Same subject as 17.201J)
Prereq.: -
U(2) HASS-D/HUM-D
3-0-9

See description under subject 17.201J.
0. T Mar, M. Lipsky E. M. Immergut

11.008J Economic Structure of Cities

(Same subject as 14.51J)
Prereq.: 14.01
U(1) HASS
3-0-6

See description under subject 14.51J.
W C. Wheaton

11.010 Medicine and its Critics
(New)

Prereq.: -
U(1)
2-0-7

Problems of social planning and intervention
through the study of the professional behavior
of medical personnel. Help-seeking assump-
tions and behaviors of their clientele, and social
judgments of professional observers and politi-
cal factions which comprise the world of
medicine.
M. Kahne

11.013J American Urban History I

(Same subject as 21.412J)
Prereq.: -
U(1) HUM-D
3-0-6

Seminar on the history of institutions and institu-
tional change in urban America from roughly
1890 to the present. Among the institutions
considered are political machines, police de-
partments, schools, courts, hospitals, prisons,
welfare departments, and universities. Focuses
on readings and discussions.
R, M. Fogelson

11.014J American Urban History 11

(Same subject as 21.413J)
Prereq.: -
U(2) HUM-D
3-0-6

Seminar on the history of selected features of
the physical environment of urban America.
Among the features considered are parks,
cemeteries, tenements, suburbs, zoos, sky-
scrapers, department stores, supermarkets, and
factories.
R. M. Fogelson
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11.01 5J Riots, Strikes, and Conspiricles in
America
(New)

(Same subject as 21.394J)
Prereq.: -
U(1) HASS-D/HUM-D
3-0-9

Readings, discussions, and lectures about
short-term events which shed light on American
society from the late 17th to the late 20th centu-
ries. 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. Fogelson, R Maier

Specialized Subjects

11.016 Introduction to Technology and
Environmentai Analysis

Prereq.: -
U(2) HASS
3-0-6

Comparative analysis of technological impacts
on natural resources and tho environment. Case
studies of oil drilling, coal mining, power plant,
dam, agricultural, automobile, and architectural
Impacts on national and global air, water, land,
plant, and animal resources and marine environ-
ments. Analytic frameworks include natural
science, economic, litical, problem solving,
and design approaches.
M. G. Klapp

11.017J Learning to Design and Designs for
Learning
(Context Subject)

(Same subject as 21.612J)
Prereq -
U(2) HASS
3-6-3

How generalizable is design knowledge? How is
it acquired? What are the elements, relations,
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 pro-
gramming. On the basis of our experience in
initial tasks and specialized areas, we examine
similarities and differences in design processes
across media and domains of expertise.
D. Schon, J. Samberger

11.122 Environmental Policy and Regulation

Prereq.: -
U(1) HASS
3-0-6

11.131 The Ilrban Neighborhood

Prereq.: -
U(2) HASS
3-0-9

Covers theories, studies, and policy issues
conceming the urban neighborhood, emphasiz-
ing the role of race and local Involvement.
Reviews neighborhood theory from the neigh-
borhood unit to neighborhood territoriality;
examines methods for studying neighborhoods,
including research design and participant
observation. Considers issues such as munici-
pal decentralization, neighborhood abandon-
ment, and maintaining public safety in the
neighborhood.
J. M. D. Schuster

11.165 Law and Public Policy

Prereq.: -
U(1) HUM-D Next offered 1990-91
3-0-9

Examines how the legal system shapes, re-
views. and implements public policy, Case
examples drawn from environmental protection.
school desegregation, abortion and insanity
defense. Emphasis on procedural requirements
to court, and the relationship of courts to other
policy-making branches of govemment. Taught
in the style of a first-year law course; students
draft judicial opinions.
M. Wheeler

Laboratories

11.185J Design with Microclimate

Same subiect as 4.417J)
rereq.: 8. 1, 18.01

U(1) LAB
3-3-6

See description under subject 4.071J.
T E. Johnson

11.188 Social Research Methods

Prereq.: Permission of Instructor
U(2) LAB
3-6-3

Introduces methods and processes of social
research. Explores various methods - surveys,
case studies, comparative research, social area
analysis - in the context of specific research
topics. Emphasizes development of research
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

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.
G. T Marx

11.193 Preparation for Undergraduate Thesis

Prereq.: -
U(1, 2) [P/F]
Arr

Selects thesis subject, defines method of ap-p roach, and prepares preliminary thesis outline.
Independent study, supplemented by frequent
individual conference with staff members.
G. T Marx

11.194 Special Topics In Urban Studies and
Planning

Prereq.: -
U(1, 2)
Arr.

11.195 Special Topics in Urban Studies and
Planning

Prereq.: -
U(1, 2)
Arr.

Small roup study of special topics under staff
supervision. For undergraduates wishing to
pursue further study or fieldwork In specialized
areas of urban studies or city and regional
planning not covered in regular subjects of
instruction.
G. T Marx

11.196 Urban Fieldwork and Internships

Prereq.: -
U(1, 2) [P/F]
Arr.

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.
Includes intern ips, under staff supervision, in
municipal and state agencies and departments
under staff supervision.
G. T Marx

1 1.UR Undergraduate Research

See description under subject 11.361.
M. Wheeler, L. Bacow Prereq.: -

U(1, 2) [P/F)
Arr.

Undergraduate research opportunities In Urban
Studies and Planning. For further information,
consult the Departmental Coordinators
J. Ferreira, Jr.
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Graduate Subjects

Core and Methods Subjects

11.200 Planning and institutional Processes

Prereq.: Permission of Instructor
G(1)
3-0-9

Basic paradigms and theories of planning
practice. Evaluates historical and current devel-
opments in planning, with special emphasis on
the institutional setting of planning in American
society. Lectures, case studies, and comparative
analyses ex lore the changing roles of the
planner and the key dilemmas in plannin
practice. Focuses on strategies of institutional
intervention and Implementation. Restricted to
first-year MOCP 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 planningstyles. Case studies of planning: decentraliza-
tion, provision of low-cost housing, and new-
town development, Analyzes various roles
planners play in different institutional contexts.
Professional ethics and values amidst conflicting
demands.
B. Sanyal, R. Gakenheimcr

11.206 Core Practicum

Prereq.: -
G(2) P/F]
2-2-

Small groups conduct in vivo planning exer-
cises with a faculty advisor. Students engage in
a project that raises pivotal issues in planning
(values ideology, race/gender/class), and estab-
lish a group process that allows participants
opportunity for reflection on group dynamics
and self/roles in the context of planning. Re-
stricted to first-year M.C.P students.
T Lee

11.210 Political Economy for Planners I

Prereq.: Permission of Instructor
G(1)
4-2-6

Introduces political economy for planners,
emphasizing economic institutions and structur-
al analysis of standard ecoromic theory andrublic policy grounded in that theory. Models of
ndividual 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.
K. R. Polenske, E. Melendez

11.216 Writing for Public Policy and Planning

Prereq.: -
G(2)
2-0-4

Strategies for organizin and expressing ideas
in writing. Students draf and redraft projects of
their own choice, while sharpening their aware-
ness of the writing process through exercise
and feedback. Techniques for structuring analyt-
ical presentations, making use of intuition,
anticipating reader response, and editing for
academic or professional audiences. Limited to
15 students.
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 financia spreadsheet
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 meth-
ods. Covers elementary statistics, probability,
and other types of quantitative reasoning 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
Metheds for Planning 11
(New)

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
multiple regression and time series analysis.
Uses data sets from actual planning applications
for examples and problem sets. The last three
weeks will be devoted to a module designed to
illustrate the use of quantitative techniques in a
comparative, case-study based policy analysis.
L. Wiggins, M. Rein

11.222 Decision Analysis for Planning
(Revised Unit)

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 critique of cases
in planning and real estate development.
J. Ferreira, Jr:

11.223 Graphic Methods for Analysis

Prereq.: -
G(1)
2-1-1

Module covers four basic techniques of visual-
ization: drawing, photography, video, and visual
design in print. Provides planning students with
a condensed Introduction to visual communica-
tion techniques and the issues surrounding their
use. Class sessions devoted to presentations,
lectures, and instruction.
T Lee

11.224 Impact Assessment Techniques (A)

Prereq.: 11.220
G(2)
3-0-6

Methods for predicting and evaluating Impact of
development, stressing predictive techniques
for use by public officials without formal training
in quantitative methods. Uses both computer-
based modeling and non-quantitative tech-
niques as aids in evaluation of altematives.
Includes traffic, fiscal, employment, and visual
impacts.
R B. Herr

11.226 Cost-Benefit Analysis for Planning

Prereq.: 11.220, Permission of Instructor
G(2)
2-1-1

Module introduces students to the techniqL es of
project analysis and to the strengths and wea-
nesses of cost-benefit analysis. Exercises

provide practice in discounting, calculating rate
of return, and calculating or applying shadow
prices. Explores underlying rationales of various
cost-benefit precepts and tools.
R Smoke

11.227 Introduction to Computers in Public
Management

Prereq.: 11.220
G(1, 2)
2-2-2

Meets concurrently with the first six weeks of
11521. Topics: database management, spread-
sheet analyses, and decision support systems.
See description under subject 11.521.
J. Ferreira, Jr.

Intermediate Methods Subjects

11.230 Workshop in Institutional Analysis

Prereq.: 11.200
G(2)
4-0-8

Basic theories of institutional behavior, structure,
and change for planners. Emphasizes institu-
tions that directly affect the ability of planners to
implement designs, policies, and development
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strategies. While students are expted to
demonstrate ability to work with fundamental
conceptual frameworks in Institutional theory,
primary focus Is on application of institutional
perspectives to practIce-related Issues.
D. A Schon

11.233 Comparison and Lesson Drawing

Prereq.: -
G(1)
2-0-7

Focuses on Issues in comparative policy analy-
sis in housing and other areas by comparing
experiences In developing and developed
countries. Logic and method of comparison;
review of policy studies; roles of setting and
Ideology In problem formulation; and lesson
drawing for policy. Can be used to satisfy
methods requirement.
M. Rein

11.235 Analyzing Projects and Organizations

Prereq.: -
G(2)
2-4-6

Seminar builds analytic skills in finding assump-
tions in what organizations say about them-
selves and transforming them into hypotheses
for field evaluation: 1) using proxy indicators
where data are poor and time is short: 2) pre-
paring for, conducting, and interpreting inter-
views; 3) conducting cross-project and cross-
organization comparisons; and 4) seeing the
rationality in seemingly chaotic organizational
and project environments. Desirable for stu-
dents preparing for Master's or Ph.D. theses.
J. Tendler

11.236 Income Distribution and Poverty
(New)

Prereq.: 11.210, 11.220 or equivalent
G(1)
2-0-7

Analysis of income distribution and poverty
problems, drawing on material for both develop-
ing countries and the US. Topics include theo-
ries and empirical analysis of size distributions
of income and wealth. questions of who benefits
from economic development, functional and
class distributions, models of labor markets,
discrimination, and poverty.
L. Taylor

11.252 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, altemative forms of
prorrty ownership, and secured interests.
L. cow O

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 de-
sign, implementation strategies. Core lectures
supplemented by discussion group focusing on
student work. Speakers present cases involving
current projects illustrating the scope and
methods of urban design practice.
D. Frenchman

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. Fogelson

11.330J Theory of City Form (A)

Same subject as 4.747J)
Grereq.: 4.736J or 11.301J
A(2)
Arr.

See description under subject 4.747J.
J. Beinart

11.332J Urban Design (A)

( Same subject as 4.163J)
rereq.: Permission of Instructor

G(2)
Arr.

See description under subject 4.163J.
D. Frenchman

11.334 Environment Risk Assessment (A)

Prereq.: Permission of Instructor
G(2)
3-0-6

Examines use of risk assessment and risk
management by regulatory agencies to set
environmental standards and site hazardous
facilities. Includes probabilistic risk assessment,
decision analysis, sensitivity analysis, ecological
modeling, risk control and bargaining, compen-
sation, and risk perception. Cases include
agency decisions on toxic chemicals and haz-
ardous materials.
M. G. Klapp

11.335J Cities of Tomorrow (A)

(Same subject as 4.748J)
Prereq.: Permission of Instructor
G(2)
3-0-6

Research seminar on the future of urban de-
sign, to focus on developing a realistic projec-
tion of the organization, function, and form of
cities, based on an analysis of contemporary
trends. Review of historical efforts in the tradition
of predicting urban change. Analysis of contem-
pora urbani design projects and proposals.
Supplemented by readings and speakers in
parallel fields likely to have impact on urban
form, Including Information processing, commu-
nications, entertainment.
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 meth-
ods of site evaluation, feasibility studies, site
improvements, infrastructure requirements, 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 govemrnments influence
the quality of environmental design, Focuses on
the success and failure of methods for achiev-
ing urban design objectives through various
public policy mechanisms: incentives, standards
and regulations, owning and operating creation
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
appreciative system implicit in design inquiry,
through the examination of documented ac-
counts of design processes. Includes design
communication, language and notation, pro-
blem-framing and framne-reflection, roles of
examples and metaphors in design, research
programs in careers of master designers, cultur-
al and institutional contexts of design, computa-
tional and models of designing.
0. A. Schon

11.360 Community Growth and Land Use
Planning

Prereq.: -
G(1)
3-0-6

Seminar and fieldwork on strategies of planning
and control for growth and land use, chiefly at
the municipal level. Growth and its local conse-
quences; land use planning approaches; Imple-
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mentation tools including innovative zoning,
subdivision controls, infrastructure systems, 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 govemment Intervention
to protect the environment. Reviews policy
instruments available to promote environmental
quality, including standards, taxes, marketable
nyhts, and liability rules. Same subject as
1 .122.
M. Wheeler, L. Bacow

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 environmental
resources. Discussions focus on strengths and
weaknesses of traditional planning and regulato-
ry 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: Po!!cy
and Management (A)

(Same subject as 15.650J. TPP 54J)
rereq.: -

G(2)
3-0-6

Examines public policy questions conceming
production and disposal of hazardous sub-
stances. Introduction to strategies for risk asses-
sment, risk management, risk communication,
and the privatization of regulation. Through case
studies of standard setting, facility siting, and
superfund cleanup efforts, students leam tech-
niques of policy analysis and public manage-
ment as they appI to hazardous substances.
L. E. Susskind, J. R. Ehrenfeld, J. D. Nyharf

11.364 Environmental Dispute Resolution

Prereq.: Permission of Instructor
G(2)
3-0-6

Introduces methods and formal theories of
negotiation, mediation, and compensation as
techniques to resolve environmental disputes.
Examines cases Involving rule making, permit-
ting, and enforcement. Includes disputes over
power plant siting, energy conversion from oil to
coal, and sewage treatment standards.
L. E. Sussk/nd, M. Wheeler

11.365J Coastal Zone Management (A)

(Same subject as 13.98J)
Prereq.: Permission of instructor
G(2)
3-3-6

See description under subject 13.98J.
J. 7: Kildow

11.366 Comparative Environmental and
Natural Resource Policies

Prereq.: -
G(1)
3-0-6

Comparative analysis of natural resource and
environmental policies in advanced and less-de-
veloped countries. Cases include oil, natural
gas, fisheries, water quality, acid rain, and port
management. Analyses explain policy choices
in terms of intemational and comparative nation-
al, political, and economic factors. Seminar
format including student presentations.
M. G. Klapp

11.367 The Politics of Development (A)

Prereq.: -
G(2)
4-0-8

Analysis of the politics of development, particu-
larly 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. Wheeler

11.370 Theories of Settlement Patterns

Prereq. -
G(2)
3-0-6

Examines locational theories and empirical
evidence related to human set'dement pattems
and associated phenomena. Includes the spatial
location of regional growth, size distribution of
cities, migration patterns, area location of eco-
nomic and noneconomic activities, and gravity
modeling of spatial flows of goods and services.
Requires an analytical term paper or empirical
project.
A. Strout

11.380J Urban Transportation Planning (A)

(Same subject as 1 .252J)
P rereq.: Permission of Instructor
G(1)
3-0-6

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 Publio Transportation Service and
Operations Planning (A)

(Same subject as 1.258J)
Preroq.: 1.201J or Permission of Instructor
G(2)
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(l)
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

11.410J 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

11.411 J 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)

(Same subject as 4.767J)
Prereq.: Permission of Instructor
G(2)
3-0-6

Introduces political economy of develor
strategies of the USSR, Eastem Euro vajpt-
lavia, People's Republic of China, aic ac
Examines significant debates leadin- t
emerging from experiences with thr a;-
proaches to planning: administratve oaibti
and participative. Emphasizes links twasr
phyacal, economic, and social ptar'n. a l
as between planning, design and bnimld
Requires participation in study gronu
T Lee
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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,
investment, and policy. Techniques of neighbor-
hood planning, including such issues as analy-
sis of problem definition, program design,
organizational issues, and strategic planning at
the neighborhood level. Case studies of hous-
in and neighborhood projects.
R' L Clay

11.430J introduction to the Development
Industry

SSame subject as 4.7214J)
rereq.: -

G(1)
2-0-7

An understanding of the structure and operation
of th~e development industry and some appreci-
ation of the various actors that shape and influ-
ence the industry. Analyzes and evaluates steps
in the development sequence and deals with
terms, techniques, analytical methods, and
information sources required at each step.
Deals with both the public and private sectors,
J. McKellar

11.431 Real Estate Finance and
investment (A)

Prereq.: 11.218
4(1)
4-3-8

Concepts and techniques for analyzing financial
decisions in property development and invest-
ment processes. Includes pro forma analysis,
equity valuation, discounted cash flow analysis,
Federal tax analysis, debt and equity financing
alternative, and an introduction to deal structur-
ing. Considers both private- and public-sector
perspectives.
L. Sagalyn

11.433 Market Analysis for Development
Projects (A)

Prereq.: 14.01
G(2)
4-0-8

Focuses on developing an understanding of the
factors that shape and influence markets for real
property. Includes demographic analysis, pat-
tems of regional growth, construction cycles,
urban location theory, and modeling 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. Depen-
dent development and Internal colonialism.
History of economic development policy in the
US since the New Deal. Interregional/interna-
tional conflicts over development policy. Critical
assessment of plans for community economic
development, city- or state-level programs,
national policies for "reindustrialization.
B. Harrison

11.436 Labor Markets and the Organization of
Work (A)

Prereq.: 11.210 or 14.01
G(1)
3-0-8

Neoclassical and Marxian economic theories of
labor market structure: human capital, screening
and credentialism, queueing, dual/segmented
markets, labor theory of value, and occupational
stratification by race and gender. Issues in
measurement and policy evaluation. Develop-
ment since the 19th century of theories about
the changing organization of work (the "labor
process ).
B. Harrison

11.437 Financing Community Economic
Development

Prereq.: -
G(2)
3-0-9

Examines role of capital in the economic devel-
opment process, capital access problems of
small, minority, and community-based busi-
nesses, and government options for overcom-
ing these problems. Emphasizes role and
operation of public-sector finance institutions.
Presents and critiques case studies of interven-
tions by development finance agencies. Student
projects analyze either a specific intervention or
the operation of a particular agency. CorRult
Department headquarters.

11.439 Methods of Downtown
Development (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 down-
town projects. Analyzes interaction between
government agencies and private developers in
planning, financing, and implementinc 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 devel-
opment: values, ideology, tactics, models, and
alternative strategies. Seminar format is orga-

Continuation of 11.441. Focuses on alternative
intervention strategies in community-based
development. Seminar format Is organized
around students' planning projects, and centers
on a review of relevant practice In the field, on
formulation of both a detailed Intervention
strategy, project finding, and effectiveness
evaluation plans. Designed for the Community
Fellows Program; students working on thesis
or community-based projects admitted by
permission.
M. H. 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 bnefing
material, working with a client under supervi-
sion. Cases can be circulated for use by other
students, teachers, and policy analysts.
F S. Jones

11.444 Research Projects in Community
Economic Development

Prereq.: -
G(1)
Arr.

Workshop on current issues In commun'it
economic development (employment, traning,
small business. CDCs, day care). Projects
collaborate with one or several government
agencies or community organizations. Students
define a topic and conduct research within the
general framework defined by the group. A
report analyzing the problem and suggesting
strategies and policies is presented to collabo-
ratin community organizations.

elndez

11.445 Community Development In Urban
Neighborhoods

Prereq.: Permission of Instructor
-(2) Next offered 1990-91

3-0-6

Politics of community-oriented economic devel-
opment, focusing on oppressed groups in large
cities. The problems of increasing political and
economic power of ghetto residents. Consult M.
H. Kirig.

nized around students' planning projects, and
focuses primarily on problem framing from an
Interdisciplinary pers ective. Designed for the
Community Follows Program; students working
on thesis or community-based projects ad-
mitted by permission.
M. H. King

11.442 Strategies In Community Development

Prereq.: 11.441
G(2)
3-2-4
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11.446 Political Economy of Race and
Ethnicity

Prereq.: -
G(2)
3-0-9

Examines alternative views on political economy
of race and race relations; history of colonization
and oppression of people of color; political,
economic, and social institutions reproducing
inequality, and racial effects of public policies.
E. Mel6ndez

11.447J Epidemics and Cities
(New)

SSame subject as STS 515J)
rereq.: -

G(2)
3-0-9

Treats historical and contemporary issues
surrounding epidemics in urban communities.
Attention given to several major epidemics
throughout history, including: the bubonic
plague, cholera, and syphilis. Historical analysis
will serve as a perspective, examining how
effectively, efficiently, and humanely three
American cities - San Franscisco, 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.: -
Gi1)
3-0-6

Advanced seminar for masters and doctoral
students. Reading and analysis of monographs
and reports that reflect current research issues
in housing and city development, with emphasis
on nonprofit and public-sector development.
Class discussions of different types of research,
the origins of ideas, implementation of pro-
grams, and evaluation. Each student designs
and executes a piece of research that may
include pre-thesis work.
B. J. Frieden, R L. Clay

11.454 introduction to Housing and
Community Development (A)

Prereq.: -
Gil)
3-0-9

Examines central issues in housing policy as
currently debated and as they have emerged
historically in the national, state, and local con-
texts. Provides the foundation for more detailed
work in housing finance, production, market
analysis, and policy dovelopment. Topics are
low-income housing strategies; homelessness,
special needs housing; homeownership, and
public housing. Current efforts to devel a
creative national housing policy for the post-
Reagan era provide the "case study" for the
elements under exploration.
L. C. Keyes

11.456 Thesis Preparation Seminar in
Community and Regional Development (A)

Prereq.: Permission of Instructor
G(1)
2-0-7

For second-year M.C.P students who are writing
spring theses in community or regional devel-
opment. Organized around interests and in-
tended thesis inquiries of the students. Identifies
methodological skills that seminar participants
need to pursue their own work. Writing and
mutual criticism of short concept papers, build-
ng toward a first-draft thesis outline by the end
ofterm.

L. Dunlap, B. Harrison

Developing Areas

11.461 Planning and Urban and Regional
Growth in Developing Countries (A)

Prereq.: 11.210
G(2)
Arr.

Examines ideas of planning in relation to urban
growth issues and policy options. Covers prob-
lems of diagnosis and implementation of these
policy options mainly in Third-World countries:
and technical and political, national and sub-na-
tional, sectoral and intersectoral, and rural and
urban aspects of these problems. Requires
extended readings and paper.
B. Sanyal

11.462 Housing Problems, Goals, and
Policies in Developing Countries
(Revised Unit)

Prereq.:
G(1)
3-0-9

Focuses on how the definition of housing prob-
lems, requirements, and goals affects design
and management of national policies and handl-
ing of issues related to land taxation, financing,
building processes, self-help, tenure, and
existing stock of housing. Concerned with price
and subsidy policy and linkages between
housing and national development strategies.
Examined from several standpoints, including
the paradigms of the mixed economy and o
Marxism.
B. Sanyal

11.463J Structuring Low-income Housing
Projects in Developing Countries (A)

L Same subject as 4.753J)
rereq.: Permission of Instructor

G(2)
3-0-9

See description under subject 4.753J.
R. Goethert

11.464 The Informal Sector and the
Household Economy

Prereq.: -
G(2)
3-0-9

countries. Theories of employment and an
analysis of "bazaar economies" looked at.
Reviews policy options for enhancing the infor-
mal sector's contribution to development. The
role of women and the possibilities of nonmone-
tary activities explored.
B. Sanyal

11.465J Special Interest Group in Urban
Settlements: SIGUS Workshops (A)

Same subject as 4.755J)
rereq.: Permission of instructor

G(2)
Arr.

See description under subject 4.755J.
R. Goethert, N. Hamdl, 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, financing methods, program-

design of organizations, use of 'terms of
reernce." Cases of planning and decision
making: roles of planning in implementation.
Conducted jointly with Harvard Graduate School
of Design.
R. A. Gakenheimer

11.469J Infrastructure in Third-World
Countries (A)

Same subject as 1.254J)
rereq.: -

G(1)
3-0-9

Planning for transport, water suppl sewerage,
etc. Summarizes the technologies but empha-
sizes the planning process and decision points
within that are important to planned objectives.
Deals with patterns of consumption, strategies
of problems analysis, technology choices,
equity questions, pricing, finance, building
viable public-sector institutions, privatization,
relationships between technocrats and politi-
cians, 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 proj-
ects 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 opun.irg
certain development goals; and 5i ea cr of
donors and the constraints under anicr tej
operate.
J. Tendler

Examines interrelationships among low-income
households, small-scale, income-generating
activities, and the urban economy in developing
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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 proj-
ects, tasks, and environments that are condu-
cive to equitable outcomes; roles of participation
in helping organizations (including co-ops) to
reach the poor and carry out projects more or
less effectively; and the ability of nongovern-
mental organizations to 'do better than the
public sector" at serving the poor.
J. Tendler

11.472 Institutional Perspectives on
Third-World Development (A)
(New)

Prereq.. -
G(1, 2)
2-0-7

Explores the development experience of the last
half decade. Focuses on state roles and dy-
namics of its interactions with those affected by
government policy and programs. Helps stu-
dents conceptualize and carry out research of
an institutional nature. Workshops held once a
week. Papers presented every two weeks.
Research methodology questions regarding
those papers discussed in class, sometimes
with paper presenters present.
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
program impact and distribution studies. Uses
problem sets (some microcomputer-based) to
illustrate the different accounts, theories, and
techniques.
K. R. Polenske

11.482 Re gonal Applications of Economic
Theories (A)

Prereq.: 11.486J
G(1)
3-0-9

Critically examines the use of multiregional
accounts and models for regional development
analysis, including applications of economic
base, regional growth, general equilibrium, and
interregional trade models. Gives special atten-
tion to use of regional Input-output models and
to current regional analyses being made of
transportation, energy, fiscal, income distribu-
tion. 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 Mar-
xian perspectives. Key literature reviewed in-
cludes theories of growth, dualism, and psycho-
logical/cultural models; theories of imperialism,
uiderdevelopment, dependency, and unequal
exchange; growth pole, New international
Economic Order, self-reliance, and basic-needs
development strategies.
K. R. Polenske

11.484 Social Cost-Benefit Analysis of
Projects and Programs

Prereq.: -
G(2)
3-3-6

Practical introduction to theory and practice of
project analysis and evaluation. Develops quan-
titative skills through case study or practice.
Problem-solving emphasis on cost and benefit
valuation (both economic and noneconomic)
and on considerations of time, space, scale,
externalities, multiple-objectives, risk and uncer-
tainty, and indirect benefits and costs. Examines
usual institutional setting and practical in-
fluences of analytical procedures or project
design and selection.
P Smoke

11.485 Rural Development Agriculture and
Industry in the Regional Context

Prereq.: -
G(2)
2-0-7

Role of nonmetropolitan, largely rural areas in
regional development and problems of ensuring
equitable improvements in rural welfare. Empha-
sizes agricultural growth, the transformation
from a traditional to a modem agriculture, and
the prospects for nonagricultural pursuits in
rural areas. Social and political as well as eco-
nomic aspects of rural development. Consider-
able student participation, especially in working
with case study materials from Africa, Latin
America, Asia and, occasionally, from the US or
Europe. Consuit Department headquarters.

11.486J Theories of Economic Development

(Same subject as 14.778J)
Prereq.: 11.210
G(1)
3-0-6

An overview of economists' theories of the
development process: neoclassical, structuralist,
and Marxist approaches. Includes national
economic accounting and a sketch of planning
models; long-run theories of growth and income
distribution; short-run macroeconomics and
stabilization: global macroeconomics, trade
issues, and debt: technology and industrial
strategy; agriculture and the food system;
household economics, regional economics.
L. J. Taylor

11.488J Politics, Technolog, and Public
Policy in the Middle East (A

( Same subject as 1.255J, 4.715J, 17.558J,
1.485J, STS 509J)

Prereq.: -
3(1)
3-0-9

See description under subject 17.558J.
N. Choucr, 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)

G(2)
3-0-9

See description under subject 17.560J.
N. Choucri, F Moavenzadeh, W Porter,
R Khoury, R. Lewcock, L. Trilling

Public Policy and Management

11.505 Seminar on Nonprofit institutions and
the City (A)

Prereq.: 11.200 or 11.230
G(2)
2-0-7

Seminar on the nature and roles of nonprofit
institutions. Emphasizes three themes: 1) the
theory of nonprofit institutions (why is there a
need for the third "sector" in addition to the
private and public sectors?), 2) the relationships
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.
M. Rein, J. M. D. Schuster

11.507 Perspectives on the Labor Market

Prereq.' --
G(1)
2-0-7

Examines the different ways that the modem
labor market has been transformed for women
in the US and Europe. Reviews different ap-
proaches to understanding this transformation,
focusing in particular on those theories that
examine the interrelationship between the
family, the state, and the labor market.
M. Rein

11.510 Discourse on Social Policy

Prereq.: -
G(2)
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-
course about controversial issues in each
example. Each issue compares the content in
two or more arenas, seeking generalizations that
serve as the basis for analysis of discourse
across arenas and issues.
M. Rein
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11.517 Public Finance In Developing
Countries (A)

Prereq.: 11.210
G(2)
3-0-9

Financial operations of local and municipal
govemments/authorities In developing countries
examined. Theories of taxation, public expendi-
ture, and fiscal competition and comparisons of
alternative fiscal systems explored. Evaluation of
various policy options used in improving the
management of services and revenue genera-
tion. Problems of local authorities looked at with
an emphasis on current barriers and
po ilities.
POSsmoke

11.521 Computer-Based Analysis for Public
Management I (A)

Prereq.: 11.220
G(2)
3-2-7

11.522 Computer-Based Analysis for Public
Management 11 (A)

Prereq.: 11.521
G(1)
3-2-7

Data-based, computer-implemented models for
improving public management. Includes data-
base management, decision support systems,
scheduling, operations management, resource
allocation, and spreadsheet analyses. Hands-on
computer workshops to run models and analyze
case studies. Required for urban management
specialization.
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.I. Barnett, R. C. Larson, A. R. Odoni,
H. N. Psaraftis

11.550 Bargaining, Negotiation, and Dispute
Resolution in the Public Sector
(Revised Content)

Prereq.: -
G(1)
3-0-6

Investigates social conflict and distributional
disputes in the public sector. While theoretical
aspects of confilot are considered, focus is on
the practice of dispute resolution. Comparisons
between unassisted and assisted negotiation are
reviewed along with the techniques of facilita-
tion, negotiation, and nonbinding arbitration.
L. E. Susskind

Doctoral Seminars

11.800 Doctoral Research Paper (A)

Prereq.: Permission of Instructor
G(1, 2)
3-0-9

Analysis and practice in research competence
fundamental to Urban Studies and Planning.
Required of all first-year Ph.D. candidates.
L. C. Keyes

11.900 Doctoral Proseminars (A)

Prere .: Permission of Instructor
G(1, 2)
Arr.

Designed primarily for advanced doctoral
can dates. A selection of Proseminars is of-
fered each year for groups of students affiliated
with the various research clusters in the
Department.
T Lee

11.551 Comparative Studies of Negotiation
and Dispute Resolution (A)

Prereq.: 11.550 or Permission of Instructor
G(1) Next offered 1990-91
3-0-6

Advanced research seminar open only to quali-
fied graduate students. Focus on cross-cultural
and cross-group analysis of institutional barriers
to effective disupute 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)

Prereq.: 11.550 or Permission of Instructor
G(2)
3-0-6

Advanced research seminar open only to quali-
fied graduate students. Focus is on cross-disci-
plinary contributions to the theory of negotiation
and dispute resolution. Students are expected
to prepare in-depth theory-building case
studies.
L. E. Susskind

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 permisson of Instructor.

TLee

11.911 Reading Seminar in Urban Studies
and Planning (A)

Prereq.: Permission of Instructor
G(1) [P/F]
Arr.

11.912 Reading Seminar in Urban Studies
and Planning (A)

Prereq.: Permission of Instructor
G(2) [P/F)
Arr.

Reading and discussion of special topics in
urban studies and planning.
T Lee

11.921, 11.922 Special Seminars in Real
Estate Development (A)

Prereq.: -
G(1 .2)
Arr.

Opportunity for group study by graduate stu-
dents on current topics relate to real estate not
otherwise included in the curriculum. Consult J.
McKellar.

11.932 Preparation for Thesis (A)

Prereq.: -
G(1, 2) [P/F]
Arr.

Selects thesis subject, defines method of ap-
proach, and prepares preliminary thesis outline.
Independent study, supplemented by frequent
individual conference with staff members.
Restricted to doctoral candidates.
T Lee
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1 1.940J Gender, Social Change, and
Planning
(New)

(Same subject as SP 475J)
Prereq.

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-informed analy-
als can Illuminate a range of planning Issues
such as housing, employment, poverty, com-
munity development, and the environment.
Open to advanced undo, graduates with consent
of the instructor.
G. Hart

11.941 -11.955 Special Studies in Urban
Studies and Planning (A)

Prerea.: -
G(1, 2)
Ar.

Small-group study of advanced subjects under
staff supervision. For graduate students wishing
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.
T Lee

11.962 Urban Fieldwork and internships (A)

Prereq.: Permission of Instructor
G(1, 2) [P/F]
Arr.

Practical application of planning techniques to
towns, cities, and regions, Including problems
of replanning, redevelopment, and renewal of
exstng communities. Includes intemships,
under staff supevision, in municipal and state
agencies and departments.
T Lee

11.981 Graduate Tutorial

Prereq.: -
G(1)
Arr.

11.982 Graduate Tutorial

Prereq.: -
G(2)
Arr.

H i.ned programs of IndMdual instruction.
Students and faculty members must make
arrangements prior to the beginning of the term.
r Lee
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Course 12 Earth, Atmospheric,
and Planetary Sciences

Undergraduate Subjects

12,01 Undergraduate Research

Prereq.: -
U(1. 2) [P/F]
Arr.

Undergraduate research opportunities in Earth,
Atmospheric, and Planetary Sciences.
Consult D. H. Rothman.

12.ThU Undergraduate Thesis

Prereq.: -
U(1r.2)
Arr.

Program of undergraduate research, leading to
the writing of a thesis; to be arranged by the
student and an ropriate MIT faculty member.
Consult J. B. Souard.

12.01 Introduction to Geology

Prr.: -
U(2) SD
3-4-5

Major rock-forming minerals, rock-forming pro-
cesses, and rock types. Geologic structures and
relationships observable in the field. Geologic
time scale, dating of rocks by fossil and radio-
metric methods. Movement of sediment and
development of landforms by moving water,
wind, and ice. Crustal processes and evolution
In terms of global plate tectonics; surveys geo-
logio hisiorv of the continents. Laboratory work
on minerald, geologic mapping, and fossils. Two
nonrequired weekend days of field trips.
J. B. Southard

12.010 The Surface of the Earth

Prereq.: 12.01
U(2) Next offered 1990-91
3-0-9

Water, wind, and ice, together with internal
forces, shape the Earth surface. Examines
processes at work on and just below the surface
- 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. 8. Southard

12.016 Introduction to Sedimentology and
Stratigraphy
(Revised Content and Unit)

Prereq.: 12.01
U(2) Not to be offered 1990-91
3-3-6

Texture of clastic sediments. Sedimentary
minerals. Petrology of siliciclastic rocks. Mod-
em carbonate depositional environments and
sediments; petrology of carbonate rocks.
Survey of other sedimentary rocks: chart, iron-
stone, coal, evaporites. Sedimentary structures.
Diagenesis. Principles and techniques of inter-
preting ancient environments. Modem concepts
of stratigraphy. Sedimentary basins. Laboratory
work on major rock types using hand speci-
mens and thin sections. One weekend field trip,
J. B. Southard, J. R Grotzinger

12.017 Sedimentology In the Field

Prereq.: 12.016
U(2) Not to be offered 1990-91
3-6-3

Introduction to techniques of sedimentologic
and stratigrarhic field work: examination and
description cI sedimentary rocks; description
and measurement of strati raphic sections;
anal sis of virtical succession of fades 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 reparation.
J. R Grotzinger, J. . Southard

12.018 Origin, Evolution, and Dlagenesls of
Carbonate Rocks
(New)

Prereq.: 12.016
U(1) Next offered 1990-91
3-3-6

Study of carbonate rocks, including their classi-
fication, formative environments and processes,
geological setting, and diagenesis. Geochemis-
try of carbonate production; modem environ-
ments including tidal flats, skeletal carbonates,
buildups (reefs, etc.), and deep-water faces;
regional stratirh rand facies distribution,
including platorm- -basin transitions; models
of platform cyclicity; diagenesis of carbonates.
Including rosity development and occlusion;
aspects ofdolomitization; evolution of carbonate
rocks through time. One weekend field trip.
J. R Grotzlnger

12.02 Chemistry and Physics of Minerals
and Rocks

Prereq.: -
U(2) SD
3-4-5

Introduces geochemistry, mineralogy, and
petrology. Properties of common rock-forming
minerals: their crystal chemistry, structures, and
stabilities. Evolution of igneous, sedimentary,
and metamorphic rocks and of associated ore
deposits. Laboratory work focuses on identifica-
tion and ragenesis of the most significant
minerals and rock types. Two field trips during
laboratory classes.
R. G. Burns

12.03 Structural Geology

Prereq.: 12.01
U(1)
3-3-6

Introduces mechanics of rock deformations.
Discusses 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
interpretive cross sections.
B. C. Burchfiel, K. V Hodges

12.051 Field Geology I

Prereq.: 12.02, 12.03
U(1) Not to be offered 1990-91
2-2-2

introduces techniques of geological field study.
Several weekend feld exercises provide practi-
cal experience in preparation for 12.052. Pres-
ents In addition some introductory material on
the Ional of the locale of 12.062.
B. C.,urchfeK.V Hodges, L. H. Royden
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12.052 Field Geology |1
(Revised Unit)

Prereq.: 12.051, 12.03
U(IAP 2) LAB Not to be offered 1990-91
0-18-0

During January, practices methods of modem
geological field study during an intensive four-
week excursion. Exercises include geological
mapping on topographic and photographic
base maps, correlsting geochemical and geo-
physical field measurements with geology,
examining and sampling a wide variety of
geological features. Following term includes 1)
preparation of reports based on field studies
conducted during January, and 2) laboratory
analysis of samples, interpretation of geological,
geophysical, and geochemical data.

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 miner-
al grain mounts. Introduces thermodynamics of
heterogeneous-phase equilibria and its applica-
tion to experimental and natural rock systems.
Introduces experimental silicate systems. Sur-
veys igneous rocks, emphasizing distribution,
composition, mineral associations, origin, and
relationship to tectonic environment.
T L. Grove

12.062 Petrology 11

Prereq.: 12.061
U(2)
3-6-3

Continuation of 12.061. Introduces mineral
facies concept and graphioal representation of
metamorphic mineral associations. Petrographic
examination of metamorphic rocks in thin
section. Interpreting metamorphic rock parage-
nesis through application of experimental petrol-
ogy 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) LAB
2-6-4

Determines the chemical composition of geo-
logic materials. Analytical techniques include
X-ray fluorescence, neutron activation, atomic,
absorption, mass spectrometry, electron mic o-
probe, experimental petrology, M6ssbauer, aw'i
other absorption spectral methods. Laboratory
projects utilize these techniques to solve specif-
Ic geologic problems. Limited to 12.
F A. Frey, R. G. Burns, S. R. Hart, T L. Grove

12.07 Chemistry and Physics of the Earth

Prereq.: 8.02, 18.03
U(1)
3-0-9

An integrated, problem-oriented introduction to
the chemistry and physics of the solid Earth.
Focuses on a series of major interdisciplinary
problems in the areas of the internal constitu-
tion, dynamics, and evolution of the Earth; the
geochemical and geophysical techniques
appropriate for attacking each of these prob-
lems treated in this context. Topics include
magma genesis and geophysical structure of
mid-ocean ridges and island arcs; structure,
composition, and dynamics of the mantle; and
the evolution of the Earth's crust and mantle.
S. R. Hart, S. C. Solomon

12.091-12.094 Special Problems

Prereq.: -
U(1, 2)
Arr.

Reading, laboratory, or fieldwork in Earth, Atmo-
spheric, and Planetary Sciences. Requires
written report. 12.094 is taught P/F.
Staff

12.105 Introduction to Field Geophysics

Prereq.: 18.03
U(1) Next offered 1990-91
3-3-3

Introduces geophysical field techniques and
instruments. Describes seismic, gravity, magnet-
ic, and electrical methods and instruments.
Some local field trips on weekends to test these
techniques. For students with no experience in
field geophysics.
T R. Madden

12.106 Geophysics Field Study

Prereq.: 12.105
U(IAP, 2) Next offered 1960-31
Arr.

Applies geophysical field techniques and data
interpretation to studying crustal structure and
geological problems. Intensive four-week field
measurements in snow-free area during Janu-
ary, and interpretation of data during spring
term. Fieldwork includes seismic, gravity, mag-
netic and electrical measurements, and geolog-
ic studies. Data interpretation includes data
reduction and computer modeling to determine
structure and properties of the field area.
T R. Madden

12.107 Introduction to Geophysics

Prereq.: 8.02, 18.03
U(1) SD
3-0-9

Survey course in geophysics aimed at earth
science undergraduates or students from other
departments interested in the applications of
math and physics in studying the interior of the
earth. Includes gravity (shape of the earth,
Isostasy, mass anomalies, precession), seismol-
ogy (body waves, surface waves, earthquake
sources, normal modes), geomagnetism (main
field, secular variation, magnetic induction, rock
magnetism), heat budget (radioactivity, heat
flow, temperature structure), and goodynamics.
M. K. McNutt, T H. Jordan

12.109 Fundamentals of Modern Geodesy

Prereq.: 8.01, 18.02, 18.06
U(1)
3-0-9

Coordinate systems and transformations used
to describe the deformation and the rotation of
the "solid" earth. Geodetic networks. Least-
squares adjustment. Analysis of classical and
modem types of observations. Emphasis on
positioning by quasi-geometric techniques,
including radio interferometry with satellite and
quasistellar sources; lunar and artificial earth
satellite laser ranging; terrestrial distance, angle
and height measurements. Error causes and
cures. Statistics, scientific computer program-
ming background.
C. C. Counselman

12.111 Chaos and Complexity
(New)

Prereq.: 18.03, 8.03
U(1) SD
3-0-9

Introduction to the theory, phenomenology, and
applications of chaotic and complex systems.
Nonlinear oscillators, strange attractors, and
unpredictability. Sensitivity to initial conditions.
Fractals and Poincare sections. Fourier transfor-
mation and experimental analysis from time
series. Numerical modeling of complex sys-
tems. Applications drawn from fluid dynamics,
physics, and geophysics.
D. H. Rothman

12.114 Astronomy: Solar System

Prereq.: -
U(2) 3D
3-0-6

Introduction to the study of the solar system.
Emphasis directed toward basic principles
rather than mathematical or physical details.
Includes simple celestial mechanics, terminolo-
gy of distances and magnitudes, optical proper-
ties of planets and satellites, planetary geology,
interiors of the terrestrial and giant planets,
magnetic fields, planetary atmospheres, comets
and asteroids, solar physics, and the formation
of the solar system.
C. C. Counselman, G. H. Pettengill

12.117J Observational Techniques of Optical
Astronomy

SSame subject as 8.287J)rereq.: One subject in Astronomy or
Astrophysics
U(1) LA B
3-4-5

Fundamental physical and optical principles
used for astronomical measurements at visible
wavelengths and practical methods of astro-
nomical observations. Topics: astronomical
coordinates, time, geometrical optics, tele-
scopes, photomultipliers and other detectors,
photon counting, signal-to-noise ratios, limita-
tions imposed by the earth's atmosphere on
optical observations, photography, photometry,
spectroscopy, and time variability. Project at
Wallace Astrophysical Observatory.
J. L. Elliot
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12.118 Project In Optical Astronomy

Prereq.: 12.117J or 8.287J, Permission of
Instructor
U(J, 2)
Amr

Students select an observing project to be
carried out at one of MIT's observatories or
another facility, depending upor telescope and
instrument scheduling constraints. Regular
seminar meetings discuss the observations,
data analysis, and interpretation of the results.
Requires a written report on the project.
R. R Binzel

12.126J Dynamical Astronomy

(Same subject as 8.293J)
rereq.: 18.03, 8.03

U(2) SD
3-0-9

Kepler's laws and the law of gravitation. One-
and two-body motion; orbits in space and time.
General and special cases of the n-body 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 condi-
tions and astronomical constants. Emphasizes
throughout applications to actual problems,
both historical and current, rather than mathe-
matical theory per se
J. Wisdom

12.131J Planetary Science I

(Same subject as 8.291J)
Prereq .: 8 .03, 18.03
U(1) SD
3-0-9

Study of the solar system with emphasis on the
physical interpretation of its properties. Compre-
hensive overview of the solar system; accretion
of the planets; solar system dynamics, with
applications to planetary orbits and rings, terres-
trial planets and gas giants, physics of comets,
asteroids, and the interplanetary medium.
R. R Binzel, J. Wisdom

12.132J Planetary Science |1

(Same subject as 8.292J)
Prereq.: 12.131J or 8.291J
U(2) SD Next offered 1990-91
3-0-9

Study of the solar system, with emphasis on the
physical interpretation of its properties. Impact.
volcanic, and other surface processes on plan-
ets and satellites; thermodynamics, convection,
and magnetic fields in planetary interiors; dy-
namical, radiative, and chemical properties of
planetary atmospheres.
J. Wisdom

12.151 Advanced Field Geology I (A)

Prereq.: 12.02, 12.03, 12.051, 12.052
G(1) Next offered 1990-91
2-2-2

Introduction to the problems to be Investigated
in 12.152, as well as the regional setting and
local gology of the field area. Various special
techn ques 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 11 (A)

Prereq.: 12.151
G(J, 2) Next offered 1990-91
Arr.

In January, a geological study of a selected field
area is conducted during a four-week excursion.
The following term includes 1) preparation of
maps and report based on field study con-
ducted in January, and 2) laboratory analysis of
samples.
B. C. Burchfiel, K. V Hodges, L. H. Royden

12.20 Global Water Cycle

Prereq.: 8.02
U(1)
2-0-4

Distribution of terrestrial water. Evaporation and
rainfall; 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
mo'ement. Past climate and atmospheric
compostion deduced from ice cores. Role in
atmospheric energy bud et including radiative
transfer by water vapor. Precipitation as removal
process for aerosols. Chemical weathering in
the terrestrial environment. Factors controlling
composition of lakes, rivers, and oceans.
R. E. Newell, J. M. Edmond

12.21 Physics of the Ocean

Prereq.: 8.03, 18.03
U(2) SD
3-0-9

Introductory survey of oceanic circulation and
dynamics. Descriptive aspects of water mass
movement, currents, and physical properties of
the ocean. Dynamic models of currents and
waves based on fundamental physical
principles.
R Malanotte-Rizzoli

12.221-12.229 Project Studies In
Oceanography

Prereq.: -
U(1. 2) [P/F]
Arr.

Extended participation in work of a research
group, including independent study of the
literature, direct involvement in group's research
(commensurate with student's skills and prepa-
ration), or project work under an individual
faculty member extending over more than one
term. Admission by arrangement with individual
MIT and Woods Hole faculty members.
Staff

12.23 Environmental Chemistry:
Human Impact

Prereq.: 5.60 or 10.13
U(1)
3-0-9

Introduces the basic relevant principles and
concepts in biogeochemistry, marine chemistry
and physics, and atmospheric chemistry and
physics through an examination of three current
problems in environmental chemistry: 1) acid
rain, 2) chlorofluorocarbons and ozone, and 3)
carbon dioxide and climate. An introduction to
environmental chemistry for students In basic
sciences and engineering.
R. G. Prinn, E. A. Boyle

Graduate Subjects

12.ThG Graduate Thesis (A)

Prereq.: -
G(1, 2, S)
Arr.

Program of graduate research, leading to the
writing of an S.M., Ph.D., or Sc.D. thesis; to be
arranged by the student and an appropriate MIT
faculty member. Consult T. H. Jordan.

12W.ThG Graduate Thesis (A)

Prereq.: -
G(1, 2, S)
Amr

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/WHO faculty member. For students regis-
tered in MIT/WHOI Joint Program in Oceanog-
raphy. Consult E. A. Boyle.

Geology and Geochemistry

12.301, 12.302 Seminar in Geology and
Geochemistry (A)

Prereq.: 12.02
G(1) P/F]
2-0-4

Fall seminar on topics of current interest In
geology and geochemistry. Required back-
ground preparation for students taking pre-
doctoral general examinations In these subjects.
S. R. Hart, Staff

12.311 Seminar In Regional Tectonics (A)

Prereq.: Permission of Instructor
G(1, 2) (P/F]
3-0-6

Applies techniques of tectonic synthesis to
study the roles of particular oroqenic belts in
global plate tectonics. Treats different applica-
tions in different terms, so that the subject may
be taken repeatedly to leam the range of oro-
genic responses to temporal and spatial varia-
tions of activity at plate boundaries.
B. C. Burchfiel, a. Grotzinger, K. V Hodges
L. H. Royden

12.32 Mechanics of Sedimentary
Processes (A)

Prereq.: 1.05 or Permission of Instructor
G(2) Not to be offered 1990-91
3-0-9

Aspects of turbulent-flow mechanics relevant to
sediment movement. Mechanics of sediment
erosion, transportation, and deposition: modes
of particle entrainment and motion in turbuler
shear flows; sediment-bed configurations
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erosion and de sition of cohesive sediments.
Sediment gravi flows; sorting of sediments by
particle size an density. Interpretation of prima-
ry structures and textures in modem and an-
cient sedimentary deposits on the basis of
sediment-transportation mechanics.
J. B. Southard

12.33 Petroleum Geology

Prereq.: Permission of Instructor
Gi1, 2) (P/Fl
3-0-6

Origin, migration, and accumulation of petro-
leum. Geology of major oil-producing regions of
the world. Geological and geophysical explora-
tion techni ues. Other topics of current interest.
Taught by Crosby Visiting Professors. Consult
Department Headquarters.

12.34 Mineral Deposits

Prereq.: Permission of Instructor
G(1, 2)
3-0-6

Geological occurrence of the principal types of
mineral deposits. Description of important
examples in each category, together with exami-
nation of the ores. Modern hypotheses of origin
of deposits and of metallogenic provinces.
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
G(1) Next offered 1990-91
3-0-6

Introduction to modern techniques used to
estimate the magnitude of strain in orogenic
belts. Emphasis on megascopic strain analysis.
Includes 1) methods of determining sense of
shear in various structural settings; 2) the con-
struction of 2D-balanced structural sections; 3)
the construction of 3D structural sections; and
4) graphical reconstruction of 2D and 3D sec-
tions to pre-deformational configurations.
K. V Hodges

12.355 Seminar in Rock Mechanics (A)

Prereq.: -
G(1, 2) [P/F]
2-0-4

Discussion of current research or advanced
topics in continental tectonics, rock mechanics,
or experimental structural geology.
B. Evans

12.36 Sedimentary Basins (A)

Prere .: 18.03, 12.03
G(2) ext offered 1990-91
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
examined with regard to tectonic settings,
structural and sedimentary features, and deep
lithospheric processes. Case studies of several
sedimentary basins of each type. Hydrocarbon
maturation migration and accumulation is
discussed in light of basin evolution processes.
L. H. Royden, . Grotzinger

12.37 Methods and Applications of
Stratigraphic and Sedimentologic
Analysis (A)
(New)

Prere .: 12.016
G(1) Next offered 1990-91
3-3-6

Techniques in stratigraphic correlation. Se-
quence stratigraphy, paleobathymetric recon-
structions, and sea-level fluctuations. Strati-
graphic reconstructions of sedimentary basins
and their interpretation. Origin and interpretation
of stratification and other sedimentary struc-
tures. Paleoflow interpretation. Use of paleo-
current analysis and sediment provenance
determination in basin analysis. Backstripping
and synthetic modeling of stratigraphic se-
quences. One weekend field trip. Alternate
years.
J. P Grotzinger, J. B. Southard

12.38 Field Investigations of Complex
Depositional Systems (A)
(New)

Prereq.: 12.017, 12.018, 12.37
G(2) Next offered 1990-91
3-6-3

In-depth examination of sedimentary deposi-
tonal systems utilizing concepts of sequence
stratigraphy, process sedimentology, and com-
parisons with actualistic sedimentologic models.
J. R Grotzinger, J. B. Southard

12.385-12.399 Special Problems In
Geology-Geochemistry (A)

Prereq -- -
G(1, 2) [P/Fl
Arr

For graduate students desiring to perform
special investigations, special laboratory work.
or special fieldwork in geology, petrology,
mineralogy or geochemistry.
L. H. Royden (12.385); K. V Hodges (12.386);
T L. Grove (12.387); R. G. Burns (12.388);
J. M. Edmond (12.389); F A. Frey (12.390);
Staff (12.391); C. J. Allegre (12.392);
S. R. Hart (12.393); J. R Grotzinger (12.394);
B. C. Burchfiel (12.395); J. B. Southard (12.396);
E. A, Boyle (12.397); Staff (12.398, 12.399)

12.40 Global Plate Tectonics (A)
(New)

Prereq.: Permission of Instructor
G(2) Next offered 1990-91
3-0-6

First half will cover basic elements of plate
tectonics, including sea floor spreading, mag-
netic anomalies and subduction. Second half
will cover implications of plate tectonics for
continental processes, including continental
riftin ,continental collision, and mountain
bull ing. Emphasis will be on correlating plate
tectonic and continental processes using specif-
ic examples from around the world.
B. C. Burchfiel, L. H. Royden

12.411 Isotope Geology (A)

Prereq.: 12.02
G(2) ext offered 1990-91
3-0-6

Applications of the variations in the relative
abundance of radiog enic and stable isotopes to
geologic problems. epics: geochronology;
studies of petrogenesis; geologic processes that
can be traced by stable isotope fractionations,
techniques, and instrument design.
S. R. Hart

12.42 Geochemistry of the Transition
Elements (A)

Prereq.: 3.091, 12.02
G(2) Next offered 1990-91
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 M6ssbauer EPR,
ESCA, and electronic absorption 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() Not to be offered 1990-91
3-0 -6

Multidisciplinary introduction to modern tech-
niques used to analyze burial and uplift histories
of metamorphic torrains. Includes 1) geochro-
nologic systems; 2) closure temperature theory
and the use of geochronologic systems as
thermochronometers; 3) geothermometry and

cobarometry; 4) thermodynamic modeling of
-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 trajecto-
ries for metamorphic terrains.
K. V Hodges, L. H. Royden

12.45 Trace-Element Geochemistry (A)

Prereq.: 12.07
G(1)
3-0-9

Studies element distribution In rocks and miner-
als using data obtained from natural and exper-
imental systems. Emphasizes models describ-
ing trace-element partitioning and applications
of trace-element geochemistry to problems In
ineous geology.
FA. Frey
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12.46 Geochemical Kinetics (A)

Prereq.: 12.02
G(2) Not to be offered 1990-91
2-0-4

Basic principles of kinetics, both theoretical and
phenomenological. Solutions of diffusion equa-
tion; reviews experimental data and techniques
for silicate liquids and solids. Applications to
natural geochemical systems.
S. R. Hart

12.48 Advanced Igneous Petrology (A)

Prereq.: 5.60 or 3.00
G(2)
3-3-6

Thermodynamics, experimental phase equilib-
ria, and kinetics combined to infer the physical
conditions of igneous rock crystallization and
magma production. Uses results of experimental
studies to constrain processes that control
magma genesis and give rise to the diversity of
igneous rocks. Discusses theoretical ap-
proaches to thermometry-barometry techniques
involving solid/solid and mineral/liquid 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) [P/F]
Arr.

Problems of current interest in geology and
geochemistry. Subject matter varies from term
to term.
Staff (12.490); T L. Grove (12.491); R. G. Burns
(12.492): F A. Frey (12.493); S. R. Hart (12.494);
K. V Hodges (12.495); J. R Grotzinger (12.496);
L. H. 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)
4-0-8

Overview of basic topics in solid-earth geophys-
ics, such as the Earth's rotation, precessions
and wobble, gravity and magnetic fields, seis-
mology, and thermal structure. Formulation of
physical principles presented in three one-hour
ectures per week. Current applications dis-
cussed in an additional one and one-half hour
tutoial each week.
M. K. McNutt, T H. Jordan

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. Grav-
ity anomalies. Crustal loading and lithospheric

flexure. Crustal generation. Plate boundary
stresses and mantle flow. Applies these ideas to
the evolution of the ocean basins.
M. K. McNutt, J. Phipps Morgan

12.505 Geodynamics (A)
(New)

Prereq.: 2.01, 18.075 or 18.085
G(1)
3-0-9

Dynamics of large-scale deformation and heat
transfer within the earth. Basic theory of stress,
elastic, viscous, and plastic rheologies will be
explored through geological examples
(development of ring dikes and cone sheets,
Raylei -Taylor Instability theory, development
of thin-skinned mountain belts). Conservation
laws for heat and mass transport in viscous
fluids. Phase transitions. Thermal convection
within the Earth's mantle. Current observational
constraints on mantle convection (geoid,
seismic tomography, geochemical tracers) will
be assessed.
J. Phipps Morgan

12.506 Computational Geodynamics (A)
(New)

Prereq.: 2.01, 18.075 or 18.085
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 equations
(elasticity, faulting, viscous flow, porous flow,
heat transport). Introduction to boundary
element, finite difference, and finite element
methods. Empirical tests for accuracy and
convergence. Application to proper formation
and solution of problems in geodynamics.
J. Phipps Morgan

12.512 Geoelectricity (A)

Prereq.: 8.03, 18.076 or 18.085
G(2) Not to be offered 1990-91
3-0-9

Electrical properties of Earth's crust and mantle
and application of electrical measurements to a
variety of geological and geophysical problems,
both practical and impractical. Subject matter
includes electrical properties of porous media
and high-temperature conduction in minerals.
Applications include electrical and electromag-
netic measurements to investigate rock types,
mineral emplacements, fluid flows, earth strains,
and mantle temperatures.
T R. Madden

12.514 Geomagnetism (A)

Prereq.: 8.03, 18.076 or 18.085
G(2) Next offered 1990-91
3-0-9

Surveys magnetic and electromagnetic proper-
ties and processes in the Earth's environment.
Plasma environment of Earth's magnetosphere
and ionosphere and electromagnetic wave and
particle phenomena occurring therein. Electric
properties of the Earth's intenor. Magnetohydro-
dynamic origin of magnetic fields of Earth and
oher astronomical bodies.
T R. Madden

12.516 Reflection Seismology (A)

Prereq.: 12.107 or 12.521; 6.003 or 6.341 or
12.761 or 13.74J
G(2)
3-0-9

The use of reflection seismic techniques to
image the Earth's crust. Emphasis is on compu-
tational methods for processing and analyzing
reflection seismic data. Includes discussions of
seismic migration (integral, finite-difference, and
Fourier methods), velocity estimation, near-sur-
face corrections, Inversion, deconvolution,
stacking and seismic interpretation. Principal
text: J. F. Claerbout, Imaging the Earth's Interior.
D. H. Rothman

12.521 Elements of Seismology (A)

Prereq: 18.075 or 18.085
G(1)
3-1-8

A basic subject in seismology and the utilization
of seismic waves for the study of the Earth's
interior Introduces techniques necessary for
understanding of elastic wave propagation in
layered media. Seismic-ray theory and interpre-
tation of travel times. Surface-wave dispersion
and layered media. Seismicity, earthquake
magnitude, moment, and source properties.
M. N. Toksz

12.522 Low-Frequency Seismology (A)

Prereq.: 8.06, 18 076
G(2) Next offered 1990-91
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
inverse problem of source structure. Traveling-
wave representation; asym totic expansions;
surface and body waves. Free oscillations of a
rotating, laterally heterogeneous earth; the
inverse problem for 3D earth structure.
T H. Jordan

12.523 Seismology Seminar (A)

Prereq.: 12.521
G(1, 2) [P/F]
2-0-6

An advanced reading and seminar subject on
topics in seismology and closely related fields,
involving critical analysis of current literature.
T H. Jordan, D. H. Rothman, S. C. Solomon,
M. N. Toksoz

12.524 High-Frequency Seismology (A)

Prereq.: 8.06, 18.076
G(2) Not to be offered 1990-91
3-0-9

Seismological theory and methods based or
high-frequency approximations to trarsiert
displacement ields Elastodynamc ectators
representation theorems; moment-erscr secre-
sentation; radiation patterns. Propagatcr ard
reflectivity methods; WKBJ and Larger accr r-
mations. Ray theory; Fermat's Pnrc~cie ravei-
time curves for spherically symmetrc mecia-
Radon transforms; inversior of trami Imes 'cr
earth structure; seismic tomogracrv
T H. Jordan
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12.525 Seminar in Computational
Geophysics (A)

Prereq.: Permission of Instructor
G(1) [P/F] Next offered 1990-91
2-0-4

Discussion of diverse computational problems
in geophysics. Emphasis is on the modeling of
geophysical phenomena and inversion of
geophysical data. Topics may include, but are
not limited to, estimation of earth properties
from seismic data; seismic wave modeling;
Monte Carlo methods; single-phase and multi-
phase fluid flow models; theoretical models in
rock physics. A report on original research is

require of each student.

12.53 inverse Problems in Geophysics (A)

Prereq.: 18.075 or 18.085
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 parame-
ter fluctuations. Exact inversion methods for
one-dimensional problems. Migration and
mi ran-like procedures for inversion.
T . Madden

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
G(2) Next offered 1990-91
3-1-8

See description under subject 13.742J.
A. B. Baggeroer

12.54 Planetary interiors (A)

Prereq.: 12.07, 18.075
G(2) Not to be offered 1990-91
3-0-9

Constitution, evolution, and structure of the
interiors of the terrestrial and Jovian planets and
of their satellites. Surface and integral properties
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

12.55 Properties of Rocks (A)

Prereq.: 8.03, 18.03
G(1)
3-0-9

Physical properties of rocks and their relation to
cracks, pores, and minerals. Topics: elastic,
transport, electrical, and magnetic properties;
methods of measurement; and the factors that
control each property. Applications to geotech-
nical engineering, borehole logging, geophysi-
cal exploration.
M. G. Simmons

12.57 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 survey
of field evidence of rock deformation, physics of
plastic deformation in minerals, brittle fracture
and sliding, and pressure-solution processes.
Results of field petrologic and structural studies
compared to data from experimental structural
geology.
B. Evans

12.575 Geological Fluid Mechanics (A)

Prereq.: 8.03, 18.076 or 18.085
G(2)
3-0-9

Treats heat transfer and fluid mechanics in the
Earth. Low Reynolds number flows, convection
in stability, and double diffusion. Non-Newtonian
flows, flow in porous media, and the interaction
of flows with accreting and deforming bound-
aries. 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.: --
G(1, 2) [P/F]
Arr

Problems of current interest in geophysics;
subject matter varying from term to term.
Staff (12.580,12.581); B. Evans (12.582);
M. N. Toks6z (12.583): T R. Madden (12.584);
M. G. Simmons (12.585); M. K. McNutt (12.586);
J. Phip s Morgan (12.587); S. C. Solomon
(12.5I8); D. H. Rot hman (12.589); T H. Jordan

12.590); T A. Herring (12.591);
H. Hager (12.592); Staff (12.593, 12.594)

12.600-12.614 Special Problems in
Geophysics (A)

Prereq.: -
G(1. 2) [P/F]
Arr.

For graduate students desiring to perform
special investigations, special laboratory work,
or special fieldwork in geo h sics.
Staff (12.600); B. Evans (1 1; M. N. Toksoz
(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)
A. Herring (12.608); D. H. Rothman (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)

Prereq.: Permission of Instructor
G(1) Next offered 1990-91
3-0-9

Modem overview of solar system dynamics, with
emphasis on the qualitative behavior of the or-
bits and spins of the planets and their natural
satellites, and the slow changes due to tidal in-
teractions. Includes spin-orbit coupling of Mer-
cury, chaotic tumbling of Hyperion, capture into
resonance, chaotic behavior and the Kirkwood
gaps in the asteroid belt, origin of meteorites,
dal dissipation and volcanism on lo, history of

the lunar orbit, and stability of the solar system.
J. Wisdom

12.620J Radar Astronomy, Astrometry,
and Geodesy (A)

(Same subject as 6.662J, 8.931J)
Prereq.: 6.014 or 8.03, 18.075 or 18.085
G(1) Not to be offered 1990-91
3-0-9

Applies techniques of radio and radar to
measurement of the positions, orbital and
rotational motions, surface and atmospheric
characteristics, and gravity fields of the planets
and satellites. Observations from spacecraft and
from the ground. Propagation medium effects.
Radar equation. Ambiguity resolution in active
radar and in passive radio interferometry.
Modulation, signal processing, detection, and
analysis techniques. Radio-wave scattering.
Uses of interferometry in radar mapping
astrometry and geodesy.
G. H. Pettengill, C. C. Counselman, D. H. Staelin

12.633 Methods of Planetary Astronomy (A)

Prereq.: Permission of Instructor
G(2) ext offered 1990-91
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
program; preparing a proposal for telescope
time; capabilities of instruments and telescopes;
techniques of data analysis, including astronom-
ical image processing.
J. L. Elliot

12.662 Selected Topics in Planetary
Science (A)

Prereq.- Permission of Instructor
G(2)
3-0-9

In-depth discussion of current and classic
literature on selected topics in planetary sci-
ence. Seminar sessions where participants take
tums leading class discussion on the readings.
Topics vary from year to year.
R. R Binzel, J. L. Eliot, J. Wisdom

12.690 Planetary Science Seminar (A)
(Revised Unit)

Prereq.: Permission of Instructor
G(1)
Arr

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: modem
ground-based and in-situ investigations of
comets; relation among recent astrophysical
findings concerning the formation of stars and
the planetary system.
R. P Binzel, J. L. Eliot, J. Wisdom
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12.691-12.699 Special Problems in
Planetary Physics (A)

Prereq.: -
G(1, 2) [P/F]
Arr.

For graduate students desiring to perform
special investigations, special laboratory work,
or special fieldwork in planetary science.
Staff (12.691); R. R Binzel (12.692);
G. H. Pettengill (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 ;edlments (A)
(Revised Content)

Prereq.: 12.01
G(2) Next offered 1990-91
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, authi-
genic) and the physical and chemical processes
affecting their distribution; benthic geochemical
processes: geochemical cycles and sediment
accumulation, marine stratigraphy; physical and
acoustic properties of marine sediments; sedi-
ment transport by advection and down-slope
reworking, and application of marine sediments
to paleoceanographic studies.
(Woods Hole Staff): W Curry

12.702 Oceanic Volcanology and
Petrology (A)

Prere : Permission of Instructor
G(1) Not to be offered 1990-91
3-2-4

Igneous processes occurring witH:, the major
ocean basins. Focuses on current observational
data and hypotheses proposed to explain the
observations Discusses volcanic processes at
spreading centers, tectonics, and vulcanism
along fracture zones, island chains. Some
practical training in data interpretation, petrogra-
phy, and mineraiogy may be arranged.
(Woods Hole Staff): W Bryan

12.703 Marine Geology (A)

Prereq.: Permission of Instructor
G(2)
3-0-6

Designed to acquaint those with a background
in eology and/or geophysics with the
tecniques used to study the piocesses
responsible for the evolution, composition,
structure, and morphology of the ocean floor.
Includes structure and processes on passive/
active continental and interoceanic margins and
in ocean basins: tectonic evolution; mid-plate
volcanism; deformation of sedimentary wedges
at trenches; sedimentary processes: ocean
paleoenvironment.
(Woods Hole Staff): E. Uchupi

12.706 Fossils and Oceans: Blostratigraphy,
Paleobiology, and Paleoceanography (A)

Prereq,: General and Historical Geology
G(1) Next offered 1990-91
3-2-7

The uses of microfossils in interpreting the
geological history of the oceans and marginal
seas. major topics cover the nature and
interpretation of the microfossil record,
stratigraphic principles, geochronology,
taphonomy and petrogenesis, systematics and
species concepts, evo ution, paleobiogeo-
graphy, and paleoceanography. Associated labs
treat the stratigraphic and evolutionary history of
selected groups in foraminifera, calcereous
nannannofossils, radiolaria, and diatoms.
(Woods 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 anom-
alies, gravity, topography, heatflow, seismology,
geochronology, and borehole logging. Labora-
tory sessions devoted to actual da. 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 propa-
gation; marine reflection and refraction seismol-
ogy, including seismic data processing, model-
ing, 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) Next offered 1990-91
3-0-6

Introduces selected aspects of geophysical ti-
me-series analysis, emphasizing step-by-step
transformation of raw data to a usable format for
statistical or dynamical modeling. Includes im-
plementation of filtering techniques, Fourier
transforms, sampling strategies, auto- and
cross-spectra, data-adaptive techniques, and
empirical orthogonal function analysis. Demon-
strates application of these techniques to high-
frequency geophysical and oceanographic phe-
nomena common to the shallow marine shelf.
(Woods Hole Staff): D. Aubrey

12.720 Special Problems In Physical
Oceanography at Woods Hole (A)

Prereq.: -
G(1, 2, S) [P/F]
Arr.

Reading, consultation, and original investigation
on oceanographic problems.
(Woods Hol e taff)

12.721 Special Problems in Marine Geology
and Geophysics at Woods Hole (A)

Prereq.: Permission of Instructor
G(1, 2, S) [P/F]
Arr.

For graduate students desiring to perform
special investigations, special laboratory work,
or special fieldwork in marine geology and
g eophysics.

cods Hole Staff)

12.722 Special Problems in Chemical
Oceanography at Woods Hole (A)

Prereq.: Permission of Instructor
G(1, 2, S) [P/F]
Arr

For graduate students desiring to perform
special investigations, special laboratory work,
or special fieldwork in chemical oceanography.
(Woods Hole Staff)

12.740 Paleoceanography (A)

Prereq.: Permission of Instructor
G(2) Not to be offered 1990-91
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
observed in piston cores and ODP cores to infer
changes in temperature and current field 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
G(2) Not to be offered 1990-91
3-0-9

Composition of seawater: chemistry of aqueous
solutions, ionic association and dissociation,
and relevant calculations - concepts of steady-
state and residence times of species and dis-
cussion of static vs dynamic chemical models of
the ocean. Effect of oceanic circulation on the
chemistry illustrated by the CO2. silicate, and
isotopic distributions. Discusses authigenic
sediments, control of seawater composition,
geochemical cycles. Emphasizes development
of problems and topics by students and on
calculations.
J. M. Edmond
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12.742 Marine Chemistry (A)

Prereq.: Permission of Instructor
G(1)
3-0-9

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

eology students.
oods Hole Staff): E. Sholkovitz, 0. Zafirou,
Altabet

12.743 Geochemistry of Marine
Sediments (A)

Prereq.: 5.11 or 3.091, 5.60
G(1) Next offered 1990-91
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 compo-
sition of seawater. Dating and accumulation rate
estimation. Oxygen and carbon isotope biostra-
tigraphy. Effect of climate fluctuations on sedi-
mentary processes. Emphasizes mathematical
techniques and modeling where appropriate.
E. A. Boyle

12.744 Marine isotope Chemistry (A)

Prereq.: 12.742 or 12.741
G(2) Next offered 1990-91
3-0-8

Treats important aspects of radionuclides and
stable isotopes as applied to the oceans. In-
cludes introduction to radio activity, natural-ser-
les radionuclides (i.e., 2 10Pb, 2 10Po, Th, U),
artificial radionuclides (i.e., 14 C, 3H. 137Cs, 90Sr,
239, 240 Pu), 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) Next offered 1990-91
3-0-6

Ridge crest hot springs; description of currently
active systems. Geologic and tectonic setting
and exploration strategies. Hydrothermal chem-
istry of sediment-starved and sediment-covered
spreading centers and seamounts. Thermody-
namic modeling of water-rock interactions using
E03/6. Description and classification of ore
deposits formed on the sea floor. Chemical and
physical mechanisms of ore localization. Forma-
tion of metalliferous sediments.
J. M. Edmond, T S. Bowers

12.746 Marine Organic Geochemistry (A)
(Revised Content)

Prereq.: -
G(2) Next offered 1990-91
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 (sulfate
reduction, methanogenesis, fermentation), and
recycling pathways in the oceanic water column
as demonstrated by sediment trap experiments.
Both structural and isotopic aspects will be
covered. Discussion focuses on two or three
studies at select sites. General knowledge of
biochemistry, microbiology, or organic
chemistry is helpful.
(Woods Hole Staff): D. Repeta

12.751-12.759 Seminar in Oceanography
at Woods Hole (A)

Prereq.: -
G(1, 2) [P/F]
Arr.

Topics in marine geology and geophysics,
physical, dynamical, and chemical oceanogra-
phy. Content varies from term to term. All but
12.755 are taught P/F.
(Woods Hole Staff)

12.762 Experimental Physical
Oceanography (A)

Prereq.: Permission of Instructor
G(1) Not to be offered 1990-91
3-0-6

Philosophy and design of physical experiments
in the ocean. Review of dynamic and kinematic
equations, scaling, and sampling theory. De-
scription of previous experiments with regard to
formulation of a hypothesis from a conceptual
or theoretical model; translation of the hypothe-
sis 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) ext offered 1990-91
3-0-6

Concentrates on methods, instruments, and
recent results in the interaction of the atmo-
sphere and the ocean on spatial scales less
than 1,000 km and time scales less than sea-
sonal. Topics emphasized are vertical fluxes of
momentum, heat, and moisture over the ocean;
mixed-layer development; and 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
G(2) Next offered 1990-91
3-0-6

General introduction to the dynamics goveming
flow over the shelf. Transient response to wind
forcing In closed basins and along open coasts.
Simple effects due to stratification, topography,
and to bottom friction as well as some aspects
of thermocline circulation. Permission of instruc-
tor required for students without 12.800 back-
ground.
(Woods Hole Staff): R. Beardsley, K. Brink

12.782 Dynamics of Shelf Circulation 11 (A)

Prereq.: 12.781
G(1) Not to be offered 1990-91
3-0-6

More specialized topics in the dynamics of flow
over the shelf, including boundary-layer phys-
ics, tides, and coastal-trapped waves. Emphasis
placed on the relationship between theory and
observations and on the design and analysis of
field experiments. Topics covered depend
somewhat on the background and research
interests of the students enrolled.
(Woods Hole Staff): S. Lentz

12.790 Introduction to Observational
Physical Oceanography (A)

Prereq.: Permission of instructor
G(1)
3-0-6

An introduction to the results and techniques of
observations of the ocean in the context of its
Shysical properties and dynamical constraints.
mphasis on large-scale steady circulation and

the time-dependent processes that contribute to
it. Includes the physical setting of the ocean,
atmospheric forcing, application of conservation
laws, description o wind-driven and thermoha-
line circulation, eddy processes, and interpretive
techniques.
R Malanotte-Rizzoli

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 observational data as
they relate to theoretical ideas about how the
ocean moves. Fundamental data processing
methods including Fourier methods, basic
statistics, spectra, coherences, z-transforms,
sampling theorems, linear filters, etc., are cov-
ered in the first term. The second term is de-
voted to more advanced ideas including empiri-
cal orthogonal functions, singular value
decomposition, regularization, inverse and
control methods as applied to testing models,
both analytical and numerical, against realistic,
noisy, sparse observations.
C. Wunsch
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An introduction to standard data analysis meth-
ods including time series analysis, objective
mapping, empirical orthogonal functions, and
dynamic analysis of hydrographic data. Em-
p asis will be on working with data in a comput-
er laboratory setting using packaged software.
Where appropriate, comparisions with simple
models will be made. Some attention will be
given to the instruments and algorithms 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
students in meteorology and oceano raphy.
Eulerian and Lagrangian kinematics. uations
of mass, momentum, and energy in Eulerian
form in rotating frame of reference. Vorticity and
divergence. Scaling and geostrophic approxi-
mation. Potential vorticity. Rossby waves. Ekman
layers. Wave motion and instability. Vortex
motion.
(Woods Hole Staff): J. Pedlosky

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 beta
plane and sphere. Ekman pumping, Hadley/Fer-
rel circulations, wind- and thermally driven
ocean circulation models, westem-boundary
current dynamics, L welling systems.
(Woods Hole Staff): R. Huang

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, intenal waves,
shallow water theory, edge waves, Laplace's
tidal equations, Rossby/planetary waves, Kelvin
waves, equatorial waves, topagraphic effects,
finite-amplitude effects, wave-wave interactions.
Some discussion of the observational base, with
emphasis on the ocean.
(Woods Hole Staff): D. Chapman

12.803 Theory of the General Circulation of
the Ocean (A)
(Revised Content and Unit)

Prereq.: 12.800, 12.801, 12.802
G(2) Next offered 1990-91
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 homo-
genization. The ventilated thermocline. Com-
bined ventilated and homogonized circulations.
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.: 12.800
G(2)
3-0-9

Review of equations of motion. Zonally aver-
aged budgets of heat, momentum, and water
vapor. Review of historical understanding of the
maintenance of zonal winds. Symmetric models
of the general circulation. Introduction to waves
and eddies in nonrotating and rotating fiuids:
specifically internal gravity waves, tides, Rossby
waves, barotropic and baroclinic instabilities.
The interaction of these asymmetric compo-
nents 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, 12.801, 12.802
G(1)
3-0-9

Quasi-geostro hic equations for a stratified fluid
on a sphere. Potential vorticity equation and low
Rossby number. Available potential energy.
Internal Rossby waves; the vertical structure
equation and spin down. Planetary mountain
waves and radiation of energy. Instability of
currents in the atmosphere and oceans. Neces-
sary conditions for instability. Baroclinic and
barotropic instability. Energy cycles in the
general circulations. Enstrophy and geostrophic
turbulence,
R. A. Plumb

12.806 Instability and Turbulence in
Geophysical Systems (A)

Prereq.: 12.805
G(2)
3-0-9

Comprehensive introduction to the methodolo-
gy of stability theory as applied to problems of
interest in geophysical fluid dynamics. Empha-
sizes problems govemed by quasi-geostrophic
dynamics. Topics in linear theory include baro-
clinic-barotropic instability, numerical methods
for eigenvalue problems, Rossby wave instabili-
ty, symmetric instability, and solution of initial-va-
lue problems. Nonlinear instability.
R H. Stone

12.809 Past and Present Climate

Prereq.: 8.02
U(2)
3-0-9Prereq.: 12.790

G(1)
2-2-6

12.793 Laboratory in Physical
Oceanography (A)
(New)

12.810 Past and Present Climate (A)

Prereq.: 8.02
G(2)
3-0-9

Properties of climate system. Physics of climatic
fluctuations on time scales up to 100 million
years. Phenomena of drought, biennial oscilla-
tion, Southem Oscillation and El Niho. and other
interannual fluctuations. 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.
Climate and agriculture. Suitable for undergrad-
uate and graduate students with little or no
previous background in meteorology.
R. E. Newell

12.811 Introduction to Meteorology

Prereq.: 8.02, 18.03
U(1)
3-3-6

12.812 Introduction to Meteorology (A)

Prereq.: 8.02, 18.03
G(1)
3-3-6

A broad introduction to atmospheric science for
undergraduate and graduate students with nu
prior experience in meterology. Description and
asic physics of atmosphenc phenomena such

as extratropical cyclones and anticyclones,
hurricanes, thunderstorms, stationary waves and
blocking, 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 hydro-
static and geostrophic balance, dry and moist
thermodynamics, stability and instability, conser-
vation of circulation, and vorticity and potential
vorticiY
K. A. Emanuel, R. M. Dole

12.844 Synoptic Meteorology (A)

Prereq.: 12.811
G(2)
3-3-6

Planetary scale waves: structure and interpreta-
tion. Explanations of extratropical cyclones and
anticyclones from polar-front theory to quasi-

eostrophic thoory. Fronts and frontogenesis.
umulus convection and its interaction with

larger scales of motion. Techniques for analyz-
ing meteorological data.
R. M. Dole, K. A. Emanuel
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12.846 Numerical Modeling In Meteorology
and Oceanography (A)

Prereq.: 12.802
G(2)
3-0-9

Derives simplified sets of model equations,
primarily by scale analysis. Discusses character-
stics 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 Headquarters.

12.850 Atmospheric Physics and
Chemistry I (A)
(Revised Content)

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 sturcture,
differental heating, and ener bud et. Physics
of clouds and precipitation. ysicl-dynamical
processes in clouds. Atmospheric electricty.
Atmospheric chemistry, including kinetics,
continuity, transport, and chemical-radiative-dy-
namical fedbacks. Application to ozone layer
and Antartic ozone hole.
R. G. Prinn, E. R. Williams

12.851 Atmospheric Physics and
Chemistry 11 (A)
(New)

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
sensing 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. Micro-
physics and convective scale dynamics. Radar
probing of clear atmosphere. Polarization
diversity methods and microscale information.
Cloud electrification and lightning.
R. G. Prinn, E. R. Williams

12.861 Topics in Waves and Instability (A)

Prereq.: 12.802 or 12.804, 12.805
-(1)

3-0-9

A detailed presentation of selected advanced
topics in waves and instability in the atmo-
sphere. Includes wave-mean flow interaction,
the quasi-biennial oscillation, sudden warmings,
critical-level behavior, wave overreflection.
nonlinear equilibration, and wave breaking.
R. S Lndzen

12.863 Diagnostic Studies of the General
Circulation (A)

Prereq.: 12.801 or 12.802
G(1)
3-0-9

Description of diagnostic studies of atmospheric
transports and energetics and discussion of
their Implications for the theory of the structure
and general circulation of the atmosphere.
Discusses the validation and use of numerical
general circulation models as atmospheric
analogs.
R H. Stone, R. D. Rosen

12.864 Atmospheric Modeling (A)

Prereq.: 12.801 or 12.802, 12.850
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.
R H. Stone

12.865J Turbulence and Random Processes
in Fluid Mechanics (A)

(Same subject as 16.044J)
rereq.: 2.20 or 16.035

G(1)
4-0-8

See descripton under subject 16.044J.
M. T Landahl, S. E. Widnall

12.866 Atmospheric Convection (A)

Prereq.: 12.800
G(2) Next offered 1990-91
3-0-9

Introduction and theory of dry convection over
isolated heat sources. Bsic theory of Rayleigh
convection. Extensive treatment of the thermo-
dynamics of moist and cloudy air. Observations
and dynamics of isolated convective clouds;
turbulence in saturated and partly saturated
mixtures. Moist- and dry-convective boundary
layers. Or anization of moist convection on
larger scales and interaction of convective
ensembles with the large-scale environment.
K. A Emanuel

12.950-12.959 Seminar In Physical
Oceanography at MIT (A)

Prere .: -
G(1. 2) [P/F]
Arr.

Topics in marine geophysics, physical, dynami-
cal, and chemical oceanography. Content
varying from term to term. All but 12.950) are

ta tP/F.
StV

12.960-12.969 Special Problems In Physical
Oceanography at MIT (A)

Prereq.: Permission of Instructor
G(1, 2) [P/F]
Arr.

For graduate students desiring to perform
special investigations, special laboratory work,
or special fieldwork in oceanography.

Staff (12.960); G. R. Filerl (12.961); R
Malanotte-Rizzoli (12.962); C. 1. Wunsch
(12.963); Staff (12.964-12.969)

12.975J Principles and Physics of Remote
Sensing in Oceanography (A)
(Revised Unit)

(Same subject as 1.695J)
Prereq.: 1.60,12.800
3(1) Next offered 1990-91
3-0-9

Pfopagation and sensing of EM waves and their
interaction and scattering with the ocean's
surface. Atmospheric absorption and scattering
of microwave, visible, and infrared radiation.
Celestial mechanics for understanding orbital
dynamics and geometric distortions. Dtailed
survey of major instruments for measuring
oceanographic variables from space. Emphasis
on new methodologies, error assessment, and
data interpretation.
(Woods Hole Staff): H. C. Graber, K. A. Kelly

12.976J Oceanogra hc Applications of
Remote Sensing (A)
(Revised Unit)

(Same subject as 1.696J)
Prereq.: 12.975J or Permission of Instructor
G(2) Next offered 1990-91
0-3-9

Remote sensing principles leamed in 12.975J
applied to real data from GEOSAT NOAA, and
SEASAT satellites. Students required to analyze
different types of data to determine calibration
errors, instrument noise, spatial and temporal
scales of the signal. The student selects one
type of data for further examination of either the
physics of the sensing process or relationship of
the measured quantity to other oceanographic
fields (term project). A working knowledge of
computer programming is expected.
(Woods Hole Staff): H. C. Graber, K. A Kelly

12.980-12.989 Special Problems In
Meteorology (A)

Prereq.. -
G(1. 2)
Arr.

Reading, consultation, and original investiga-
tions on meteorological roblems.
R. M. Dole (12.980); K. Emanuel (12.981);
J. C. Foster (12.982); R. S. Lindzen (12.983);
R. A. Plumb (12.984); R. E. Newell (12.985;
R. 0. Prinn (12.986): R H. Stone (12.987);
Malanotte-Rizzoli (12.988); E. R. Williams
(1 2.989)

12.990-12.999 Special Subjects In
Meteorology (A)

Prereq.: -
G(1, 2,S) [P/F]
Arr.

Organized lecture or laboratory subject on
some aspect of meteorology not normally
covered in the regularly scheduled subjects.
Staff
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Course 13 Ocean Engineering

13.UR Undergraduate Research

Prereq.: -
U(1, 2, S) [P/F]
Arr

Research In engineering for the ocean environ-
ment, including naval architecture, wave energy,
seakeeping, ocean exploration, ocean transpor-
tation, ocean vehicles, utilization of resources,
marine economics, systems analysis, marine
policy, marine hydrodynamics, ocean acoustics,
ocean structures, sailing yachts, and some
aspects of marine-related management. Well-
equip and modem laboratory facilities.
D. K-Yue

13.00 Computer-Aided Hydrostatics and Ht,
Surface Definition

Prereq. 8.01, 18.02
U(1) SD
3-3-6

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 surfaces
by polynomials and spline functions. Computer
graphical representation of three-dimensional
shapes, including perspective transformations.
Numerical integration and differentiation 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 2.03J)
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.

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
othei simple structures. Computer methods and
matrix analysis utilized. Hydrostatics, vorticity,
potential flows, boundary layers. Primarily for
students In Course XIII-A; others admitted by
permission of Instructor
R E. Sullvn, . 0. Kwi, T F Oglvie

13.021 Marine Hydrodynamics I

Prereq.: 1.05 or 2.20
U(1)
4-1-7

Develops hydrodynamic principles and their
applications In the fields of ocean engineering
and naval architecture. Model testing, viscous
flows and boundary layers, potential flows,
added-mass and lift forces, lifting surfaces,
surface waves.
D. K-R Yue

13.022 Marine Hydrodynamics 11 (A)

Prereq.: 13.021, 18.075
J(2)
4-0-8

Continuation of 13.021, emphasizing analytical
methods. Laminar and turbulent boundary-layer
theory, Ideal flows In two and three dimensions.
Ufting-surface theory for steady, unsteady, and
cavitating hydrofolls. 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 Wave Forces en Marine Structures (A)

Prereq.: 18.075, 13.022
G(2)
3-0-6

Responses of ships and offshore platforms in
waves. Unear-wave theory, added-mass, wave
damping, exciting forces on floating bodies.
Wave forces and motions of offshore platforms.
Strip theory of ship motions. Newer theories.
Ship-ship Interactions In waves. Numerical
solutions. Second-order wave effects. Steady-
state drift forces. Ship added resistance In
waves. Slowly varyin wave forces. High-fre-
quency excitation of nsion-leg platforms. Ship
springing. Projects with emphasis on applica-
tions using computer programs.
R D. Sclavounos

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. Uft-
Ing line and lifting surface theory with applica-
tions to hydrofoil craft, rudder, and control sur-
face design. Propeller lifin ine and liftin
surface theory; computer-ided desgn ofwake
adapted propellers, unsteady propller thrust
and torque. low about axial y symmetric bodies
and low-aspect ratio lifing surfaces. Experimen-
ta rojesIn the variable pressure water tunnel.

13.06 Numerical Methods in Marine
Hydrodynamics (A)

Prereq.: 13.021, 13.50, 18.075
G(2) Next offered 1990-91
3-0-9

Formulation, methodology, and techniques of
numerical solutions of potential flow problems.
Rudiments of finite-difference, finite-element,
boundary-Integral-equation, and spectral meth-
ods with illustrations of applications to marine
hydrodynamics. Emphasizes treatment of
free-surface and open boundaries, characterls-
tics and effectiveness of various approaches.
Projects Involve hands-on development of
simple computer programs.
D. K-P Yue

13.07 Free Surface Hydrodynamics (A)

Prereq.: 13.022; 18.076
G(1) Not to be offered 1990-91
3-0-6

Water wave phenomena pertinent to problems
in naval architecture and ocean engineering.
Generation, propagation, and diffraction of

pr resslve waves. Exciting and restoring
focson loating and submerged bodies. Ship

waves and wave resistance. Selected topics o
interest In non-linear wave propagation, Intemal
waves, slender-body theory, or seakeeping.
Some back round in water waves equivalent to
that covered in 13.022 assumed. Altemates with
13.09.
J. N. Newman

13.09 Potential Flows (A)

Prereq.: 13.022; 18.076
G(1) Next offered 1990-91
3-0-6

Develops and applies potential theory to the
flow pest marine vehicles. Review of Ideal fluid
theory. Simple potential flows. Two-dimensional
flows basedon complex variable theory. Three-
dimensional flows based on separation of
variables and Green's theorem. Description of
numerical methods, matched-asmptoic expan-
sions, and slender-body theory. ydrodynamic
pressure forces and the added-mass tensor.
Altemates 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
aplicable to marine and mechanical structures.
wi emphasis on beam design and analysis.
Methods of computing deflection, principle of
virtual forces and displacements, energy
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methods, and statically indeterminate structures.
Theory and applications of finite-element
methods in structural analysis, using computer
programs, Introduces advanced topics in
structural mechanics.
A. Moshaiov, J. H. Williams, Jr.

13.111 Structural Mechanics (A)

Prereq.: 13.10J
G(2)
3-0-9

Concept of deformation and equilibrium in
continuum mechanics and plate and shell
structures. Derivation of elastic stress-strain
relations for plate and shell elements. Bending
and buckling of rectangular plates. Nonlinear
geometric effects. Post-buckling and ultimate
strength of typical stiffened panels used in naval
architecture. General theory of elastic shells and
axisymmetric shells. Buckling and crushing
strength of cylindrical shells.
T Wierzbicki

13.121 Introduction to Ship Structures (A)

Prereq.: 13.1OJ
G(2)
2-1-6

Ship longitudinal strength and hull primary
stresses. Ship structural design concepts. Role
of classification societies in structural design
process. Design loads. Inertia effects. Hull
deflections, exact and approximate methods.
Effect of superstructures and dissimilar materials
on primary strength. Transverse shear stresses
and thermal streezss in the hull girder. Torsional
strength of ships. Effective breadth. Ship design
exercises. Credit not given for both 13.121 and
13.122.
A. Moshaiov

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 materials
on primary strength. Transverse shear stresses
and thermal stresses in the hull girder. Torsional
strength of ships. Effective breadth Theory and
applications of finite-element methods. Comput-
er projects using beam, plane, and plate ele-
ments for ship grillages and plates. Credit not
iven for both 13.121 and 13.122.
. Moshaiov

13.123 Advanced Analysis and Design of
Ocean Engineering Structures (A)

Prereq.: 13.111
G(1)
3-3-6

Ocean engineering 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, reinforcements, closures,
hatch design, stiffened cylindrical shells. Tubular
joint design. Student selects a design project
using modem computer programs or strength
and stability analysis.
D. G. Karr

13.124 Response of Marine Structures to
impulsive Loading (A)

Prereq.: 13.111
G(2) Next offered 1990-91
3-0-9

Characterizes extreme loads at sea. Collisions
hydrodynamic wave loading, slamming, ice
impact. intemal and underwater explosions.
Methods of plastic analysis for large deflections
of structures. Mechanics of projectile impact.
Dynamic plastic behavior and crushing of
stiffened plates and shells. Design for energy
absorption. Crashworthiness of land, air, sea
vehicles. Local damage and tearing of hull
girder under transient loading. Collapse of
tubular members of offshore structures. Propa-
gating buckle In pipelines.
T Wierzbicki

13.131 Plastic Analysis of Structures (A)

Prereq.: 13.111
G(1) Not to be offered 1990-91
3-0-9

Elastic-plastic and rigid-plastic material idealiza-
tion. Yield conditions. Drucker's stability postu-
late. Normality, convexity, and flow rule. Limit
analysis theorems. Static plastic collapse of
beams, frames, plates, and shells. Plastic be-
havior of stiffened panels and other structures
encountered frequently in ocean engineering
and naval architecture. Theoretical and exper-
imental behavior of beams, plates, and shells
under dynamic loads. Comparison of first vield
vs plastic collapse design concepts.
T Wierzbicki

13.132 Advanced Structural Topics (A

Prere.: 13.111
G(1) Not to be offered 1990-91
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 Department.
Includes potential topics such as imperfection
sensitivity and post-buckling behavior of shells,
plastic buckling of structures, dynamics and
cieep buckling of structures, composite materi-
als, reinforced concrete structures, behavior of
ships and offshore structures in ice-infested
water.
T Wierzbicki, D. G. Karr

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. Micro-
structures, processing, heat treatment, sennce
behavior, and faIlures with special emphasis on
corrosion resistance of ferrous and nonferrous
mestas.
K. Masubuchi

13.16J Fracture of Structural Materials (A)

(Same subject as 1.591J, 3.90J)
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
adhesive bonding. Synthesis of elementary
physical phenomena such as transient heat
flow, phase transformations, and dimensional
changes into the complex overall reactions
associated with joining. Testing, inspection, and
properties of finished joints. Laboratory demon-
strations of arc and other welding processes.
K. Masubuchi

13.18 Case Studies in Welding Design (A)

Prereq.: -
G(2) Next offered 1990-91
2-0-4

Problems occur in various welded structures,
including ships, offshore oil drilling rigs, pres-
sure vessels, bridges, and aerospace structures.
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
pro per selection of materials, joioing processes,
and procedures during the desigi 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,
tgether with speed reducers and propulsors.
Project study and economic evaluation of the
propulsion system for a commercial or a naval
shig.
A. . Carmichael

13.25J Thermal Power Engineering

(Same subject as 2.41J)
Prereq.: 2.40
U(2)
3-0-9

See description under subject 2.41J.
A. 0. Carmichael, E. G. Cravaiho

13.26J Design of Thermal Power Systems (A)

(Same subject as 2.601J)
Prereq.: 2.20. 2.40, 2.51
G(2)
3-0-9

See description under subject 2.601J.
A. D. Carmichael, L. R. Glicksman
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13.39 Analysis of Techniques for Fabricating
Structures (A)

Prereq.: 3.13 or 13.15 or 13.17J
G(2) Not to be offered 1990-91
2-0-4

Analyzes problems related to fabrication of
structures, such as ships, aircraft, rockets,
pressure vessels, buildings, and ocean engi-
neering structures by vanous joining processes
including welding, riveting, and adhesive bond-
ing. 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 predictions and selec-
tion of propeller characteristics to match vehicle
and power plant. Preliminary strength calcula-
tions and internal arrangements.
C. Chryssostomidis

13.411 Methods of Naval Ship-System
Design (A)

Prereq.: 13.012 or 13.40
G(S)
3-0-9

Overview of naval ship design and acquisition
process; mechanics of designing a ship system,
formulation of a systematic design plan. require-
ments and constraints, design philosophy and
design elements; selection/optimization 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
applications; formal design optimization proce-
dures: mathematical model of ship design
process; engineering and economic principles
govemn;ng selection of dimensions and coeffi-
cients: influence of hull form and dimensions on
mobility in calm water and rough seas; internal
subdivisions for efficient arrangement and
maximum survivability; damage stability. Design
exercises in applications of principles.
B. Tibbitts, R E. Sullivan

13.413 Projects in Naval Ships Conversion
Design (A)

Prereq.: 13.411, 13.412,13.21
G(2)
Arr.

Project studies focus on conversion design of a
naval ship. A new mission requirement Is de-
fined, requiring signiflcant ship modification.
Design plan formulation. Technical aspects
addressed in sufficient detail to demonstrate
feasibility and desirability. Requires formal
written and verbal reports. Encourages partici-
pation by several students In a single project.
B. Tibbitts, R E. Sullivan

13.42 Desi n 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 seakeeping
performance. Maneuvering of surface and
underwater vehicles; equations of motion;
motion 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)

Proreq.: 13.012 or 13.40: 13.1OJ
G(1) Nt to be offered 1990-91
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 semi-submersibles and
ships, and tension-leg platforms.
M. S. Triantatyllou

13.461 Projects in New Construction Naval
Ship Design (A)

Prereq.: 13.411, 13.412, 13.122,13.21
G(1, 2, S)
Arr

Project studies focus on preliminary design of a
new naval ship, fulfilling a given set of mission
requirements. Design plan formulation. System
level trade-off studies. Emphasizes achieving a
balanced design and total system integration.
Requires formal written and oral reports. En-
courages participation by several students In a
single project extending over two terms.
B. Tibbitts, R E. Sullivan

13.462 Projects in Ocean Engineering
System Design (A)

Prereq.: 13.412 or 13.42 or 13.43 or 13.482J
G(1, 2, S)
Arr

Determines design criteria for ocean-based
systems such as ships, submersibles, platforms,
and their control systems derived from a set of
system mission requirements specified by the
student in consultation with the instructor.
Preparation of preliminary design of system
fulfilling selected criteria. Students Intending to
take 13.462 should plan a two-term sequence,
preferably einning in the first term. Participa-
tion by sever students in a single project
encouraged. Primarily for graduate students in
Ocean Enginee-ng. Others admitted by permis-
sion of instructor.
C. Chryssostomidis, M. S. Trantalyllou

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

Overview of existing CAE systems; architecture
of high-performance graphic displays in engi-
neering workstations; orthographic and per-
spective display transformations; parametric
representation of curves and surfaces: elemen-
tary differential geometry: interactive graphics;
bicubic surface patches; Image generation: NC
tool paths; solid modeling; advanced research
topics; project management for software devel-
opment. Group projects emphasize CAE system
development. Programming proficiency
required.
0. C. Gossard, N. M. Patrikalakis

13.472J Computational Geometry (A)

(Same subject as 2.158J)
rereq.: 13.471J

G(2)
3-0-9

Continuation of 13.471J. Continuation of
13.471J with lectures, homeworks, and group
projects focusing on advanced research topics.
Algebraic and rational polynomial parametric
representation methods. Intersections and
algebraic geomey Sweeps. Blending and
parallel surfaces. Trim med patches. Solid mod-
eling: CSG, boundary representation, octrees.
Variational geometry and tolerances. Feature
representation and recognition. Finite element
discretizations. Interrogation of geometric
models for design, analysis, and fabrication.
N. M. Patrikalakis, 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 16.30
G(1)
4-0-8

See description under subject 6.233J.
M. S. Triantafyllou, M. Athans, K. Youcef-Toumi,
G. Stephanopoulos, L. Valavani
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13.482J Multivarlable Control Systems 11 (A)

(Same subject as 2.155J, 6.234J, 10.29J,
16.342J)
Prereq.: 6.233J
G(2)
4-0-8

See description under subject 6.234J.
M. S. TrIantafyllou, M. Athans, K. Youcef-Toumi,
G. Stephanopoulos, L. Valavani

13.49 Maneuvering and Control of Surface
and Underwater Vehicles (A)

Prereq.: 13.42
G(1)
3-0-9

Maneuvering motions of surface and underwater
vehicles. Derivation of equations of motion,
hydrodynamic coefficients. Memory effects.
Linear and nonlinear forms of the equations of
motion. Control surfaces; modeling and desian
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; re-
motely operated vehicles: and single point
moorings.
M. S. Triantafyllou, M. Grosenbaugh

13.50 Numerical Methods with Applications to
Marine Problems

Prereq.: 18.03, 2.10
G(1)
3-0-9

Introduces numerical methods useful in the so-
lution of engineering problems. Representation
of numbers on the computer. Round-off error.
Solution of linear systems. Nonlinear equations.
Eigenvalues of dynamical systems. Singular-va-
lue decomposition. Optimization methods. Fast
Fourier Transforms. Differential equations. Solu-
tion of model problems from ocean engineering
by finite-difference, finite-element, and spectral
methods. Assigned computer problems requir-
ing familiarity with FORTRAN 77.
R D. Sclavounos

13.51 Computer Models of Physical and
Engineering Systems

Prereq.: 18.02, 8.01
U(1) SO
3-0-9

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. R 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
techniquer. Study of project design and plan-
ning methods such as network planning tech-
niques, technological forecasting and evaluation
methods, capital budgeting and project control,
and scheduling techniques. Technical, opera-
tional, economic, and financial project analyses
reviewed. Methods for selection from among
project alternatives discussed. Study of procure-
ment 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.
R. de Neufville, J. R Clark

13.621 Engineering Risk-Benefit Analysis (A)

Prereq.: 18.02
G(2) Next offered 1990-91
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
G(2) Next offered 1990-91
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
offshore and prefabricated ports. Systems
engineering study of one or more major port
projects. Approach to planning and develop-
ment of ports based on modern concepts of
systems analysis. Port demand forecasting,
design of port surveys, geotechnical analysis,
port structural design, port and breakwater
layout, port environmental impact analysis, port
project design and management, port simula-
tion, 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. De-
signed to develop students' ability to analyze
problems Involving ocean engineering and
economics, operations research, management,
and policy and the law, and Integrate this infor-
mation to formulate solutions. Projects may
Include ocean-dumping systems, deep-sea
mining systems, and oil spill cleanup systems.
Enrollment limited to Course Xiii-B students;
others admitted by permission of Instructor.
J. T Kildow, H. S. Marcus, J. 0. Nyhart,
H. N. Psaraftis

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 produc-
tion: production and inventory scheduling:
management information system; organization
of manufacturing plants, planning of manufac-
turing, measurement of capacity and productiv-
i, management of manufacturing.
E. G. Frankel

13.651 Management of Technological Change
in Manufacturing (A)

Prereq.: 6.041 or 18.444 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. Produc-
tion theory and productivity measurement.
Technology forecasting and evaluation. Process
and product technology change. Strategic
planning, timing, choice, and scale of techno-
rogical change. Hierarchical decision models.
Cross-impact analysis. Managing technological
change in manufacturing. Case studies from
manufacturing Industries.
E. G. 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-
tion to ocean transportation. Structure of the
markets and of the industries involved; barriers
to entry and competition; theory of international
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 petro-
leum transportation network; liner shipping rate
making; impact of maritime policies and regula-
tions on the industry. Meets during second half
of term.
H. N. Psaraffis
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13.665J 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.
H. N. Psaraftis, A. . 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 Subject. Description given
at end of this chapter on SWE page.
R. C. Larson, H. N. Psaraftis, Y Sheffi

13.672 Probabilistic Models in Engineering

Prereq.: 1.03 or 6.041 or 18.05
U(2)
3-2-7

School-Wide Elective Subject. Description given
at end of this chapter on WE page.
A. R. Odoni, R. C. Larson, H. N. Psaraftis

13.673 Optimal Design of Engineering
Systems
(New)

Prereq.: 1.00 or equivalent
G(1)
3-1-8

Introduction to mathematical programming for
engineers. A review of unconstrained and
constrained 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 homework assignments.
H. N. Psaraftis, Y Sheffi, R. C. Larson

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, shipbuildin, 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 first
half of term.
H. S. Marcus

13.685J Manufacturing/Technology
Interface (A)

(Same subject as 3.565J, 15.365J)
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 mar-
keting issues as well as external market and
technological factors that define the international
shipping environment. Includes effect of world
energy prices and changing trade patterns
upon demand for shipping; evaluation of ship-
ping capacity requirements in terms of capital
needs; new ship and terminal technologies and
effect of changing International relationships.
Permission of Instructor required for other
students.
H. S. Marcus

13.700-13.709 Special Problems in Ocean
Engineering

Prereq.: -
U(1, 2, S)
Arr.

Special reading, study, design, and/or investiga-
tion under supervision of a qualified member of
the staff. Topics in ocean engineering, naval
architecture, or marine engineering Individually
arranged to suit interests of the student. Consult
Department Student Administration Office for
subject number that will be assigned in accor-
dance with the technical area of the topic se-
lected.
D. K-P Yue

13.710-13.719 Special Problems in Ocean
Engineering (A)

Prereq.: -
G(1, 2, S)
Arr.

Special reading, study, design, and/or investiga-
tion under supervision of a member of the staff.
Topics in ocean engineering, naval architecture,
or marine engineenng individually arranged to
suit interests of the student. Consult Department
Student Administration Office for subject num-
ber that will be assigned by the Dapartment 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
2(1.2)

Arr.

Weekly lectures on new topics in ocean engi-
neering by members of the MIT staff. Consult
Department Student Administration Office for
subject number assigned in accordance with
the technical area of the topic selected. Consult
Department Headquarters.

13.741J Geophysical and Oceanographic
Signal Processing I (A)

(Same subject as 6.455J)
Prereq.: 2.02 or 6.003, 6.041, 18.075
G(1) Next offered 1990-91
3-0-9

Systems and techruiques used in oceanographic
data analysis. Temporal random processes,
correlation, and spectral analysis by indirect,
DFT, and adaptive methods. Sonar, radar, echo-
sounders, and seismic systems. Space/time
random processes, frequency-wave number
characterizations, array and spatial processig;
applications In arrays for ambient noise and
passive sonar, surface, and internal waves.
Alternate years.
A. B. Baggeroer

13.742J Geophysical and Oceanographic
Signal Processing 11 (A)

Same subject as 6.456J, 12.534J)
Groreq.: 6.341 or 12.761 or 13.74IJ or 12.713
G(2) N ext offered 1990-91
3-1-8

Advanced topics in time-series analysis and
signal processing as applied to geophysical and
oceanographic problems such as seismic
exploration, ocean wave spectra, and acoustical
propagation and noise. Covers modern spectral
analysis techniques, multichannel spectral
analysis, deconvolution methods, spatial ran-
dom process characterization and array pro-
cessing techniques. Includes development of
estimation techniques commonly used in in-
verse problems. Lab utilizes computer imple-
mentations of topics covered.
A. B. Baggeroer

13.76 Introduction to Random Processes in
Ocean Engineering (A)

Prereq.: 18.075 or 18.085 or 18.302
13(2) Next ffered 1990-91
3-0-9

Responses of ships and offshore structures to
random forces and motions of the sea, Funda-
mental material covered includes elements of
probability theory and statistics; harmonic
analysis of both deterministic and random
processes; linear systems including those with
frequency-dependent parametars 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 establishment of
design criteria on a statistical basis.
J. H. Milgram
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13.771 Engineering internship

Prereq.: -
U(1, 2, S) [P/Fl
0-6-0

13.772 industrial Practice in Ocean
Engineering

Prereq.: 13.771
U(1, 2, S)
Arr.

13.774 Advanced Engineering Internship

Prereq.: 13.771
G(1, 2. S) [P/F]
0-8-0

Enrollment limited to students registered in
Course XIII-C Program. Provides academic
credit for assignments affiliated with XIII-C
Program. Students register for 13.771 during
their first and second compan assignments,
accumulating 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
during their third and fourth company assign-
ments (after admission to graduate school),
accumulating a total of 12 graduate units. Credit
for above given upon satisfactory completion of
company assignments, receipt of favorable
evaluation by company supervisor, and receipt
of favorable evaluation of student's report about
company assignment by faculty advisor.
C. Chryssostom/dis

13.78 Entrepreneurship

Prereq.' -
G(2)
4-0-5

School-Wide Elective Subject. Description given
at end of this chapter on SWE page.
W C. Flowers

13.80J Mechanical Vibration

Same subect as 2.06J)
rereq.: 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 analy-
sis of continuous systems: beams, rods, and
strings, Introduction to the response of linear
systems to random excitation. Numerous exam-
ples and applications of vibration measurement
and analysis, including vibration isolation and
dynamic absorbers, ships, offshore structures,
engines, and rotating machinery.
4. Vandiver, R. H. Lyon

13.801 Mechanical Vibration
(New)

Prereq.: 13.003J
G(2)
3-0-9

Concepts of mechanical vibration, including free
and forced vibration of single- and multi-de-
gree 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 excitation.
Numerous examples and applicatione wf
vibration measurement and analysis, inc!uding
vibration isolation and dynamic absorbers,
ships, offshore structures, engines, and rotating
machinery.
J, K. Vandiver, R. H. Lyon

13.81J Principles of Acoustics (A)

(Same subject as 2.060J, 16.081J)
Prereq.: 13.003' or 2.03J or 16.004, 18.075

G(1)
3-0-9

See description under subject 2.060J.
R Leehey, R. H. Lyon

13.82J Sound and Structural Vibration (A)

Same subject as 2.063J)
rereq.: 2.63J or 16.004, 18.075

G(2)
3-0-9

See description under subject 2.063J.
R Leehey, R. H. Lyon

13.83J Structural Acoustics (A)
(New)

(Same subject as 2.067J)
Prereq.: -
(G)1 Not to be offered 1990-91
3-0-9

This advanced level subject deais 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 topic using published papers and
research reports. Topics will vary depending on
research activities in the Structural Acoustics
Pro ram. A good background in dynamics,
appled mathematics, and structural mechanics
will be assumed. Background courses in acous-
tics and structural wave propagation are recom-
mended. Alternate years.
R. H. Lyon, /. Oyer, A. aSaggeroer

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 properties
of the ocean and its boundaries. Analyzes sonar
systems. Absorption in sea water. Transmitting
and receiving arrays. Scattering and reflection.
Refraction and propagation loss. Noise and
reverberation. Sonar design principles. Applica-
tions in charting, navigation, station keeping,
target detection, fishing, petroleum exploration,
telemetry.
1. Dyer

13.861 Ocean and Seabed Acoustics I (A)

Prereq.: Permission of Instructor
G(1) Not to be offered 1990-91
3-0-9

Surveys properties of the ocean and seabed
and of predictive models of sound propagation,
in relation to sonar and seismic system design
and/or to the use of sound to uncover oceanic
properties. Ray and wave theories of propaga-
tion in vertically stratified media. Approximate
propagation theories for a horizontally varying
ocean. Reflection and transmission of sound by
a stratified ocean bottom. Scattering from a
random sea surface and seafloor. Introductory
knowledge of Fourier analysis, probability, and
wave propagation necessary.
AS, 1aggeroer,
(Woods Hole Staff): G. Frisk

13.862 Ocean and Seabed Acoustics 11 (A)

Prereq.: 13.861 or Permission of instructor
G(2) Not to be offered 1990-91
3-0-9

Continuation of 13.861, treating ray and normal
mode theory in greater depth, an introducin
new topics. Emphasizes 'state-of-the-art" level
in ocean acoustics. Includes ray theory correc-
tions, coupled normal-mode theory, adiabatic
approximation continuum and virtual modes,
rough-surface scattering in mode theory, ray-
mode picture connections, parabolic equation,
and perturbative inversions for both water
column and ocean bottom properties
(Woods Hole Staff): J. F Lynch

13.863 Ocean Seismo -Acoustics (A)

Preisq.: 13.861 or P'rmission of Instructor
G(1)
3-0-9

Low-frequency propagation in ocean environ-
ments with special emphasis on the interaction
of the acoustic field in the water column with
seismic waves in seabed and ice cover. Stress
wave propagation in isotropic elastic solids. The
fluid-soli interface. Fluid-elastic waveguides.
Effects of seismic waves on ocean sound
propagation. Seismic interface and surface
waves in a stratified seabed. Seismic waves in
ice cover Rough surface scattering of elastic
waves. Seismo-acoustic ambient noise. Aniso-
tropic and porous media.
H. Schmidt

13.871 Wave Scattering by Rough Surfaces
and Randomly inhomogenous Media (A)

Prereq.: Permission of Instructor
G(2) Next offered 1990-91
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.
Includes basics of scattering theory, volume
scattering by discrete scatters (aerosols), scat-
tering by rough surfaces, satellite remote sens-
ing using rough-surface scattering, and acoustic
scattering from ocean intemal waves.
(Woods Hole Staff): J. F Lynch, S. Ralan
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13.901 Ocean Engineering Laboratory I

Prereq.: 2.20
U(2) LAB
1-5-0

Experimental projects in the fields of ocean
engineering and naval architecture and marine
engineering, conducted at the MIT Ship Towing
Tank and the MIT Variable Pressure Water
Tunnel. Ocean engineering experiments ar-
ranged In order to solve one or more design
problems selected by the instructor
A. D. Carmichael

13.902 Ocean Engineering Laboratory 11

Prereq.: 13.901, 13.003J
U(1) LAB
1-5-0

Experimental projects in the fields of ocean
engineering and naval architecture and marine
engineering, conducted at laboratory facilities in
the Department of Ocean Engineering. Ocean
engineering problems arranged in order to
solve one or more design problems selected by
the instructor.
A. D. Carmichael

13.91 Nuclear War: Threat and Avoidance

Prereq.:
U(2) HASS
3-0-6

School-Wide Elective Subject. Description given
at end of this chapter on WE page.
M. M. Miller, P Morrison, G. W Rathlens,
E. Rothschild, J. R Ruina

13.92 Marine Policy (A)
(Revised Unit)

Prereq.: -
G(1)
4-0-8

Surveys major ocean uses and their associated
policy issues. Demonstrates relationships
among uses and the influence of the scientific,
technical, economic, and political/legal aspects.
Includes govemment/business relationships in
offshore natural resources, maritime transporta-
tion, and waste management.
J. T Kildow

13.93 Nuclear Wea ons and Arms Control:
Technology and Poicy Issues

Prereq.: -
G()
4-0-8

School-Wide Elective Subject. Description given
at end of this chapter on SWE page.
G. W Rathiens, J. R Ruina

13.94 Law for Ocean Systems (A)
(Revised Unit)

Prereq.: -
G(1)
4-0-8

Legal framework for managing ocean resources
and systems, combining public law of the sea,
admiralty, and the US regulatory law. OCS,
tanker, shipping, and environmental regimes.
Law for new ocean technologies. Questions of

jurisdiction and implementation arising from
new economic zones or unilateral extensions,
Principles governing applicability of civil and
criminal law offshore. Focus on relationship of
law and technology. Meets during second half
of term.
J. D. Nyhart

13.95J Negotiation in Engineering Systems
(Context Subject)

Same subject as 15.600J)
rereq.: -

U(1) Next offered 1990-91
3-3-6

Teaches societal, economic, legal, and environ-
mental issues pertinent to the successful negoti-
ation of large engineering systems. Presents the
skills, processes, and tools required for the
synthesis of effective outcomes In complex
negotiations. Up to three real contexts are
studied in detail. Each week, one session fo-
cuses on teaching the elements of negotiation
management, another on contextual analysis,
and the third on a simulated negotiation among
students.
J. D. Nyhart, H. N. Psaraftis

13.961J Proseminar in Technology
and Policy I (A)

SSame subject as TPP 11J)
rereq.: Permission of Instructor

4-0-8

See description under subject TPP 11J.
J. T Kildow, R. D. Tabors, R. de Neufville

13.962J Proseminar in Technology
and Policy 11 (A)

(Same subject as TPP 12J)
Prereq.: T P 11J
G(2)
3-0-6

See description under subject TPP 12J.
J. T Kildow, R. D. Tabors, R. de Neufville

13.98J Coastal Zone Management (A)

(Same subject as 11.365J)
Prereq.: Permission of Instructor
G(2)
3-3-6

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 Kildow

13.990J Oceanographic Systems I

(Same subject as 1.697J)
Prereq.: -
G(S)
2-4-6

Orientation subject for students entering the
MIT-Woods Hole Oceanographic Institution
program in oceanographic engineering. Ocean-
ographic experiments of research interest in
Cape Cod waters carried through experiment
design, instrumentation design, construction

and testing, deployment, data taking and inter-
pretation of results. Research teams made up of
students in 13.990J and 13.991J together.
Participation in summer seminars at WHO[.
Given at Woods Hole Oceanographic Institution.
(Woods Hole Staff)

13.991J Oceanographic Systems 11

(Same subject as 1.698J)
Prereq.: -
G(S)
2-4-6

Continuation of 13.990J during second summer
term in the MIT-WHOI Joint Program in Oceano-
graphic Engineering. Given at Woods Hole
Oceanographic Institution.
(Woods Hole Staff)

13.994 Buoy Engineering (A)

Prereq.: 2.01 or 2.03J/13.003J or 13.80J; 18.03
G(2) Next offered 1990-91
3-0-6

Theoretical and practical aspects of buoy sys-
tems structural design. Stability of immersed
and surface floating bodies. Wave theory. Heave
and roll response of buoys to ocean wave
excitation. Hydrodynamic forces on constrained
bodies. Equilibrium trajectories of immersed
cables. Two- and three-dimensional models for
computer analysis. Dynamics of mooring lines.
Outline of practical aspects of buoy system
design. Buoyancy materials. Mooring line com-
ponents. Anchoring. Buoy system installation
and retrieval.
(Woods Hole Staff): H. 0. Berteaux

13.998 Principles of Oceanographic
Instrument Systems - Sensors and
Measurements (A)

Prereq.: 2.03J/13.003J, 18.075
G(2) Next offered 1990-91
3-3-6

Introduces theoretical and practical principles in
design of oceanographic sensor systems.
Transducer characteristics for ecoustic, current,
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. Examples of system
design from physical oceano raphy, geophys-
ics, subrmersibles, acoustics.A Lboratory project
required.
(Woods Hole Staff): A. J. Williams

13.999J Special Projects in Oceanographic
Engineering (A)

(Same subject as 1.699J)
Prereq.: Permission of Instructor
G(1. 2, S)
Arr.

Special problems in oceanographic engineer-
ing, carried out under supervision of members
of the staff of the Woods Hole Oceanographic
Institution. Given at Woods Hole Oceanographic
Institution.
(Woods Hole Staff)



Course 14 Economics

General Economics and
Theory

14.UR Undergraduate Research

Prereq.: 14.02
U(1, 2) [P/F]
Arr.

Participation in research with an Individual
faculty member or research group, independent
research or study under the guidance of a
faculty member. Admission by arrangement with
individual faculty member. Consult R. S. Eckaus.

14.01 Principles of Mlcroeconomics

Prereq.: -
U(1, 2)
3-0-6

Introduces microeconomic conce ts and
analve. Supply and demand analysis, theories
of he firm and of Individual behavior, competi-
tion and monopoly, welfare economics. Aplica-
tions to problems od current economic policy.
Term 1: k. Shepard
Term 2: F M. Fisher

14.014J Engineering Aspects of Economic
Analysis

(Same subject as 1.01 J)

U(2)
3-2-7

See description under subject 1.01 J. Credit Is
not given to both 14.014J and 1.01J. Consult
K. D. Stolzenbach.

14.02 Principles of Macroeconomics

Prereq,: -
U(1, 2)
3-0-6

Provides an overview of macroeconomic issues:
the determination of output. employment,
une loyment, interest rates, a on.
Mand fiscal policies are discussed, as
are the blic debt and intemational economic
issues. ntroduces basic models of macroeco-
nomls and Illustrates principles with the experi-
once of the US and foreign economies.
Term 1: R. Oornbusch
Term 2: R R. Krugman

14.03 Applied Mlcroeconomlos

Prereq.: 14.01
U(1, 2)
3-0-6

Designed for nonmajors who desire further
exposure to microeconomlos and its appliea-
tions. Presents basic theory of consumer and
producer behavior and wefare analysis at an
Intermediate level. Emphasizes applications,
Including cost-benefit analysis, transportation,
price regulation, research and development,
and pollution.
Term 1: W C. Wheaton
Term 2: D. Wood

14.04 intermediate Microeconomio Theory

Prereq.: 14.01
U(1)
4-0-8

Basic theory of consumer behavior, production
and costs, Ial equilibrium analysis of pricing
in competite'and monopolisto markets, gener-
al equilibrium, welfare, and externalities. Credit
not given for both 14.03 and 14.04. May not
count toward HASS Requirement. Information:
R. S. Eckaus

14.06 Intermediate Macroeconomi Theory

Prereq.: 14.02
U(1. 2)
4-0-8

Extension of 14.02, applying the basic theoret-
cal apparatus of n-economy macroeconom-
ics to policy problems of broad current Interest.

Term 1:.
Topics vyZ sihtlyyertya.

Tem10. 'J. Bianohd
Term 2: R. M. Solow

14.09 Reading Seminar in Economics

Prereq.: 14.04, 14.06

Arr.

Reading and discussion of particular topics in
economics. Open to undergraduate students by
arrangement with Individual faculty members.
Consult Depatment Headquarters.
R. S. Eckaus

14.10 Reading Seminar In Economics

Prereq.: 14.04, 14.06
U(1)
Arr.

Reading and discussion of particular topics In
economics. Open to undeaduate students by
arrangement with individ members.
Consult Depa nent headquarters.
R. S. Ecka

14.101 Mathematics for Economista

Prereq.: 18.01, 18.02
G(1)
4-0-8

Introduction to optimization for microeconom-
los. Unear algebra and mathematical prerequi-
sites for econometrics. Multivariate differental
calculus. Differential equations. Static and
dynamic optimization theory.
J. Harris

14.111J Economlos of Project Evaluation (A)

(Same subject as 1.148J)
Grereq.: 14.03
G(2)
3-0-6

Economic concepts of costs and benefits:
consumers and producers' surplus; shadow
p rices; and valuation of nonmarket costs and

bnefits. Investment criteria and the discount
rate: static and dynamic; treatment of risk and
uncertainty. Pricing policies and investment
rules. Case studies n developed and underde-
veloped countries.
J. Rothenberg

14.12 Economic Applications of Game Theory

Prereq.: 14.01
U(2)
3-0-6

Analysis of strategic behavior In multi-person
economic settings. Introduction to Nash equillib-
rIum and its refinements, subgame-perfect
equilibrium, and sequential equilibrium. Applica-
tions drawn from labor economics, the econom-
los of organization, Industrial organization, and
International trade.
R. S. Gibbons

14.121 Microeconomio Theory I (A)
(Revised Content)

Prereq.: 14.04
G(1)
2-0-4

Individual choice and production, including
competitive markets and monopoly.
F M. Fisher
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14.122 Microeconomic Theory 11 (A)
(Revised Content)

Prereq.: 14.04
G(1)
2-0-4

Introduction to game theory, oligopoly, and
monopolistic 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)
(Revised Content)

Prereq.: 14.04
G(2)
2-0-4

Information economics, externalities, public
goods and incentives. Market equilibria and
contract design.
J. M. Tirole

14.125 General Equilibrium (A)

Prereq.: 14.04
G(1)
2-0-4

Theory of general competitive equilibrium from
modern mathematical points of view. Topics
include properties of aggregate demand func-
tions, existence of equilibrium, fixed-point
theorems and computational techniques, core
of an economy, nonconvexities, stability and
uniqueness of equilibrium, and empirical gener-
al equilibrium models. Consult R. S. Eckaus.

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 incomplete
information. The course focuses on concepts
and techniques, but also covers applications to
industrial organization, bargaining, and internal
organization.
D. Fudenberg

14.127 Economics of Uncertainty (A)
(Revised Content)

Prereq.: 14.124
G(1)
3-0-9

Individual decision making under uncertainty:
expected and non-expected utility theories;
information structures; search and learning.
Markets under uncertainty: incomplete markets;
stock markets and Modigliani-Miller's theorem;
rational expectations equilibria in economies
with informed traders: markets with adverse
selection.
R Diamond

14.128 Dynamic Programming and
Economic Appliceations (A)
(Revised Unit)

Prereq.: 14.101
G(1)
3-0-9

Optimal control and the Pontryagin method;
Bellman equations; stochastic-dynamic pro-
2ramming; Markov processes.
1. Benabou

14.129 Contract Theory (A)

Prereq.: 14.121, 14.451
G(2)
3-0-6

Recent developments in contract theory. Intro-
duces theory of mechanism design and consid-
ers applications to optimal contracting problems
such as auction design, regulation, nonlinear
pricing and labor contracts. Also covers agency
theory and incomplete contracting and some
a plications.FD. Hart

14.141 Disequilibrium Foundations of
Equilibrium Economics (A)

Prereq.: 14.122
G(1)
2-0-4

Does a competitive economy, with rational
agents taking advantage of disequilibrium
opportunities for arbitrage, tend to approach
equilibrium? 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. Ha f-term
subiect.
F AFisher

14.144 Applied Price Theory (A)

Prereq.: 14.122
G(2)
Arr

Selected topics in price theory, with focus
changing from year to year.
R. M. Solow

14.147 Topls In Game Theory (A)

Prereq.: 14.126
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 equilibrium refinements.
D. Fudenberg

14.148 Advanced Topics In Microeconomic
Theory (A)

Prereq.: 14.124
G(1) Next offered 1990-91
Arr.

14.149 Advanced Topics in Microeconomio
Theory (A)

Prereq.: 14.124
G(2)
Arr.

Advanced topics in microeconomic theory of
current interest.
R. Benabou, R Diamond

14.15J Accounting for the Social
Consequences of Technological Change
(Context Subject)

(Same subject as 2.94J)
Prereq.: 14.01 and for engineering majors, 2.40
and 2.70
U(2) Next offered 1990-91
2-0-7

Examines various indirect effects of technologi-
cal change on work, health, lifestyle, environ-
ment, etc., In case studies. Teams of students
identify and evaluate indirect costs and benefits.
Teams propose methods to take these into
account in decision making via government
regulatory or tax intervention or private voluntary
action. Intended for juniors and seniors with
engineering and economics training. May not
count toward HASS Requirement.
0. G. Wilson, J. .7othenberg

14.191 Economic Analysis of Law (A)

Prereq: 14.04
G(2)e~xt offered 1990-91
3-0-6

Advanced subject on selected topics in law and
economics. Property rights; contracts and
impossibility; law enfoe,.ament and deterrence
negligence vs strict liability; no-fault systems
lump-sum vs periodic damages. Emphasis on
empirical applications, including medical ma-
practice, products liability, and information
disclosure.
J. E. Harris
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14.193 Seminar: Topics in Economics (A)

Prereq.: 14.121, 14.451
G(1)
Arr

14.194 Seminar: Topics In Economics (A)

Prereq.: 14.121, 14.451
G(2)
Arr.

Reading and discussion of special topics in
economics. Open to advanced graduate stu-
dents by arrangement with individual members
of the staff.
B. Bernanke

14.195, 14.196 Reading Seminar In
Economics (A)

Prereq.: 14,121
G(1, 2) {P/F]
Arr.

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
Economica

Prereq.: -
G(1, 2) [P/F]
2-0-2

Required of teaching assistants in introductory
economics (14.01 and 14.02). under supervision
of the faculty member in charge of the subject.
14.198: A. L. Shepard, F M. Fisher
14.199: R. Dornbusch, R R. Krugman

Industrial Organization

14.20 industrial Organization and Public
Policy

Prereq.: 14.01
U(1)
3-0-6

Analyzes the structure, behavior, and perform-
ance 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 per-
formance, antitrust policy, and public utility
regulation.
A L. Shepard

14.21J Health Economics

(Same subject as HST 901J)
rereq.: 14.01

U(1)
3-0-6

Applies theoretical and empirical tools of eco-
nomics to problems of health and medical care
delivery. Concentrates on selected problems
such as the welfare economics of 'health" as a
commodity, hospitals and the nonprofit sector,
human capital and medical manpower, and
innovation in medicine.
J. E. Harris

14.23 Government Regulation of Industry

Prereq.: 14.01
U(2) Next offered 1990-91
3-0-6

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.
R L. Joskow

14.24 Law and Economics

Prereq.: 14.01
U(1)
3-0-6

Analysis of the role of the legal system in provid-
ing an appropriate framework for market trans-
actions and in encouraging efficient resource
allocation. Contracts, torts, and property law
emphasized. Cases considered along with
general theory.
0.7D 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 antitrust.
Topics include the organization of the firm,
monopoly, price discrimination, oligopoly,
monopolistic com etition, product selection,
and advertising. Theoretical and empirical work
are Integrated in each area.
J. Tirole

14.272 Industrial Organization 11(A)

Prereq.: 14.271
G(2)
3-0-9

A continuation of 14.271. Focuses on public
policy issues in industrial organization including
topics in antitrust policy, natural monopoly and
its regulation, deregulation, public enterprise,
consumer protection, patent and R&D policies,
and the political economy of regulation. Theo-
retical and empirical work is Integrated in each
area.

-L. Joskow, A L. Shepard

14.286J Health Economics Seminar (A)

(Same subject as HST 903J)
Prereq.: 14.04 or Permission of Instructor
G(2)
3-0-9

Advanced subject in economics of health-care
sector. Considers selected topics in depth, such
as design and financing of health insurance,
behavior of nonprofit hospitals, role of competi-
tion in the medical care market, determinants of
technological change, and effects of govern-
ment regulations.
J. E. Harris

14.291 Industrial Organization Seminar I (A)
(Revised Content)

Prereq.: 14.271 or 14.272
G(1e Next offered 1989-90
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-
cluded vertical integration and vertical restraints,
the Coase conjecture, dynamic market com eti-
tion; and various aspects of the regulation of
natural monopolies (incentives, dual and sec-
ond sourcing, dynamics, politics of regulation),
R Joskow, H. Rosenthal, J. M. Tirole

14.292 Industrial Organization Seminar 11 (A)

Prerer
G(2)Next offered 1990-91
3-0-6

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.
Students expected to construct and criticize
economic testimony in the context of the facts
of an actual case. 14.271 suggested as a pre-
requisite, but not required.
F M. Fisher
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14.293 industrial Organization Seminar ill (A)
(New)

Prereq.: 14.271
G(1) Next offered 1990-91
3-0-9

Toples In empirical Industrial orgnalzation re-
search. Designed for students platining to write
em:rical theses In Industrial organization.
Recent published and unpublished papers will
be discu issed In detail with a focus on sources
and qualhty of data, hypothesis formation, and
hypothesis testing. Students are expected to
discuss and cnique the work examined.
R L. Joskow

14.294 Political Economics Seminar (A)
(New)

Prereq.: 14.121,14.122
G(2)
3-0-6

Political economics is the study of group or
collective decision-making processes and the
institutions 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.
R L. . -kow

Statistics and Econometrics

14.30 Introduction to Statistical Method in
Economics

Prereq.: 18.02
U(1. 2) SD
4-0-8

Self-contained introduction to statistics with
economic applications. Elements of probability
theory, sampling theory, statistical estimation,
regression analysis, and hypothesis testing.
Elementary econometrics and o"her appliations
of statistical tools to economic data. May not
count toward HASS Requirement.
Term 1: 0. Quah
Term 2: J. Harris

14.31 Econometrics

Prereq.: 14.30
U(1, 2) LAB
3-4-5

Introduces basic econometric techniques.
strongly emphasizing applications. Problems in
estimating such economic variables as con-
sumption-income-price relationships, produc-
tion functions, and in simulating economic mod-
els. May not count toward HASS Requirement.
J. Wooldridge

14.381 Statistical Method in Economics (A)

Pre, aq.: 18.02
G(1)
4-0-8

Self-contained introduction to probability and
statistics as background for advanced econo-
metrics. Elements of probability theory; sam-
pling theory; asymptotic approximations; deci-
sion-theory approach to statistical estimation
focusing on regression, hypothesis testing, and
maximum-likelihood methods. Illustrations from
economics and application of these concepts to
economic problems.
D. Quah

14.382 Econometrics I (A)

Prereq.: 14.101, 14.381
G(2)
4-0-8

Specification and estimation of the linear regres-
sion model. Departures from the standard
Gauss-Markov case include heteroscedasticity,
serial correlation, and errors in variables. Theory
and estimation techniques for generalized least
squares and Instrumental variables. Economic
applications are discussed.
F M. Fisher, J. A. Hausman

14.383 Econometrics |1 (A)

Prereq.: 14.382 or Permission of Instructor
G(1)
4-0-8

Theory and application of more advanced
econometric specifications, including multivari-
ate regression, Identification in simultaneous
equations models, and systems estimation of
simultaneous equations models.
J. A. Hausman, J. Wooldridge

14.384 Time-Series Analysis (A)

Prereq.: 14.382 ar 14.388
4(2)
4-0-8

Theory and applications of time-series models,
Including stochastic processes, ARIMA pro-
cesses, spectral analysis, and distributed lags.
D. Quah, J. Wooldridge

14.385 Nonlinear Econometric Analysis (A)

Prereq.: 14.382 or Permission of Instructor
G(2)
4-0-8

Nonlinear and maximum-likelihood econometric
models, including estimation and Identification
of nonlinear simultaneous equations models,
censored and truncated specifications, and
discrete dependent variables. Consult R. S.
Eckaus.

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, general-
ized least squares, distributed lags, and simulta-
neous e uations. Emphasizes applications.
Consult R. S. Eckaus.

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.: 14.04,14.06, 14.31
U(1)
2-0-4

Develops a thesis proposal through crtcal
reading of current research, review, and r-ee
commentary on topical literature, ind:,oa
reports, and conferences. For senior ecc-rcs
majors. Half-term subject.
J. M. Poterba
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14.391 Workshop In Economic Research (A)

Prereq.: 14.124, 14.454
G(1) P/F]
2-0-10

14.392 Workshop in Economic Research (A)

Prreq.: 14.124, 14.454
G(2 PF]
2-0-1

Develops research abil of students through
Intensive discussion of issertation research as
it proceeds, Individual or roup research proj-
ects, and critical appraisaof current reported
research. Workshops divided into various fields,
depending on interest and size. Consult Depart-
ment Headquarters.

For additional related subjects in Statistics,
see:

Civil Engineering: 1.03, 1.06,1.15,1.151,
1.152, 1.202, and 1.205

Electrical Engineering and Computer Sci-
ence: 6.041, 6.231, 6.262, 6.264, 6.431, 6.432,
and d.435

Management: 15.034, 15.061,15.065,15.074,
15.075, 15.076J, 15.077, 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, 18.454, 18.455,18.456, 18.458,
18.465, and 18.466

See also: 2.061, 5.72, 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

Monetary factors affecting the level of national
income and relationships of financial institutions
to these factors. Financial organization of soci-
ety: the money-banking system, credit institu-
tions, capital markets, and intemational financial
relations. Monetary history.
D. Quah

14.416J Introduction to Financial
Economics (A)

(Same subject as 15.416J)
Prereq.: 14.121, 14.122
G(1. 2)
3-0-6

See description under subject 15.416J.
C.-F Huang

14.42 Economics of Pollution

Prereq.: 14.01
U(2)
3-0-6

Market processes with negative-good bypro-
ducts of production and consumption. xternali-
ties in negative-good processes. Models of
pollution and congestion. Nature of suboptimali-
ties and the public-policy problems. Ap-
proaches to public policy: property rights,
controls, subsidies, public investment, pollution
and congestion charges.
J. Rothenberg

14.43 Public Finance

Prereq.: 14.03 or 14.04; 14.06
U(2) Next offered 1990-91
3-0-9

Analyzes effect of taxation on microeconomic
activity. Examines directions for tax reform.
Income and corporation tax, Social Security
programs
J Rothenberg

14.440J Advanced Financial Economics I (A)

S14.490J)
Same subject as 15.440J)
rereq.: 15.416J

G(1)
3-0-9

See description under subject 15.440J.
C.-F Huang

14.441J Advanced Financial Economics 11 (A)

(14.491J)
eSam subject as 15.441J)

rereq.: 15.416J
3(2)
3-0-9

See description under subject 15.441J.
J. E. Parsons

14.451 Macroeconomic Theory I (A)

Prereq.: 14.06
G(2)
2-0-4

Macroeconomic analysis of general equilibrium.
Financial markets and the money sugply pro-
cess. Models of asset demand and e channels
of transmission of monetary and fiscal policy.
Half-term subject.
0. J. Blanchard

14.452 Macroeconomic Theory 11 (A)

Prereq.: 14.451
G(2)
2-0 4

Determination of aggregate output, emplo-
ment, and prices. Keynes and alternative eo-
ries. 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
uncertainty. Investment and finance decisions
under uncertainty. Theory and empirical evi-
dence. Half-term subject.
R. Benabou

14.454 Macroeconomic Theory IV (A)
(Revised Content)

Prereq.: 14.453
G(1)
2-0-4

Recent ideas in macroeconomic theory,
especially those emphasizing possibility of
multiple Paretorankable equilibria. Comparison
with more conventional equilibrium models.
Emphasis on underlying presumptions.
R. M. Solow

14.459 Advanced Topics in Macroeconomic
Theory (A)

Prereq.: 14.454
G(2)
2-0-4

Advanced topics in macroeconomic theory of
current interest. Consult R. S. Eckaus.

14.462 Monetary Economics I (A)

Prereq.: 14.122, 14.452
G(1)
3-0-9

Dynamics of capital accumulation. Role of
money and effects of inflation. Existence and
real efet of bubbles. Dynamic behavior under
uncertainty. Dynamic efficiency under uncertain-
ty. Real business cyc les. Sources of fluctua-
tons. Asset pricing.
E. Bernanke
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14.463 Monetary Econemlos 11 (A)

Prereq.: 14.122, 14.452
G(2)
3-0-9

Dynamic behavior of wages and employment in
labor markets, role of contracts, unions, efficien-
oy wages. Pricing and output in the goods
market; pricing under imperfect competition.
Money, Interest rates, and credit rationing. Real
rigidities, menu costs, and fluctuations. Role of
policy.
0. J. Blanchard

14.471 Fiscal Economica 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.
J. M. Poterba

14.472 Fiscal Economics 11 (A)

Prereq.: 14.04
G(2)
3-0-9

Quantitative analysis of economic effects of
fiscal Instruments and fiscal changes. Topics
include Social Security, the corporation income
tax, unemployment insurance, and state and
local public goods. Also explores the impact of
govemment policies on labor supply and saving
decisions.
J. Hausman, J. M. Poterba

14.474 Advanced Topics In Public
Economics (A)

Prereq.: 14.124
G(2)
2-0-4

This course considers issues of current re-
search interest in public economics. This year,
the course centers on public policy and the
Lorporate sector. Topics include corpore
investment and financing decisions, regulation
of security markets, and the govemment's
influence on risk-sharing arrangements.
J. M. Poterba

International, Interregional, and 14.574J Fiscal Federalism and the Local
Public Sector (A)Urban Econornics

14.51J Economic Structure of Cities

Same subject as 11.008J)
rereq.: 14.01

U(1)
3-0-6

Analyzes urban problems in the US using an
economic methodology. Metropolitan growth
and suburbanization, ousing markets, segrega-
tion and urban renewal, transportation systems,
ghetto economic development, municipal
finance, and social service provi(on. Develops
theoretical perspectives primarily through dis-
cussion of policy issues.
W C. Wheaton

14.53 Comparative Economic Systems

Prereq.: 14.01
U(1) Next offered 1990-91
3-0-9

Comparative study of the treatment of economic
problems under different economic systems,
including utopianism, Marxism, various forms of
capitalism, and various forms of socialism.
Analytic treatment of some topics in growth and
planning. Comparison of several capitalist and
socialist economies, including the US and
USSR. Consult R. S. Eckaus.

14.54 International Trade

(Same subject as 11.411J)
Prereq.: Permission of Instructor
G(2)
3-0-9

The role of public goods, services, and
infrastruct'ure 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 competi-
tion among jurisdictions, and the movement of
households and firms in response. The optimal
assignment of responsibility to levcs of
g ovemment.

C. Wheaton

14.581 International Economics I (A)

Prereq.: 14.04
G(1)
3-0-9

Theory of intemational trade and applications in
commercial policy.
R 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

Prereq.: 14.03 or 14.04
U(1)
3-0-9

Theory of intemational trade and finance, and
application to current problems such as ex-
change restrictions, economic development,
and foreign aid.
R R. Krugman

14.573J Spatial Economics, Urban Markets,
and Public Policy (A)

(Same subject as 1.283J, 11.41 OJ)
Prereq.: 14.03
G(1)
3-0-9

Economic analysis of location, housing markets,
urban land use, regional development, and
systems of cities. Particular emphasis on the
ability of spatial and urban markets to allocate
resources efficiently, and the role of public-sec-
tcr intervention.
J. Rothenberg
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Labor Economics and Industrial
Relations

14.63 Labor in industrial Society

Prereg.,: -
U(2) HASS-D/HUM-D
3-0-9

Offers students a cultural and historical overview
of the organization of labor In Industrial society
from colonial times to the present. Course
material has been selected to obtain a broad
overview of Issues at the workplace such as
changes in the labor force, collective bargain-
Ing, altemative systems of labor-management
relations, comparable worth, and technology
and human resource policy. Course readings
Include political and economic theories, histori-
cal surveys, and case studies of workers and
plants.
R.Thomas

14.64 Labor Economics and Public Policy

Prereq.: 14.01 or Permission of Instructor
U(2)
3-0-6

Theory and evidence concernirig the function-
Ing of the labor market. Particular emphasis on
the roles played by government and unions.
T spiS include minimum wages, labor market

efcsof social insurance and welfare pro-
grams, the collective bargaining relationship,
discrimination, and unemployment.
J. Rebitzer

14.671J Labor Economics I (A)

(Same subject as 15.671J)
Prereq.: 14.64 or 15.663
GM)
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
i Lemieux, M. P/ore

14.672J Labor Economics 11 (A)

(Same subject as 15.672J)
Prereq.: 14.04
G3(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
include theories of wage and employment
determination over the life cycle, turnover,
search and unemployment, and equalizing
differences. In addition, the analysis of union
behavior and the role of unions In the labor
market are covered. Particular emphasis on
empirical evidence throughout.
R. S. Gibbons, T Lemieux

14.673J Labor, Public Policy, and income
Distribution (A)

Same subject as 15.673J)
rereq.: 14.64 or 15.663

G( )1(3(9)

A course on the economic analysis of labor
problems and income distribution that are the
focus of public policy, with emphasis on the
development of appropriate conceptual frame-
works and the evaluation of relevant empirical
evidence. Some of the topics discussed include
discrimination, welfare programs, income poli-
cies, health and safety regulation, minimum
wages, theories of unemployment, employment
and training programs. The topics discussed in
a given semester vary. Consult R. S. Eckaus.

14.674J International Perspectives on
Industrial Relations and Human Resource
Development (A)

(Same subject as 15.674J, STS 505J)
Prereq.: 14.64 or 15.663
G(1)
3-0-6

See description under subject 15.674J.
M. Piore, R. J. Thomas, L. Lynch

14.675J Earnings (A)

(Same subject as 15.675J)
Prcreq.: 14.672J or Permission of Instructor
Gil)
3-0-9

Provides an introduction to modern theories of
earnings that emphasize learning and incen-
tives. The goals of the course are: (1) to demon-
strate the usefulness of these theories for under-
standing the operation of labor markets and
interpreting existing empirical work, and (2) to
suggest how these theories might help guide
future empirical investigations.
R. S. Gibbons, L. Katz

14.676 Organizations (A)

Prereq.: Permission of instructor
G(2) Next offered 1990-91
3-0-9

A seminar exploring the economics of organiza-
tions and institutions, with special reference to
the possibilities and problems of drawing on
insights from organization theory, anthropology,
and sociology. Consult R. S. Gibbons.

14.691J 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)

tSame subject as 15.692J)
Grereq.: -
G3(2)
3-0-6

See description under subject 15.691J, 15.692J.
Consult R. B. McKersie.

Economic History

14.71 Economic History

Prereq.: 14.01, 14.02
U(1) HUM-D
3-0-9

The spread of industrialization from Britain to the
rest of Europe and beyond in the 19th century.
The collapse of the 19th-century economic
system in the Great Depression. The legacy of
the Depression and World War I for the world
economy.
R Temin

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
historncal experience and illuminate the process
of industrialization.
R Temin

14.732 American Economic History (A)

Prereql.: 14.04, 14.06
G(2) Ne offered 1990-91
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.
R Temin
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Economic Development

14.74 Economic Growth and Development

Prereq.: 14.02
U(2)
3-0-6

Analytical treatment of the problems of econom-
ic growth and development, combined with
comparative studies of the growth of advanced
and underdeveloped economies. Considers
policy measures to promote economic develop-
ment and growth. Consult R. S. Eckaus.

14.771 Development Economics:
Microeconomic Issues and Policy Models (A)

Prereq.: 14.121, 14.122
G(1)
3-0--9

National income estimation and welfare
evaluation, social accounting matrices.
Agricultural issues: peasant behavior, land
tenarcy, factor markets, and factor payments.
Urban employment, rural-urban migration, and
urban bias. Rationale and experience of
development planning, 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: stabilization
policy orthodox and structuralist approaches);
financial reform; terms-of-tracte; cumulative
processes affecting income distribution, output,
and population growth. Trade patterns, interna-
tional debt, and transnationals. Orthodox, struc-
turalist, and Marxist theories of trade and devel-
opment.
L. J. Taylor

14.778J Theories of Economic Development

(Same subject as 11 .486J)
Prereq.: 11.210
G(1)
3-0-6

See description under subject 11.486J.
L. J. Taylor

14.780 Alternative Approaches to
Macroeconomic Theory: Distribution, Growth,
and Price Formation (A)

Prereq.: 14.04, 14.06
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 i: 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

14.782 Comparative Economic Systems (A)

Prereq.: 14.122
G(2) Next offered 1990-91
3-0-9

A comparative study of various forms of
economic systems, their theoretical properties
and their histories. Topics may include common
property economies, various forms of
capitalism, utopianism, classical Marxism,
market socialism, centrally planned economies,
and workers' management. Some emphasis on
the economic development of the Soviet Union
as an important example, with discussion of
planning issues, Soviet industrial and
agricultural strategies, and growth models. A
few other economies may also be treated
topically - e.g, Yugoslavia, China, and Japan.
Consult R. S. ckaus.
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Course 15 Management

Managerial Economics

15.UR Undergraduate Research

Prereq.: -
U(1, 2) [P/F]
Arr.

Extended participation in the work of a research
group which includes such activities as inde-
penent study of the literature, direct involve-
ment in the group's research (commensurate
with the studerts skills and preparation), or
project work under an individual faculty member
extending over more than one term. Admission
by arrangement with Individual faculty member.
A Balakrishnan

15.002 Introduction to Applied
Mlcroecenemlce

Prere.: -G(1)
Master's tutorial: Introduces basic principles of
microeconomics and applies them to
management decision making and analysis of
public policy. Restricted to graduate students in
Sloan School of Management.
Consult T M. Stoker.

15.003 Introduction to Applied
Macroeconomic*

Master's tutorial: Intoxluces basic principles of
macroeconomics and applies them to
management decision making and analysis of
ubpolicy. Restricted to graduate students ;n
IcSchool of Management.

Consult T. M. Stoker

15.011 Applied Microeconomics

Prereq: 14.01
G(1)
3-0-6

Applies basic principles of microeconomio
analysis to management decision making and
analysis of bli Icy. Cost and production,
utility and da, competitive and noncom-
pet" market behavior. Analyzes pricing and
related policies. Rationales for and effects of
antitrust and government regulation.
E. R. Bemit N. L. Rose, : M Stoker
R. L. Schmalensee

15.012 Applied Macro- and International
Economics

Prereq.: 14.02
G(2)
3-0-6

Macroeconomlos, intemational trade, and
finance, emphasizing implications for business
behavior. Macroeconomic topics: business
cycles and their effects on industries, monetary
and fiscal policy, Inflation and unemployment,
long-term economic growth, macroeconomic
forecasting. Intemational topics: balance of
payments, exchange rates, trade and specializa-
on, trade policy and international competition,

international lending and Investment, the inter-
national debt problem and world financial
system.
J. J. Rotemberg, K. A. Froot

15.013 Industrial Economics for Strategic
Decisions (A)

Prer .: 15.011 or equivalent

3-0-6

Applies principles of Industrial econonie most
relevant for corporate strategy to analysis of
particular industries. Topics: market structure
and Its determinants; rational strategic behavior
in "small numbers" situations; strategies for
price and nonprice compeon; dynamic pric-
Ing, output, and advertising decisions; entry and
entry deterrence: evolution of Industries.
R. S. Pindtyck, R. L. Schmalensee, T M. Stoker

15.017 Strategic Uses and Effects of
Government Regulation (A)

Prereq.: 15.011 or 14.01
G(2) Next offered 1990-91
3-0-6

Government regulation of business activ the
strategic uses of regulation by firms, and blusi-
ness and market responses to govemment
policies. Discusses principles and problems of
merger and anti-trust policy, financial and secu-
rities regulations, safety and environmental
polices, util ulation and transportation
po estry studies may include
alrlnes, telecommuncations, nuclear power,
banking, and biotechnology.
N. L. Rose, R. L. Schmalense

15.018 Economics of international
Business (A)

P 2.: 16.012

3-0-6

Studies key factors shaping the international
economic environment and thelr imploations for
business. 'Ibpics: the causes of exchange-rate
volatility, its effects, and its implications for

business strategy; international lending and
country risk, emphasizing causes and predic-
tion of debt crises; International competition,
Including both competitive strategies of firms
and effects of intemational trade and industrial
policies.
J. J. Rotemberg K. A. Froot

15.020 CompetitIon In
Telecommunications (A)

Prereq.: 15.011 or equivalent
G(1)
3-0-6

Provides an Introduction to the economics and
technology of telecommunications markets,
Including markets for exchange and Information
services, cellular radio, long-distance services,
a id both carrier and customer equipment. The
shifting roles of technology, Federal and state
government policies, and business strategies in
shaping these rapi changing markets are
stdlea, with paiu ar emphasie on the roles of
regulation and competition and the likely evolu-
tion of technology, public policy, and market
structures over the next decade.
J. A. Hausman

15.024 Applied Economics for Managers

Prereq.: -
G(S)
3-0-6

Develops facility with concepts, language, and
analysis tools of economics. Covers microeco-
nomics, macroeconomics, and international
trade and payments. Emphasizes Integration of
theory, data, and judgmf ent In the analysis of
corporate decisions and public policy, and in
the assessment of changing US and Internation-
al business environments. estricted to Sloan
Fellows.
H. D. Jacoby

15.031 Case Studies In Strategic Economic
Analysis (A)

Prereg.: 15.011
G Next offered 1990-91
3-0-6

Analyzes public and corporate policy problems,
with emphasis on approaching and soving
complex problems. tudents work through
several actual policy problems during semester.
Examples: a decision to Import liuefied natural
gas under a long-term contract, esign of an
optimal strategic stockpile of crude ol for the
US, and financing of a new copper venture in a
less developed country. Consult R. S. Plndyck.
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15.034 Applied Econometrics and
Forecasting for Management (A)

Prereq.: 15.061 or 15.075
G1 , 2)
3- 6

Designed for students Interested in applied
econometric methods and business forecasting.
Emphasizes problems typically encountered in
conducting empirical econometric research, in
evaluating results and testing hypotheses, and
In constructing forecasts. Requ ies term paper.
Problem sets involve working with ecorometric
models and the computer.
E. R. Bemdt, T M. Stoker

15.035 Prc!ing Strategy (A)

Prereq : 15.011
G(2)
3-0-6

Draws on research in marketing and economics
to present principles of profitable pricing and
methods of applying them. Topics include
pricing in oligopolies, Implications of cost and
demand dynamics, market segmentation,
pricing new products, quantity discourts and
nonlinear pricing roduct-line pricing, and
pricing in distrib on channels. Antitrust and
other legal issues discussed.
R. S. Pindyck, R. L. Schmalensee

15.036 Topics In Econometrics for
Management (A)

Proreq.: 15.034, 14.388 or equivalent
G(2) Next offered 1990-91
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 research in eco-
nomics, finance, marketing and/or strategy.
Topics addressed include estimation an infer-
ence in discrete or categorical dependent
variable models, confirmatory factor analysis,
models with measurement error and multiple
indicators, pooled cross-section and time series
models, and forecasting techniques.
E. R. Berndt, T M. Stoker

15.041 Research Seminar In Applied
Economics

rer2.: Permission of Instructor

2-0-4

Discusses current research problems in applied
economics. Designed primarily for doctoral
students. Topics vary from term to term.
Consult T M. Stoker.

Operations Research/Statistics

15.053 Introduction to Management Science

Prereq.: 18.02, 18.06
U(1, 2) SD
4-0-8

15.058 Applied Mathematical Programming

Prereq.: 18.02, 18.08
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. Intro-
duces networks, dynamic, integer, and
nonlinear programming. Solving problems by
computer and Interpreting the results. 15.058 is
more advanced than 15.062 and substitutes
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,
emphasizing skills needed to perform model-
based analysis. Covers practical applications of
advanced mathematical programming modeling
techniques, including network modeling, qua-
dratic programming and applications, linear
programming with uncertainty, and multiple
objective programming, with case studies in
production planning, vehicle routing, and strate-
g ic planning.
. M. Freund

15.061 Decision Support Systems 1i

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,
inference and diagnostics for linear regression
models, statistical computing and simulation.
Restricted to graduate students in Sloan School
of Management.
A. 1. Barnett

15.062 Decision Support Systems III

Prereq.: 15.061
G(2)
3-0-6

Introduces management science concepts as
applied to rnnnagerial problem solving. Empha-
sizes identifying problems, formulating models,
assessing assumptions and data requirements,
and evaluating model-based recommendations.
Topics: decision analysis, simulation, linear
programming, integer and dynamic program-MIg, game %ory, and network flows.
R. M. Freund, J. F Shapiro

15.063 Management Decision Support
Models

15.071)
rereq.. -

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 expertise.
Restricted to Sloan Fellows.
G. R. Bitran

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
complex decisions, and multi-attributed utility
theory.
G. M. Kaufman

15.067 Competitive Decision Making (A)

Prereq.: -
G(2)
4-0-5

Problems of decision making in competitive and
conflict situations, when behavior of competitors
or adversaries affects decisions. Basic theoreti-
cal results in relevant fields. Participation in
out-of-class negotiation exercises, simulating
real competitive business situations, provides
experience in making rapid but calculated
decisions in situations characterized by a high
degree of uncertainty and sophisticated
com 'tors.
G. K."aufman

15.069 Seminar for Special Program in
Management Science (A)

Prere: Permission of Instructor
A(1,2)
Arr

Fall term involves outside speakers. Spring term
is a project. Seminar for individuals In Special
Program in Management Science.
J. 0. C. Little

15.071J Introduction to Stochastic
Processes (A)

S15.073J)
Same subject as 18.445J)
rereq.: 18.313 or 18.440 or 6.041

G(1, 2
3-0-9

See description under subject 18.445J.
Term 1: M. Fygenson
Term 2: Staf
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15.072J Queues: Theory and Applications (A)

'Same subject as 6.264J)
rbreq.: 6.262 or 6.432 or 15.071J

G(2)
3-0-9

See description under subject 6.264J.
J. Keilson, R. C. Larson

15.073J Logistical and Transportation
Planning Methods (A)

(1 5.078J)
(Same subject as 1.203J, 6.281J, 11.526J,
13.665J, 16.76J)
Prereq.: 6.431, 15.075
G(1)
3-0-9

See description under subject 1.203J.
A. I. Barnett, R. C. larson, A. R. Odoni,
H. N. Psaraftis

15.074 Mathematical Models and Policy
Analysis (A)

Prereq.: 15.061 or 15.075
G(2)
3-0-6

Case-study method exploring strengths and
weaknesses of mathematical models (especially
those related to data analysis) that affect deci-
sivn making of legislatures, corporations, courts,
and regulatory agencies. Topics: carcinogenic
hazards of various substances, deterrent effect
of criminal sanctions, statistical evidence in
job-discrimination proceedings, effective opera-
tion of mass-transit systems.
A. I. Barnett

15.075 Applied Statistics (A)
(Revised Unit)

Prereq.: 18.440 or 6.041
G(1. 2)
3-0-9

Introduces statistical data analysis, concentrat-
ignspecific techniques used in management

science. Topics: graphical techniques, estima-
tion hypothesis testing, regression models and
diagnostics, statistical inference for linear mod-
els, sampling and data collection. Open to
qualified undergraduates, spring terms only.
DN. Kleinmuntz, R. E. Welsch

15.076 Statistical Methodology (A)
(Revised Unit)

(15.077)
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 regression,
PC-based statistical computation. Differs from
15.075 In emphasis on derivation of distribution
theory needed to implement estimation and
testing. Open to others only by permission of
instructor. Consult R. E. Welsch.

15.077J Statistical Modeling and Data
Analysis (A)

S5.076J)
Same subject as 18.457J)
rereq.: 15.075 or 18.443 or 18.441, 18.06

G(2) Next offered 1990-91
3-0-9

Data types and structures. Model formulation,
fitting, simulation, and validation. Linear and
nonlinear models: Interpolation, forecasting,
diagnostics, cobustness, variable selection.
Smoothing, data transformations, logistic and
nonparametri regression. Illustrations on case
material, with heavy use of statistical computing
systems. Altenate years.
R. E. Welsch

15.078 Statistical Process Control and
Experimental Design (A)
(New)

Prereq.: 15.061 or 15.075 or 6.431 or 18.441
G(2)
3-0-9

Intermediate-level introduction to statistical
process control and modern methods of exper-
imental design, emphasizing applications to
manufacturing processes. Quality improvement
procedures, graphical methods for quality
control, design for quality techniques. Factorial
and fractional factorial designs, randomization,
blocking, response surface methodology, and
Taguchi methods including orthogonal arrays,
resolution of variation, signal-to-noise ratios and
alternative approaches.
R. E. Welsch

15.079 Workshop In Applied Statistics

Prereq.: Permission of instructor
G(1, 2)
Arr.

Presentations by faculty, students, and guest
speakers concemed with research in applied
statistics, data analysis projects related to man-
agement, statistical consulting, and statistical
computing. Discussions of recent literature,
dealing with subjects of special interest to
participants. Primarily for doctoral students.
R. E. Welsch

15.081 Introduction to Mathematical
Programming (A)
(Revised Content)

Prereq.: 18.06
Gil)
3-0-9

Introduction to mathematical optimization
emphasizing both methodology and the
underlying mpthematical 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, polyhe-
dral geomey polyhedral combinatorics, the
ellipsoid metod, and interior point algorithms
for linear programming.
0. Berfsimas

15.082 Network Optimization (A)

Prereq.: 15.081
G(2)
3-0-9

Network models for industrial logistics systems,
transportation systems, communication sys-
tems, and other applications. Emphasizes a
rigorous treatment of algorithms and their
efficiency - algorithms for shortest routes,
maximum flows, minimum cost flows, traffic
equilibrium, and network design. Implementa-
tion issues.
T L. Magnanti, J. B. Orlin

15.083 Combinatorial Optimization (A)
(Revised Unit)

Prereq.: 15.081 or Permission of Instructor
G(1)
3-0-6

Devoted to a theoretical and rigorous treatment
of topics in integer programming and combina-
torial optimization. Topics in combinatorial
optimization include matching theory, matroid
theory, computational complexity, design and
analysis of heuristics. Topics in integer program-
ming include formulations, branch and bound,
Lagrangean techniques, cutting plane algo-
rithms, group theoretic approaches, and Bend-
ers'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, 0. R Bertsekas

15.089 Workshop in Operations Research

Prereq.: Permission of Instructor
G(1, 2)
Arr.

Presentations by faculty, students, and guest
speakers of ongoing research related to cUrrent
issues in operations research. Typical topics:
reports of research projects, proposed or in

; and Informal discussions of recent
litraure dealin with subjects of special Interest
to participants. rmarily for doctoral students.
T L. Magnanti

15.099 Special Seminar In Operations
Research (A)

Prereq.: 15.081
G(1, 2)
Arr.

Doctoral student seminar covering current
topics related to operations research not other-
wise included in curriculum.
T L. Magnanti

UJOUNUMUZ161A
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For additional related subjects In Statistics,
see:

Civil Engineering: 1.03, 1.06, 1.15, 1.151,
1.202, and 1.205

Electrical Engineering and Computer Sci-
ence: 6.041, 6.231, 6.262, 6.264, 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, 18.454, 18.455, 18.456,18.458,
18.465, and 18.466

See also: 2.061, 5.72, 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

15.121 Seminar In Health Management (A)

Prereq.: -
G(1)
3-0-6

15.122 Seminar In Health Management (A)

Prereq.: -
G(2)
3-0-6

Studies selected organizational and manage-
ment issues facing managers of health services,
.ealth education, and health research institu-
tions, as discussed by invited guests who are
experienced managers. Primarily for graduate
students with background or concentration in
health management.
N. S. Stearns, E. B. Roberts

15.136J Health Technology (A)

(Same subject as HST 920J)
Prereq.: -
G(2)
3-0-6

Research seminar in the development,
evaluation, and dissemination of medical
technologies and practices. Strategies for
management of basic and applied biomedical
research. Communication channels for research
results among researchers and from research-
ers to users. Analytic methods for evaluation of
efficacy and social impact. Examines factors
influencing commercial development of new
health technology.
S. N. Finkelstein

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 technology
trade-offs as they affect govemment policy.
S. N. Finkelstein

15.144 Analytical Methods for Health Policy
and Management (A)

Prereq.: -
G(2)
3-0-6

Applies analytical methods to health policy and
management problems. Considers incidence,
prevalence, cost, and other characteristics of
disease and ill health having significant manage-
ment or public-policy implications. Reviews
public and private iniiatives in disease control,
prevention, and research.
S. N. Finkelstein

15.149 Special Studies In Health
Management (A)

Prere .: Permission of Instructor

Arr.

For graduate students who desire to do ad-
vanced work or research on a health manage-
ment problem not specifically covered else-
where. Readings, conferences, fieldwork, and
reports.
S. N. Finkelstein
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International Management

15.215 international Dimensions of
Management

Prereq.: -
G(2)
3-0-6

Theory and practice of intemational business,
emphasizing strategy selection and implementa-
tion in response to the changing international
environment. Examines some of the distinctive
management problems that arise in international
firms.
D. R. Lessard

15.221 International Business
Management (A)

15.227 lnternational 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 puiveyor of inter-
national technology flows. Particular emphasis is
given to the forces that facilitate and constrain
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)
Arr.

History and Environment

15.268 Choice Points: Readings on the
Exercise of Power and Responsibility (A)

Prereq. Permission of instructor
G(2) /F]
3-0-C

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 issues. Restricted to Sloan
Fellows.
A. J. Siegel

Prereq.: -
G(2)
3-0-6

Basic course on the international dimensions of
management. Examines the changing patterns
of International business, environmental factors
(state, comparative advantage, industry) and the
strategic tasks of the firm, and the challenges
involved in managing across borders.
D. E. Westney 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 consideration of strategic and organi-
zational choices in multinational firms. Consult
D. R. Lessard.

15.223 Business-Government Relations In a
Changing international Economy (A)
(Revised Content)

Prereq.: 15.221
G(2)
3-0-6

Provides an introduction to the cross-national
study of the business-govemment relations in
advanced industrial democracies. Attention is
given to competing theoretical perspectives and
different national patterns of business-govern-
ment relations. How both are changing in
today's competitive and interdependent world is
explored by examining the reorganization of
various Industires from a cross-national
perspectve.

Opportunity for group study by graduate stu-
dents on current topics relate to international
business not otherwise included in curriculum.
0. R. Lessard

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 nature
of ite Japanese business environment (finan-
cial, political, human, technological, social, and
cultural resources); and the internal organization
and strategic processes of Japanese firms.
D. E. Westney
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Communication

15.279 Management Communication for
Undergraduates
(New)

Prereq.: -
U(1)
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 assignments,
In class and in video lab. A major pro ct yields
an original report designed to satisfy hase 11 of
the Institute Writing Requirement.
1. R. Breakstone

15.280 Communication for Managers

Prereq.: -
G(1, 2)
2-0-4

Writing and speaking skills necessary to a
career in management. Students learn
communication strategies and methods through
discussion of principles, examples, and cases.
Many short written and oral assignments, some
coordinated with other subjects. Restricted to
first-year Sloan School of Management graduate
students.
J. Yates, A. Golden, D. R. Breakstone

15.281 Advanced Managerial
Communication (A)

Prereq.: 15.280
G(l)
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,
listening, and being interviewed by news media.
Also provides instruction and practice in writing
longer report& and giving longer oral presenta-
tuns for a business audience, generally in
conjunction with an outside project for another
subject.
J. Yates

Organization Studies

15.301 Managerial Psychology Laboratory

Prereq.: -
U(1, 2) LAB
2-6-4

Core subject for students majoring in manage-
ment science. Surveys Individual and social
psychology and organization theory Interpreted
in the context of the managerial environment.
Laboratory involves projects of an applied
nature in behavioral science. Emphasizes use of
behavioral science research methods to test
hypotheses concerning organizational behavior.
T . Allen, J. S. Carroll

15.304 Complex Organizations

Prereq.: 15.301
U(2)
3-0-6

Examines structures, processes, values, and
working practices of various forms of social
organization. Sociological and anthropological
writings provide framework for describing
deviancy, control, ritual, authority, decision
making, and socialization in organizational
settings. Combines field observations, inter-
views, and participation in a given social organi-
zation, with readings drawn from the ethno-

raphic literature on culture and subculture in
merica.

J. Van Maanen

15.306 Behavioral Science Research
Methods

Prereq.: -
U(1)
3-0-9

Introduces methods of behavioral science
research. General strategy of behavioral
research (quantitative vs qualitative analysis,
hypothesis formulation) and research design
(purposes, variance control, control of extrane-
ous variables, use of control groups, random-
ized designs, factorial designs). Specific
techniques of various designs (questionnaire
construction, sampling, interviews, systematic
observation). Organization and development of
research project. Meets with 15.347. Informa-
tion: J. S. Carroll.

15.311 Managerial Behavior in Organizations

Examines interpersonal and human side of both
public and private enterprise. Emphasizes
managerial applications of social-science
concepts and research findings. Uses experien-
tial leaming modes and case analysis, as well as
lectures and discussions. Clast materials cover
both micro concems (i.e., individuals and small
groups) and macro Issues (i.e., o anizational
[nterrelations, cuture, and leaming). Primarily for
first-year Sloan masters students in fall term,
others only by permission of instructor.
J Van Manenr

15.312 Managerial Decision Making (A)

Prereq.: 15.301 or 15.311 or Permission of
Instructor
G(1)
3-0-6

Examines individual managerial behavior with
emphasis on cognitive processes in judgment
and choice. Includes judgment under uncertain-
ty, biases and corrective procedures, risk
perception, models of judgment and choice,
decision aids, and problem structuring
techniques.
D. N. Kleinmuntz

15.313 interpersonal Dynamics and the
Management of Groups (A)

Prereq.: 15.301 or 15.311 or Permission of
Instructor
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, video-
taping, group exercises, and written assign-
ments, students loam not only the concepts but
also how to improve their own communication
and group membership skills. Topics include
performance appraisal, negotiation, team deci-
sion making and meeting management.
0. L. Ancona

15.314 Organization Design (A)

Prereq.: 15.301 or 15.311 or Permission of
Instructor
G(2)
3-0-6

Examines the character and characteristics of
effective organizations. Includes designing
organization structures, managing change,
organization environment relationships. Classes
use lectures, seminars, practice cases, films,
and some team projects.
R. J. Thomas

15.315 Planning and Managing Change (A)
(New)

Prereq.: One subject in Organizational
Psychology and Permission of instructor
G(2)
3-0-3

Basic models and tools used to analyze any
change problem in human systems. Application
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 weekly papers on
progress. Models and tools drawn from organi-
zation development theory. Primarily for mas-
ter's students and Sloan Fellows. Limited to 40.
E. H. Schein
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15.322 Organizational Psychology and
Sociology (A)

Prereq.: Permission of Instructor
G(1) [P/F)
3-0-6

Analyzes - through lectures, discussions, and
class exercises - management of human
resources in industry. Restricted to Sloan
Follows.
J. Van Maanen, E. H. Schein

15.333J Problems of Advanced Industrial
Societies (A)

(Same subject as 17.166J, STS 506J)
Prereq.: 17.156J or 15.221
G(2)
3-0-9

See description under subject 17.166J.
R. M. Locke

15.341 Individuals, Groups, and
Organizations (A)

Prereq.: -
G(1)
3-0-6

Develops basic concepts for understanding
Individual, 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 behav-
ioral 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 Schoo of
DMaaeent.D . ncona

15.342 Organizations and Environments (A)
(New)

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 thoories of
social change. Emphasizes the application of
these theories in the context of business
organizations and management research.

E y for doctoral candidates in the Sloan
School of Management.
D. E. Westney

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 sociolo-
gy and organization theory, for purposes of
preparing the doctoral candidate for his or her
doctoral examinations. Basic concepts, theories,
and research methods serve as focus for the
seminar. Restricted 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,
emphasizing the conceptualization of research
choices to maximize validity, relevance, and
benefit-costs comparisons. Includes research
design (experiments, quasi-experiments) and
specific measurement techniques (question-
naires, interviews, observation).
J. S. Carroll

15.348 Doctoral Seminar In Research
Methods i (A)

Prereq.: 15.347 or Permission of Instructor
G(2) JP/F]

Practice of social science research. Students
learn to handle research problems through
intensive analysis of published research papers,
a series of written exercises, and group term
projects based on a common database pro-
vided for the class. Emphasizes logic of data
analysis and role of conceptualization in the
research process.
L. L. Bailyn

15.349 Personal Issues In the Management of
Human Resources (A)

Prereq.: -
G(2)
2-0-7

Explores assumptions underlying organizational
career procedures and consequences of these
Srocedures for employees. Considers implica-
one of changes in individual lifestyles and in

values surrounding work and success on man-
agement of human resources in organizations.
L. L. Ballyn

Management of Technology and
Innovation

15.351 Introduction to Technological
Innovation Management (A)

Prere. -
G(1, 2)
3-0-6

Introduction to the sources of technological
Innovation, economics of innovation, protection
of innovation rights, capturing benefit from
Innovation, organizing to manage the innovation
process, new ventures.
E. A. von Hippel, S. Schrader

15.355 Mana Ing Technological
Innovation (A)

Prereq.: -
G(1)
2-0-4

Managerial perspectives on development and
consequences of technological innovations In
product and manufacturing process. Issues
relatin to managing scientists and engineers as
Indivicuals, in teams, and in large organizations.
Interfaces between R&D function and marketing
and production. Technology planning and
strategy approaches, including new venture
structures for business development and diver-
Wiflcation. Restricted to Sloan Fellows only.
E. S. Roberts

15.361 Managing Professionals (A)

Pree.'rGIS
30-6)

Examines human side of management of pro-
fessionals through application of behavioral
science research findings. Topics: supervising/
motivating professional employees; career
orientations; effective conflict management:
group creativity/decision making: managing
product teams: group aging; onical roles for
innovation; organizational structure/communica-
tion. Emphasizes professional individuals and
groups. (Summer term is restricted to members
of the Management of Technology Program.)
R. Katz, D. L. Ancona

15.365J Manufacturing/Technology
Interface (A)

(Same subject as 3.565J, 13.685J)
rereq. Permssion of Instructor

G(2)
3-0-6

Focus on the management of process
innovation. 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
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15.367 Market/Technology interface (A)

Prereq.: 15.810 or 15.812 or 15.814
G(2)
3-0-3

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. Primarily for members
of the Management of Technology Program.
E. A. von Hippel

15.368J Cases and Issues in Engineering
Management (A)

Same subject as 6.942J)
rereq.: -

G(2)
3-0-6

15.379 Seminar in Management of
Technology (A)
(Revised nit

Prereq.: 15,361,15.515
G(1)
Arr.

Current practices and issues in the Manage-
merit of Technology are analyzed and discussed
by experienced leaders from Industry and
government. Examines different approaches to
managing the technology function within a
broad organizational context, in seminar discus-
sions and in the field. Restricted to Management
of Technology Program students.
R R Gil

See 15.940 Japanese Technology
Management.

See description under subject 6.942J.
T H. Lee

15.369 Corporate Strategies for Managing
Research, Development, and Engineering (A)

Prereq.: 15.351 or 15.355 or 15.361: Permission
of instructor
G(2)
2-0-7

Strategic issues in managing research, develop-
ment, and engineering. Single overall theme
chosen each year from wide range of topics,
including such subjects as corporate research
laboratories, new venture organizations, and
Integration of RD & E into corporate strategy.
Lecture sessions by faculty and by invited
speakers from government and Industry. Inde-
pendent study and preparation of reports by
individual students or teams of students.
E. B. Roberts

15.371 The R&D Process: Communication
and Problem Solving (A)

Prereq.: 15.311 or 15.351 or 15.361
G(1)
3-0-6

Examines the fundamental processes of re-
search and development. Col trasts basic
science with technology. Presents recent re-
search on the structuring of organizations to
accomplish research and development goals,
Looks at factors influencing technical communi-
cation pattems and technology transfer.
T J. Allen

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
Include the entrepreneur, the business opportu-
nity, legal issues, entrepreneurial ethics, the
business plan, the founding team, and seeking
funds. Each student develops a detailed busi-
ness plan for a start-up.
R. W Olive

Finance

15.410 Accounting and Finance 11

Prereq.: 15.515
G(2)
2-0-4

Surveys and analyzes financial problems facing
managers, including theoretical Introduction to
financial Institutions, financial Instruments, and
capital markets. Topics: functions and
operations of capital markets, theory of efficient
markets, portfolio and valuation theory, capital
budgeting and investment decision making,
firm's cost of capital, long-term financing
instruments and financing decisions, dividend
policy and capital structure. Restricted to
graduate students in Sloan School of
management.
J. C. Cox

15.411 Financial Management (A)

Prereq.: 15.511, 15.024, 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
institutions and financial markets operate. Top-
ics: 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 II (A)

Prere.: 15.501 or 15.515
G(1, 2)
4-0-8

Content similar to 15.410, but coverage deeper
and more extensive. Primarily for students not
concentrating in finance. Information:
J. E. Parsons

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 to pics and concepts
covered in 15.410, 15.411, 15.412. Covers
financial planning, leasing and project finargwV
mergers, pensions, and new approaches %:
corporate investment and financing decxsecr
Information: J. E. Parsons.
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15.415 Finance Theory (A)

Prere.: 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-invest-
ment decisions of investors, diversification and
portfolio selection, valuation theory and equilibri-
um pricing of risky assets, theory of efficient
markets, and investment and financing deci-
sions of firms. Theoretical foundation for further
study and practical applications. Required for
students concentrating in finance.
R, Mehra, A. Bela

15.416J Introduction to Financial
Economics (A)

(Same subject as 1A.416J)
Prereq.: 14.121, 14.122
G(1, 2)
3-0-6

Foundations of modern financial economics;
individuals' consumption and portfolio decisions
under uncertainty and implications for the
valuation of securities. Topics include: expected
utility theory; stochastic dominance; portfolio
frontiers; mutual fund separation: asset pricing
model; arbitrage pricing theory; Arrow-Debreu
economies; dynamic spanning; options; rational
expectations; financial signaling. Primarily for
doctoral students in accounting, economics,
and finance.
C-F Huang

15.432 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 financial
Intermediaries operating in these markets.
Information: S. C. Myers.

15.433 Security Prices (A)

Prereq.: 15.415
G(2)
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 corporate finance.
Requires empirical term project. Information:
S.C. Myers.

15.434 Capital Investment Decisions (A)

Prereq.: 15.415
G(2)
3-0-6

7heory and practice of capital investment deci-
sions. Approaches to estimating risk and adjust-
ing 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. Scharfstein

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.
J. E. Parsons, S. C. Myers

15.436 International Financial Markets (A)
(Revlsed Content)

Prereq.: 15.012, 15.415
G(1)
3-0-6

Analysis of financial markets and Instruments in
context of globalization and securitization.
Currency futures, options, and swaps; interest
rate determination and asset pricing in face of
volatile nominal and real exchange rates, cross-
border taxes and barriers, and differing national
tax regimes. International portfolio management;
treasury risk management and performance
measurement; selected topics in the manage-
ment and regulation of international financial
services firms.
K. A. Froot

15.437 Options and Futures Markets (A)

Prere .: 15.415
0(1,3-0-6

Develops option pricing theory. Applies theory
to valuation of put and call options, loan guaran-
tees, and corporate liabilities. Empirical test, 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(1)
3-0-6

Surveys the intemational investment banking
industry and the financial markets and interme-
diaries dealt with by the Industry. Description of
trading and hedging techniques. Analysis of
new financial products and procedures.
F J. Fabozzl

15.439 International Corporate Finance (A)
(Revised Content)

(15.419)
rereq.: 15.415, 15.436, or Permission of

Instructor
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.
D. R. Lessard

15.440J 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 markets with a focus on continuous time
models. Topics include multiperiod securities
markets and martingales; pricing of contingent
securities such as options; optimal consumption
and portfolio problems of an individual; dynamic
equilibrium theory and the Intertemporal Capital
Asset Pricing Model; and term structure of
interest rates. This subject is primarily for doc-
toral students in accounting, economics, and
finance.
C-F Huang

15.441J Advanced Financial Economics II (A)

(Same subject as 14.441J)
Prereq.: 15.416J
G(2)
3-0-9

Surveys selected top ics in current advanced
research 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 valuation. This
subject Is primarily for doctoral students in
accounting, economics, and finance
J. E. Parsons

15.449 Special Seminar In Finance (A)

Prereq.: 15.410 or 15.412 or 15.415
G(1, 2)
Arr

Opportunity for group study by graduate stu-
dents on current topics reltd to finance not
otherwise included in curriculum.
F J. Fabozzi
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Accounting

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. Empha-
sizes basic financial accounting concepts and
methods of financial analysis.
R. Bhushan

15.511 Financial and Management
Accounting

Prereq.: -
G(S)
3-0-6

Studies basic concepts of financial accounting
and the accounting principles underlying finan-
cial statements. Viewpoint is that of the users of
accounting information (especially managers)
rather than the preparer (the accountant).
Restricted to Sloan Fellows. Information:
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. Examines
financial valuation issues in accounting. Intro-
duces methods of financial analyses, with goal
of enabling students to understand and use cor-
porate financial statements. Restricted to Sloan
School of Management graduate students.
R Healy, R C. 0 Brien

15.516 Introductory Financial Accounting
(A except XV)

Prereq.: Permission of Instructor
G(1, 2)
3-0-6

Meets with 15.501.
R. Bhushan

15.521 Management Accounting
and Control (A)

Proreq.: 15.501 o- 15.511 or 15.515 or 15.516
G(1. 2)
3-0-6

Examines management accounting and related
analytical methodologies for decision making
and control in profit-directed organizations.
Budgetary control systems for planning, coordi-
nating, and monitoring the perormance of a
business and its functional components; meth-
ods for controlling capital expenditures and
working capital funds. Principles of measure-
ment. Develops framework for assessing behav-
ioral dimensions of control system design;
impact of different managerial styles on motiva-
tion and performance In an organization.
F J. Fabozzi

15.525 Corporate Financial Accounting (A)

Prereq.: 15.501 or 15.511 or 15.515 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. Advanced
analysis and interpretation of financial state-
ments and pronouncements of various a encies
concerned with financial accounting (FAB,
SEC etc.).
R C. O'Brien

15.532 Planning and Control Systems (A)

Prereq.: 15.501 or 15.515 or 15.516
G(2) Next offered 1990-91
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 perform-
ance. 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 15.521 relevant but rot
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)
3-0-6

Techniques for financial statement analysis and
uses of analysis in a decision-making context.
Applications include lending decisions, risk
analysis, and equity valuation for merger and
divestiture purposes. 15.525 recommended.
R Healy

15.539 Special Seminar In Accounting and
Control (A)

Prereq.: 15.515
G(1. 2)
Ar

Designed primarily for doctoral students in
accounting 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. Information: P C. O'Brien.

Management Information
Technologies

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 available at MIT. Re-
stricted to graduate students in Sloan School of
Management.
C.F Kemerer, T W Malone

15.562 PrincIples of Information
Technology (A)

Prereq.: 1.00 or 2.10 or 6.001 or 15.560 or
programming experience
Gil, 2)
3-0-6

Introductory examination of issues related to
effective use of computer-based information
systems in organizations. Topics: technology
(computer systems, networking, and data-
bases), frameworks for analyzing need for
information systems, designing and implement-
ing systems for effective use, management of
the information system life cycle. Re presents a
consendation of 15.564, 15.565, and 15.568;
credit not given for both 15.562 and 15.568.
Limted enrollment.
H-M. D. Toong

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 modern information tech-
nology and its operational and strategic applica-
tions. Technology topics include computer
architecture; 1st-, 2nd-, 3rd-, and 4th-generation
programming languages; translators and com-
pilers; table processing; searching and sorting;
database systems; and operating systems.
Student projects, using machine language,
assembly language, C programming language,
SQL database language, and the UNIX Shell
command language.
S. E. Madnick, R. Davis

15.565 Information Technology 11 (A)

Prere .: 15.564
G(1,
3-0-6

Provides background in and a framework for
Integrating 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 student's under-
standing of computer technology to enable its
use in new and creative ways in an organization
and use of actual management Information
systems.
J. C. Henderson, S. E. Madnick
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15.568 Management of Information
Systems (A)

Prere .: 15.564, 15.565
G(1, 2)
3-0-6

Concepts, frameworks, tools, techniques, and
processes that assist management in its Interac-
tion with and direction of computer-based
information systems today. Discusses major
transaction processing systems of the firm, as
well as those systems used primarily for mana-
gerial information. Emphasizes managerial point
of view and organizational issues Involved in
managing a firm's information resources. Credit
not given for both 15.562 and 15.568.
J. F Rockart, T W Malone

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-mak-
ing and problem-solving processes. Topics:
assessment of the technology available, devel-
opment of frameworks and techniques with
which to analyze and organize key decisions
and a manager's decision-making process, and
discussion of the design and implementation of
such systems in ongoing organizations. Lec-
tures, cases, projects, and analysis of existing
decision support systems.
C. F Kemerer

15.571 Advanced Computer Systems (A)

15.575 Theoretical Foundation for the
Management of information Technology (A)
(New)

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 (A)
(New)

Prereq.: 15.560 or equivalent
G(2)
3-0-6

Explores critical issues of communications and
connectivity in information systems from
strategic. organizational, and technical
perspectives. Strategic connectivity: competitive
forces, interlinked value chains, motivating
strategic alliances. Physical connectivity:
software, hardware, protocols of local-area and
wide-area communications networks. Logical
connectivity: distributed databases, object-ori-
ented systems, semantic reconciliation.
Organizational connectivity: loosely coupled
organizations, development of standards.
S. E. Madnick

15.599 Workshop in Information Technology

Prereq.: Permission of Instructar
G(1. 2)
Arr.

Presentations by faculty, doctoral students, and
guest speakers of ongoing research relating to
current Issues in information technology, as well
as discussions of key research papers in the
field. Determines specific topics by the Interest
of participants and by new and Important direc-
tions in information technology. Background
readings and active participation by students
expected. Primarily for doctoral students.
S. E. Madnick

Prereq.: 15.564
G(2)
3-0-6

Issues and trends in operating systems with OS
responsibilities to provide services and manage-
ment of the resources (storage, tasks, devices,
and data). Trends and issues both in main-
frames and microsystems (multiprogramming,
demand paging, virtual machines, multiproces-
sors, systems performance, and the advent of
networked OSs) as part of a study of several
OSs. Management of technologists appears
throughout. Assumes programming beyond
BASIC. Involves significant reading which is
provided.
R. A. MacKinnon

15.574 Theoretical Foundations for
Information Technolog (A)
(Revised Content and nit)

Prereq.: 1.00 or 2.10 or 6.001 or 15.560 or
programming experience
G(1)
3-0-6

Presents a theoretical back9round for many
important topics in information technology such
as efficiency of algorithms, computer perform-
ance evaluation, computer communications,
parallel processing, and database management
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

15.579 Special Seminar in Information
Technology (A)

Prereq.: 15.564
G(1, 2)
Arr.

Opportunity for group study by graduate
students on current topics related to information
technology not otherwise included in
curriculum.
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. Empha-
sizes, in class discussions and in term projects,
interdisciplinary definition, analysis, and solution
of specific problems. Continuing effort toward
improving and integrating technical, social, and
legal concepts of information. Topics: security
and privacy in databanks, computer infrirnge-
ment of copyright, protection of proprietary
rights In software, jurimetrics.
J. A, Meidman
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Law

15.600J Negotiation In Engineering Systems
(Context Subject)

(Same subject as 13.95J)
rereq.: -

U(1) Next offered 1990-91
3-3-6

Tenches societal, economic, legal, and environ-
mental Issues pertinent to the successful negoti-
ation of large engineering systems. Presents the
skills, processes, and tools required for the
synthesis of effective outcomes in complex
negotiations. Up to three real contexts are
studied in detail. Each week, one session fo-
cuses on teaching the elements of negotiation
management, another on contextual analysis,
and the third on a simulated negotiation among
students.
J. D. Nyhart, H. N. Psaraffis

15.601 The American Legal System

Prereq.: 14.01 or 14.02 or equivalent
U(1) HASS
3-0-6

Meets with 15.611.
J. A. Meldman

15.611 The American Legal System (A)

Prereq.: 14.01 or 14.02 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, admin-
istrative law, scope of the judicial process, and
the relationships between state and Federal law.
Extensive reading of case law together with
textual materials and legal essays.
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
established high-tech firm, then proceeding
through initial funding efforts, establishment of
its capital and corporate structure, and through
problems in labor, trade secrets, contracts and
antitrust, product liability, and resolution of
transnational and domestic business disputes.
J. D. Nyhart, J. A. Lachman

15.635 International Law and Regulatory
Order (A)

Prereq.: -
G(2)
3-0-6

Jurisdiction, sources, and nature of international
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 consis-
tency among nations' regulation of transborder
business. Emergence of international regulation
of transportation, communications, trade, ocean
use, finance, food and health standards, and
multinational corporations.
J. D. Nyhart

15.640 Seminar on Government-Business
Relations (A)

P4areq.: -

3-0-6

Emphasizes process through which law is made
at congressional, executive, and administrative
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 classroom 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 govemment in shaping
and directng the management of technology in
the civilian sector of the economy. Principal
themes: rationales, processes, and mechanisms
of govemment involvement; promotion and
regulation of technological development and
use by government; and industrial policy in the
US and other countries, Illustrative case studies:
protection of individual property, R&D policy.
environmental regulation, administrative law.
Meets with 15.640.
G. Heaton, J. D. Nyhart

15.649 Special Seminar In Law (A)

G(1, 21'
Arr.

Opportunity for group study by graduate stu-
dents on current topics relat to law not other-
wise included in curriculum.
J. D. NyhaH, J. A. Lachman

15.650J 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. D. Nyhart, J. R. Ehrenfeld, L. E. Susskind

Industrial Relations and Human
Resource Management

15.60J AIDS: Scientific Challenge and
Human Challenge
(Context Subject)

(Same subject as 7.OOJ)
Prereq.. -
U(1)
3-0-3

AIDS presents a challenge for many disciplines.
As a public health and policy Issue, it Is a chal-
lenge to our ethical bel efs and to the taxpayer.
As a scientific problem, it is a test of our ability
to find methods of cure and prevention. As an
International Issue, it threatens economic and
social progress In the developing wvorld. Lec-
tures illuminate AIDS as a challenge in molecu-
lar biology, epidemiology, economics, manage-
ment, public policy, and other professions. en
lectures: subject ends before Thanksgiving.
Limited enrollment.
M R Rowe, D. Baltimore

15.660 Industrial Relations and Human
Resource Management

Prefeq -
G(2)
2-0-4

15.662 Industrial Relations and Human
Resource Management (A)

Prereq.: -
G(S)
3-0-6

15.663 Collective Bargaining and
Employment Policles

Preroq.: -
G(1) Next offered 1990-91
3-0-6

Introduces industrial relations and human
resource mang ement at level of the firm.
Explores role of firm In its larger Industrial rela-
tions systems. Examines effects of the environ-
ment on human resource management strate-
gies. Assesses strategies against their effects on
the firm, Its employees, labor organizations, 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
15.662 and 15.663 deeper and more extensive.
15.660: T A Kochan
15.662: R. B. McKersie
15.663: T A. Kochan
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15.664 Management of Human Resources (A)

Prereq.: -
G(1)
2-0-7

Seminar covering various topics in labor
economics and human resources. Topics
include career patterns in organizations, public
employment policy, Impact of technical change,
discrimination and affirmative action, wage
determination, training policy, and unionization.
R Osterman

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 Designed for relevance to the
broad spectrum of bargaining problems faced
by the manager and professional. Allows stu-
dents opportunity to develop negotiation skills
experientially and to understand negotiation in
useful analytical frameworks. Emphasizes
simulations, exercises, role playing, and cases.
R. B. McKersie, M. R 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 helpin others deal
directly with their conflicts, medlation, investiga-
tion, arbitration, helping the system itself to
change as a result of a dispute). Special cases:
abrasiveness, dangerousness, meanness,
whistleblowing, ethics. Simulations of difficult
situations: hiring, firing, drug use, etc. Comple-
mentary to 15.655.
M. R 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.
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

15.673J Labor, Public Policy, and income
Distribution (A)

(Same subject as 14.673J)
Prereq.: 14.64 or 15.663
G(1)
3-0-9

See description under subject 14.673J.
Information: R. Eckaus

15.674J International Perspectives on
industrial Relations and Human Resource
Development (A)

SSame subject as 14.674J. STS 505J)
rereq.: 14.64 or 15.663

Gil)
3-0-6

Intemational and comparative analysis of indus-
trial relations systems and systems of human
resource development. Concentrates on an
examination of selected issues involving the
nature and functions of labor and management
organization in different contexts, role of the
state in establishing procedures and shaping
the substance of Industrial relations, manpower
and economic growth In the context of compar-
ative systems of human resource development,
worker participation in management, and other
topics.
M. J. Piore, R. J. Thomas, L. M. Lynch

15.675J Earnings (A)

(Same subject as 14.675J)
Prereq.: 15.672J or Permission of Instructor
G(1)
3-0-9

See description under subject 14.675J.
Information: R. Gibbons.

15.676 Industrial Relations Theory and
Research Seminar (A)

Prereq.: Permission of Instructor
G(2)
2-0-7

Historical evolution and assessment of research
in industrial relations. Introduces doctoral stu-
dents to the field and explores where their
research interests fit within the broader field.
First part compares the normative assumptions,
theories, and methodologies used by econo-
mists, historians, sociol ists, psychologists,
and legal scholars from the latter 19th century to
the present. Final portion explores strategies for
advancing research on topics of current interest
toparticipants.
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
industrial relations; frameworks for research,
research 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)
Arr.

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
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Operations Management

15.760 Introduction to Operations
Management

Prereq.: 15.061, 15.062
G(2)
2-0-4

15.761 Operations Management (A)

Prereq.: 15.053 or 15.062, 6.041 or 15.061
G(2)
3-0-6

Introduces students to problems and analysis
related to the design, planning, control, and
improvement of manufacturing and service
operations. Includes process analysis, project
analysis, forecasting, materials management.
production planning and scheduling, quality
management, computer-aided manufacturing
technologies, capacity and facilities planning,
and operations strateay. 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 imple-
menting the solutions. Case analyses and
projects in local manufacturing and service
organizations extend understanding of and
ability to deal with operating managemer
situations. Emphasizes integrative approach,
using methodologies drawn from operations
research, management information systems,
and or anization design.
S. C. Graves

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 studyin opera-
tions planning and control problems. epics
vary from year to year, and will include inventory
theory, sequencing theory, aggre ate produc-
tion planning, production scheduling, multistage
production/distribution systems, performance
evaluation, and flexible manufacturing systems.
A. Salakrishnan

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 service
operations. Guest speakers from specific ser-
Ace Industries discuss essence of managing

t hose operat ions.
G. A, 81kran

15.769 Manufacturing Policy (A)

Prereq.: 15.760 or 15.761 or Permission of
Instructor
G(1, 2)
3-0-6

Provides framework for analyzing strategic
issues in manufacturing. Analyzes relationships
between manufacturing managers and their
suppliers, customers, competitors, superiors,
and hourly workers. Also covers the interface
between manufacturing and marketing, engi-
neering, 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
G(2) Next offered 1990-91
3-0-6

See* descniption under subject 1.208J.
S. C. Graves, Y Sheifi

15.778 Service Industry Operations (A)

Prereq.: Permission of Instructor
3(1)
2-0-4

Examines the special problems of designing,
producing, and delivering services (as opposed
to physical goods) and explores the different
management tasks faced in various types of
service firms. The primary (though not exclu-
sive) focus of the course is on eorations man-
agement, including the relations ip between
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
issues in manufacturing. Analyzes relationships
between manufacturing managers and their
suppliers, customers, competitors, superiors,
and hourly workers. Also covers the interface
between manufacturing and marketing, engi-
neening. qualiti, purchasing, finarce, 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

15.785 Thesis Projects in Design for
Manufacturability
(Now)

Prereq.: -
G(1)
2-1-3

1w.792J Proseminar In Manufacturing
(Now)

(Same subject as 2.890J, 3.80J, 6.943J,
10.792J, 16 .23J)
Prereq.: -
G(i, 2) [F,.F]
3-0-3

Provides an Integartive 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 speak-
ers. Examples of topics: total quaity, design for
manufacturability, systems approach, improve-
ment of development cycle, CIM, and perform-
ance measurement. Presentation of research
C rojects done by LFM students. Primarily for

FM Fellows.
T H. Lee, S. C. Graves

15.794 Research Project In Manufacturing (A)
(Now)

Prereq.: -
G(1. S) [P/F]
Arr.

A special projects course designed for Leaders
for Manufacturing (LFM) students in conjunction
with on-site projects at LFM partner companies.
Students are assigned in teams to work on
faculty-supervised research projects at compa-
ny sites. Projects deal with a specific aspect of
manufacturing such as design for manufactur-
ability or product development time. Students
are required to keep logs of their research
progress and make periodic reports on that
progress. Completion of projects is the basis for
jont theses in management and engineering.

D. 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 examples
from past years: manufacturing strategy,
managing quality improvement.
C. H. Fine

15.799 Workshop In Operations Management

Prereq.: Permission of Instructor
G(1, 2).
Arr

Presentations by faculty, doctoral students, and
guest speakers of ongoing research relating to
current issues In operations management.
Topics: reports of research rojects (proposed
or In progress) and informa discussions of
recent literature dealing with subjects of special
interest to participants. Primarily for doctoral
students. Consult S. C. Graves.

Seminar introduces students to thesis projects
which involve the redesign of products for
industrial clients. Sloan School master's stu-
dents and mechanical engineering seniors work
together in teams to investigate the project
situations and identify thesis topics. Individual
thesis proposals are presented at the end of the
fall semester, and the thesis research is com-
pleted In the spring semester.
S. D. Eppinger
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Marketing

15.810 Introduction to Marketing

Prereq.: 15.061, 15.062
G(2)
2-0-4

Introduces concepts, challenges, and tech-
niques necessary to manage the marketing
function. Topics: marketing research, consumer
behavior, new product development, advertising
strategy, promotion, personal selling, distribu-
tion, an pricing. Lectures, guest speakers.
Problem assignments or cases. Restricted to
Sloan School graduate students, other see
15.812. Consult J. D. C. Little.

15.811 Strategic Marketing (A)

Prereq.: 15.063, 15.511
G(1)
3-0-6

An examination of the marketing process from
the erspective of the general manager, with

art ular emphasis on customer behavior, the
development and marketing of new products,
and special considerations with respect to the

lob marketplace. Restricted to Sloan Fellows.
. 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 undergrad-
uate students.
J. R. Hauser

15.814 Marketing Management (A)

Prereq.: 15.061 or equivalent
G(1)
3-0-6

Similar in content to 15.812 but with a technolo-
gy focus. Restricted to Management of
Technology students.
J. R. Hauser

15.820 Advanced Marketing Management (A)

Prereq.: 15.810 or 15.812
G(2)
2-0-4

Concentrates on advanced topics in marketing.
Guest speakers, case studies, and team
participation in marketing strategy game.

rimarily for Sloan School of Management
graduate students; others admitted by
permission of instructor.
J. R. Hauser

15.824 Marketing Communications (A)

Prereq.: 15.810 or 15.812
G(1)
3-0-6

Focus on management problems that arise
when attempting to communicate with and
Influence a market or other public In an organi-
zation's environment through advertising and
related mass media and promotion campaigns.
Lectures, guest speakers, case discussions,
projects.
F LeClerc

15.825 Marketing Models (A)

Prereq.: 15.810,15.812, or Permission of
Instructor
G(1)
3-0-6

Basic modeling approaches. Models for specific
decision areas: price, promotion, advertising,
distribution, and sales force. Integrative models;
the marketing mix, new products. Emphasizes
decision support systems.
J. D. C. Little

15.826 Industrial Marketing (A)

Prereq.: 15.810 or 15.812
G(2)
3-0-6

Basic modeling approaches. Marketing data-
bases. Models and market response analysis for
specific decision areas: price, promotion, adver-
tising, distribution, and sales force. Integrative
models and the marketing mix. Emphasis on
established products.
W J. Qualls

15.828 New Product Development (A)

Prereq.: 15.810 or 15.812
G(2)
3-0-6

Identifies new market opportunities. Designs
.core benefits" of a new product havin high
potential. Desi sical product an 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.
J. R. Hauser

15.832 Measurement for Management (A)

Prereq.: 15.061
G(1)
3-0-6

Focus on methods for collecting and analyzing
behavioral data applicable to a variety of mea-
surement problems in management. Research
and sampling design. Develops questionnaires,
scaling and psychometric methods for measur-
ing perceptions, attitudes, and preferences.
Statistical techniques for analyzing these types
of data.
F LeClerc

15.834 Marketing Strategy (A)

Prereq.: 15.810 or 15.812
G(2)
3-0-6

Examines marketing aspects of strategy formu-
lation. Studies market phenomena that are
foundations of strategy. Analyzes management
science models for brand, product line, strate-
gl-business unit, and corporate marketing
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, compet-
itive strategy, marketing experimentation, and
the development of marketing models. Consult
B. Wernerfelt.

15.839 Workshop In Marketing

Prerec.: Permission of Instructor
G(, 2) [P/F]
Arr.

Presentations by faculty, doctoral students, and
guest speakers of ongoing research relating 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 interest to participants.
Primarily for doctoral students.
J. R. Hauser
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System Dynamics

15.852 Principles of Dynamic Systems I

Prereq.: -
U(1) SD
3-0-9

15.872 Principles of Dynamic 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 com plex issues such as
technological change, AIDS, corporate strategy,
ecological change, economic turmoil, and
student burnout. Learn to deal with situations
where policies are defeated by unanticipated
reactions and side effects. Emphasizes a mix of
computer models, role-playing games, and
case studies. Hands-on experience with a
variety of computer simulation models and
software.
J. D. Sterman

15.873 Principles of Dynamic Systems 11 (A)

15.875 Applications of System
Dynamics (A)

Prereq.: 15.872 or 15.874
G(2) Not to be offered 1990-91
3-0-6

Project-based subjoct, applying methods of
system dynamics to real corporate problems.
Class divided Into groups that act as consultants
to local corporations. Meetings with corporate
managers and staff to obtair information for
model construction: instructor provides advice
and guidance on model formulation and testing.
Final report on work done and recommenda-
tions. Alternate years.
J. D. Sterman

15.878 Economic Dynamics (A)

Preroq.: 15.872 or 15.874
G(1) Next offered 1990-91
3-0-6

Introduces system dynamics modeling of
economic systems, focusing on the dynamics
of modern industrial economies. Combines
lectures, exercises, and a term project on
subject of student's choice. Topics: economic
cycles, inflation and unemployment. periods of
depression, capital investment and monetary
policy, and resource depletion. Alternate years.
J. D. Sterman

Prereq.: 15.872 or 15.874
G(2) Next offered 1990-91
3-0-9

Continues philosophy and methods of 15.872,
with purpose of expanding student's 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 S stem Dynamics for Business
Policy (A)

Prereq.: -
G(2)
3-0-9

Why do so many business strategies fail?
Introduction to system dynamics modeling
applied to corporate strategy. Uses a mixture of
simulation models, role-playing games, and
case studes to develop principles for succes-
sful management of complex strategies in a
dynamic world. Case studies of successful
strategy design using system dynamics. Con-
siders strategic issues such as business cycles,
market growth and stagnation, the diffusion of
new tevhnologies, the misuse of forecasts, and
the rationality of managerial decision making.
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 management
roblems affecting all facets of the enterprise.
iscussions, cases, field studies, and readings

trace strategy practice, methodology, and
theory. Focus on both strategic formulation and
implementation. 15.930 useful as a broad intro-
duction 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, M. Horwich

15.932 Technology Strategy (A)

Prereq.: 15.930 or 15.931 or Permission of
Instructor
G(1)
3-0-6

Considers key aspects of the emerging
technology-strategy relationship in the large
corporation from different perspectives,
including the individual firm, an entire industry.
the industrial policy of a nation, cross-country
comparisons, and cross-industry comparisons.
Uses conceptual readings, empirical studies,
case studies, student field studies, and invited
outside speakers.
M. Horwitch

15.933 Advanced Strategic Management (A)

Prereq.: 15.930 or 15.931 or Permission of
Instructor
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 perpectives In
new, relevant, and challengin directions.
Course emphasizes a techn ogical and global
outlook since this orientation highlights signifi-
cant emerging trends in strategic management.
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 joumal
articles focusing on the study of particular stra-
tegic 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)

Ma..n...an* ~E ion

Prereq.: 15.412 or 15.415, 15.781, 15.812
G(1)
3-0-6

Provides practice in Identifying Important man-
agement issues, making reasone judgments
about priorities, and defending choice of Issues
and priorities. Students assume various roles as
managers, analysts, and board members in
class sessions simulating top management and
board meetings. Visits to operating and corpo-
rate executives. Umited to 20 students.
W F Pounds

15.937 Game-Theoretic Strategic
Management (A)

Prereq.: 15.011
6(2)

3-0-6

Develops fundamental concepts relating to
strategic Interactions in static and dynamic
settings, emphasizing the role of reputation
formation, asymmetric information, bluffing,
signaling, incentives, and adverse selection. The
game-theoretic approach is applied to case
studies illustrating implicit collusion, entry deter-
rence, takeovers, coliective bargaining, and
executive compensation, among others.
G. Saloner

15.939 Advanced Topics In Policy and
Strategy (A)

PreJ.: 15.930 or 15.931
G(1, 2
Arr-

Directed research and study of advanced topics
In corporate policy and strategy, as well as
fublic policy relating to the p vate sector.

rimar y for doctoral students in Management;
)thers admitted by permission of Instructor.
Information: N. Venkatraman.

15.940 Japanese Technology Management

Prereq.: Permission of Instructor
G(2)
3-0-6

Examines how leading Japanese firms have
Implemented strategies for technology transfer,
product development, and manufacturing from
ca. 1930 to the present with comparisons to US
firms. Industries include autos, consumer elec-
tronics, software, and machine tools (FMS).

C anles include Toyota, Nissan, Honda,
Mazda, NUMMI, Sony, Japan Victor, Matsushita,
Ampex, RCA, NEC, Hitachi, Fujitsu, Toshiba,
SDC, Yamazaki, and Hitachi Seiki.
M. A. Cusumano

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 nanagement theory and con-
cepts. Course topics include: strategic planning,
organization design, styles and skills, delega-
tion, motivation and rewards, leaming, informa-
tion technology, and ethics. Students are re-

I kto rbclipate in field projects.

Special Studies

15.951 Special Studies In Management

Prereq.: -
U(1, 2)
Arr.

Special tutorial arrangement with a facult
member for guided reading, research, Iaorato-

, or teaching experience.
A Meldman

15.952-15.959 Special Seminars In
Management

Prereq.: -
U(1, 2)
Am

Opportunity for group study by undergraduate
students on current topics related to manage-
ment not otherwise included in curriculum.
Consult Undergraduate Program headquarters.

15.961 Special Studies in Management (A)

Prereq.: -
G(1, 2)
Am

For graduate students who desire to do ad-
vanced work or to carry out some special
investigation of a management problem not
specifically covered elsewhere and not qualify-
ing as a thesis. Readings, conferences, labora-
tory and fieldwork, and reports. Consult Depart-
ment headquarters.

15.962-15.969 Special Seminars in
Management (A)

Prereq: -
G(1, 2)
Am

Opportunity for group studyby graduate stu-
dents on current topics relat to management
not otherwise included in curriculum. Consult
Department headquarters.

15.970J Technology, Productivity, and
Industrial Competition
(New)

me subject as 17.172J, 22.843J, STS 511J)
rereq.: Permission of Instructor

G(2) Next offered 1990-91
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 phi-
losophies, practical problems of management,
personal career paths, and enables students to
develop skill In careful listening and the art of
asking questions. Restricted to Sloan School of
Manament graduate students.
D. A. Weber

15.978 Seminar in Management (A)

Prereq.: 15.511
6(1)

3-0-6

Fundamental economic, financial, organization-
al, and administrative relationships analyzed and
discussed by experienced leaders In business,
labor, and public administration. Examines
managerial philosophies and practices in the
field and in seminar discussions. Restricted to
Sloan Fellows.
A. F White

11112LINNSLuxul Jr.=
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Course 16 Aeronautics and Astronautics

16.UR Undergraduate Research

Prereq.: -
U(1, 2) [P/F]
Arr.

Undergraduate research opportunities In aero-
nautics and astronautics. For further information,
contact W. R. Markey, Departmental Coordinator
for more Information.

16.001 Unified Engineering I

Prerec. 8.01, 18.03
U(1) SID
4-2-6

16.002 Unified Engineering I

Prereq.: 8.01, 18.03
U(1)
4-1-7

16.001: Requires simultaneous registration with
16.002. 16.002: presents principles and meth-
ods of engineering in a format of lecture, recita-
tion, and design. Basic disciplines presented
with the unifying themes: forces and their inter-
action with soids and fluids; energy and energy
transfer; systems control and information handl-
ing. Topics: mechanics of solids and fluids,
forces, stresses, geometry of motion, conserva-
tion of mass and momentum, properties of
solids and fluids; principles of measurement
and control; temperature, thermodynamic
properties, and states. First law of thermody-
namlos; conservation of energy. Applications
include particle dynamics; stress and strain In
simple structures; low-speed flow; lift, drag, and
thrust; loads and design criteria in aerospace
systems. Laboratory exposure to empirical
methods In engineerng; Illustration of principles
and practice. Designof a typical aircraft or
spacecraft element. Provides a sound basis for
a wide variety of careers In engineering.
E. F Crawley, E. M. Greltzer, R. J. Hansman,
. E. Mctune, H. Y Wachman

16.003 Unified Engineering IlIl

Prereq.: 16.001, 16.002
U(2)
4-2-6

16.004 Unified Engineering IV

Prereq,: 16.001, 16.002
U(2)
4-1-7

18.003: Reuires simultaneous registration with
16.004. 16. 04: Presents sound, basic con-
cepts, principles, and methods of engineering,
emphasizing unified presentation of disciplines,
by application to high-technology devices and
aero systems. Topics: dynamio of rIg1d
and formale bodies; center of mass, rig

body motion, inertia tensor; second law of
thermodynamics, entropy, Irreversibility; high-
speed flow, shook waves, stresses inlds, heat
transfer: interaction between componentde
vices, signal flow, eedback, and stability In
control. Applications include strain energy and
principles in structural analysis, failure modes in
structures, fracture, fatigue, plasticity; beams,
plates, shafts; airfoil theory, flow over bodies,
channel flow, boundary layers; thermal cycles,
chemical-to-thermal conversion, aircraft and
rocket engines. Techniques presented for
analysis and optimization of systems. Experi-
ments in mechanics, strength of materials,
subsonic and supersonic flows, rockets and
turbo machinery: system dynamics and control,
analog simulation of control system. Design and
evaluation of an aircraft or spacecraft compo-
nent.
D. L. Akin, E. F Crawley, R. J. Hansman,
J. E. McCune, H. Y Wachman

16.005 Introduction to Aerospace
Engineering

Prereq.: -
U(2)
3-1-5

Presents a broad view of steps Ii:volved in
developing aeros pace systems from preliminary
design to production. Drafting techniques,
weight estimation, aerodynamic analysis, con-
trol, structural design, cost estimating, manufac-
turing processes, certification, and service
engineering discussed in the context of an
aerospace vehicle that each student designs.
Recommended for freshmen.
M. Drela

16.008 Computer Models of Physical and
Engineering Systems

Prereq.: 18.02. 8.01
U(1) SD
3-0-9

School-Wide Elective Subject. Description given
at end of this chapter on SWE page.
S. Shyam Sunder

16.02 Aerodynamics

Prereq.: 16.004 or 2.20 or 1.05
U(1, 2)
4-0-8

Kinematics and dynamics of fluids In aerody-
namic applications. Vorticity, circulation, Blot-Sa-
vart induction. iUft, drag, thrust, and the momen-
tum theorem. Energy conservation. Boundary
layers, skin friction, heat transfer. Unsteady flow.
Supersonic aerodynamics. Methods of charac-
teristics. Distribution of singularitles. Interference
and Images. Panel methods. Airfoils, Kutta
condition. Wings, performance, subsonic flow.
'lrbulenoe, separation and stall.
J. E. McCune, S. E. Widnall

16.025 Numerical Fluid Dynamics (A)

Per.: 16.02 or 16.06, 18.075 or 18.085 or

G(1)
3-0-9

Modeling and solution of flow field partial differ-
ential equations by discretization (finite differ-
ence) methods. Physical concepts and descrip-
tions for viscous/Inviscid, one-/two-dimensional,
steady/unsteady incompressible and compress-
ible flow. Numerical simulation topics include
accuracy, stability, convergence, Iterative, and
time-evolution techniques. Applications to
extemal and internal flows. Computer assign-
ments.
J. R. Baron, M. B. Giles

16.026 Advanced Computational Fluid
Dynamics (A)

Prereq.: 16.025 or 2.274
G(2)
3-0-9

Computational methods for compressible
inviscid and viscous flow. Euler and Navier-
Stokes equations In general nonorthogonal,
curvilinear coordinates, using finite-difference,
finite-volume, and finite-element methods.
Coordinate system generation. Draws atplica-
tions from internal and extemal 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
discretization techniques (finite-volume, spec-
tral, vortex methods), boundary condition treat-
ment, solution methods (direct solvers, multi-
grid, Alternating Direction implicit), advanced
computer architecture, and FD 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.
Discusses the basic concepts of continuous
fluid mechanics and how they underlie the
properties of particular flow fields, such as
potential and rotational constant density inviscid
and viscous flows. Shows applications to flow
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past airfoils and wings, vortex flows, and some
geophysical flows. Special attention to boundary
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
concepts from 16.02. Laminar and turbulent-
boundary layers. Transition and separation
criteria. High-lift wing-flap systems. Subsonic
cruise aerodynamics for wing-body-tail configu-
rations. Other examples and topics drawn from
the current and previous years 16.84 design
projects-,
M. Drela

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 motion.
Physical parameters influencing laminar and
turbulent aerodynamic flows and transition.
Effects of compressibility and heat conduction.
Influence of boundary layers on outer potential
flow and appropriate numerical solution tech-
niques. 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
inputs. with examples from waves. Sources of
turbulence, hydrodynamic stability, equations,
spectra, equilibrium, and decay. Shear flow
turbulence, turbulent boundary layers. Methods
of observation, measurement, and analysis.
Discusses problems of current interest.
M. T Landahl, 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/hypersunic flight. Equations of motion and
boundary conditions for perfect and real gases
and for real fluid mechanics. Governing parame-
ters for energy levels, scales. and limits for
continuum flow. Strong shock waves, blasts,
and self similarity. Hypersonic small-disturbance
theory, blunt bodies, shear, entropy, and bound-
ary layers. Viscous-inviscid interactions: real gas
contributions. Approximate and numerical
methods.
J. R. Baron, L. Trilling

16.052 Real Gas Dynamics (A)

Prereq.: Permission of Instructor
G(1) Next offered 1990-91
3-0-9

Gas behavior appro riate to motion at high
speed and energy. Equilibrium-limit gas model-
Ing. Relaxation coupling of fluid mechanics with
translational, chemical, plasma, and radiative
phenomena. Wave propagation, dispersion,
shocks, similarity, surface-interface coupling.
Applications of approximate and numerical
methods to flight vehicles, test facilities, and

as-dynamic lasers.

16.055 Unsteady Fluid Mechanics (A)

Prere .: 16.035
G(1) Not to be offered 1990-91
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 bodies in subsonic, transonic,
and supersonic flow. A limited discussion of
viscous effects, boundary layers, aerodynamic
noise generation, flow instability, and separation
introduced where appropriate. Alternate years.
M. T Landahi

16.056 Special Topics in Unsteady Separated
Flows (A)
(Revised Unit)

Prereq.: 16.035, 16.041
Gi) Next offered 1990-91
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 include
steady 2-D separation, dynamic stall, diffuser
stall, vortex shedding, unsteady flows in turbo
machinery, leading-edge vortices, and vortex
bursti. Altemate years.
M. B. iies

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, including
rates of dissociation and ionization, and radiative
heat transfer. Gas-surface interactions. Applica-
tion to performance of space vehicles.
H. Y Wachman

16.065 Spacecraft-Environmental
interaction (A)

Prereq.: Permission of Instructor
G(2) Next offered 1990-91
3-0-9

Reviews fundamentals of plasma physics and
rarefied gas dynamics appropriate to the io-
nosphere/magnetosphere. Spacecraft charging
at geostationary orbit; absolute and differential

charging; methods of control, such as electron
beams and plasma guns. Environmental interac-
tions at low-earth orbit; neutral gas flow, A',ven
wings. Topics of current Interest, high-voltage
large-space structures in low-earth orbit, atom-
ic oxygen effects, electrodynamics of tethers;
wave generation by the space station charging
in polar orbit, thruster jet-spacecraft interac-
tions. Alternate years.
D. E. Hastings, H. Y Wachman

16.07 Aerodynamics of Wings and Bodies (A)

Prereq.; 16.035, 18.075 or 18.085
G(2) Not to be offered 1990-91
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.
Ufting surfaces in sub. and supersonic flow. 3-D
features. Bodies of revolution. Cross-flow con-
cepts. 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 subect as 2.060J, 13.81J)
Prereq.: 2.03J or 16.004, 18.075
G(1)
3-0-9

See description under subject 2.060J.
R Leehey, R. H. Lyon

16.15 Applied Analytical Dynamics

Prereq.: 16.004 or equivalent
G() Next offered 1990-91
3-0-9

Reviews fundamental conce ts in dynamics of
mechanical systems. Treats kinematics in some
depth, including recursive kinematics of tree-
connected multibody structures. Introduces
selected methods of analytical dynamics: Alem-
bert's principle and its generalizations, La-
grange's equations (for constrained and uncon-
strained systems), Hamilton's equations. The
syllabus is driven by application to enimples;
robot manipulators, mu tibody spacecraft (both
rigid and flexible bodies), nonholonomically
constrained systems such as a unicycle. The
focus is on engineering modeling rather than
theoretical rigor. Altemate years.
A. H. von Flotow

16.16 Introduction to Flight Vehicle Dynamics

Prereq.: 16.004 or 1.05 or 2.20; 10.03
U(1)
3-0-9

Theory of flight; airfoils, lift, drag, and applied
aerodynamics. Root locus, and similar control
techniques. Airplane periormance. engine
characteristics. 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 longitudi-
nal and lateral motions. Elements of handling
qualities. Effects of variation of aerodynamic
parameters on airplane stability and control.
R. V Rarnath
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16.17 Advanced Flight Dynamics and
Control (A)

Prereq.: 16.16
G(2)
3-0-9

Brief review of aplied aerodynamics. Wing,
fuselage, and i contributions. Power, com-
pressibility, and aeroelastic effects. Modem
:fproach to aircraft stability and control. Motion

ong steep trajectories, reentry dynamics, and
stabIty of a shuttle vehicle. Human pilot models
and autopilots. Variable flight conditions. VTOL
transition. Sensitivity to parameter variations in
variable systems. Motion at high angle-of-attack,
roll coupling, and other nonlinear flight regimes.
R. V Ramnath

16.18 Spacecraft Dynamics and Control (A)

Prereq.: 16.004,16.30
G(2) Not to be offered 1990-91
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 analy-
ses are developed for a variety of equilibrium
conditions; spinners, dual spinners, gravity
gradient equilibria. Active control is applied to
the same examples: bang-bang control for
thrusters, linear multivarlable control for coupled
roll/yaw motion, active nutation damping. Ef-
fects of fuel slosh and structural flexibility cov-
ered briefl
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 energy principles
and computer-oriented structural analysis, such
as matrix and finite-element methods. Applica-
tions to statically indeterminate structures and
solid continua. Buckling of column and stability
phenomena. Theories and modes of structural
failure. Principles in optimal structural design.
R A. Lagace

16.21 Plates, Stability, and
Thermoelasticity (A)

Prereq.: 16.20
G(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 applications to
buckling of plates. Equations of thermal elastic-
ity. Heat transfer and thermal stress analysis for
supersonic and hypersonic aircraft. Altemate
years.
J. Dugundli, E. F Crawley

16.22 Shell Structures (A)

Prereq.: 16.20
G(1) Next offered 1990-91
3-0-9

Elements of tensor analysis. General formulation
of elasticity in curvilinear coordinates. Introduc-
tion 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. Altemate years.
J. W Mar, J. Dugundil

16.23J Proseminar in Manufacturing
(New)

(Same subject as 2.890J. 3.80J. 6.943J,
10.792J, 1 5.792J)
Prereq - -
G(1,2) [P/F]
3-0-3

See description under subject 15.792J.
T H. Lee, S. C. Graves, M. J. Giaves

16.251 Structural Design for Longevity (A)

Prereq.: 16.20
G(1) Next offered 1990-91
3-0-9

Longevity is the most difficult of all the structural
integrity requirements for aerospace vehicles.
Examines the many aspects of longevity such
as frequency of loads, fatigue of materials,
growth of cracks, safe-lfe philosophy, fail-safe
philosophy, damage tolerance, stress concen-
trations, scatter factors testing. Introduces linear
elastic fracture mechanics and its use. Empha-
sizes application of theory to practice. A portion
devoted to study of case histories.
J. W Mar

16.27 Finite-Element Method (A)

Prereq.: 16.20
G(1)
3-0-9

Formulation of finite-element method, through
use of variational principles for structural me-
chanics and continuum mechanics, assumed
displacement and assumed stress models.
Tools in numerical analyses, interpolation, and
integration. Problems treated include plane
stress and plane strain, plate bending and
three-dimensional solids. Emphasizes practical
ways of constructing and assembling the ele-
ment matrices and methods of solving large
systems of algebraic equations by modern
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 man-
ufacture parts made of advarced composite
materials. Revolves around laboratory sessions
in the Technology Laboratory for Advanced

Composites. Students gain hands-on experi-
ence by using various laboratory techniques to
fabricate and test graphite/epoxy specimens.
Lectures supplement laboratory sessions with
background Information on the nature of com-
posites, curing, composite machining, second-
ary bonding, and the testing of composites.
J. Ougundi!

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 Kevlar fibers embedded in a matrix. Material
p ropertles of fibers and matrices. Micromechan-
os, anisotropic elasticity, tensor notation, and
Classical Laminated Plate Theory. Also includes
failure analysis, buckling, sandwich construc-
tion, thermal and moisture stresses, and interla-
minar stresses. Design concepts and cost-effec-
tive applications.
J. IN Mar

16.293 Advanced Topics In Filamentary
Composite Materials (A)

Prereq.: 16.292 or Permission of instructor
G(1) Not to be offered 1990-91
3-0-9

Generalized study of the anisotropic properties
of composite laminates. Failure modes, fracture
theories/correlatione, damage tolerance, fatigue,
interiaminar stresses, environmental effects.
Reviews current problems in the applications of
composite materials in the aerospace and
automotive industry. Guest lecturers share their
experiences.
R A. Lagace, J. W Mar, J Dugundli

16.30 Principles of Automatic Control

Prereq.: 18.03
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 techniques
and design examples to meet performance
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)
Proreq.: 18.100, 18.06, 6.233J or 6.241
G(1) Next offered 1990-91
3-0-9

See description under subject 6.243J.
J. L. Wyatt, Jr., M. Dahleh, R. V Ramnath,
N. Hogan
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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. Appli-
cations of the theory, including optimal feed-'
back control, time-optimal control, and others.
Dynamic programming, numerical techniques.
Optimal estimation and control in the presence
of uncertainties.
W E. Vander Velde

16.33 Computer Control of Dynamlo
Systems (A)

Prereq.: 16.30
3(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. Syn-
thesis of state feedback computer control
systems: stability Improvement, deadbeat
controllers, minimum quadratic cost optimal
regulators. Control of systems with incomplete
state measurements: observers, properties of
observer-regulator computer controllers.
S. R. Hall

16.331 Introduction to Space Robotics (A)
(New)

Prereq.: -
G(2)
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 dy-
namics, trajectory and task planning, and robot
position and force control. Kinematic analysis
will be presented according to the Denavit-Har-
tenberg conventions. Dynamic control tech-
niques 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
G(2)
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 digital control
techniques. Control system design to meet
mission requirements, Including robustness
criteria. Adaptive control and display design.
S. R. Hall

16.341J Multivariable 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. Tr/antalIlou, W E. Vander Velde,
K. Youcef-Toum,

16.342J Multivarlable Control Systems 11 (A)

(Same subject as 2.165J, 6.234J, 10.29J,
13.482J)
Prereq.: 16.341J
G(2)
4-0-8

See description under subject 6.234J.
M. Athens, G. Stephanopoulos,
M. S. Triantaf'llou W E. Vander Velde,
K. Youcef-Toumi

16.351J Ouan'ttative Physiology: Sensory
and Motor Systems

(Same subject as 2.793J, 6.023J, HST 543J)
rereq.: 2.02 or 6.003 or 16.30

U(2)
3-2-7

See description under subject 6.023J.
L. R. Young, C. Wall /i/, L. S. Frishkopf,
R. W Mann

16.352J Sensory-Neural Systems (A)

(Same subject as 6.532J)
Prereq.: Permission of Instructor
G(1) Not to be offered 1990-91
3-0-9

See description under subject 6.532J.
C. M. Oman, L. S. Frishkopf

16.353 Aeros ace Human Factors
Engineerin A)
(New)

Prereq.: 16.30
G(1)
3-0-9

Aerospace vehicles which either carry passen-
gers or are piloted must accommodate the
requirements and appropriately utilize the
capabilities of humans. Accidents associated
with "pilot error" often reflect the failure to
recognize these characteristics in the design
stage. This subject will treat the human/vehicle
interface from an engineering point of view. The
pilot is considered as controller and monitor,
with special attention to workload and control/
display requirements. The passenger is consid-
ered from the viewpoint of environmental re-
quirements and life support systems. Open to
seniors.
L. R. Young

16.355J Models of Man-Machine Systems (A)

(Same subject as 2.181J)
Prereq.: 18.03
G rext offered 1990-91
3-1-8

See description under subject 2.181J.
L. R. Young, T B. Sheridan

16.356J Signal Processing Laboratory (A)

(Same subject as 6.555J, HST 582J)
Prereq.: 6.003
G(2)
3-6-3

See description under subject HST 582J.
B. Delgutte, W M. Slebert, R Albrecht

16.359 Blengineering Journal Article
Seminar

Proeq.: -
G(1.,2)
0-2-0

Each term, the class selects a new set of profes-
sional journal articles on bioengineering topics
of current research Interest. Some papers are
chosen because of particular content, others are
selected because they Illustrate important points
of methodology. Each week, one student leads
the discussion, evaluating the strengths, wea-
knesses. and importance 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
G(1) Next offered 1990-91
3-6-3

Simulation of aircraft for research and pilot
training. Conversion of aircraft equations of
motion and data package Into a digital comput-
er model. Simplified transfer functions. Princi-
pies of vision relevant to out-the-window dis-
plays. Implementation of CRT model board, and
point light source displays. Cockpit motion
requirements, motion washout, artificial control,
and feel and high cuing devices. Students

priiaeIn actU simulator problems in the
ab. Assumes familiarity with FORTRAN pro-
gramming.

. R. Young, W M. Hollister

16.37 Statistical Problems In Automatic
Control (A)

Prereq.: 16.30
G(1)
3-0-9

Statistical problems of importance to control-
system engineers. Reviews probability theory,
with application to such problems as system
reliability and multidimensional random errors.
Measurement of the statistics of random vari-
ables and processes. Extensive treatment of
random processes In linear systems, using both
transfer function and state-space descriptions.
Desi of optimum filters according to iener
and Iman.
W E. Vander Velde

16,371 Estimation and Control of Stochastic
Processes (A)

Prereq.: 16.37
G(2) Next offered 1990-91
3-0-9

Brief review of stochastic process fundamentals;
some stochastic realization theory. Bayesian
estimation. Unear filtering and smoothing: linear
prediction. Kalman filter (discrete and continu-
ous time). Implementation issues: filter stability,
steady-state properties, sensitivity to modeling
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errors, sensors. Numerical robustness; square
root formulations. Extended Kalman filter, Gaus-
sian second-order filter; convergence analysis.
Adaptive filters.
L. Valavan/l

16.375 Adaptive Control (A)

Pro req.: 16.342J
G(1)Next offered 1990-91
3-0-9

Studies nonlinear dynamic system concepts,
with emphasis on st&bility: Lyapunov and hyp-
erstability theories. Introduces sensitivity and
gradient methods as precursors to adaptive
control. Adaptive observers (minimal and non-
minimal). Model Reference Adaptive Control
(MRAC) and Sef- Tunirng Regulators (STR);
deadbeat controllers. Direct and indirect meth-
ods. Stability and parameter convergence of
existing algoritnms. Robustness properties of
adaptive systems and design implications.
State-of-the-art results and current open prob-
lems,
L. Valavanl

16.381 Lasers and Optics for
Applications 1 (A)

Prereq.: 8.03
G(1)
3-0-9

An introduction to fundamentals of modem
optics and lasers, intended for those interested
in laser applications. Presents a simplified
account of lasers and their coherence proper-
ties: 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, tempera-
ture. 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 sponta-
neous emission, and line-broadenin mecha-
nisms. Steady-state and transient behavior of
lasers. Survey of gas, liquid, solid, and semicon-
ductor lasers. Nonlinear optics. Modulation and
deflection of light. Harmonic generation and
mixing. Laser spectroscopic techniques,
with emphasis on specie identification and
resolution.
S. Ezekiel

16.39 Algorithms for Function Minimization
and Optimal Control (A)

Prereq.: 18.076 or 18.085
G(1) Not to be offered 1990-91
3-0-9

Develops techniques for seeking the minima of
functions and optimal control histories for
dynamic systems. Presentation based on funda-
mentals of function optimization and optimal
control theory. Introduces variational calculus,
the maximum principle, and dynamic program-
ming. Considers unconstrained and constrained
problems. Compares the complexity and
performance of different optimum-seeking
algorithms.
.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. Steenng laws for rocket-
powered flight, atmospheric reentry, and air
traffic control. Familiarity with rigid body dynam-
ics and elementary automatic control theory
desirable.
R. J. Hansman

16.41 Inertial Engineering I (A)

Prereq.: Permission of Instructor
G(1) Next offered 1990-91
3-0-9

First half treats motion with respect to inertial
space, gyroscopic instrument theory, gimbal
systems, Schuler tuning, and the design of the
three principal inertial navigation systems.
Second half introduces practical aspects of
inertial instruments and systems. Analyzes and
evaluates single and two degree of freedom
instruments and their errors. Includes laser,
electrostatic and dry-tuned gyros, and models
of state-of-the-art hardware. Students obtain a
thorough understanding of inertial space con-
cepts and hardware.
W R. Markey

16.46 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 exploration. Topics:
orbital mechanics, Kepler's problem, universal
orbital variables, Lambert's problem, recursive
algorithms, Lagrange's expansion theorem,
hypergeometric functions, Bessel functions,
continued fractions and quaternions. Selected
applications from the Apollo and Space Shuttle
programs.
R. B.attin

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: preci-
sion orbit determination methods, variation of
parameters, linearized and explicit techniques
for targeting, state-space methods, maximum-li-
kelihood estimates, numerical integration, elliptic

inrals, Legendre functions, hodograph
anasis and application of optimization princi-
pIes.
R. H. Battl/n

16.491 Selected Topics In Celestial
Mechanics (A)

Prereq.: 8.03,18.076
G(1)
3-0-9

Reviews the two-body problem. Variations
principles in dynamics, leading to Lagrange s
equations, the canonical equations, and cari-
cal transformations. The Hamilton-Jacobi ecr,*-
tion, with solution for the Kepler problem. le.-
ing to canonical perturbation methods,
Delaunay variables, and Lagrange's varatmabcv'
equations. Gravitational potential of a planet are
rotational motions of the earth and moon Fysv*
order theory of the orbits of artificial satetintes
Including the effects of atmospheric drag
J. R? V/nt,

16.492 Selected Topics in Celestial
Mechanics (A)

Prereq.: 16.491
G(2)
3-0-9

Brouwer-Von Zelpel method and method V
transforms, with applications to the orbits of
artificial satellites and lunar orbiters. Separatve
problems, including the spheroidal method
Staeckel systems, and effects of general rea',
ty on orbit of a planet or satellite. Selected
topics from the three-body problem, planeta-,
and lunar theory, resonant motions, penode
orbits, and stability theory.
J. R Vintl

16.53 Rocket Propulsion

Prereq.: 16.004
U(1, 2)

Velocity requirements for orbital and interpa--
tary flight. Available velocity increments ano
staging. Treats rocket systems involving o
solid, and hybrid propellants, with referer-e t
nozzle flows, thermochemistry, real gas effe:s
losses and heat transfer, structural constrarm
propellant feed, and combustion. Simple vence
optimization. Laboratory demonstrations
D. E. Hastings, B. Jery

16.531 Space Propulsion and Power
Generation (A)

Prereq.: 16.53, 8.03
G(2)
3-0-9

Reviews rocket propulsion fundamentals D
cusses advanced thruster concepts from ar-
breathing boosters to electric propulsion Lqnz
rocket pressurization schemes, Physics and
engineering of small thrusters for station-keep-
ing and attitude control. Methods and concepts
for electrio power generation in space photcu
taic, soiar, thermal, and nuclear systems, and
various conversion schemes. Power transmi.
sion and reception.
M. Martinez-Sanchez

16.54 Aircraft Engines and Gas Turbines

Pr req.: 16.004
Ure
3-1-8

Performance and charactenstics &, aicraft
engines and industrial gas iturtnes, as doe
mined by thermodynamc and Ad mencwvc
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behavior of components: inlets, compressors,
combustors, turbines, nozzles. Discusses
various engine types, including turbojet, turbo-
fan, ard turboprop. Limitations imposed by
material properties and stresses. Emphasizes
future design trends, including reduction noise,
pollutant formation, fuel consumption, and

we hpstein

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. Unsteady
flow and noise production In turbomachinery
and In complete engines. Operational limitations
and instabilities. Stress and associated tempera-
ture limits and influence of blade cooling tech-
niques on turbines.
E. M. Greitzer, B. Jery

16.543 internal Flows In Turbomachines (A)

Prereq.: 16.035 or 2.25
G(2) Next offered 1990-91
3-0-9

General features of Internal flows with applica-
tion to compressors and turbines. Fundamental
concepts of rotational flows, inherent unsteadi-
ness of turbomachines, boundary layers, wakes,
and losses In turbomachines. Axisymmetric
swirling flows, blade element theory, streamline
curvature computations. Effects of viscosity and
compressibility in internal flows. Secondary
flows. Flow Instabilities In turbomachines. Re-
cent developments and experimental informa-
tion. Alternate years.
E. M. Greitzer

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 essential
fluid mechanics is first reviewed, and the course
proceeds to the simple cycle and one-dimen-
aonal 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 separa-
tion, and cooling effects and requirements.
Finally, integration with the airframe, trajectory
constraint, and mission analysis are also in-
cluded.
M. Martinez-Sanchez

16.55 Ionized Gases (A)

Prereq.: 8.211
G(1) Next offered 1990-91
3-0-9

Properties and behavior of low-temperature
plasmas for magnetohydrodynamics, thermionic
energy conversion, plasma propulsion, gas
lasers. Equilibrium of Ionized gases: energy
states, statistical mechanics, and equilibrium
Kinetic theory: motion of charged particles,
distribution function, collisions, characteristic
lengths and times, cross-sections, transport

properties. Gas surface Interactions: thermionic
emission, sho .';s, probe theory. Radiation In
plasmas, diagnostics. Alternate years.
M. Martinez-Sanchez

16.56 Noise Control Engineering (A)

Prereq.: Permission of Instructor
0(2)

3-0-9

Reviews physical principles of noise generation,
transmission, and absorption, and the effect of
noise on humans. Noise rules and criteria.
Specific topics: aerodynamic noise, compres-
sor, fans, and propellers, acoustically induced
instabilities in valves, heat exchangers. Mufflers
and duct-liner technology.
K. U. Ingard

16.60 Advanced Special Project (A)

Prereq.: -
G(1, 2, S)
Arr.

Study, original investigation, or lab project work
of graduate level by qualified students. Topics
selected in consultation with instructor
H. Y Wachman

16.601 Advanced Special Subject (A)

Prereq.: -
G(1, 2)
Arr.

16.602 Advanced Special Subject

Prereq.: -
G(1, 2)'
3-0-6

Organized lecture or laboratory subject, consist-
ing of graduate-level material not available in
regularly scheduled subjects.
H. Y Wachman

16.605 Special Projects

Prereq.: -
U(1, 2. S)
Arr

Study or laboratory project work of undergradu-
ate 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)
Arr.

Study at the undergraduate level b ualified
students. Topics selected in consuaon with
the instructor.
W R. Markey

16.608J Biomedical Instrumentation
Electronics

(Same subject as 2.781J, HST 570J)
Prereq.: Permission of Instructor
G(S) Next offered 1990
6-6-6

See description under subject HST 570J.
D. Rowell, S. K. Burns

16.61 Microprocessor Architecture,
Interfacing, and Control
(Revised Content and Unit)

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. Hegi1ster and bus
structures, number representation, brief over-
view of assembly-language and mixed-lan-
guage programming. Parallel and serial Inter-
faces, timing and interrupts, analog-to-digital
and digital-to-analog conversions, use of
floating pint rrcessors. Sampling theory,
analog and r.yital 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.
0. L. Akin, H. L. Alexander

16.621 Experimental Projects I

Prereq.: 16.004
U(1; 2)
1-1-1

Introduces laboratory experimental techniques.
Principles of reliable measurements. Laboratory
safety. Instruction in effective report writin an
oral presentation. Selection and detailed plan-
ning of an individual research project, !nluding
design of components or equipment. Prepare.
tion of a detailed proposal for the selected
project carried through to completion under
16.622.
M. J. Graves

16.622 Experimental Projects i

Prereq.: 16.621
U(1, 2) LAB
1-7-4

Helps student gain practical insight and im-
proved understanding of engineering exper-
mentation through design and execution of
project" ex riments. Building upon work In

16.621, student constructs and tests equipment,
makes systematic experimental measurements
of phenomena, analyzes data, compares theo-
retical predictions with results. Written final
report on entire project and formal oral presen-
taton. Provides valuable link between theory
and practice.
M. J. Graves

16.64 Flight Measurement Laboratory

Prereq.: 16.002
U(2)
2-2-2

Opportunity tc see aeronautical theory applied
in real-world environment of flight. Students
sssist in design and execution of simple engi-
neering flight experiments in light aircraft. Typi-
cal investigations include determination of
stability derivatives, verification of performance
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specifications, and measurement of navigation
system characteristics. Umited to students in
Aeronautics and Astronautics.
R. J. Hansman

16.65 Measurement, instrumentation, and
Computers (A)

Prereq.: 16.02, 16.20, 6.071
G(2)
3-0-9

Foundation for experimentation in aerodynamics
and structural mechanics, including sensor
selection, analogue signal processing, and
computer data acquisition. Emphasizes physical
system constraints and the practical aspects of
experimentation. Alternate years.
A. H. Epstein

16.672 Entrepreneurship

Prereq.: -
G(2)
4-0-5

School-Wide Elective Sub ject. Description given
at end of this chapter on SWE page.
W C. Flowers

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. Rines

16.701 Principles of Systematic Policy
Analysis

Prereq.: Permission of Instructor
G(1)
3-0-6

Introduces the systematic analysis of policy
choices, emphasizing approaches, concepts,
and techniques employed. Main focus on
techniques for comparing major project or
program alternatives. Studies time-streams of
enefits and costs. Pertinent operations re-

search techniques, including linear and integer
programming, project scheduling, and game
theory. Introduces decision analysis and utility
theory.
A. R. Odoni

16.704J Seminar in Air Transportation
Analysis and Planning

(Same subject as 1 .233J)
Prereq.: -
G(1)
1-0-5

A review of current issues facing the airline
Industry in operational, economic, financial,
regulatory, and institutional areas. Seminars are
presented on alternative weeks by leading
speakers from airlines, aircraft manufacturers
major airports, regulatory agencies, and national
and international aviation organizations. Prepara-
tory 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) Next offered 1990-91
3-0-6

Introduces the various aspects of present and
future Air Traffic Control systems. Descriptions
of the presant system: systems-analysis ap-
proach to problems of capacity and safety;
surveillance, including NAS and ARTS; naviga-
tion subsystem technology; aircraft guidance
and control; communications; collision avoid-
&nce systems; sequencing and spacing In
teiminal areas: future directions and develop-
ment: critical discussion of past proposals and
of probable future problem areas. Requires term
paper.
R. W Simpson

16.74 Air Transportation Economics (A)

Prereq.: -
G(1)

Introduces fundamental concepts for the eco-
nomic analysis of airline systems. Contrasts
basic models of the operation of air transport
markets with neoclassical microeconomic
models. Defines market systems for air transport
service, and develops a theory for pricing,
demand, costs, and supply for regulated and
unregulated, domestic and international mar-
kets. Presents market models for equilibria in
isolated markets and over a network of markets.
R. W Simpson

16.752J International Air Transportation

(Same subject as 17.334J)
Prereq.: -
G(1)
3-0-6

Emphasizes political aspects of international air
transport Topics: international civil aircraft
industry; types of airline ownership; characteris-
tics of air transport in North and South America,
Europe, Middle East, Africa, Asia, USSR; world
route patterns; bilateral negotiations; internation-
al air transport organizations; air transport in
developing nations; unlawful interference with
aircraft; international air-cargo industry. Term
paper.
B. R. Gidwitz

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,
H. N. Psaraftis

16.77 Flight Transportation Operations
Analysis (A)

Prereq.: 15.081
G(2)
3-0-6

Studies application of linear programming and
network fow theory to operational problems in
flight transprtation systems. Reviews graph
theory. Ne ork 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 sheduling,
aircraft and crew routing, timetable optimization,

assenger traffic flow, fht planning, etc.
dents use computer solve large-scale

problems and for term project.
R. W Simpson

16.781J Planning and Design of Airport
Systems (A)

(Same subject as 1.231J)
Prereq.: Permission of Instructor
G(2) Next offered 1990-91
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.
R. de Neu/ville, J. R C/ark

16.793 Probabilistic Models in Engineering

Prereq.: 1.03 or 6.041 or 18.05
U(2)
3-2-7

School-Wide Elective Subject. Description given
at end of this chapter on SWE page.
A. R. Odoni, R. C. Larson, H. N. Psaraftis

16.794 Engineering Risk-Benefit Analysis (A)

Prereq.: 18.02
G(2) Next offered 1990-91
3-0-6

School-Wide Elective Subject. Description given
at end of this chapter on SWE page,
A. W Drake, A. R. Odoni

16.80 industrial Practice

Prereq.: -
U(1, 2) [P/F]
0-8-0

Seven months of engineering practice, carried
out by the cooperative students at the plants of
organizations participating in the cooperative
proram.
E. Crawley

16.801 Engineering internship

Prereq.- -
U(S) P/FJ
0-6-0

A summer of work experience as part of the
Engineering intemship Program. Students
register for this subject twice, receiving the
grade *J" for the first registration. Two work

signments must be completed In order for
credt to be awarded. Enrollment limited to

students registered in Course XVI-C.
W E. Vander Ve/de
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16.802 Advanced Engineering Internship

Prereq.: 16.801
G(1, 2, S) [P/F]
0-6-0

A consecutive seven-month period of work
experience as part of the Engineering Internship
Program. Students register for this subject in
two terms, receiving the grade "J for the first
registration. Enrollment limited to XVI-C students
who have been admitted to the Graduate
School.
W E. Vander Velde

16.81 Space Flight Dynamics

Prereq.: 16.004, 18.03
U(1)
3-0-9

Topics: launch trajectory analysis, orbit insertion
navigation requirements, orbital mechanics and
spacecraft dynamics, the space environment
(gravity gradients, atmospheric drag, radiation
environment), rendezvous and docking ap-
proaches, thermal equilibrium, reentry trajectory
analysis, convective and radiative heating,
thermal protection system analysis, hypersonic
maneuvering, and landing dynamics of low L/D
vehicles.
W. M. Hollister

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 management.
Provides opportunities to examine topics relat-
Ing to the conduct of engineering activities
within a total management environment. Inter-
faces between engineering and other company
functions, such as marketing, finance, manufac-
turing, quality, explored with emphasis on the
management process. Special attention given to
the role of technical staff in the acquisition of
new business and long-range planning. Semi-
nar 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 atmospheric flight vehicle to satisfy
stated performance, stability, and control re-
quirements. Emphasizes individual initiative,
application of fundamental principles, and the
compromises inherent in the engineering de-
sign process. Enrollment restricted to seniors In
Course XVI who have satisfactorily completed all
other Departmental requirements for the S.B.
degree, or by permission of instructor.
N. D. Ham

16.85 Space Systems Engineering

Prereq.: Permission of Instructor
U(2)
4-0-8

Design of a complete space system, including
Ystems analysis, trajectory analysis. entry
ynamicsp repulsion and power systems,

structural design, avionics, thermal and environ-
mental control, human factors, support systems,
weight and cost estimates. Students participate

in teams, each responsible for an integrated
vehicle design, providing experience in project
organization and interaction between disci-
plines. Enrollment restricted to seniors in
Course XVI who have satisfactorily complete all
other Departmental requirements for the S.B.
de ree, or by permission of instructor.
D. 2.Akin

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, communica-
tions, power generation, structural design,
thermal balance, and subsystem integration.
Considers trade-offs among weight, efficiency,
cost, and reliability. Discusses choice of desin
parameters, such as size, weight, power leve s,
temperature limits, frequency, bandwidth.
Examples taken from current satellite systems.
W M. Hollister

16.852 Spacecraft and Aircraft
Instrumentation (A)

Prereq.: 6.071, 8.03
G(1) Next offered 1990-91
3-0-9

Covers fundamental instrumentation principles
in the context of systems designed for space or
atmospheric flight. Systems discussed are
incoherent and doppler radars: space commu-
nications: spacecraft attitude determination by
stellar, solar, and horizon sensing; remote sens-
ing by radiometry, spectrometry, and interferom-
etry: air data systems; and radio navigation.
Also, review of basic electromagnetic theory
and antenna design. Discussion of design
considerations for flight. Altemate years.
R. J. Hansman

16.87 VTOL Aircraft (A)

Prereq.: 16.02
G(1)
3-0-6

An analytical discussion of the fundamental
performance, stability, and control characteris-
tics of vertical take-off and landing aircraft,
including helicopters and ducted fan, rotor-pro-
peller, jet vectored-lift, and jet vertical-lift aircraft
Altemate years.
N. D. Ham

16.88 Aerodynamics, Structural Dynamics,
Aeroelasticlty of Wind Turbines and
Rotorcraft (A)

Prereq.: 16.02
G(1) Next offered 1990-91
3-0-6

An analytical discussion of fundamental aerody-
namic, structural dynamic, and aeroelastic
characteristics common to wind turbines and
rotorcraft. Includes the horizontal axis and
vertical axis types of wind turbine, and the
helicopter and tilting rotor-propeller types of
rotorcraft. Alternate years.
N. D. Ham

16.91 Structural Dynamics (A)

Prereq.: 16.20
G(1)
3-0-9

Vibrations of simple and complex structures:
bars, strings, rods, beams, plates; emphasizes
physical concepts. Analyzes continuous and
multimass systems. Formulation and application
of diverse methods; finite element, Galerkin,
integral equation. and numerical collocation.
Variational principles in dynamics: Hamilton's
Principle and Lagrange's equations. Transient
response solution by modal superposition and
direct numerical Integration techniques. Self-ex-
cited vibrations, dynamic stability. Wave propa-

ation concepts. See 2.032 and consult advisor.
. H. von Flotow

16.92 Advanced Aeroelasticity (A)

Prereq.: 16.004, 16.91
G(2) Not to be offered 1990-91
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 instabili-
ties of simple and complex structures. Similarity
lows and wind-tunnel modeling. Responses to
gusts and random excitation. Derivation of
unsteady airloads. Simple nonlinear aeroelastic
behavior. Alternate years.
J. Dugundi, E. F Crawley

16.93 Dynamics of Space Structures (A)

Prereq.: 16.91, 16.341J
G(2) Next offered 1990-91
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 nonlinear
effects. Mode shape-wave duality in structures.
Approximate and continuum modeling. Formu-
lations of controllers for reduced-order models.
Control-structure interaction and spillover.
System identification. Deployment and assem-
bly dynamics. Altemate years.
E. F Crawley

16.94 Advanced Structural Dynamics (A)

Prereq.: 16.91
G(1) Next offered 1990-91
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 propagation and scatter-
ing In structural networks and In periodic struc-
tures. Mechanical filtering. Forced and paramet-
ric excitation. Altemate years.
E. F Crawley



148D Aeronautics and Astronautics

16.991 Aeronautics and Astronautics 16.ThG Graduate Thesis (A)
Seminars

Prereq.: -
Prereq.: - G(1, 2, S)
U(1, 2) [P/F] Arr.
2-0-0____________________

Program of graduate research, leading to an
Speakers from campus and industry discuss S.M., E.A.A., Ph.D., or Sc.D. thesis; to be ar-
current activities and advances In aeronautics ranged by the student with an appropriate MIT
and astronautics. Enrollment restricted to faculty member, who is then thesis supervisor.
Course XVI students. H. Y Wachman
W R. Markey

16.992 Seminar

Prere.:-
G(1 2) [P/F]

2-0-0

Discussion of current interest topics by staff and
guest speakers. Enrollment restricted to Course
XVI students.
W R. Markey

16.993 Management in Engineering

Prereq.: -
U(1)
3-0-9

School-Wide Elective Subject. Description given
at end of this chapter on SWE page.
D. R Hoult, H. S. Marcus

16.994 Nuclear War: Threat and Avoidance

Prereq.: -
U(2) HASS
3-0-6

School-Wide Elective Subject. Description given
at end of this chapter on SWE page.
M. M. Miller, R Morrison, G. W Rath/ens,
E. Rothschild J. R Ruina

16.995 Nuclear Weapons and Arms Control:
Technology and Policy issues

Prereq.: -
G(l)
4-08

School-Wide Elective Subject. Description given
at end of this chapter on SWE page.
G. W Rath/ens, J. P Ruina

16.996J Ethical Issues in the Work Life of
Engineers and Scientists
(New - Context Subject)

(Same subject as 2.95J, 18.096J, STS 061J.
TPP 09J)
Prereq.: Permission of Instructor
U(1) HASS
3-0-9

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. Lec-
turee will survey issues and practices in various
Institutional and disciplinary contexts. In discus-
sion sections students will develop ethics sce-
narios on Issues of their own choosing and
explore them with representatives of corpora-
tions, universities, et. at which students might
work or study. Open to seniors, graduate stu-
dents, orby permission of Instructor.
C. Whitbeok, D. Anick, S. Bird, I. Paul, L. Trilling
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Course 17 Political Science

Political Philosophy/
Social Theory

17.104J Philosophies of Social Science (A)

(Same subject as 24.625J)
rereq.: Permission of instructor

G(2)
3-0-9

Addresses philosophical issues arising in con-
temporary social scientific research practice.
Issues of explanation and understanding, the

Sustification of theories and arguments, objectiv-
and commitnment In political research.
R. Alker, Jr.

17.105J Political Philosophy

LSame subject as 24.233J)
rereq.: One Philosophy Distribution subject

U(1)
3-0-9

17.106J Political Philosophy (A)

(Same subject as 24.611 J)
Prereq.: One Modern Political Philosophy

sub ect
3(19
3-0-9

A comparison of different conceptions of social
jus~tice through a study of both classical and
contemporary political philosophy. Topics
include contractualist and utilitarian justifications
of the state: the role of rights in political argu-
ment; communitarlin criticisms of liberalism; the
alleged tensions beween liberty and equality;
and problems of fair distribution of resources.
Meets with 17.105J.
J. Cohen

17.107 Introduction to Political Theory:
Individual and Community

Prereq M-
U(1) HUM-D
3-0-8

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 dividual as they encounter
demands of the community for order, justice,
and obedience. Extent to which political society
is justified in shaping the lives and conscious-
ness of its members. Foundations of political
authority. Readrings include Plato, Aristotle, St.
Augstne, Mach avelli, and Hobbes.

17.109J Philosophy of Law

(Same subject as 24.235J)
Prereq.: One Philosophy subject
U(1)
3-0-9

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 classical
debates In social theory, e.g., the sources on
instability in slave systems and the notion of a
determinate logic of social progress. The sec-
ond 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~ 6ocial theory, e.g., the role of
moral sentiments in explaining political action
and the plausibility of evolutionary explanations
of social change.
C. F Sabel

17.111 Modern Social Theory

Prereq.:
U(1)
3-0-9

17.112 Modern Social Theory (A)

Prereq.: -
G(1)
3-0-9

This seminar studis selected writings of Too-
queville, Marx, Weber, and Durkheim. It focuses
on three broad Issues: 1) In tryin to understand
social/political change, what are te significant
social nexuses for these theorists; 2) the explan-
atory accounts that these theorists give of
'major" historical changes, (e.g. feudalism to
capitalism, aristocracy to democracy, "tradition-
al" to "rational" societies); 3) the theoretical and
explanatoty significance of non-Western socl-
eties 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 wih
17.111.
U Mehta

17.113J Classics In Political Philosophy

Same subject as 24.09J)
rereq.: -

U(2) HASS-DIHUM-D
3-0-9

See description under subject 24.09J.
U. Mehta

17.11SJ Justice

(Same subject as 24.04J)
Prereq.: -
U(1, 2) HASS-D/HUM-D
3-0-9

See description under subject 24.04J.
J. Cohen, 0. Brink

Political Economy

17.154J Politics of Industrialization (A)

(Same subject as STS 504J)
Grereq.: Permission of Instructor
G(2)
3-0-9

Focuses on the way the pace and direction of
economic development depend upon the
outcomes of historical struggles for justice and
the control of resources: llos in the broadest
sense. Shows how both the Industrial structure
of mass-production capitalism and the definition
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 1: Theories of the
State and the Economy (A)

(Same subject as 14.781J)
Prereq.: Permission of Instructor
G(1)
3-0-9

Critical analysis of liberal, neoclassical, and
Marxist perspectives on modem society. Aiter-
native theories of economic growth, historical
change, the state, classes, and ideology.
S. Berger, M. J. Plore
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17.1 SJ Political Economy of West Europe (A)

Prereq.: 17.534 or 17.156J
G(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
(industrial policy? monetarism? protectionism?).
S.Berger

17.160 Political Sociology (A)

Prereq.: Permission of Instructor
G(1) Next offered 1990-91
3-0-9

Provides a general introduction to the field of
Political Sociology. Covers works by the classi-
cal theorists (Tocqueville and Weber) as well as
the emergence of the discipline in the post-war
period (Bendix, Lipset, Dahl, Truman). While
subject reviews the main paradigms treating the
relations between politics and society, the focus
is on institutionalist approaches. Central issues
include: the problem of democracy, the conflict
between bureaucracy and democracy, relations
between elite and mass, the representation of
interests, and the theory of collective identities.
E. M. Immergut

17.162 States in History and Theory (A)

Prereq.: -
G(1)
3-0-9

Aims to familiarize students with the archetypal
forms of the modern state and with debates
regarding its true nature. Also intended to allow
American students of social science to under-
stand foreign students' often unspoken presup-
positions about politics, and vice versa. Ex-
plores 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)

Preieq.: -
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 19209; the sources of
protest in the 1930s and the limited transforma-
tion of the American industrial relations system;
industrial pluralism and postwar prosperi ; the
breakdown of the postwar system and efforts,
rooted in the unrealized opportunities of labor's
traditions, to reestablish the Institutional security
of the labor movement.
C. F Sabel

17.166J Problems of Advanced Industrial
Societies (A)

(Same subject as STS 506J. 15.333J)
Prereq.: 17.156J or If 21
G(2) Not to be offerea 1990-91
3-0-9

Analyzes selected comparative political econo-
my issues. Includes industrial relations systems,
international competitiveness, training and skills,
structural change, and new technologies.
Focus on industrial adjustment in light of
changing patterns of international competition.
Open to qualified undergraduates by permis-
sion of instructor. Alternate years.
R. M. Locke

17.167 Political Economy of Asia

Prereq.: -
U(1)
3-0-9

17.168 Political Economy of Asia (A)

Prereq.: -

3-0-9

Comparative analyses of economic and political
developments of India, China, Japan, and
Korea- Taiwan-Singapore. Focuses on the poli-
tics of economic planning, relationships be-
tween policy and performance, political and
social 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 consequences
of population movements across international
boundaries and within states. Detailed examina-
tion of the following: political effects of urban
migration, political behavior of political refugees,
consequences of internal population move-
ments in multiethnic societies, economic and
political impact of migrants on the receiving
country, effects of migration on the country of
origin. Draws case materials from contemporary
Asia, Africa, and Latin America.
M. Weiner

17.172J Technology, Productivity, and
Industrial Competition
(New)

(Same subject as 15.970J, 22.843J, STS 511J)
Prereq.: Permission of Instructor
G(2) Next offered 1990-91
3-0-9

See description under subject 22.843J.
R. K. Lester

See also 17.422.

American Politics/Public Policy

Public Policy

17.201J Politics and Public Policy

(Same subject as 11.007J)
Prereq.: -
U(2) HASS-D/HUM-D
3-0-9

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, evalu-
ation of distributive equity, and unintended
consequences.
E. M. Immergut, M. Lipsky, G. T Marx

17.202 Theories of Public Policy (A)

Prereq.: -
G(2)
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 effects of scale
and arenas; bureaucracy and complex organi-
zations; 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) LAB
3-5-4

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. Congressional behav-
ior, comparisons of political processes in differ-
ent countries, and the evaluation of public
policies. Students participate in joint class
projects and conduct individual projects. May
not count toward HASS Requirement.
R H. Lemieux

17.206 The Welfare State In Comparative,
Historical Perspective (A)

Prereq.: -
G(1) Next offered 1990-91
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 assessed
in the light of a series of case studies that in-
clude workmen's compensation, full employ-
ment, and health policy. Issues addressed: How
can one define "the welfare state?" What are the
dimensions of comparison across nations
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(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 (in-
cluding protest politics), professional expertise,
elites, the media, and public officials in the
stages of the policy process. Weighs the rela-
tionship between popular and programmatic
responsiveness and distributive consequences
of policy.
M. Lpsk

17.222 The Organization of Public Policy (A)

Prereq.: -
G(2)
3-0-9

Analyzes the political and policy implications of
delivering policy through public, nonprofit, and
private organizations. Examines the role of
public services in the American political econo-
my. Emphasizes comparisons across policy
areas, such as health, education, and social
welfare, and factors that bear on quality, avail-
ability, and accountability in public services.
Includes balance between professional, bureau-
cratic, and political accountability, and client
roles in service delivery. Open to qualified
undergraduates.
M. Lipsky

American Politics

17.241 Introduction to the American Political
Process

Prereq.: -
U(1) HASS-D/HUM-D
3-0-9

Studies functioning of the American national
governmental system, emphasizing the theoreti-
cal and historical background of the Constitu-
tion, the Congress, the President, and the
Judiciary. Particular attention devoted to diffu-
sion of power in national govemment, role of the
political party, and how institutions of national
government help fulfill the goals of a just and
democratic society.
R. M. Vale//y

17.242 The International Sources of Domestic
American Politics (A)

Prerea.: Permission of Instructor
G(1) Next offered 1990-91
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 attention
paid to links between foreign policy and foreign
economic policy and change and continuity in
the organization of the legislative-executive

system, interest up politics, political entre-
preneurship, pay politics, the organization of
the media, and elite and citizen attitudes toward
constitutionalism and social democracy.
R. M. Valelly

17.243 American Politics and Social Change

Prereq.: -
U(2) HUM-D
3-0-9

Analyzes both industrialization and the civil
rights movement in order to treat aspects of the
American political process (interest group and
party litics), key national institutions (the
presidency and C ongress), and differences
between normal and transformative politics in
America. Special attention is paid to democratic
theory. Includes American political evolution, the
nature of democracy, the role of interests and
values in politics, political leadership, participa-
tion, social conflict, and social control. Consult
Department headquarters.

17.244 The Politics of Spending and
Taxing (A)

Prereq.: Permission of Instructor
G(2) Next offered 1990-91
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 influ-
ence spending and taxing choices; budgetary
politics within Congress, the bureaucracy, and
the institutional presidency; the politics of bud-
getary reforms: and the problems of developing
a coherent budgetary policy in a democracy.
C. Stewart

17.245 The Supreme Court and
Constitutional Processes

Prereq.: -
U(2)
3-0-9

An interpretation of constitutional rights, pro-
cesses, and concepts of limited government, in
light of Supreme Court decisions and executive
and legislative initiatives. Consult Department
headquarters.

17.249 Electoral Politics in the US

Prereq.: 17.241
U(1)
3-0-6

Analyzes political parties and their role in deci-
sion making in the political system. Primary
attention to the American party system. 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 behavior of electorates
under acute stress. Consult Department head-
quarters.

17.250 Theories of the American State (A)

Prereq.: Permission of Instructor
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 soci-
ety? Considers such questions, and addresses
a recent and growing literature, including Skow-
ronek. Skocol, and others. Contrasts are drawn
with pluralist and "rational choice" understand-
ings of 'the state." Open to undergraduates by
permission of the instructor.
R. M. Valelly

17.251 Congress and the American Political
System

Prereq.: 17.241, 17.201J, or Permission of
Instructor
U(1) Next offered 1990-91
3-0-9

17.252 Congress and the American Political
System (A)

Prereq.: Permission of Instructor
G(1) Next offered 1990-91
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. Attention
to committee behavior, leadership patterns, and
informal organization. Considers reiAtions be-
tween Congress and other branches of govern-
ment, 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
U(2) Next offered 1990-91
3-0-9

17.254 American Political Economy (A)

Prereq.: 17.241
G(2) Next offered 1990-91
3 0-9

Over time, what have been the key ways in
which governmental institutions have regulated
the national economy and the social effects of
the economy's operation? With what conse-
quences for efficiency, income equality, political
participation, and political regime legitimacy?
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

Offers a view of the field as a whole for students
without a special background. Considers classi-
cal and modem texts representing several
Influential but sharply contrasting approaches.
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Divergent methodological presuppositions and
attitudes toward key terms such as "econom-
los," "politics," and "history" in later works of
these traditions are highlighted. Major American
political Institutions and processes are high-
lighted In the context of American political
economy. Consult Department headquarters.

17.257J American Society: Values,
institutions, and Variety

(Same subject as 11.006J)
Prereq.: -
U(2) HUM-D
3-0-9

See description under subject 11.006J.
G. T Marx

17.258 Politics of Race and Ethnicity in
America (A)

Prereq.: Permission of Instructor
G(1)
3-0-9

17.259 Politics of Race and Ethnicity in
America

Prereq.: -
U(1)
3-0-9

How have race and ethnicity shaped American
politics from the 18th to the 20th centuries?
What differences have they made to ideology
and the historical development of the political
economy, the party system, and the American
state, and vice versa? Considers these ques-
tions, using a comparative perspective where
appropriate. Graduate students expected to
pursue the subject in greater depth through
reading and individual research.
J. Jennings

17.260 Graduate Seminar in American
Politics (A)

17.261 Congress and the Policy Process

Prere .: 17.251 or Permission of Instructor
U(2) Next offered 1990-91
3-0-9

17.262 Congress and the Policy Process (A)

Prereq.: Permission of Instructor
G(2) Next offered 1990-91
3-0-9

Analyzes the genesis and implementation of
policy in the US by understanding the relations

etween 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 political
institutions.
C. Stewart

17.264 Dynamics of Electoral Politics (A)

Prereq.; 17.241
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 compar-
ative analysis of electoral dynamics and theories
of electoral politics in other Western political
systems. Attention to American voting behavior
since 1960.
R H. Lemieux

17.265 Congressional Elections

Prereq.: -
U(1) Next offered 1990-91
3-0-9

17.270 Evolution of American Politics (A)

Prereq.: -
G(1) iext offered 1990-91
3-0-9

17.271 Evolution of American Politics

Prereq.: 17.241
U(1)
3-0-6

Provides students with historical background for
understanding growth and change in American
national politicsl 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 attention to changes in
behavior, structure, and performance, Empha-
sizes developments in the 20th century. Gradu-
ate students are expected to pursue the subject
at greater depth through reading and individual
research. Meets with 17.270. Consult Depart-
ment headquarters.

17.272 Mass Political Organization (A)

Prereq.: -
G(2) Next offered 1990-91
3-0-9

Why do people join mass political organizations
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 organizations? These
questions are explored in light of competing
theories of mass participation and organizational
dynamics. How do mass political organizations
balance needs of members with competing
demands associated with effectiveness?
M. Lipsky

See also 17.702, 17.704.

Prereq.: 17.241
G(1) N ext offered 1990-91
3-0-9

Analyzes the American political system, with
primary emphasis on the national level. Ex-
amines American political culture, Federalism,
Amencan party system, representation and
public policy, and major institutional compo-
nents of the national policy process. Attention to
contemporarv and comparative research on
American politics and government. Discussion
also includes some reference to the explicit and
Implicit theoretical assumptions of such work, as
well as critiques of these assumptions.
C. Stewart, R. M. Valelly

Examines both the dynamics of congressional
elections themselves, as well as the normative
and policy consequence of electoral politica.
Includes 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
included as a class requirement.
C. Stewart

17.267 The President

Prereq.: -
U(1)
3-0-9

The US President as constitutional executive;
sharer of governing authority with Congress and
the courts; party leader; chief manager of ex-
ecutive agencies; foreign policy leader; and
focus for national political, economic, and social
aspirations. Is the modern office of the President
compatible with democratic traditions and the
traditional rule of law? Consult Department
headquarters.
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Science, Technology, and Policy

17.301 Science, Technology, and Politics

Prereq.: -
U(1)
3-0-6

17.302 Science, Technology, and Politics (A)

Prereq.: -
G(1)
3-0-9

Examines the impacts of science and technolo-
g on governmental institutions and processes.
icludes extent to which science and technolo-

gy have transformed fundamental political
institutions and relationships, role of scientists
and engineers in political decision making,
societal mechanisms for reaching decisions on
controversial technological issues, 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
Gil)
3-0-9

Workshop exploring special topics in science,
technolo y, and public policy related to re-
search interests of participating faculty and
visiting speakers. Student papers are presented
in the latter part of semester. Intended to pro-
vide an overview of the general interaction of
science, technology, and goverment.
E. B. Skolnikoff, C. Kaysen

17.322 Seminar in Systematic Policy Analysis
and Technology Assessment (A)

Prereq.: 14.01, 14.02
G(2)
3-0-6

Analyzes policy problems illustrative of those
facing the Federal and local governments.
Cost-Denefit calculations and topics in welfare
economics. Cases selected from such areas as
energy policy, the environment, space pro-
grams, and communications. Open to under-

aduates by permission of instructor only.
. Rath lens

17.328 Science and Technology in
International Affairs (A)
(Revised Content)

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 international
govemments. The subject is intended as the
irst part of a year-long sequence, with 17.330

as the second part, but can be taken Indepen-
denty, Undergraduates may be admitted with
permIssion of the instructor.
E. B. Skolnikoff

17.330 Research Seminar: Science and
Technology in international Affairs (A)
(New)

Prereq.: 17.328 or Permission of Instructor
G(2) Next offered 1990-91
3-0-9

Explores in greater depth some of the topics
treated in 17.328, and covers additional topics
of current Interest. Emphasizes international
organizations and comparisons with other
nations. In addition to discussions led by the
instructor, includes presentations of student
research and lectures by visitors from inside
and outside MIT. Students taking both subjects
will be able to choose a single extended re-
search paper if they wish. Undergraduates may
be admitted with permission of the instructor.
E. B. Skolnikoff

17.334J International Air Transportation

(Same subject as 16.752J)
Prereq.: -
G(1)
3-0-6

See description under subject 16.752J.
B. R. Gidwitz

17.336J Social and Political impilcations of
Science

(Same subject as STS 105J)
Prereq.: Permission of Instructor
G(2) Next offered 1990-91
2-0-10

See description under subject STS 105J.
L. R. Graham

International Relations/Arms
Control and Defense Studies

International Relations and Foreign
Policy

17.403 American Foreign Policy In a
Changing World

Prereq.: -
U(1) HASS-D/HUM-D
3-0-9

The US as a major actor in a fast-changing
world. Lectures and discussions focusing on the
roots of US foreign policy; origins of the Cold
War; the age of Intervention; security redefined;
interdependence; the policy process.
L. R Bloomfield

17.405 Seminar in Middle Eastern Politics

Prereq.: -
U(1)
3-0-6

17.406 Seminar In Middle Eastern Politics (A)

Prereq.: Pe mIssion of Instructor
G(1)
3-0-9

Divided into three parts: 1) domestic and re-
gional politics of the Arab East, Iran and the

ulf, 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,
discussions, and a paper or a take-home
examination. Graduate students are expected to
pursue the subject at greater depth through
reading and individual research. Meets with
17.405.
W E. Griffith, N. Choucri

17.407 International Relations: War and
Peace

Prereq.: 17.403
U(2)
3-0-6

Analyzes the study of real and potential Interna-
tional systems. Topics: International warfare, the
impact of technology on war and the arms race,
the balance of power, classical and modem
imperialisms, r lonal and universal international
organizations. Vew of alternative futures ex-
amined for developed and developing worlds.
Previous study of international relations ex-
pected. Consult Department headquarters.

17.420 Theories of international Relations (A)

Prereq.: Permission of Instructor
G(2)
3-0-9

Critical analysis of contending theories of inter-
national relations. Focus in on altemative para-
digms, world views, and middle-range theories,
including political realism, idealism, systems
theory, lateral pressure theory, Marxism, and
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alternative theories fro non-Westem, non-ma-
jor-power perspectives. Discussion of connec-
tions between theorles of International relations
and changes In intemational politics and rela-
tions. Open to undergraduates by permission of
intstructor.
N. Choucri

17.422 International Political Economy (A)

Prereg.: Permission of Instructor
G(2) Next offered 1990-91
3-0-6

Interdisciplinary analysis of ways In which
nations undertake dual Intemational objectives:
pursuit of power and pursuit of wealth. Surveys
major competing paradigms of international
political economy, including neoclassical eco-
nomics, Marxist and neo-Marxist theories, lateral
pressure, dependency views, and structural
views of power relations. Examines political 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 implications.
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
context of past tendencies and future possibili-
ties. Roots of US policy; origins of the Cold War;
the security redefined; interdependence; the
policy process. Open to advanced undergradu-
ates by permission of instructor only.
L. R Bloomfield

17.438 Research Seminar on African Foreign
Relations and Development (A)

Prereq.: Permission of Instructor
G(1)
3-0-9

Special topics concerning African internationall
relations, including foreign policy processes,
African international organizations, and African
participation in multilateral organizations. Re-
gional integration and international investment
institutions.
W R. Johnson

Defense and Arms Control Studies

17.460 Defense Politics (A)

Prereq.: -
G(2)
3-0-9

Examines the politics affecting US defense
policies. Includes consideration of intra- and
inter-service rivalries, ovil-military relations,
contractor Influences, congressional oversight,
and peace movements in historical and contem-

M persp s.

17.465 Nuclear War: Threat and Avoidanne

Proreq. -
U(2) HASS
3-0-6

Engineering School-Wide Elective Subject.
Description given at end of this chapter on SWE
page.
M. M. Miller, R Morrison, G. W Rath/ens,
J. R 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 1i arms control
efforts and major issues in defense policy.
Emphasis on current issues. Topics, varying
from year to year, treated In some detail. Con-
sideration of technical questions, political ques-
tions, economic and military impact. Examples:
START and space-based ballistic missile de-
fense.
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, organization theory,
civil-military relations, and the relationship
between war and politics. The reading list
includes Jervis, Schelling, Waltz, Blainey, von
Clausewitz, Brodie, Allison, Steinbruner, and
Huntington. Students write a seminar paper in
which theoretical insights are systematically
applied to a current security issue.
B. Posen

17.469 Military Forces and Foreign Policy

Prereq.: -
U(1) Next offered 1990-91
3-0-6

17.470 Military Forces and Foreign Policy (A)

Prereq -
G(1) Next offered 1990-91
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. Ana-
lyzes 20 historical cases involving deterrence of
central war, coercive diplomacy, crisis manage-
ment, and limited intervention. Discusses impli-
cations for military force posture planning and
military strategy. Graduate students are ex-
pected to pursue the subject at greater de th
through eading and individual research. Meets
with 17.469.
S. M. Meyer

17.474 Comparative Defense
Management (A)

Prereq.: -
G(2)
3-0-9

Examines the management issues in the organi-
zation, euipping, and direction of military
forces. Of particular interest is the weapon
acquisition process - its politics, administra-
tion, and effects. Comparisons made with
European, Israeli, and Soviet experience.
H. M. Sapolsky

17.476 Strategic Nuclear Forces Seminar (A)

Prereq.: -
G(1)
3-0-9

Introduces the assessment of strategic nuclear
forces. Emphasizes the develpmnt of force
requirements and methods yzing alter-
native force postures in terms of missions,
effectiveness, and cost. The history of the
US-Soviet strategic competition provides the
backdrop against which the evolution of nuclear
strategy and forces is considered.
S. M. Meyer

17.482 US General-Purpose Forces (A)

Prereq.: -
G(2)
3-0-9

17.483 US General-Purpose Foroes

Prereq.:
U(2)
3-0-9

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 projection
forces, and the control of escalation. Particular
episodes of military history that offer insights
Into current conventional forces issues ex-
amined. Graduate students are expected to
pursue the subject at greater depth through
reading and individual research. Meets with
17.482.
a. Posen

17.484 Comparative Grand Strategy and
Military Doctrine (A)

Prereq.: -
(1) o tto be offered 1990-91

3-0-9

A comparative study of the grand strategies and
military doctrines of the great powers In Europe
(Britain, France, Germany. and Russia) from the
late 19th to the mid-20th century. Examines
strategic develo ments in the years preceding
and during Word Wars I and If. What factors
have exerted the greatest influence on national
strategies? How may the quality of a grand
strategy be judged? What consequences seem
to foliow from grand strategies of different
typos? Open to undergraduates with permission
of instructor.
B. Posen
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17.486 Nuolear 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

TT-Rathjens, J. R Ruina

17.487 Quantitative Approaches to Defense
Problems

Prereq.: 17.465, 17.842
U(2)
3-0-6

17.488 Quantitative Approaches to Defense
Problems (A)

Prereq.: 17.486, 17.465 or 17.842
G(2)
3-0-6

Systems analysis of policy choices in the defen-
se/arms control area. Consideration of cost and
benefit criteria. Analytical approaches and
critique of applications.
G. W RathJens

17.490 Soviet Defense Planning (A)

Prereq.: -
G(1)
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.

M. Meyer

17.492 Research Seminar In Soviet Security
Studies (A)

Prereq.: 17.490
(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 weap
one systems (SS-20, Pershing 2, Cruise Missle)
differin West European and US estimates of
the USSR and their policy results (credits,
technology transfer, and arms control negoti-
ations); the INF treaty, the energy crisis, foreign
trade, and US-West European differences on
Middle Eastern policy.
W E. Griffith

See also 17.301, 17.302, 17.328, 17.403,
17.405, 17A06, 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
G(1)
3-0-9

Studies analytical models of the political process
in transitional societies. Systematic examination
of factors influencing poli cal behavior in chang-
Ing societies; functions of politics in such socl-
eties. Open to qualified undergraduates.
L. W. Pye

17.520 Comparative Politics of
Business-Government Relations (A)

Prereq.: Permission of instructor
G(1)
3-0-9

Seminar provides an introduction to the cross-
national study of business-government rela-
tions, emphasizing competing theoretical per-
spectives and with attention to experiences of
selected industrialized countries. Examines how
and why govemments are in business, as well
as the influence businesses exert on govern.
mental decision making. Central questions
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

17.522 Research Seminar on African
Development (A)

Proreq.: 17.576
G(2) Next offered 1990-91
3-0-9

Research seminar on particular development
problems of selected African countries. Inten-
sive examination of a sector, institutional factor,
or process. Examples include agricultural devel-
opment, the parastatal sector, regional integra-
tion, international investment instutions.
W R. Johnson

See also 17.154J, 17.156J.

Advanced Industrial Societies

17.534 Domestic Politics of Western
Europe (A)

Pre .: Permission of Instructor
G(2)N ext offered 1990-91
3-0-6

Compares politics and society in France, Great
Britain, Germany, and Italy. Anal es "cases" of
the integration of feudal remnan and the
problem of controlling the economy. Open to
undergraduates.
S. Berger

17.539 Politics and Policy In Contemporary
Japan

Prereq.: -
U(2) Next offered 1990-91
3-0-6

17.540 Politics and Policy In Contemporary
Japan (A)

Prereq.: Permission of Instructor
G(2) Next offered 1990-91
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. Aiontion to defense,
foreign, Industrial, social, energy, technology
policy rocesses. Graduate students are ex-

ctdto pursue the subject at greater depth
rough reading and class presentations. Meets

with 17.539.
R. J. Samuels

See also 17.154J, 17.156J, 17.158, 17.164,
17.166J.

Developing Countries

17.543 Political Change in Latin America

Prereq.: -
U(2) HUM-D Not to be offered 1990-91
3-0-9

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, intemational debt, the
environment, and the role of women.
J. A Fox

17.544 Comparative Politics of Latin
America (A)

Prer -
G(1)%ext offered 1990-91
3-0-9

Latin American politics in comparative perspec-
tive. Focus on conflict between democracy and
authoritarianism. Case studies of different politi-
cal systems and economic models, such as
Mexico, Brazil, Chile, Cuba, and Central Ameri-
ca. Special attention to regime change, social
movements, economic policy making, and the
role of the US.
J. A. Fox
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17.545 Political Change in South Asia: India,
Pakistan, Bangladesh, and Afghanistan

Prereq.: -
U(2)
3-0-9

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 occurring
in the region: the changing role of political
parties and the military; the impact of caste,
linguistic, religious, tribal, and class forces; the
electoral process; the political determinants and
consequences of development policies; and the
changing involvement of external powers.
Attention to Issues of national integration, politi-
cal legitimacy, and political participation. Gradu-
ate 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

17.548 Chinese Politics (A)

Prereq.: Permission of Instructor
G(2)
3-0-6

Analyzes contemporary Chinese politics, both
pro- mmunist and Communist. Focus on the
process of modernization and political develop-
ment of Chinese civilization. Graduate students
are expected to pursue the subject at greater
depth through reading and individual research.
Meets with 17.547.
L. W Pye

17.558J Politics, Technoly and Public
Policy In the Middle East (A

SSame subject as 1.255J, 4.715J, 11.488J,
85, STS 509J)

Prereq.: -
G(1)
3-0-9

Focuses on contemporary conflicts and com-
peting ideologies, Islam and politics, colonial
expenences, and patterns of social pressures.
Examines role of technological and scientific
institutions. Changing environment of interna-
tional business is explored. as are patterns of
investments In the region. Provides students
with interdisciplinary approach to development
In the Middle East. pan to undergraduates by
permission of instructor.
. Choucr, F Moavenzadeh, K. Keniston,

W Porter, L. Trilling

17.559J Technological Development,
Business, and Poltical Change In the Middle
East
(New - 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)
'rereq.: -

G(2)
3-0-9

Employs historical and contemporary perspec-
tives to analyze the role of rellgion and politics in
shaping socioeconomic and technological
development In the Middle East. Emphasis is on
the role of technological change In contempo-
rary development (and comparisons with other
regions). Examines institutional changes within
states and throughout the region for the man-
agement of socioeconomic and technological
change. Focuses on three broad dimensions of
statehood: population, resources, and techi' .o-
gy. Examines their Interdependence 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
throu h reading and individual research.
17.55WJ may not count toward HASS Require-
ment.
N. Choucri, F Moavenzadeh, K. Keniston,
L. Trilling, W Porter

17.562J Modern Egypt and Iran: Islam and
Politics in Historical Perspective (A)

(Same subject as 21.484J)
Prere .
G(2) ASS
3-0-9

See description under subject 21.484J. Open to
undergraduates.
P S. Khoury

17.576 Politics of Development and
Underdevelopment in Africa (A)

Prereq.: -
G(2)
3-0-9

Analyzes development issues and policies In
selected African countries (inter alia, Cameroon,
Kenya, Nigeria, Tanzania) Including a consider-
ation of the nature and functioning of the politi-
cal systems in these states, their Interaction with
international organizations, and multinational
corporations. Emphasizes policies being pur-
sued by the government to promote economics
and social development. includes role of gov-
emmental and voluntary organizations. Consid-
ers major theoretical literature on development
relevant to Africa.
W R. Johnson

17.577 The Politics of Change In the Third
World

U(2) HASS-D/HUM-D
3-0-9

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.
J. A. Fox, W. R. Johnson

See also 17.406, 17.438.

17.587J Central American Society

LSame subject as 21.521J)
rereq.: -

U(1)
3-0-6

See description under subject 21.521J.
M. Diskin

17.590 Research Seminar on Latin American
Politics

Prereq
G(1) Next offered 1990-91
3-0-9

For students planning research In Latin America,
and for students who seek to Incorporate Latin
American cases In comparative frameworks.
Discussion of current work in the field, with
emphasis on sources, methodology, and strate-
gies for testing theory. Presentation of students'

earch projects as appropriate.
J. A. Fox

See also 17.168,17.170.

Communist Studies

17.601 Communism, Revolution, and Reform:
Lenin to Gorbachev
(New)

Prereq.: -
U(2) HASS-D/HUM-D
3-0-9

Explores the Ideological and political evoutcr
of communism, or state socialism, frr- tv
Russian Revolution to the radical refoar t
-1980s. Organized around four topics - r
ism, as a brand of Marxist ideolog rt
experiment in revolutionary pracuca .2
Stainist dictatorship and comma-c a:--:r
3) export of the Soviet system te Esr
rope and China; 4) the struggle tr mr-
communist countries. What are ft , r
contemporary crisis of Commrs' A-
rent reform programs likely 1c : mrm
tions?
D. L. M. Blackmer
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17.602 Continuity and Change in Soviet
Politics (A)

Prereq.:
G(1) Next offered 1990-91
3-0-9

17.603 Continuity and Change in Soviet
Politics

Prereq.: 17.601
U(1) Next offered 1990-91
3-0-9

Analysis of the nature and evolution of Soviet
politics, centered on four topics: 1) Lenin's
theory and practice in creating the Bolshevik
party and seizing power; 2) overview of the
economic and political dilemmas of building a
socialist regime in a peasant society,
1917-1928; 3) origins and impact of Stalin's
totalitarian system; 4) Soviet politics since Stalin.
Graduate students are expected to pursue the
subject at greater depth through reading and
Individual research. Meets with 17.602.
0. L. M. Blackmer

17.604 Topics in Soviet Foreign Policy (A)

Prereq.: -
G(1)
3-0-9

Permission of instructor required for undergrad-
uates. Treats contemporary Soviet foreign policy
by regional areas, not chronologically. After a
very brief historical background, the course is
divided into three areas: policy toward the West
(and Japan), policy toward other communist
states and parties (centering on Sino-Soviet
relations), and policy toward the Third World. A
substantial paper or a take-home examination.
Open to undergraduates with the permission of
the Instructor.
W E. Griffith

17.606 The Politics of Communist States and
Parties In Eastern and Western Europe (A)

Prereq.: -
G(2)
3-0-9

17.609J Seminar in the Historical and
Political Evolution of the Soviet Union

(Same subject as 21.378J, STS 025J)
Prereq.: Permission of instructor
U(2)
3-0-6

17.610J Seminar In the Historical and
Political Evolution of the Soviet Union

(Same subject as STS 106J)
Prereq.: Permission of Instructor
G(2)
3-0-9

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
G(2)
3-0-9

Research seminar on the Soviet political system
since Stalin's death, with special emphasis on
the Gorbachev period. Three main objectives:
1) evaluation of competing interpretations of
Soviet olitics, 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) stu-
dent research.
0. L. M. Blackmer

17.614J Russian Science and Society

LSame subject as STS 103J)
rere.: -

G(2) Next Offered 1990-91
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)

Political Communication/Political
Behavior

17.702 Political Behavior and American
Politics (A)

Prereq.: -
G(1)
3-0-9

Reviews the behavioral perspective in the study
of American politics. Includes analysis of politi-
cal 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) Next offered 1990-91
3-0-9

Basic survey of Individual and group psycholo-
gy in relation to political behavior. Peadings
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.

LWPye, K. Keniston

17.726 Political Culture (A)

Prereq.: Permission of Instructor
G(2)
3-0-9

Analyzes the psychological and attitudinal bases
of politics. Special emphasis on socialization
patrs, styles of politics, and elite operational

o es On to qualified undergraduates.
L. W Pye

See also 17.255, 17.257J, 17.264, 17.814.

Primarily an analysis of the domestic problems
and foreign relations of the Communist states of
East Europe since World War ii, followed by a
survey of the domestic and foreign policies of
the major West European Communist parties.
Open to qualified undergraduates.
W E.Grifith

Prereq.: -
G(2) Next offered 1990-91
3-0-9

Explores the leading theories of decision mak-
ing and their application to contemporary Soviet
policy formuiation and implementation. Beyond
rational choice and strategic planning, bureau-
cratic, organizational, and other contending
frameworks are examined. Cases include de-
fense, foreign policy, and economic and indus-
trial policies. Previous study of Soviet politics
and institutions is expected.
S. M. Meyer

See also 17.490.
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Polimetrics/Models and
Methods

17.803 Debates and Arguments

Prereq.: -
U(1)
2-1-9

Examines the fallacies and logics of a variety of
recent liberal, radical, and conservative political
arguments. Introduces the student to the "infor-
mal logic" characteristic of legal, political, and
moral argument. The laboratory includes debat-
ing exercises and logical and computerized
analysis of various political arguments.
H. R. Alker, Jr

17.814 Research Methods in Political
Behavior (A)

Prereq.: Permission of Instructor
G(2) Next offered 1990-91
2-2-8

Basic principles of research methodology for
the testing and refinement of social science
theory in the areas of political behavior, political
sociology, social psychology, and communica-
tions. Includes survey design and analysis,
experimental research, content analysis, and
field research.
R 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 meth-
ods for conducting research in Western Europe
and developing countries, including elite inter-
viewing, participant ovservation, case studies,
cross-cultural survey research, and documenta-
ry research. Attention to conceptual, 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 students.
M. Weiner

17.820 Quantitative Methods in American
Politics (A)

(e)xt offered 1990-91
2-2-8

Examines major quantitative research tech-
niques used by political scientists to investigate
American mass political and institutional behav-
lor. Substantive topics covered include the
specification and examination of voting and
opinion models, models of legislative behavior,
and budgetary decision making.
C. Stewart

17.823 Conflict and Its Resolution

L, 7.423)
rereq.: 17.203

U(2)
3-0-9

17.824 Conflict and Its Resolution (A)

(17.424)
Prereq.: 17.842
G(2)
3-0-9

Focus is on different, empirically oriented ap-
proaches to international conflict and its reso!u-
tion. Topics include the sources, instrumentali-
ties, and modalities of conflict, and the ways in
which conflict is negotiated, managed, or re-
solved. Both the research conceptualization (its
theoretical and paradigmatic roots), research
design (including the coniuum from exper-
imental to quasi-experimental to nonexperimen-
tal options), and the methodological implemen-
tation of various empirical studies are reviewed.
Graduate students 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)

17.850 Advanced Topics in Statistical
Modeling (A)

Prereq.: 17.846
G(2)
3-0-6

Focuses on selected topics In statistical model-
Ing and data-based simulation, including ARIMA
models, Intervention analysis, analytical vs
numerical techniques of dynamic analysis,
nonlinear estimation methods. Emphasizes
political science applications. Open to under-
graduates by permission of instructor. Consult
Department headquarters.

See also 17.322, 17.487, 17.488.

Prereq.: Permission of Instructor
G(1)
3-0-9

An introduction to the application of elementary
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 compu-
tation skills and learn to use a statistical comput-
ing package.
R H. Lemieux

17,846 Multivariate Political Analysis (A)

Prereq.: Permission of Instructor
G(2)
2-2-8

Focus on multivariate data analysis procedures,
emphasizing regression. Includes dummy
variable regression, distributed lags, and instru-
mental variables. Students must have taken at
least one previous subject in statistics. Open to

uallfed undergraduates.
HLemieux

17.848 Complex Models of Soolal
Systems (A)

Prereq.: 6.001 or 17.842
G(1)
Arr.

Research seminar focuses on complex models
of socio-political processes. Emphasis is on

olitical reasoning processes. Discusses models
from biological, linguistic, logical, semiotical,
and artificial intelligence tradetions.
H. R. Alker, Jr.
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eeneral Subjects

17.UR Undergraduate Research

Prereq . -
U(1, 2) (P/F]
Arr.

Undergraduate research opportunities in Politi-
cal Science In theoretical and applied research.
Fo)r further Information, contact the Departmen-
tal Coordinator
S. Berger

17.901 Independent Undergraduate Research

Prereq.: -
U(1, 2)
Arr.

Independent research enabling students to do
work in an agency, state, or local govemment,
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)
Arr.

Reading and discussion of special topics in the
fields of social science Open to advanced
undergraduates by arrangement with individual
staff members. 17.909 is taught P/F.
S. Berger

17.913 Pre-thesls Reading Seminar

Prereq.: -
U(1, 2) [P/F]
3-0-6

Intensive reading on topics of interest to stu-
dents preparing for senior thesis under guid-
ance of thesis supervisor. A written paper re-
quired, forming a substantial part of the senior
thesis.
S. Berger

17.915 Junior Colloquium in Political Science
and Public Affairs

(17.912)
Prereq.: Two Political Science subjects or
Permission of Instructor
U(2)
2-0-10

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 political
scientists choose and ask questions and seek
answers to those questions, Topics include
ethnicity and politics, technology and policy,
industrial policy, intemational political economy,
wars today, and regional powers.
M. LJpsky

17.ThU Undergraduate Political Science
Thesis

Prereq.: -
U(1, 2)
Arr.

Program of undergraduate research, leading to
the writing of an S.B. thesis. To be arranged by
the student under approved supervision.
S. Berger

17.950-17.960 Reading Seminar in Social
Science (A)

Prere.: Permission of Instructor
G(1, 2)
Arr.

Reading and discussion of special topics In the
fields of social science. Open to advanced
graduate students by arrangement with individu-
al staff members. 17.959 is taught P/F.
S. Berger

17.ThG Graduate Political Science Thesis (A)

Prere .: Permission of Instructor
G(1. 2
Arr.

Program of graduate research and writing of
thesis; to be arranged by the student with
supervising committee.
S. Berger
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Course 18

General Mathematics

18.UR Undergraduate Research

Prereq.: -
U(1, 2) [P/FJ
Arr.

Undergraduate research opportunities in mathe-
matics. Permission required in advance to
register for this subject. For further Information:
consult the Departmental Coordinator.
0. S. Jerison, Staff

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, approxima-
tions, and extremum problems. Mean-value
theorem. Definite and indefinite integration.
Fundamental theorem of calculus. Applications
of integration to geometry and science. Elemen-
tary functions. Techniques of Integration. Ap-
proximation of definite integrals, improper
integrals, and I'H6pital's rule.
D. . Jerison

18.011 Calculus

Prereq.: Assumes substantial prior knowledge of
calculus
U(1)
6-0-7

Calculus of one variable, emphasizing applica-
tions. Qulok review of differentiation, ollowed by
intensive study of integration and infinite series,
including, as time permits, special topics se-
lected from: perturbation and iteration proce-
dures, stability, summation techniques, asrmp
totlos, numerical analysis,' and other techn ques.
Practice In mathematical formulation of scientific
problems and approximate methods of solution.
H. R Greenspan

18.012 Calculus with Theory

Prereq.: -
U(1)
5-0-7

Covers the same material as 18.01, but at a
deeper and more rigorous level. Emphasizes
careful reasoning and understanding of proofs.
Assumes knowledge of elementary calculus.
Topics' axioms for e real numbers; the RIe-
mann integral; limits, theorems on continuous
functions; derivatives of functions of one vari-
able; the fundamental theorems of calculus;
Tayloes theorem; Infinite series, power eries,
rigorous treatment of the elementary functions.
J. A. Munkres

18.013 Calculus with Applications

Prereq.: Assumes some prior knowledge of
calculus
U(1)
5-0-7

1989-90: Offered as 18.011; see 18.011
description. Students wishing to take this
course should register for 18.011. Information:
H. P Greenspan.

18.02 Calculus

Prereq.: 18.01 or 18.011 or 18.012 or 18.013
U(1, 2)
5-0-7

Calculus of several variables. Vector algebra in
3-space, determinants, matrices. Vector-valued
functions of one variable, space motion. Scalar
functions of several variables: partial differenti-
ation, 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. R. Miller

18.021 Calculus

Prereq.: 18.011
U(2)
5-0-7

Continues 18.011. Calculus of several variables.
Vector algebra, analytic geometry, planetary
motion, orbit stability, partial differentiation,
functions of several variables. Taylor series,
extremal problems, linear programming exam-
ples, numerical methods, multiple integrals,
approximate and asymptotic methods of evalua-
tion, applications, vector calculus, gradient, curl,
theorems of Stokes. Green, and Gauss, conser-
vation laws, fluid motion.
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 careful reasoning
and understanding of proofs. Considerable
emphasis on linear algebra and vector integral
calculus.
J. R. Munkres

18.023 Calculus with Applications

Prereq.: 18.013 or 18.01 or 18.011 or 18.012
U(1, 2)
5-0-7

1989-90: Offered as 18.021: see 18.021
description. Students wishing to take this
course should register for 18.021. Information:
H. R Greenspan.

18.03 Differential Equations

Prereq.: 18.02 or 18.021 or 18.022 or 18.023
U(1, 2, S) SD
4-0-8

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.
Emphasizes formulation of natural phenomena
in terms of differential equations and interpreta-
tion of the solutions.
Term 1: 0. J. Benney, Staff
Term 2: A. Toomre, Staff

18.04 Complex Variables with Applications

Prereq.: 18.03
U(1, 2)
4-0-8

Complex algebra and functions; analyticity;
contour integration, Cauchy's theorem; singula-
rities, Taylor and Laurent series; residues, evalu-
ation of integrals; multivalued functions, poten-
tial theory in two dimensions; Fourier analysis
and Laplace transforms. 18.04 and 18.075 may
not both be taken for credit. Information:
D. S. Jerlson.

18.05 Introduction to Probability and
Statistics

Prereq.: 18.01 or 18.011 or 18.012 or 18.013
U(1, 2) SD
4-0-8

Elementary Introduction, with applications to the
life sciences. Descriptive statistics. Relative
frequency. Probability models. Combinatorics.
Binomial, geometric, hergeometric, and
Polsson experiments. andom variables. Esti-
mation. Hypothesis testing. Confidence regions.
Normal distribution methods.
Term 1: R. M. Dudley
Term 2: M. Fygenson

Mathematics
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18.06 Unear Algebra

Prereq.: 18.02 or 18.021 or 18.022 or 18.023
U(1, 2, S) SD
3-0-9

Basic subject on matrix theory and linear al e-
bra, emphasizing topics useful in other disc -
plines, Including systems of equations, vector
spaces, determinants, eigenvalues, similarity,
positive definite matrices. Applications to Gauss
elimination with pivoting, least-squares approxi-
mations, stability of differential equations, linear
programming, and game theory. Compared
with 18.710, more emphasis on matrix calcula-
tions and applications. Information: G. Strang.

18.063 Introduction to Algebraic Systems

Prereq.: 18.02 or 18.021 or 18.022 or 18.023
U(1) SO
4-0-8

introduction to algebraic systems, primarily for
students interested in computer and information
sciences, with emphasis on finite systems.
Reviews elementary set theory, natural numbers,
modular arithmetic, induction, counting argu-
ments. Elementary number theory and group
theory. Appfications to fast arithmetic, cryptogra-
p hy, combinatorics. Elementary graph theory.
ntroduction to rings and fields. Finite fields:

coding theory, Hamming and BCH codes.
Information: F. T. Leighton, D. B. Shmoys.

18.075 Advanced Calculus for Engineers
(A except 1i, VI, Vill, XII, XIII, XVI, XVIII, XXil)

Prereq.: 18.03
G(1. 2,S)
3-0-9

Functions of a complex variable; calculus of
residues. Ordinary differential equations; inte-
gration by power series; Bessel and Legendre
functions. Expansion in series of orthogonal
functions, including Fourier series. 18.075 and
18.04 may not both be taken for credit.
Information: D. S. Jerlson.

18.076 Advanced Calculus for Engineers
(A except I, VI, XVI, XVIII, XXiI)

Prereq.: 18.075
G(1, 2, S)
3-0-9

Vector analysis: orthogonal curvilinear coordi-
nates. Calculus of varations. Solution of classi-
cal partial differential equations of mathematical
physics, including applications of conformal
mappin and the Laplace transformation.
Informavon: D. S. Jerison.

18.085 Mathematical Methods for
Engineers I (A)

Prereq.: 18.03
0(1,2, S)
3-0-9

Review of linear algebra, applications to net-
works, structures. and estimation, Lagrange
multipliers, differential equations of equilibrium,
Laplace's equation and potential flow, bounda-
ry-value problems, minimum principles and
calculus of variations, Fourier series, discrete
Fourier transform, convolution, applications.
Term 1: G. Strang
Term 2: Staff

18.086 Mathematical Methods for
Engineers 11 (A)

Prereq.: 18.03
G(1, 2, S)
3-0-9

Scientific computing: Fast Fourier Transform,
finite differences, finite elements, spectral meth-
od, numerical linear algebra. Complex variables
and applications. Initiaf-value problems: stability
or chaos in ordinary differential equations, wave
equation vs heat equation, conservation laws
and shocks, dissipation and dispersion. Optiml-
zation: network flows, linear programming,
simplex vs Karmarkar.
Term 1: Staff
Term 2: 0. S. Henningson

18.089 Review of Mathematics

Prereq.: -
G(S)
Arr-

Reviews calculus and differential equations.
Primaril for students in Course XIll-A. Degree
credit allowed only in special circumstances,
0. 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 i of the Institute
Writing Requirement. For majors with little or no
experience in technical writing. Mathematical
content geared to sophomore/junior level. A
satisfactory final paper can be submitted to fulfill
Phase Il of the Writing Requirement. In-class
hours will vary from term to term.
S. Kleiman, Staff

18.099 Independent Activities

Prereq.: -
U(1, lAP 2)
Arr

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 con-
sultation with individual faculty members and
subject to departmental approval.
J. R. Munkres

18.093 Tutoring In Mathematics

Prereq.: 18.02 or 18.021 or 18.022 or 18.023
U(1, 2) [P/F]
Arr.

For undergraduates who are teaching mathe-
matics recitation. Enrollment limited, based on
positions available. Permission must be secured
in advance to register for this subject.
0. S. Jerison

18.096J Ethical issues In the Work Lif of
Engineers and Scientists
(New - Context Subject)

(Same subject as 2.95J, 16.996J, STS 061J,
TPP 09J)
Prereq.: Permission of Instructor
U(1) HASS
3-0-9

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 concems. Lectures will survey issues
and practices in various Institutional and disci-
plinary contexts. In discussion sections students
will develop ethics scenarios on issues of their
choosing and explore them with representatives
of corporations, universities, etc. at which stu-
dents might work or study. Open to seniors,
graduate students, or by permission of
instructor
C. Whitbeck, 0. Anick, S. Bird, I. Paul,
L. Trilling
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Analysis

18.100 Analysis I (A except XVIII)

Prereq.: 18.03
U (1, ) G(1. 2)
3-0-9

Two options offered, both covering fundamen-
tals of mathematical analysis: convergence of
sequences and series, continuity, differentiabili-
ty, Riemann integral, sequences and series of
functions, uniformity, interchange of limit opera-
tions. Both options show the utility of abstract
concepts and teach understanding and con-
struction of proofs. Option A chooses less
abstract definitions and proofs, and gives a pli-
cations where possible. Option B is more a -
stract and for students with more mathematical
maturity. Places greater emphasis on point-set
topology. Information: R. B. Melrose.

18.101 Analysis i1 (A except XVIII)

Prereq.: 18.100, 18.701 or 18.710
U(1) G(1)
3-0-9

Continues 18.100, stressing the topics most
useful in the study of maniolds and global
analysis: differentiable maps, Jacoblans, differ-
entials, inverse and implicit function theorems,
n-dimensional Riemann integral, change of
variables in multiple integration, differential
forms, general version of Stokes's theorem.
18.901 helpful but not required.
Z. Zhou

18.103 Fourier Analysis - Theory and
Applications (A except XVIII)

Prereq.: 18.100
G(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.
V W Guillemin

18.104 Seminar In Analysis

Prereq.: 18.100
U(1)
3-0-9

Seminar for mathematics majors. Students
resent and discuss the subject matter, taken
om current journals or books. Topics vary from

year to year. Information: R. B. Melrose.

18.115 Functions of a Complex Variable (A)

Prereq.: 18.i100
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-
one, conformal mapping, Dirichlet's problem.

S. Helgason

18.116 Topics In Complex Variables (A)

Prereq.: 18.115
G(2)
3-0-9

Topics very from year to year; may be repeated
for credit. Typical topics: Introduction to Rie-
mann Surface Theory, function-theoretic and
geometric approaches to Teichm1ler theory.
Information: R. B. Melrose.

18.117 Topics In Several Complex
Variables (A)

Prereq.: 18.115,18.125
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 I -operator.
R. B. Melrose

18.125 Lebesgue integration (A)

Prereq.: 18.100
G(1)
3-0-9

Lebesgue integration, emphasizing applications
to harmonic and functional analysis on Euclide-
an spaces. Hilbert space, Fourier transform,
integral operators, elementary differentiation
theory. introduction to Sobolev spaces.
D. W Stroock

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.
0. S. Jerison

18.135 Geometric Analysis (A)

Prereq.: 18.125
G(2) Next offered 1990-91
3-0-9

Harmonic analysis on R". Spherical harmonics.
Non-Euclidean Fourier analysis. Paley-Wiener
type theorems, group-theoretic potential theory.
Eigenfunctions, entire functionals, and hyper-
functions. Radon transforms and applications.
S. Helgason

18.152 Intreduction to Differential Equations

Prereq.: 18.100
U(1)
3-0-9

18.155 Distributions and Differential
Equations (A)

Prereq.: 18.102
G(1)
3-0-9

Treats the basic theory of distributions with
many applications to linear ordinary, and partial,
differential equations: distributions and elemen-
tary operations, Green's formula, wave opera-
tors. Fourier transform, temperate distributions,
Sobolev spaces, and constant coefficient elliptic
operators. Convolution, fundamental solutions,
and the Malgrange-Ehrenpreis theorem.
H. Smith

18.156 Introduction to Microlocal Analysis (A)

Prereq.: 18.155,18.965
0(1) Next offer 1990-91

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 micro-
distributions. Darboux's theorem. Hamilton-Ja-
cobi theory, the Maslov bundle. Lagrangian
distributions, Fourier integral operators, and the
Cauchy problem for hyperbolic equations.
R. B. Melrose

18.157 Partial Differential Equations (A)

Prereq.: 18.155, 18.156
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
elliptic operators, hypoelliptic operators with
double characteristics. Operators of real princi-
pal type . Uniqueness for the Cauchy problem.
Spectral theory. Information: R. B. Melrose.

18.158 Topics In Differential Equations (A)

Prereq.: 18.125
G(2) Next offered 1990-91
3-0-9

Contents vary from year to year; may be re-
peated for credit. Topics: probabilistic methods
in elliptic and subelliptic partial differential
equations.
D. W Stroock

18.175 Theory of Probability (A)

Prereq.: 18.125
G(2)
3-0-9

Ergodic theorems, laws of large numbers.
convergence of probability measures, central
limit theorems, stochastic processes. Brownian
motion, martingales, strong Markov properties.
0. IN Stroock

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.
Z. Zhou
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18.177 Stochastic Processes (A)

Prereq.: 18.175
G(1)
3-0-9

Topics in stochastic processes, such as Gaus-
slan, Markov, diffusion and empirical processes.
Content varies from year to year; may be re-
peated for credit.
0. W Stroock

18.199 Graduate Analysis Seminar (A)

Prer .: Permission of instructor

3-0-21

Studies original papers in differential analysis
and differential equations. Intended for first- and
second-year graduate students. Permission
must be secured in advance.
R. B. Melrose

18.238 Geometry and Quantum
Field Theory (A)

Prereq.: Permission of Instructor
G(2)
3-0-9

18.284 In'.roduction to Functions of a
Complex Variable (A except XVIII)

Prereq.: 18.03
G(1)
3-0-9

Complex numbers, analytic functions, Riemann
surfaces for certain functions, Cauchy's theo-
rem, singularities, residues, contour Integrals,
conformal mapping. Schwarz-Christoffel trans-
formation, series and sequences, analytic
continuation, harmonic functions, con jug ate
functions, the gamma function. More advanced
than 18.040.
H. Cheng

18.295J General Relativity (A)

(Same subject as 8.962J)
Grereq.: 18.06, 8.06, 8.312
G(1)
3-0-9

The physical background and mathematical
formulation of the general theory of relativity.
Begins with tensor calculus, differential forms,
and Riemannian geometry. Ultimately concen-
trates on the physical properties and global
structure of black holes.
N. R Warner

Topics vary from year to year; may be repeated
for credit.
/. M. Singer

18.248 String Theory (A)
(New)

Prereq.: Permission of instructor
Gil)
3-0-9

Topics Include representation theory of infinite
dimensional algebras of geometric origin,
semi-infinite cohomology, differential equations
on modular spaces, braid and TeichmOller
group representations. Some familiarity with
elementary algebraic geometry or representa-
tion theory is helpful. Topics vary from year to
year; may be repeated for credit.
A. A. Beilinson

18.276 Mathematical Methods In Physics (A)

Prereq.: 18.745
G(2)
3-0-9

Recent developments in physics require mathe-
matical techniques not usually covered in
standard graduate subjects; e.g., Kaehlerian

9 eometry, Kac-Moody algebras, Teichmuler
orand the theory of Bieberbach groups.

Topic for 1989-90: Positive energy representa-
tions of Virasoro and affine algebras. The Suga-
wara and coset constructions, the determinant
formula, character formulas, modular invariance,
vertex representations, conformally invariant
quantum field theory. Content varies from year
tO yoar; may be repeated for credit.
V Kac

Applied Mathematics

18.301 Introduction to Physical
Mathematics I

Prereq.: 18.03
U(1)
3-0-9

Discussion of mathematical techniques moti-
vated by and applied to scientific problems.
Particle mechanics and differential equations.
Random walk and the diffusion equation.
Asymptotic series and asymptotic estimation of
integrals. Fourier analysis. Introduction to
Sturm-Louville problems and special functions.
18.04 or 18.284 helpful.
R Matthews, R. R. Rosales

18.302 Introduction to Physical
Mathematics il

Prereq.: 18.301, 18.04 or 18.284
U(2)
3-0-9

A selection of the following topics are treated.
Vector and tensor analysis, variational calculus,
formulation and classification of partial
differential equations of mathematical physics
and continuum mechanics. Solution of the latter
equations by separation of variables, Green's
function, integral transform methods, and
regular and singular perturbation techniques.
Knowledge of complex variables desirable but
not essential.
R Matthews, R. R. Rosales

18.305 Methods of Applied
Mathematics I (A)

Prereq.: 18.04 or 18.075 or 18.284 or 18.302
Gil)
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 differen-
tial equations; transform methods: characteris-
tics, Initial and boundary-value problems;
Green's functions; singular perturbation prob-
lems; nonlinear wave propagation.
18.305: L. N. Trefethen
18 306: N. R Warner
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18.307 Methods of Applied
Mathematics Ill (A)

Prereq.: 18.04 or 18.075 or 18.284 or 18.302
G(1)
3-0-9

Selection of material from the following topics:
calculus of variations (the first variation and the
second variation): Integral equations (Vlterra,
equations; Fredholm equations, the Hilbert-
Schmidt theorem); the Hilbert Problem and
singular Inte ral equations of Cauchy type;
Wiener-Hopf Method and partial differential
equations; Wiener-Hopf Method and integral
equations; group theory.
A. Nadim

18.308 Wave Motion (A)

Prereq.: 18.305
G(2)
3-0-9

Linear concepts, wave packets, water waves,
weakly nonlinear theories, resonances, long-
shot interactions. Nonlinear periodic waves,
solitary waves. Solitons. Hydrodynamic stability
theories, linear and modern nonlinear ap-
proaches.
D. J. Benney

18.310 Principles of App!!od Mathematics

Prereq.: 18.02 or 18.021 or 18.022 or 18.023
U(1)
3-0-9

Introductory survey of fundamental concepts in
applied mathematics: optimization, random
process, coding, computer al orithms. This
independent half of the comprete sequence
emphasizes the ideas and topics that relate to a
"discrete" mathematical approach: computation,
combinatorics, probability, linear programming.
D. J. Kleitman

18.311 Principles of Applied Mathematics

Prereq.: 18.03
U(2)
3-0-9

introductory survey of fundamental concepts in
applied mathematics: propaqation, stability,

uilibrium, optimization. is inde ndent half
of the complete sequence emph zes the
ideas and topics that relate to a "continuous"
mathematical approach: diffusion, waves, insta-
bilities, characteristics, and first-order partial
differential equations, with applications to traffic
problems, fluid flow, and other problems in
classical mathematical physics.
0. J. Benney

18.313 Probability

Prereq.: 18.02 or 18.021 or 18.022 or 18.023
U(2) SD
4-0-8

Development of theory and applications of
probabilistic concepts for scientists and engi-
neers. Emphasizes formulation and solution of
probabilistic problems by the algebra of random
variables. Topics: sample space, Bernoulli and
Poisson processes, uniform process, generating
functions and Laplace transforms, discrete and
continuous-parameter Markov chains. Intro-
duces the Central Limit Theorem and the foun-
dations of probability. 18.313 and 18.440 may
not both be taken for credit.
G.-C. Rota

18.314 Applied Combinatorial Analysis

Prereq.: 18.02 or 18.021 or 18.022 or 18.023
U(1)
3-0-9

Combinatorial problems and methods for their
solution. Emphasizes problems of enumeration,
generating function techniques, and construc-
tion of bijections. Additional topics drawn from
graph theory, matchings and network flows.
partial orders, permutation groups and Polya
theory.
M. D. Haiman

18.315 Combinatorial Theory (A)

Prereq.: Permission of instructor
G(1)
3-0-9

Content varies from year to year; may be
repeated for credit. Topics in the past have
included enumeration, generating functions,
partially ordered sets, M6bius functions,
incidence geometries matroids, matching
theory, Ramsey 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
research papers In combinatorics. Topic to be
chosen and presented by the class.
D. J. Kleitman

18.318 Topics In Combinatoris (A)

Prereq.: Permission of Instructor
G(1)
3-0-9

Content varies from year to year; may be re-
peated for credit. Topic 1989-90: Combinatorial
and algebraic properties of simplicial complexes
and polytopes.
R. R Stanley

18.325 Topics in Applied Mathematics (A)

Prereq.: Permission of instructor
G(1)
3-0-9

Computational fluid dynamics applied to prob-
lems in stability, transition, and turbulence.
Numerical and theoretical analysis of the initial
value problem. Effects of three-dimensionality
and relation to second Instability and wave
packets. Development nonlinearity and the
formation of turbulent spots. Numer cal simula-
tion of fully developed turbulent flows using
spectral methods,
0. S. Henningson

18.330 Introduction to Numerical Analysis

Prereq.: 18.03
U(2)
3-0-9

introduces basic techniques for efficient solution
of numerical problems in science and engineer-
ing. Root finding, Integration, function approxi-
mations, differential equations, direct and Itera-
tive methods In matrix theory, analysis of
numerical stability.
D. S. Henningson

18.335 Numerical Methods of Applied
Mathematics I (A)

Prereq.: 18.06
G(1)
3-0-9

18.336 Numerical Methods of Applied
Mathematics 11 (A)

Prereq.: 18.302
G(2)
3-0-9

Advanced Introduction to theory and application
of numerical methods. Term 1: Fundamental
methods for various problems including linear
equations, quadrature, nonlinear equatons,
matrix elgenvalues, Fourier transforms, and
ordinary differential equations. Term 2: numeri-
cal solution of differential equations, especially
of time-dopendent 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. N. Trefethen

18.337 Topics in Numerical Analysis (A)

Prereq.: Permission of Instructor
G(1)
3-0-9

Reading and problem solving on a towp I
numerical analysis not normally coverec ti
18.335 or 18.338, to be agreed upon b st.-
dents and Instructor. Possibilities incUae opt-
mization and nonlinear equations, approxima-
tion theory, sparse matrices. parallel aigorims
boundary-value problems, finifteemen met"-
ods, numerical methods in complex aialvss
Topics vary from year to year may be 'oesme
for credit.
L. N. Trefethen
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18.350 Experiments in Fluid Mechanics

Prereq.: Permission of Instructor
U(2)
3-6-3

A "get your hands wet" approach to fluid me-
chanics for the theoretically Inclined in which
students, assisted by laboratory staff, set up and
carry out a number of exploratory and diagnos-
tic experiments. These fairly simple demonstra-
tions of basic fluid processes and phenomena
are designed to motivate further study by pro-
viding the intuition and experience that underlie
theoretical models, approximations, and analy-
ses. Enrollment is limited,
H. R Greenspan

18.354 Fluid Mechanics

Prereq.: 18.04 or 18.075 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, momentum, and
energy; equation of state; vorticity and circula-
tion theorems; boundary-layer theory; instability
and transition; waves; compressible flows and
shocks; convection. Multiphase fluids, and other
selected topics of current research interest.
18.354: A. Nadim
18.355: R. R. Rosales

18.356 Rotating Fluids (A)

Prereq.: 18.305, 18.354
G(1) Next offered 1990-91
3-0-9

General theory of rotating fluids; transient flows;
effects of viscosity, stratification, compressibility
and nonlinear interactions; wave motion and
stability theory; multiphase flows and centrifugal
separation of mixtures. Application to laboratory,
technological, and geophysical problems.
H. R Greenspan

18.357 Seminar in Fluid Dynamics (A)

Prereq.: 18.355
G(1) Next offered 1990-91
3-0-9

Nonlinear phenomena in fluid flow, especially
stability and wave mechanics. Current topics of
research interest. Emphasis varies from year to

ear. May be repeated for credit.
J. Benney

18.358 Hydrodynamic Stability and
Turbulence (A)

Prereq.: 18.354
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 turbu-
lence. Statistioal stability and the turbulent
transport of hest and momentum. Properties of
convection and shear turbulence.
W V R. Malkus

18.359 Hydrodynamics of Fluid-Particle
Systems (A)
(Now)

Prereq.: 18.354
G(1) Next offered 1990-91
3-0-9

Hydrodynamics of 'iquids containing particles,
droplets, or bubblzs. Topics drawn from the
following list: me tion 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. Nadim

18.375 Dynamics of Galaxies (A)

Prereq.: 8.06, 18.076, or 18.032
G(2) Next offered 1990-91
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, merg-
ers, refueling the central engines. 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 roup representations,
presented with some appliations to quantum
mechanics and particle physics.
0. Z. Freedman

18.396 Topics In Theoretical Physics (A)

Prereq.: 8.20. 6.017
G(2)
3-0-9

Emphasizes major points of theoretical physics.
For students who want to understand fully the
fundamentals, not just to know formulae and
terminology. No advanced background beyond
quantum mechanics and special relativity re-
quired. Topics include: action principle in classi-
cal mechanics, classical fields, symmetry and
groups, canonical quantization, path integrals,
gauge field theories, quantum electrodynamics,
quantum chromodynamics. weak interaction
and the Weinberg-Salam model, renormaliza-
tion, 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, Kolmogo-
rov complexity. Time and spare measures on
computation; completeness, hierarchy
theorems, inherently complex problems.
M. Sipser

18.405J Advanced Complexity Theory (A)

SSame subject as 6.841J)
rereq.: 6.840J/18.404J

G(2)
3-0-9

Current research topics in computational com-
plexity theory. Nondeterministic, alternating,
probabilistic, and parallel computation models.
Boclean circuits. Complexity classes and com-

plete sets. The polynomial-time hierarchy.
Relativization. Definitions of randomness. Ap-
proaches to the P = NP? and related questions.
M. Sipser

18.409 Topics in Theoretical Computer
Science (A)

Prereq.: Permission of Instructor
G(2)
3-0-9

Study of an area of current interest in theoretical
computer science. Topic varies from term to
term; may be repeated for credit.
Information: F T Leighton.

18.410J introduction to Algorithms

LSame subject as 6.046J)
Prereq.: 6.001, 18063cor 18.310

U(1,2)
4-0-8

See description under subject 6.046J.
C. E. Leiserson, 0. S. Shmoys
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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/18.410J. Topics: Data structures, sorting,
selection, hashing. Solving recurrences. Upper
and lower bounds. Dynamic rogramming.
Divide and conquer. Graph algor Ihms: span-
ning trees, matching, shortest paths, max flow.
Matrix operations. Fast Fourier transform. Integer
and polynomial arithmetic. Permutation group
membership. Primality testing. Linear program-
ming. 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 al orithmic design and analysis. Advanced
graph algorithms (matching, network flow and
the traveling salesman problems). Linear pro-
gramming Basis reduction, integer program-
ming, polynomial factorization, diophantine
4pproximation.
E. Tardos

18.419 Seminar in Theoretical Computer
Science (A)

Prereq.: Permission of Instructor
G(1, 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 developing9 the skills
needed to present such results effectively. May
be repeated for credit.
Term 1: ~.Awerbuch
Term 2: E. Tardos

18.421J Algorithmic Algebra and Number
Theory

(Same subject as 6.047J)
Prereq.: 18.06 or 18.710, 18.063 or 18.310 or
18.703
U(2) Next offered 1990-91
3-0-9

Emphasis on constructing efficient algorithms
for classical problems In algebra and number
theory. Integer and polynomial GCD computa-
tion, modular arithmetic, Chinese remainder
theorem, Jacobi symbol computation, primality
testing, extracting square roots mod primes,
Integral lattices, factorization of polynomials over
the rationals, simultaneous diophantine a proxi-
mations, solving binary quadratic and cu ic
modular equations, application to public-key
cryptoraphy. Information: H. Rogers, Jr.,
S. Goldwasser.

18.423J Computability, Logic, and
Programming

(Same subject as 6.044J)
Prereq.: 18.063 or 18.310
U(1)
3-0-9

See description under subject 6.044J.
A. R. Meyer

18.425J Cryptography and Cryptanalysis (A)

(Same subject as 6.875J)
Prereq.: 6.046J/18.410J or 6.851J/18.414J or
6.047J/18.421J
G(2)
3-0-9

See description under subject 6.875J.
S. Micall

18.426J Advanced Topics In Cryptography (A)

Same subject as 6.876J)
rereq.: 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/18.404J
G(2) Not to be offered 1990-91
3-0-9

See description under subject 6.830J.
A. R. Meyer

18.428J Machine Learning (A)

Same subject as 6.858J)
Grereq.: 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
U(2) Next offered 1990-91
3-0-9

Emphasizes the design of efficient algorithms
for graph theoretic problems. Includes fast
algorithms for minimum spanning trees, network
flow, multicommodity flow, vertex and edge
connectivity, maximum cardinality matchings,
planarity testing, and perfect graphs. Atemate
years. Information: D. B. Shmoys.

18.433 Combinatorial Optimization and Linear
Programming

Prereq.: 18.06 or 18.710, 18.310
U(1)
3-0-9

A thorough treatment of linear programming
theory, Dantzig's Simplex method, and duaity
theory. Unear programming applications to

ame theory, approximation algorithms, and
P-complete problems. Assignment problem,

transportation problem, and mIn-cost network
flow problem. Ellipsoid method and Its implica-
tions for combinatorial optimization. Integer
programming.
).8. Shmoys

18.435J Theory of Parallel and VLSI
Computation (A)

(Same subject as 6.848J)
Prereq.: 6.046J/18.410J or 6.851J/18.414J
G(1)
3-0-9

Introduces parallel computation 2nd very large
scale Integration. Design and analyis of systolc
algorithms for routing, sorting, arithmetic, and
graph problems on arrays, trees, hypercubes,
andother fixed-connection networks. Network
transformations, broadcast simulation, retiming.
Mathematical models of hardware. Lower
bounds, P-completeness, area-time trade-offs.
Layout, placement, routing. 3D models, volume/
area universal networks, fat-trees. Parallel pro-
gramming 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
G(2) Next offered 1990-91
3-0-9

Advanced topics in theory of parallel computa-
tion and very large scale integration. Algorithms
for arithmetic, linear algebra, and graph prob-
lems. AKS, columnsort, and universality. Wire
routing, compaction, and wafer-scale Integra-
tion. Fault tolerance and testing. Advanced
retiming. Current research topics. Alternate
ears. Information: F. T Leighton,
. E. Lelserson.

18.437J Distributed Algorithms (A)

(Same subject as 6.852J)
Prereq:
G(1 ext offered 1990-91
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
algonthms in communication networks, with
emphasis on graph algorithms methods. Models
of communication networks: static, dynamic,
synchronous, asynchronous. Complexity mea-
sures and trade-offs between them. Efficient
simulations of stronger models by weaker
models. Local management of a global re-
source. Compact data structures or routing.
Protocols in dynamic networks: end-to-end,
broadcast. Graph algorithms: BFS, MST, max-
flow, symmetry-breaking. Resolution of dead-
locks. May be repeated for credit.
S. Awerbuch
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Applied Mathematics: Statistics

18.440 Probability and Random Variables

Prereq.: 18.02 or 18.021 or 18.022 or 18.023
U(1, 2) SD
4-0-8

Topics in applications. Probability spaces,
random variables, distribution functions, ex-
pected value. Binomial, geometric, hypergec-
metric, Poisson distributions. Uniform, exponen-
tial, normal, gamma and beta distributions.
Mean, variance, moments, and generating
functions. Conditional probability, Bayes theo-
rem, joint distributions, and distributions of
transformed random variables. Tchebychev
inequality, 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.
Term 1: R J. Huber
Term 2: R. M. Dudley

18.441 Statistical Inference (A except XVIII)

Prereq.: 6.041 or 18.440 or 18.313
U(2) G12)
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 populations by parametric
and nonparametric methods. Analysis of vari-
ance, regression, and correlation. Sequential
analysis if time permits. Treatment more mathe-
matical than that of 18.05 and more detailed in
its treatment of statistics.
R J. Huber

18.443 Statistics for Applications
(A except XVIII)

Prereq.: 18.440 or 18.313 or 6.041
G(1)
3-0-9

A broar. reatment of statistics, concentrating on
specific statistical techniques used in science
and industry. Topics: hypothesis testing and
estimation. Chi-square goodness of fit, regres-
sion, correlation, time-series analysis, analysis of
variance and experimental design. Treatment
more oriented toward application and less
toward theory than 18.441.
Information: P J. Huber.

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 sto-
chastic rocesses. Empirical phenomena for
which ochastic processes provide models.
Markov-chalns. Markov processes. Renewal
theory. Semi-Markov processes. Queueing
theory and Brownian motion.
Term 1: M. Fvgenson
Term 2: Staif

18.446 Applied Time-Series Analysis (A)

Prereq.: 18.441 or 18.443 or 15.075
G(2) Next offered 1990-91
3-0-9

Statistical techniques commonly used to ana-
lyze time-series data. Topics: estimation of
trends and seasonal adjustment, stationary
series - autocorrelation and spectrum. Estima-
tion and interpretation of spectra. ARIMA mod-
els and fitting them to data. Analysis of bivariate
series - cross correlation and cross spectrum.
Emphasizes leaming techniques by using them
on actual data. Information: P J. Huber.

18.448 The Analysis of Categorical Data (A)

Prereq.: 18.441 or 18.443 or 15.075
G(1) Next offered 1990-91
3-0-9

Theory and application of log-linear models to
multiway contingency tables and other data sets
where the dependent variable is categorical.
Topics: the Poisson distribution, one-way, two-
way, and multiway frequency tables, logit re-
gression, and maximum-likelihood estimation
and computations. Class uses and compares
various computer programs for the estimation of
log-linear models. Most of the technical theoreti-
cal material is reserved until the final few weeks
of the semester, and students outside of Course
XVIII may arrange to substitute a data analysis
project for it. Information: P J. Huber.

18.454 Sampling, Simulation, and Monte
Carlo (A)

Prereq.: 18.440 or 18.313 or 6.041
G(1) Next offered 1990-91
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.
Discussion of statistical background of Monte
Carlo methods and simulation - prominent
parts of experimental mathematics with wide
applicability. Includes variance reduction, condi-
ticnal Monte Carlo, control variates, antithetic
variates, regression methods, Monte Carlo
optimization, application to statistical inference
problems. Information: P J. Huber.

18.455 Analysis of Variance and Design of
Experiments (A)

Prereq.: 18.06, 18.441 or 18.443 or 15.075
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, simul-
taneous confidence Intervals. Presentation of
regression, and analysis of covariance (ANOCO-
VA). Pro erties of the multivariate normal and
related distributions, linear models, general
linear hypothesis. Finally, effect of departure
from assumptions and nonparametric analogs
of ANOVA.
M. Fygenson

18.456 Multivariate Methods in Statistics (A)

Prereq.: 18.06, 18.441 or 18.443 or 15.075
G(2)
3-0-9

Theory and application of commonly used
techniques Involving multivariate data. Attention
devoted to specific applications, and to compu-
tational facilities for applying the methods.
Selects topics from the following: multivariate
regression, discriminant analysis, and pattern
classification. Cluster analysis, factor analysis,
and principal components. Multidimensional
scale analysis. Contingency tables.
R J. Huber

18.457J Statistical Modeling and Data
Analysis (A)

(Same subject as 15.077J)
Prereq.: 18.06, 18.441 or 18.443 or 15.075
G(2) Next offered 1990-91
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) Next offered 1990-91
3-0-9

Overview of robust statistical theory, including
asymptotic minimax, infinitesimal (bounded-in-
fluence) aspects, robust covariances, and
robust regression. Nonparametric methods that
give useful and valid results under a very wide
class of underlying distributions - particularly
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)

Prere.: Permission of Instructor
G(2e Next offered 1990-91
3-0-9

Introduces some special theoretical topics in
mathematical statistics at an intermediate level.
Assumes familiarity with the elements of proba-
bility theory and the fundamental concepts and
basic techniques of statistical inference. Topics
chosen in accordance with the interests of the
instructor and the students.
Information: P J. Huber.

18.466 Mathematical Statistics (A)

Prereq.: Permission of Instructor
G(2)
3-0-9

Decision theory, estimation, confidence inter-
vals, hypothesis testing. Introduces large sam-
ple theory. Asymptotic efficiency of alternative
statistical procedures. Sequential analysis,
empirical Bayes methods.
R. M. Dudley
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For additional related subjects In Statistics,
see:

Civil Engineering: 1.03, 1.06, 1.15, 1.151,
1.202, and 1.205

Electrical Engineering and Computer
Science: 6.041, 6.231, 6.262, 6.264, 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,
15.075,1 5.076J, 15.077, 15.306, and 15.832

Mathematics: 18.05, 18.175, 18.177, and
18.313

See also: 2.061, 5.72, 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

Logic

18.504 Seminar In Logic

Prereq.: -
U(2) Next offered 1990-91
3-0-9

Seminar for mathematics majors. Students
present and discuss the subject matter taken
from current journals or books. Topics vary from
year to year. Information: S. D. Friedman.

18.510 Introduction to Mathematical Logic
and Set Theory

Prereq.: -
U(1) Next offered 1990-91
3-0-9

Propositional and predicate logic. Elementary
model theory: completeness, compactness, and
Lowenheim-Skolem theorems. G6del incom-
pleteness 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 especially
recommended to students enrolled in theoreti-
cal mathematics subjects. 18.510 and 18.511
are offered in alternate years; the na not both
be taken for credit. Information: S D. riedman.

18.511 Introduction to Mathematical Logic
and Recursion Theory

Prereq.: -
U(1) Not to be offered 1990-91
3-0-9

Propositional and predicate logic. Elementary
model theory: completeness, compactness, and
Lowenheim-Skolem theorems. Elementary
recursion theory: enumeration and recursion
theorems. Post s Problem. Godel incomplete-
ness theorem. 18.511 and 18.510 are offered in
alternate years: they may not both be taken for
credit.
G. E. Sacks

18.515 Mathematical Logic (A)

Prereq.: Permission of Instructor
G(1)
3-0-9

18.516 Mathematical Logic (A)

Prereq.: Permission of Instructor
G(2)
3-0-9

First-order logic. Compactness and ultrapro-
ducts. Lowenheim-Skolem theorems and cate-
goricity. Quantifier elimination. Recursively
enumerable sets and definability in arithmetic.
Incompleteness and undecidability. Consistency
and cut-elimination. Zermelo-Fraenkel set
theory. Reflection principles and absoluteness.
The constructible universe. Forcing.
18.515: S. D. Friedman
18.516: E. Hrushovski

18.535 Graduate Logic Seminar (A)

Prereq.: Permission of Instructor
G(1)
3-0-9

Students report on fundamental papers in
mathematical logic. Open to all graduate stu-
dents with an Interest in lo ic. Topics vary from
year to year. May be repeated for credit.
S. D. Friedman

18.565 Recursion Theory (A)

Prereq.: 18.516 or Permission of Instructor
G(1) Next offered 1990-91
3-0-9

Topics in recursion theory chosen from priority
arguments, hyperarithmetic theory, ordined
recursion, E-recursion, theory of projectve sets.
information: S. D. Friedman.

18.575 Model Theory (A)

Prereq.: 18.516 or Permission of Instructor
G(2)
3-0-9

Topics in model theory chosen from stability
theory, O-minimal structures, model-theoretic
algebra, models of arithmetic.
E. Hrushovski

18.585 Set Theory (A)

Prereq.: 18.516 or Permission of instructor
G(2) Next offered 1990-91
3-0-9

Topics in set theory chosen from large cardi-
nals, combinatorial set theory, forcing, descrip-
tive set theory, fine structure theory. Informa-
tion: 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
informal sources. Topics vary from year to year;
may be repeated for credit.
Term 1: S. D. Friedman
Term 2: G. E. Sacks

18.597 Universal Algebra (A)

Prereq.: Permission of Instructor
3(2)
3-0-9

Topics va from year to year; may be repeated
for credit. roperties shared by algebraic struc-
tures, introduction to category theory, Hopf
algebras tensor algebras, supersymmetric
algebras, classical invariant theory, equational
logic, word problems.
G.-C. Rota
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Algebra and Number Theory

18.701 Algebra I

Prereq.: 18.02 or 18.021 or 18.022 or 18.023
U(1)
3-0-9

18.702 Algebra 11

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:

roup theory, geometry, and linear algebra.
econd term: rings and fields - ideals, polyno-

mial rings, factorization, modules, Jordan form
for matrices, extension fields, Galois theory.
D. A. Vogan

18.703 Modern Algebra

Prereq.: 18.02 o, 18.021 or 18.022 or 18.023
U(2) SD
3-0-9

A one-term treatment, covering the traditional
algebra topics that have found greatest applica-
tion in science and engineering as well as in
other mathematical disciplines: group theory,
emphasizing finite groups; ring theory, including
ideals, unique factorization in polynomial and
Euclidean rings; field theory, including 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. R Stanley

18.704 Seminar in Algebra and Number
Theory

Prereq.: 18.702 or 18.703
U(1) Next offered 1990-91
3-0-9

Seminar for mathematics majors. Students
present and discuss the subject matter, taken
rom current journals or books. Topics may vary
from year to year. Information: M. Artin.

18.705 Commutative Algebra (A)

Prereq.: 18.701-18.702 or 18.710-18.703
G(1)
3-0-9

Basic topics in commutative algebra, with a brief
introduction to categorical ideas and homologic-
al algebra. Modules, localization, noetherian
rings finiteness properties, dimension theory.

18.706 Noncommutative Algebra (A)

Prereq.: 18.705
G(2)
3-0-9

Topics in noncommutative algebra, selected
from such areas as ring theory, representations
of grou and rings, polynomial identity rings.
Topics or 1989-90: quantum groups.
G. Lusztig

18.710 Abstract Unear Algebra

Prereq5 18.02 or 18.021 or 18.022 or 18.023

3-0-9

An algebraic treatment of linear algebra, includ-
Ing vector spaces, systems of linear equations,
bases, linear independence, matrices, determi-
nants, elgenvalues, Inner products, quadratic
forms, and canonical forms of matrices. Com-
pared with 18.06, more emphasis on theory and
proofs, less on matrix calculations and applica-

. Kostant

18.711 Game Theory

Prereq.: -
U(1)
3-0-9

Two-person combinatorial games. Finding
winning moves in such games as Nim,
Hackenbush, and Dots-and-Boxes. Analysis of
positions. Algorithmic and algebraic strategies
for reduction of positions. Study of impartial
games. Matrix games, continuous games,

rrow's Theorem. 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 re-
peated for credit. Topics selected from such
areas as cohomology of groups and Lie alge-
bras, K-theory, characteristic classes, higher
algebraic K-theory, cyclic cohomology.
J. Block

18.725 Algebraic Geometry (A)

Prere.: 18.705
G(1) Net offered 1990-91
3-0-9

Introduces algebraic geometry. Centered
around the basic techniques of the subject,
including the theory of schemes, sheaf coho-
mology, and the Riemann-Roch theorem for
curves. Information: M. Artin.

18.727 Topics in Algebraic Geometry (A)

Prereq.: 18.725
G(1. 2) Next offered 1990-91
3-0-9

Topics vary from year to year; may be repeated
for credit. information: M. Artin.

18.728 K-Theory of Algebraic Varieties (A)

18.735 Topios in Algebra (A)

Prereq.: 18.702 or 18.703
G, 2) Next offered 1990-91
3-0-9

Topics va from year to year; may be repeated
for credit. information: M. Artin.

18.737 Linear Algebraic Groups (A)

Prereq.: 18.705
G(1) Not to be offered 1990-91
3-0-9

Introduces the classification of affine groups
over an algebraically closed field via their repre-
sentations as groups of invertible matrices.
D. A. Vogan

18.745 Introduction to Lie Algebras (A)

Prereq.: 18.701 or 18.703
G(1)
3-0-9

Emphasizes theory of Ue algebras and algebra-
Ic aspects of Lie theory. Structure of finite-di-
mensional Lie algebras; Engel and Us theo-
rems, Cartan subalgebras, Cartan criteria.
Structure and classification of semi-simpe Ue
algAbras. Weyl and Levi theorems. Finite-dimen-
sional representations of semi-simple Li alge-
bras, Weyl character formula. Verma modules,
V Kac

18.747 Infinite-dimensional Lie Algebras (A)

Prere.: 18.745
0(2- ext offered 1990-91
3-0-9

Highest-weight representations of infinite-dimen-
sional 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. 1989-90: see 18.276.
information: V. Kac.

18.755 Introduction to Ue Groups (A)

Prereq.: 18.100,18.710
G(1)
3-0-9

A general Introduction to Lie groups. The role of
Ue groups in mathematics and physics. Corre-
spondence with Lie algebras. Homoeneous
spaces. Adjoint representation. Invaant differ-
ential forms and cohomology. Compact Us
groups. Structure of Us algebras.

Prereq.: 18.725
0(2)

3-0-9

Higher algebraic K-theory, higher Chow groups,
motivic cohomology.
R. D. MacPherson



18.756 Analysis on Us Groups (A)

Prsre : 18.755
G(2) ext offered 1990-91
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. Information:
S. Helgason.

18.757 Representations of Ue Groups (A)

Prereq.: 18.755
G(2) Not to be offered 1990-91
3-0-9

An introduction to the representation theory of
compact Us groups.
S. Kostant

18.758 Representations of Lie Groups (A)

Prereq.: 18.757
G(1) Next offered 1990-91
3-0-9

Introduction to unitary representations of semi-
simple Lie groups: compact groups and the
Borel-We teorem: parabolic Induction; Zucker-
man construction; unipotent representations.
Information: D. A. Vogan.

18.769 Topics In Us Theory (A)

Prereq.: Permission of instructor
G(. .2)
3-0-9

Topics vary from year to year; ma be repeated
for credit. Term 1: Topics select9from such
areas as representations of reductive groups
over a finite field, and affine Hecke algebras.
Term 2: Discrete groups and automorphic
representations.
Term 1: G. Lusztig
Term 2: G. Savin

18.775 Algebraio Number Theory (A)

Prereq.: 18.706
G(1 ) Next offered 1990-91
3-0-9

18.776 Algebraic Number Theory (A)

Prereq.: 18.775
G(2) Next offered 1990-91
3-0-9

Term 1: Basic algebraic number theory. Algebra-
ic number fields. Ideals, class numbers, units.
p-adic numbers. Zeta functions, abellan L-ser-

, and reciprocity laws. Introduction to class
field theory. Term 2: Cyclotomic fields. Review of
basic theory. L-functions, Bemoulli numbers,
and class numbers. Constructions of p-adic
L-functions. Gauss and Jacobi sums and distri-
butions. Iwasawa theory. Connections with
algebraio geometry via modular curves and
Fermat curves. Information: M. Artin.

18.781 Theory of Numbers

Prereq.: 18.701 or 18.703
U(2)
3-0-9

Primes, congruences, and arithmetic functions.
Kronecker's theorem, the geometry of numbers.
Quadratic forms and quadratic number fields.
R. D. MacPherson

18.785 Analytic Number Theory (A)

Prereq.: 18.115
G(1) Not to be offered 1990-91
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
discriminant bounds. Abellan characters and
L-functions. The Chebatorev density theorem.
Results based on various Riemann hypotheses
including Artin's primitive root conjecture.
H. M. Stark

18.786 Topics In Number Theory (A)

Prereq.: Permission of Instructor
G(1) Next offered 1990-91
3-0-9

Topics vary from year to year; may be repeated
for credit. Information: H. M. Stark.

Topology and Geometry

18.901 Introduction to Topology I
(A except XVIII)

Prereq.: 18.100
G(1, 2)
3-0-9

18.902 Introduction to Topology ||
(A except XVIII)

Prereq.: 18.901, 18.701 or 18.703
3(2) Next offered 1990-91
3-0-9

Introduces topology, covering topics fundamen-
tal to modern analysis and geometry. Intended
for those going on to graduate work. 18.901:
topological spaces, connectedness, compact-
ness, continuous functions, separation axioms,
function spaces. Metrization theorems, the
Tychonoff theorem. Topological groups. 18.902:
Introduction to algebraic topology. Fundamental
group, covering spaces, Van Kampen theorem,
classification of covering spaces. Applications to
knot theory, classification of compact surfaces,
separation theorems in the plane.
18.901: Term 1: J. R. Munkres
18.901: Term 2: E R Peterson

18.904 Seminar In Topology

Prereq.: 18.901
U(2)
3-0-9

Seminar for mathematics majors. Students
present and discuss the subject matter, taken
from current journals or books. Topics may vary
from year to year. Covers the same material as
18.902, but in seminar form.
0. M. Kan

18.905 Algebraic Topology (A)

Prereq.: 18.702 or 18,705; 18.901
3(1)
3-0-9

18.906 Algebraic Topology (A)

Prereq.: 18.905
G(2)
3-0-9

Fundamental group, covering spaces, simplicial
homology, simplical approximation manifolds.
Homology and cohomology of topological
spaces, universal coefficient theorem, plus
additional topics to be chosen by the instructor.
H. R. Miller

18.915 Graduate Topology Seminar (A)

Prereq.: 18.906
G(1)
3-0-21

Study and discussion of important original
paprs in the various parts of algebraic and
differential topology. Open to all stdents who
have had 18.906 or the equivalent, not only
prospective topologists.

a1 emaes170D M h i
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18.917 Advanced Topology (A)

Prereq.: 18.906
G(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 homoto-

y theory, cohomology theory, fibre spaces,
-theory, combinatorial topology, and/or differ-

ential topology. Homotopy theory, cobordism
theory.
M. Hopkins

18.945 Geometry and Topology of Singular
Spaces (A)

Prereq.: 18.705 or 18.905 or 18.965
G(2) Next offered 1990-91
3-0-9

Examples of singular spaces: Schubert varieties,
toric varieties, compactifloations of locally sym-
metric spaces. Techniques for studying singular
spaces: stratifications, intersection homology,
D-modules, mixed Hodge theory. Topics vary
from year to year; may be repeated for credit.
R. D. MacPherson

18.950 Elementary Differential Geometry

Prereq.: 18.100, 18.901
U(1) Next offered 1990-91
3-0-9

Study of curves and surfaces in R3 with specific
examples. Frenet formulas, fundamental forms,
curvature, Gauss's theorem, geodesics, Gauss-
Bonnet theorem.
1. M. Singer

18.961 Elementary Differential Topology

Prereq.: 18.101, 18.901
U(1)
3-0-9

Differentiable manifolds in R', differentiable
mappings; transversality: Snrd's theorem;
Intersection theory; the Euler characteristic of a
manifold and the Lefschetz fixed point theorem:
Integration on manifolds, Stokes's theorem,
DeRham cohomology.
Information: R. B. Melrose.

18.965 Geometry of Manifolds (A)

Prereq.: 18.101
G(1)
3-0-9

18.966 Geometry of Manifolds (A)

Prereq.; 18.965
G(2)
3-0-9

Differentiable manifolds, vector fields and forms,
introduction to Le groups, the DeRham theo-
rem, Riemannian manifolds. 18.966 continues
18.965. Focuses on symplectic and complex
geometry.
V W Gullerin

18.969 Topics In Geometry (A)

Prereq.: 18.965
G(1) Next offered 1990-91
3-0-9

Content varies from year to year; may be re-
peated for credit. Tpical topics: equivariant
cohomology, Atlyah-Singer Index theorems, and
group representations.
nformation: R. B. Melrose.

18.994 Seminar in Geometry

Prereq.: -
U(1) Next offered 1990-91
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. Information: A. B. Melrose.

18.999 Mathematical Reading

Prereq.: -
G(1, 2, S)
Arr.

Reading of advanced mathematical treatises
under supervision of a member of the Depart-
ment. For graduate students desiring advanced
work not provided in regular subjects.
S. Helgason
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Course 20 Program in Applied
Biological Sciences

Undergraduate Research

20.ThU Undergraduate Thesis

Prere.: -
U(1 2, S)
Arr.

Program of undergraduate research, leading to
the writing of S.B. thesls; to be arranged by the
student and an appropriate faculty member.
M. Chow

20.UR Undergraduate Research
Opportunities

Prereq.: -
U(1, 2) [P/F]
Arr.

Opportunities available in a wide variety of
research programs In mammalian biochemistry
and metabolism, biotechnolo, toxicology,
food science, and blochemic engineering.
Problems emphasize direct and active Involve-
ment of undergraduates in laboratory research
that may be extended over multiple terms.
M. Chow

20.011 Special Projects In Undergraduate
Research

Prereq.: -
U(1)
Arr

20.012 Special Projects In Undergraduate
Research

Prereq.: -
U(2)
Arr.

Directed research in the fields of mammalian
biochemistry and metabolism, biotechnology,
toxicology, food science, and biochemical
engineering.
M. Chow

Graduate Subjects

Seminars, Selected Topics, and
Research

20.904 Teaching Experience in Applied
Biological Sciences (A)

Prereq: Permission of Instructor
G,(1, 2). em
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 Toplos In
Applied Biological Sclences (A)

Prere.: -

Arr.

Detailed discussion of selected topics of current
Interest. Classwork in various fields not covered
by regular subjects.
Staff

20.941 Research Problems (A)

Prereq.: -
G(1)
Arr.

20.942 Research Problems (A)

Prereq.: -
G(2)
Arr.

Directed research In the field of applied
biological sciences.
Staff

20.ThP Thesis Proposal (A)

Prerec. :-

0 0 [2- P/F]
0-24-0

Thesis proposal research and presentation to
the Thesis Committee.
Staff

20.ThG Graduate Thesis (A)

Prerec. -

Arr.

Prram of graduate research, leading to the
wri ng of an S.M. or Ph.D. thesis; to be ar-
ranged by the student and appropriate MIT
faculty member.
S. R. Tannenbaum



173D

Course 21 Humanities

Literature

21.UR Research in Humanities

Prereq.: -
U(1, 2) [P/F]
Arr.

Individual participation In an ongoing research
project. For students in the Undergraduate
Research 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 eauly-stage work on thesisr roect leading to 21.ThU Undergraduate Thesis
nHumanities. Taken during the first term of the
student's two-term commitment to the thesis
project. Student works closely with an individual
faculty tutor. Req'ired for all students in
Courses XXI. XXI-E, and XXI-S for whom the
thesis is a degree requirement.
R S. Khoury

21.ThU Undergraduate Thesis In Humanities

Prereq.: 21.ThT
U(1, 2)
Amr

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 limita-
tions of the project. Required for most students
In Courses XX=, XXI-E, and XXI-S (see degree
re urements In specific fields).
R5 Xhoury

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 historleal 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 already
taken one literature course. Intermediate
subjects explore literary forms in greater
depth and center on historical periods,
literary themes, or genres. Students are
encouraged to consult Individual Instructors
about prerequisite requirements.

3) Seminars (21.171-21.177), restricted to
students who have taken at least two
previous subjects In literature. Enrollment in
seminars Is strictly limited to a maximum of
12 students.

A Supplement to this catalogue, avaliable
from the Humanities Department offices,
offers more detailed descriptions of ali
literature subjects and includes specific
information about required texts, writing
assignments, and examinations.

IntroduCtory Subjects

21.001 Great Books I: Homer to Dante

Prereq.: -
U(1, 2) HASS-D/HUM-D
3-0-9

Studies a broad range of texts essential to
understanding the two great sources of modern
conceptions of the worid and humanity's place
within It: the ancient worid of Greece arid Rome
and the Judeo-Christian word that challen ged
and absorbed It. Stresses appreciation and
analysis of literary, philosophical, and religious
texts which came to represent the common
cultural possession of our own culture. Read-
Ings Include Homer, Sophocles, Aristotle, Plato,
Thucydides, Virgil, Lucretius, St. Augustine, and
Dante.
D. M. Halperin

21.002 Great Books Il: Renaissance to
Modernity

Prereq.: -
U(1, 2) HASS-D/HUM-D
3-0-9

Complementary to 21.001. A broad survey of
texts - literl, philosophical, and sociological
- studied to ace the growth of secular hu-
manism, the loss of a supernatural perspective
upon human events, and changing conceptions
of Individuality and social and communal pur-
pse. Stresses appreciation and analysis of texts

nat came to represent the common cultural
possession of our time. Readings from Machia-
veIll, Shakespeare, Cervantes, Milton, Descartes,
Rousseau, Kant, Jane Austen, Dostoevsky, and
Nietzsche.
M. Fuller, D. M. Halperin

21.003 introduction to Fiction

Prereq.: -
U(1. 2) HASS-D/HUM-D
3-0-9

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 Virginia
Woolf.
L. Taylor, R. Goldberg, R. Perry

21.004 Major Poets

Prereq.: -
U(1, 2) HASS-D/HUM-D
3-0-9

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 traditions.

gpca]syllabus includes Shakespeare, Pope,
'lridge, Wordsworth, Dickinson, Frost,

Bishop, and Rich.
C. G. Wolf, R. Goldberg

21.005J introduction to Dramatic Art
(New)

(arme subject as 21.701J)
Proeq.: -
U(1, 2) HASS-D/HUM-D
3-0-9

A study of the history of theater art and practice
from Its origins to the modern period, includig
Its development in non-Western cultures.
Special attention to the relationship between
theater and the Intellectual, social, and political
currents of its time. Readings include represen-
tative critical theory and description as well as

ArodAC. Thoohars
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21.006 American Literature

Prereq.: -
U(1. 2) HASS-D/HUM-D
3-0-9

Studies the national literature and emerging
social values of the United States. After
grounding 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 altemate visions of America.
Readings in the works of such writers as
Emerson, Whitman, Thoreau, Melville, Frederick
Douglass, Dickinson, and Wharton.
J. Hildebidle, S. J. Tapscott

21.008 The Bible

Prereq.: -
U(1, 2) HASS-D/HUM-D
3-0-9

An introduction to major Biblical texts including
Genesis, Exodus, Job, the prophetic and histor-
ic 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. Compara-
tive readings in related traditions, ancient, Near
Eastern, and Middle Eastern. Investigation of the
Bible as influence in later narrative, philosophic,
and artistic traditions.
J. J. Buckley

21.009 Shakespeare

Prereq.: -
U(1, 2) HASS-D/HUM-D
3-0-9

Close study of the major comedies, histories,
and tragedies in the context of Renaissance
thought, Elizabethan theatre, and the political
and social setting of Shakespeare's age. Lec-
tures and class discussions each week,
supplemented by occasional reading of scenes
and attendance at live or filmed performances.
R S. Donaldson, M. Fuller

21.011 The Film Experience

(21.031)
Prereq.: -
U(1, 2) HASS-D/HUM-D
3-0-9

An Introduction to narrative fdm, 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.
D. Thorburn, E. Turk, H. Jenkins

Intermediate Subjects

Genres and Themes

21.021 Comedy

Prereq -
U(1, 2) HASS-D/HUM-D
3-0-9

Surveys a range of comic texts from different
media, the cultures that produced them, and
various theories of comedy. Authors and
directors studied include Aristophanes, Plautus
or Terence, Shakespeare, Moli6re, Austen,
Joseph Heller, Chaplin, and Keaton.
0. Thorburn

21 .022 Tragedy

Prereq.: -
U(1) HUM-D
3-0-9

Reading and discussion of tragic literature,
together with an exploration of theories about
the tragic vision. Readings from Sophocles;
Shakespeare and his contemporaries: Ibsen,
O'Neill; Aristotle and other theorists.
T C. Theoharis

21.030 Popular Narrative: Science Fiction

Prereq.: One subject in literature
U(1)
3-0-9

Examines the relationship between popular and
high culture and the problem of evaluating texts
that tell stories. Treats a range of narrative 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 instructor.
H. Jenkins

21.032J American Television: A Cultural
History

(Same subject as STS 052J)
Prereq.: One subject in literature
U(2)
3-0-9

Television's evolution as a system of story telling
and myth making, studied from anthropological.
literary, and cinematic perspectives. Centers on
prime-time commercial broadcasting but also
examines the medium's technological and
economic history as well as the theoretical
perspectives from which scholars and policy-
makers have perceived our television system.
Much required viewing as well as readings in
media theory and cultural interpretation.
H. Jenkins

21.033 Major Film Directors

Prereq.: One subject In literature
U(1)
4-2-6

Close study of films by major directors. Empha-
sizes 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, z mix of Ameri-
can and international films by such directors as

Chaplin, Lang, Hitchcock, Ford, Hawks, Renoir,
Mizoguohl, Fellini. May be repeated for credit by
permission of Instructor. For 1989-90: Chaplin,
Renoir, DeSloa.

D. Thorburn

21.035J Aesthetics of Film and Uterature

S21.010)
Same subject as 24.209J)
rereq.: One subject In literature or oneghilosohy subject
(1)

3-0-9

See description under subject 24.209J.
I. Singer

21.041J Women in Literature

(Same subject as SP 436J)
Prereq.: One subject in literature
U(1)
3-0-9

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 writers such as
Jewett, Browning, Wharton, Mansfield, Leasing,
Marshall, Brooks.
R. Perry

21.044 New World Literature

Prereq.: -
U(2) HASS-D/HUM-D
3-0-9

Studies in comparative patterns of development
in the diverse American traditions of literature,
race, gender, and cultural Identity. Works by
writers in North America (e.g., slave narratives,
Whitman, Hawthorne, Faulkner, Black Elk, Hong
Kingston, Morrison), Latin America (slave texts,
Dario, Neruda, Borges, Cortazon, Pulg, Alegria,
Allende), Canada (Davies, Atwood), and the
Caribbean (Walcott, Nalpaul).
E. Garrels

21.048 Darwin and Design

Prereq.: -
U(1) HASS-D/HUM-D
3-0-9

In Origin of Species, Darwin provided a model
for understanding the existence of objects and
systems manifesting evidence of design without
positing a designer, of purpose and mechanism
without intelligent agency. Texts deal with
pre-Darwinian and later treatment of this topic
within literature and speculative thought since
the 18th century, with some attention to the
modem study of 'feedback mechanism" in
artificial intelligence. Readings in Hume, Voltaire,
Malthus, Darwin, Buter, Hardy, H. G. Welles,
and Freud.
A. C. Kibel, J. Paradis
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Periods of World Literature

21.060 Medieval Literature

Prereq.: One subject In literature

3-0-9

Introduces literature of the Middle Ages, con-
centrating on such central writers and works as
St. Augustine, The Song of Roland, Beowulf,
Dante, Chrbtlen de Troyes, Chaucer, and the
Pearl-Poet. Secondary reading on the social
context of medieval literature. Discussion, short
papers.
MW Fuller

21.063 Renaissance Literature

Prereq.: One subject in literature
U(i)
3-0-9

In alternate years, readings are organized
around specific topics (Ma ic and the Arts of
Government, Renaissance elf-Fashioning.
Families and Fortunes) or genres (lyric, epic,
drama). Works drawn primarily from the Italian
and English Renaissance, and include such
figures as Shakespeare, Arlosto, Machiavelli,
more, Jonson, Spenser, Bacon, Wyatt, Donne.
R S. Donaldson

21.070 Eighteenth-Century Literature

Prereq.: One subject in literature
U(2)
3-0-9

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 readings,
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

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,
Fieldin Steme, Austen, the Brontis, Dickens,
Hardy, wrence, Joyce, and Doris Leasing.
Historical and critical background readings
regularly assigned. Discussion, several papers.
R. Goldberg

21.075 Irish Literature

Prereq.: One subject In literature
U(1)
3-0-9

Studies in the literature and histo of Ireland,
with special attention to periods ofsignificant
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.
S. J. Tapscott

21.076 Romantic Poetry

Prereq.: One subject in literature
U(2)
3-0-9

Close readings of the major British Romantic
poets (Blake, Wordsworth. Coleridge, Byron,
Scott, Burns, Shelley, Keats), with some atten-
tion to their literary and historical context. Dis-
cussion and several short papers.
I. Tayler

21.078 Major European Novels

Prereq.: -
U(2)
3-0-9

A study of changing narrative forms in the
19th-century European novel. The changing
fortunes of the heroic and romantic ideals. The
motif of the outsider as a means for depicting
social reality. Readings In Cervantes, Balzac,
Stendhal, Flaubert, Dostoevsky, Tolstoy, Proust.
Information: D. M. Halperin.

21.080 Dostoevsky, Tolstoy, Chekhov: Russia
and the Modern Age

Prereq.: -
U(2)
3-0-9

Studies of artistic vision in modernizing Russia.
Analyses of Notes from the Underground, The
Gambler, The Possessed, Anna Karenina, Death
of Ivan Ilych, Hadi 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. cMaster

21.081 Reading Victorian Culture
(New)

Prereq.: One subject in literature
U(2)
3-0-9

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 connected by a
common theme, such as nature or Imperialism,
which may v from year to yea
J. Padis, H. Rltvo

21.085 Tentieth-Century Fiction

Prereq.: One subject in literature
U(1)
3-0-9

Tradition and innovation in representative fiction
of the eariy modern period. Recurring themes:
the role of the artist in the modern period, the
representation of psychological and sexual
experience, the virtues (and defects) of the
aggressively experimental character of so many
modern books. Works by such writers as
Conrad, Kipling, Isaac Babel, Kafka, James,
Lawrence, Mann, Proust, Ford Madox Ford,
Joyce, Woolf, Faulkner, and Nabokov.
D. Thorburn

21.086 Tentieth-Century Drama

Prereq.: One subject in literature
U(1)
3-0-9

Reading and discussion of major modern plays
(and some films) from Ibsen through Beckett
and beyond. Features works by such authors as
Shaw, Chekhov, Pirandello, Odets, lonesco,
Brecht, O'Neill, Pinter, Mrozek, Stoppard,
Kaufman and Hart, and Mamet.
T C. Theoharis

21.087 Modernist Poetry

Preroq.: One subject in literature
U(1) Next offered 1990-91
3-0-9

Studies important trends in modern thought and
sensibility as reflected in the poetry of the 20th
century. Readings center on Yeats, Eliot,
Williams, Stevens, and Frost, with some
consideration of such later figures as Roethke,
Moore, Auden, Berryman, Wilbur, Larkin, Lowell,
and Bishop.
J. Hildebidle

21.088 Contemporary Literature

Prereq.: One subject in literature
U(2) Next offered 1990-91
3-0-9

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 Bookstt, Heller, Pinter, Weiss,
Rich, Leasing. Walter. Solzhenitsyn, O'Neill,
Pynchon, Nabokov, Momaday, Bellow. Format:
informal lectures, much discussion, several
short papers.
S. J. apscott
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American Literature

See also 21.006 American Literature
21.101 The American Novel

Prereq.: -
U(2) HUM-D
3-0-9

Works by major American novelists, usually
beginning with Hawthorne or Melville and
concluding 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: Hawthome, Melville, Twain, Cather,
Wharton, James, Hemingway, Fitzgerald,
Faulkner.
C. G. WOlW

21.104 Race and Identity in American
Literature

Prereq.: -
U(2)
3-0-9

The quest for identity in the writing of America's
racial and ethnic minorities. Emphasis on the
writers' problematic relation to the dominant
values and traditions of the majority culture.
Readings in Douglass. DuBois, Twain, Melville,
Ellison, Wright Malcolm X, Walker, Hurston,
others. Discussion, occasional brief lecture.
Information: D. M. Halperin

21.105 American Voices

Prereq.: -
U(1)
3-0-9

Considers a variety of North Americans attempt-
ing to define the dream of success. Materials:
"high literature," folktales, slave narratives,
blues, films, songs, jokes, Indian narratives, oral
history. Reading and listening include selections
from the works of Benjamin Franklin, Miguel
Pinero, Alice Walker, Black Elk, slave and immi-
grant 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

Examines in detail the works of three or four
American authors. Through close readings of
poetry, novels, or plays, addresses such issues
as literary influence, cultural diversity, the writ-
er's career. Typically, readings include works by
such writers as Twain, Melville, Dickinson,
Cabell, Chopin, O'Neill, Faulkner, Baldwin, Frost.
Format: Lecture-discussion, papers.
C. G. Wolff

21.120 American Themes

Prereq.: One subject in literature
U(1)
3-0-9

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
issues as literary nationalism, cultural consensus
and conflict, and the existence of an American
literary style. Topic varies according to
instructor. Topic for 1989-90: Civil War texts.
C. G. Wolff

Seminars

21.171 Literary Interpretation

Prereq.: Two subjects in literature
U(1)
3-0-9

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 1989-90:
Literary theory.
A. C. Kibel

21.172 Studies in Fiction

Prereq.: Two subjects in literature
U(1, 2)
3-0-9

Intensive study of a range of texts by a single
author or by a limited group of novelists whose
achievements are mutually illuminating. Some
attention to narrative theory, and biographical
and cultural backgrounds. Term paper ased on
seminar presentations. Topics for 1989-90: Term
1: Strangers in Strange Lands (novels that
address the experience of being a cultural
outsider). Term 2: Four major novels by women
since World War II: Harriet Arno, The Dollmaker;
Doris Lessing, The Golden Notebook, Elsa
Morante, History (A Novel); Toni Morrison,
Beloved. Meets with SP 437 for Term 2.
Term 1: 1. Tayler
Term 2: L. Kampf

21.173 Studies in Drama

Prereq.: Two subjects in literature
U(2)
3-0-9

Close study of two or three major dramatists,
emphasizing the evolution of their work. Some
attention to historical and theoretical accounts of
the nature of drama. Topic for 1989-90: Ibsen,
O'Neill. Beckett. Limited to 12.
T C. Theoharis

21.175 Major Authors

Prereq.: Two subjects in literature
U(2)
3-0-9

Close study of a limited group of writers.
Topic for 1989-90: Joyce and the Moderns.
Limited to 12.
S. J. Tapscott

21.176 Studies In Film and Media

Prereq.: Two subjects in literature
U(1, 2)
3-0-9

Intensive study of films of a particular period or
genre, or films by a single d rector. Topics for
1989-90: Term 1: The American Musical Film;
Term 2: Shakespeare on Film. Limited to 12.
Term 1: E. B. Turk
Term 2: R S. Donaldson

21.177J Problems In Cultural Interpretation

ISame subject as SP439J)
grereq Two subjects in literature

U c)
3-0-9

Studies in the relation between imaginative texts
and the culture surrounding them. Emphasizes
ways in which imaginative works absorb, reflect,
and conflict with reigning attitudes and world
views. Topic for 1989-90: Gender and Ideology
in 18th Century Literature. Limited to 12.
R. Perry

21.198 Special Topics in Literature

Prereq.: Two subjects In literature
U(1)
Arr.

21.199 Special Topics in Literature

Prereq.: Two subjects in literature
U(2)
Arr.

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 a roval of
the Literature faculty chairman. HA Scredit 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 occasionaliy
approved.
A. C. Kibel

21.174 Studies in Poetry

Prereq.: Two subjects in literature
U(1)
3-0-9

Extensive reading of works of a few major
poets. Emphasizes the evolution of each poet's
work and the questions of poetic influence and
literary tradition. Topic for 1989-90: Three
Cone raries.
J. Hildeidle
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Foreign Languages and
Literatures

The subjects listed below include language
and literature courses given in French,
German, Russian, Spanish, and World
Literature in Translation. All language
subjects in the 111-IV sequence bear HASS
Distribution credit. A variety of literature
subjects given in the original language as
well as some given In English also offer
HASS Distribution credit.

For guidelines on World Literature In
Translation, come to the Foreign Languages
and Literatures Office, 14N-305.

All foreign language subjects l-IV are open to
graduate students for credit.

For subjects In English as a Second
Language, see 21.326-21.340.

French

The indication of prerequisites for specific
French offerings does not apply to students
who have already accomplished the equiva-
lent work. For further placement advice,
attend the French Placement Session or
consult with a field advisor in French.

Fundamental Language Subjects

All fundamental language subjects are
conducted in French.
21.201 French I

Prereq.: -
U(1, 2)
4-0-8

Introduction to French language and culture.
Emphasis on the acquisition of vocabulary and
grammatical concepts through active communi-
cation. Immediate exposure to authentic French
via video sources and printed material for devel-
oping cultural awareness as well as linguistic
proficiency. Coordinated language lab program.
G. Furstenberg

21.202 French |1

Prereq.: French I
U(1, 2)
4-0-8

Continuation of French I. Further development
of linguistic proficieny through active oommu-
nication. Expansion o vbce lary and comple-
tion 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

Prereq.: French 11
U(1, 2)
4-0-8

Review and expanded study of selected aspects
of French grammar and usage. Readings,
audiotapes, and discussions on topics in con-
temporary French civilization and in selected
periods of French history. Detailed analysis of a
modern play, a short story, three films, and
several poems. Weekly practice in composition.
Daily exercises in self-expression, communica-
tion, and vocabulary.
A. Cormanski

21.204 French IV

Prereq.: French Ill
U(1, 2) HASS-D/HUM-D
4-0-8

Final subject in French langua e sequence.
Prepares students for r te subjects in
French civilization and tIature. Organized
around the moral, social, and political issues
that youth is confronted with in French society.
Texts include one play, one novel, one film, and
articles from French periodicals. Perfecting of
writing and oral skills through frequent essays
and class presentations.
A. Vicente

intermediate Subjects in Language,
Literature, and Civilization

it is recommended but not required that stu-
dents take one of the following intermediate-
level subjects before enrolling in 21.213 and
above. All intermediate and advanced
subjects are conducted entirely in French.
21.207 French Conversation: Intensive
Practice

Prereq.: French IV
U(1, 2)
4-3-2

Systematic training in oral expression: commu-
nication skills, fluency, and idiomatic French.
Audio and video tapes to improve convrsation-
al techniques and other forms of oral exp. ession
(debates, speeches, reports, interviews). Work
in comprehension, phonetics, and Intonation.
Discussion material: newspapers, magazines,
cartoons, films, and varie audio and video
tapes dealing with Issues in contemporary
France and the French-speaking world. Inten-
sive lab work. Special projects (video and other)
by students. mited to 1
G. Furstenberg

21.208 Writing in French: intensive Practice

Prereq.: French IV
U(2)
3-0-6

Systematic acquisition of writing skills. Empha-
sizes enrichment of vocabulary, the mastery of
complex grammatical structures, the refinement
of style, and techniques of composition. Prac-
tice In different modes (descriptive, narrative,
a rumentative) and forms (newspaper articles,
advertising, letters, technical an creative writ-
ing). Systematic exercises in grammar, vocabu-
lary, and stlistics. Weekly pe, each focus-
ing on a dierent writing m and form.
A Vicente

21.211 Introduction to French Literature

Prereq.: French IV
U(1) HASS-D/HUM-D
3-0-9

A basic study of major French literary genres -
poet, drama, and fiction - and an
introdction to methods of literary analysis.
Authors include Racine, Moll6re, Rousseau,
Balzac, Hugo, Flaubert, Baudelaire, Rimbaud,
Apollinaire, Duras. Spscial attention devoted to
the im rovement 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 Moll6re

Prereq.: French IV
U(2) Next offered 1990-91
3-0-6

Reading and interpretation of masterworks in
17th-century French theater (Comeille, Mollere,
Racine), poetry (Malherbe, La Fontaine), and
philosophy (Pascal, Descartes). Studied in the
context of social, historical, and intellectual
currents during the eras of Richelieu and Louis
XIV, and the evolution from the baroque to the
classic aesthetic.
E. B. Turk

21.215 French Culture and Society 1: From
the Commune to the Popular Front

Prercq.: French IV
U(1) Next offered 1990-91
3-0-6

Investigates major social, Ideological, and
aesthetic currents in French civilization from the
beginning of the Third Republic to the eve of
World War Ii. Topics studied include history,
education, literary and artistic movements,
cinema, intellectual and political trends. Texts
selected from fiction and non-fiction.
1. de Courtivron
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21.216 French Culture and Society II: From
the Occupation to the Mitterand Years

Prereq.: French IV
U(1) HUM-D Not to be offered 1990-91
3-0-9

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, decol-
onization, May '68; also covered will be post-war
intellectual life, existentialism, the new novel, the
theater of the absurd, structuralism, and femi-
nism. Special attention is paid to contemporary
French society of the 19808.
. de Court/vron

21.217 Introduction to French Poetry

Prereq.: French IV
U(2) Not to be offered 1990-91
3-0-6

Development of poetic forms, techniques, and
styles. Narrative, descriptive, baroque, polemi-
cal, iyric, and pure poetry, poetry of ideas, and
the prose poem. Deals with poetry of Villon,
Marot, Ronsard, Boileau, La Fontaine, Ch6nier,
Hugo, Nerval, Baudelaire, Rimbaud, Mallarm6,
Apollinaire, Val6ry. Eluard, Char, Michaux.
R. E. Jones

21.218 introduction to the French Short Story

Prereq.: French IV
U(1) Next offered 1990-91
3-0-6

Studies literary movements of the last three
centuries through short stories by major French
authors. Special attention paid to the theme of
the fantastic and the supernatural. Works by
Voltaire, Balzac, Mbrimbe, Maupassant, Colette,
and Michel Tournier
Staff

21.220 Masterworks of the French
Nineteenth-Century Novel

Prereq.: French IV
U(1) Not to be offered 1990-91
3-0-6

The golden age of the French novel. Empha-
sizes Romanticism, Realism, and Naturalism in
Balzac, Stendhal, Sand, Flaubert, and Zola.
Themes include the interaction of love, money,
and politics in the newly developed bourgeois
society of 19th-century France. Devotes atten-
tion to narrative techniques, representations of
reality, and the influence of history and science.
Consult G. Furstenberg.

21.222 The French Novel in the iWentieth
Century

Prereq.: French IV
U(2) Not to be offered 1990-91
3-0-6

Techniques and themes of the modem novel in
works by Gide, Proust, Colette, Mauriac,
Cooteau, Yourcenar, Camus, and Sarraute.
Themes include love, jealousy, adolescence,
responsibility to self and to others. Emphasizes
the search for identity in an increasingly
fragmented and violent world.
L Courtivron

21,223 Modern French Drama

Prereq.: French IV
U(2) Next offered 1990-91
3-0-6

Studies the tragedians Claudel and Montherlant;
the poetic fantasy of Giraudoux; the social and
philosophical theater of Lenormand, Anouilh,
Sartre, Camus; the avant-garde works of Jarry,
Apollinalre, Cocteau; plays by Vian, Beckett.
lonesco, and Genet. Special attention to evolv-
ing concepts of the director, actor, audience,
stage design, and music.
1. de Courtivron

21.228 French Film Classics

Prereq.: French IV
U(2) Not to be offered 1990-91
3-0-6

History and aesthetics of French cinema from
the advent of sound to the present day. Treats
films in the context of technical processes, the
art of narration, directorial style, role 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, Carne,
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 students
who have already accomplished the equiva-
lent work. For further placement advice,
attend the German Placement Session or
consult with a field advisor in German.

Subjects numbered 21.230 - 21.248 may be
used to fulfill Institute requirements including
concentrating and majoring In German.

Fundamental Language Subjects

21.230 German Review

Prereq.: Permission of Instructor
U(1)
4-0-8

Reviews the grammar of German I and German
11. Followed by some of the readings of German
II. For students with incomplete previous prepa-
ration in German and for those whose study of
German is discontinuous. Students may register
for German III upon successful completion.
E. Waldstein

21.232 German i

Prereq.: German I
U(1, 2)
4-0-8

Continued practice In pronunciation and intona-
tion. Vocabulary building, review and extension
of basic grammar. Practice in writing short
essays. Reading of short literary texts. Intro-
duces the history and culture of German-speak-
Ing countries. Consult E. Crocker.

21.233 German III

Prereq.: German Review or German 11
U(1, 2)
4-0-8

Intensive review of German grammar. Reading
of works by such major 20th-century authors as
DOrrenmatt, Brecht, Boll, H. Novak, and others.
Compositions and discussions based on these
works, lab materials, and videotapes on contem-
porary Germany. Recommended for students
with two or more years of high school German.
Consult E. Crocker.

21.234 German IV

Prereq: German il
U(1, 2) HASS-D/HUM-D
4-0-8

Further deepening of an understanding of
German language and culture. Interp retation of
literary texts (Grimm, Kafka, Hesse, Brecht),
discussion of cultural topics, development of
oral communicative competence in practical
everyday situations.
E. Crocker

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
U(1) Next offered 1990-91
4-0-8

Systematic training in speaking and writing skills
to improve fluency and style. Informal discus-
sions and analyses of tapes by native speakers,
newspapers, and modern expository prose.
Focuses on everyday life in present-day Germa-
ny and on controversial issues, East and West.
In addition, students select a special project on
a topic of their choice.
C. . Kramsch

21.231 German I

Prereq.: -
U(1, IAR 2)
4-0-8

Basic principles of the German language.
Fundamentals of pronunciation, intonation, and
grammar. Acquisition of basic vocabulary.
Laboratory exercises to further communicative
compet ence.
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21.239 Introduction to German Literature

Prereq.: German IV
U(0) HASS-D/HUM-D
3-0-9

Readings from German prose fiction, poetry,
and drama. Authors include Goethe, Brecht,
T. Mann, Keller, Kafka, Rilke, Christa Wolf.
Literary language as specialized
communication; its conventions and
presuppositions; relation 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,
epeakin9 and writing skills.

21.240 German Culture and Society:
1750-1914

Prereq.: German IV
U(2) HUM-D Not to be offered 1990-91
3-0-9

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. Consult E. Crocker.

21.241 Fantasy and R aiLty In
Nineteenth-Century German Literature

Prereq.: German IV
U(2) Next offered 1990-91
3-0-6

Origin and development of political and cultural
movements in the 19th century (Romanticism,
Bledermeier, Young Germany, Realism,
Naturalism). Impact of these movements on
literary style, with emphasis on concepts of
fantasy and reality. Genres include traditional
forms (drama, novel, short prose, poetry) and
nontraditional ones (letters, diaries, reportage,
pamphlets). Writers include F Schlegel, B. v.
Anim, H61derlin, Kleist, Grillpartzer, Heine,
BOchner, Keller, Fontane, Storm,
Droste-Hilshoff, Hauptmann, and Nietzsche.
E. Waldsteln

21.242 From the Great War to an Uncertain
Peace: Twentieth-Century German Literature

Prereq.: German IV
U(1) Not to be offered 1990-91
3-0-6

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
(Expressionism, Dadaism, Fascist "culture.
anti-fascist humanism, the "new" beginning after
1945 in East and West). Authors include Hesse,
Th. and H. Mann, Brecht, Frisch, Grass, Weiss,
B611, and C. Wolf.
E. Waldstein

21.243 German Short Fiction

Prereq.: German IV
U(2) Not to be offered 1990-91

Short fiction in the 19th and 20th centuries
(Novelle, Erzihlung). Representative works read
and discussed, emphasizing narrative strategy,
aesthetic structure, social concern, and
historical context. Authors include Kleist,
E. T. A. Hoffmann, BOchner, Schnitzler, Doblin,
Musil, Grass, and Frisch.
E. Waldste/n

21.244 Topics in German Literature

Prereq.: German IV
U(2) Next offered 1990-91
3-0-6

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.
Consult E. Crocker.

Greek

Study of the Greek language may be
undertaken by special arrangement with the
Instructor under course 21.348/21.349,
Special Topics in Foreign Languages.
Contact: H. A. T. 0 Reiche.

Japanese

The Indication of prerequisites for specific
Japanese offerings does not appiy to
students who have already accompiished the
equivalent work. For further placement
advice, consult with a field advisor in
Japanese.

Fundamental Language Subjects

21 .250 Japanese I

Prereq.: -
U(1)
4-0-8

Introduction to modem 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 i

Prereq.: Japanese 1
U(2)
4-0-8

Continuation of Japanese I. Furth-er develop-
ment of the four basic skills. Extension of basic
grammar. Vocabulary and kanil (Chinese char-
acters) building. Lab work required.
T Graham

21.252 Japanese iII

Prereq.: Japanese 11
U(1)
4-0-8

Continuation of Japanese 11. Further develop-
ment of the four basic skills. Completion of
basic grammar introduction. Continued vocabu-
lary and kanji building. Emphasis on reading
and writing. Lab work required.
M. Tsutsut

21 .253 Japanese IV

Prereq.: Japanese iI
U(2)
4-0-8

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

21.254 Japanese V

Prereq.: Japanese IV
U(1) Next offered 1990-91
4-0-8

Systematic development of reading, writing, and
oral communication skills. Introduction to ad-
vanced grammar In written Japanese. Building
of advanced vocabulary. Deepening of the
understanding of Japanese culture and society
through reading and discussion of up-to-date
mater Isl.
staff

21 .255 Japanese Vi

Prereq.: Japanese V
U(2) Next offered 1990-91
4-0-8

Continuation of Japanese V. Further
development of reading, writing, and oral
communication skills through reading and
video. Extension of advanced grammar and
further build-up of advanced vocabulary.
Readings include literary works and current
articles from newspapers and journals. Lab
work required.
Staff
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Advanced Subjects 21.271 Contemporary Russian Prose and
Poetry

The Indication of prerequisites for specific
Russian offerings does not apply to students
who have already accomplished the equiva-
lent work. For further placement advice,
attend the Russian Placement Session or
consult with a field advisor In Russian.

Fundamental Language Subjects

21.261 Russian I

Prereq.: -
U(1, lAP)
4-0-8

Basic grammar and practice In the elements of
Russian. Emphasis on leaming to speak and
understand with practice in reading and writing.
Use of videotapes and language laboratory to
gain facili in various communicative situations
and broaden understanding of Russian culture.
A. Perkins

21.262 Russian |1

Prereq.: Russian I
U(2)
4-0-8

Continuation of 21.261. Develops ability to use
the langua e through systematic study of
grammar. Continued practice in understanding
and speaking with independent reading and
creative writing assignments to supplement
texts.
A. Perkins

21.263 Russian Ill

Prereq.: Russian il
U(1)
4-0-8

Reading and discussion of historical texts,
stories, and poems providing background for
understanding Russian literature and contempo-
rary Soviet culture. Reviews grammar with the
help of oral and written exercises. Systematic
study of word formation and other strategies to
free student from dependency on the dictionary.
Develops aural comprehension in the language
laboratory. Compositions based on readings
and recordings integrate communication skills
and help retain content.
C. V Chvany

21.264 Russian IV

Prereq.: Russian III
U(2) HASS-D/HUM-D
4-0-8

21.265 Advanced Russian Conversation and
Composition

Prereq.: Russian IV
U(1) Not to be offered 1990-91
4-0-8

Review and systematization of the structure of
modem Russian. Intensive training in spoken
and written skills to Improve fluency and s ya.
Discussions and analyses of short works of
fiction and nonfiction illustrating the various
styles of spoken and written Russian. Extensive
use of taped materials. Conducted in Russian.
E. Semeka

21.267 Modes and Styles of Russian
Storytelling

Prereq.: Russian IV
U(1) Next offered 1990-91
3-0-6

Focuses on practical stylistics and vocabulary
enrichment through narrative. Illustrates the
markers of folkloric, archaic, poetic,
bureaucratic, familiar, or formal styles through
folktales, newspaper reports, and plot-ridden
stories representing a narrative norm. Analyzes
famous modern short stories which play with
expectations based on that norm. Develops
expository style through frequent short papers.
Conducted in Russian.
C. V Chvany

21.268 Topics in Russian and Soviet Culture
for Advanced Students

Prereq.: Five terms of Russian
U(1) Not to be offered 1990-91
3-0-6

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
contemporary poets, singers, and performers -
the so-called "Soviet Bards." Selected songs
and contemporary prose deal with matters such
as Individuai vs the state; generation gaps; men,
women, and family.
E. Semeka

21.270 Pushkin and His Successors

Prereq.: Russian IV or equivalent
U(2)
3-0-6

Acquaints the student with foundations of
modern Russian literature through the most
important and characteristic works of Pushkin
and his successors, mainly Turgenev and
Chekhov. Intensive work on composition and
stylistics. Conducted in Russian,
Staff

Readin of literary and exposito texts selected
to provide an understanding of Soviet life and
ou re. Discussion and papers based on read-
Ings. Attention to problems of grammar and
style, with a view to improving facility In oral and
written expression. Aural comprehension devel-
oped through brief lectures on cultural topics as
well as through taped materials.
E. Semeka

Prereq.: Russian IV
U(2) Next offered 1990-91
3-0-6

A study of Russian literature from 1954 up to
our time. Besides the writers of the so-called
athaw period" V. Panova, I. Ehrenburg), such
authors as A. Solzhenitsyn, L. Chukovskaya,
and poet-singer B. Okudzhava are included.
Conducted In Russian.
E. Semeka

21.272 Advanced Russian Grammar
(New)

Prereq.: Permission of Instructor
U(1) Next offered 1990-91
3-0-6

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 constructions.
Contrastive analysis of Russian and English
structure. Individualized practice in aural com-
prehension, exercises in paraphrase and trans-
lation, writen compositions and oral presenta-
tions based on readings in students' fields of
interest. Conducted mostly in Russian, with
some lectures, discussions, and readings in
En)ish
C . Chvany

Spanish

The indication of prerequisites for specific
Spanish offerings does not apply to students
who have already accomplished the equiva-
lent work. For further placement advice,
attend the Spanish Placement Session or
consult with a field advisor In Spanish.

Fundamental Language Subjects

All fundamental language subjects are
conducted In Spanish.
21.275 Spanish I

Prereq.: -
U(1, IAP 2)
4-0-8

Introduction to understanding, speaking, read-
ing, and writing Spanish. Maximal use of funda-
mentals of grammar in active communication.
Language laboratory program coordinated with
and supplementary to class work.
E. Lillenfeld

21.276 Spanish |1

Prereq.: Spanish I
U(1, 2)
4-0-8

Continuation of Spanish I. Increased practice in
reading. Conducted in Spanish whenever
practical.
J. W Harris

Russian
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21.277 Spanish iII

Prereq.: Spanish I1
U(1, 2) HUM-D
4-0-8

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.
D. Morgenstern

21.278 Spanish IV

Prereq.: Spanish Ill
U(1, 2) HASS-D/HUM-D
4-0-8

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 MArquez, a play by Lorca, a "omic book
by Quino, and readings on Spanish cultural
history.
E. Garrels

21.279 Oral Communication in Spanish

Prereq.: Spanish II
U(2) Not to be offered 1990-91
3-0-6

Gives students the necessary language skills to
perform successfully in Spanish in a variety of
social situations. Focus on oral communication.
Uses popular media for listening practice: other
materials include newspapers and magazines.
Student projects involve reading, oral presenta-
tions, and classroom interaction. Emphasizes
communication skills needed by students in
engineering 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 intermedi-
ate-level subjects before enrolling in 21.286
and above. All intermediate and advanced
subjects are conducted entirely in Spanish
with the exception of 21.293.
21.281 Spanish Conversation and
Composition

Prereq.: Spanish IV or equivalent
U(1)
3-0-6

Systematic training in spoken and written skills
to improve fluency and style. Oral reports by
participants on individual topics. Discussions
with native speakers, analyses of selected
literary texts, periodicals, and local Spanish-lan-
guage media. Focus is on everyday life In the
contemporary Spanish-speaking world.
D. Morgenstern

21.282 Spanish for Bilingual Students

Prereq.: Fluency in a Spanish dialect
U(2) Next offered 1990-91
3-0-9

Designed for students of Hispanic background
brought up in the US. Expands oral and written
grammar study and Increases contact with
standard Spanish; studies recent fiction and
poetry as well as specific historical, social,
economic, and political aspects of Mexican-
American, Puerto Rican, and Cuban cultures.
Many of the nonliterary readings are in English*,
class discussions in Spanish.
D. Morgenstern

21.283 Spanish Drama Workshop

Prereq.: Spanish IV
U(2) Next offered 1990-91
3-3-6

Participatory Spanish drama subject. Studies
several plays by one author or from one period,
of which one is selected for rehearsal and final
performance. Intensive pronunciation/vocabula-
ry expansion practice through instructor-moni-
tored laboratory sessions and small-group
rehearsals. Students work on writing their own
one-act plays. No previous acting experience
necessary.
E. Garrels

21.284 Introduction to Latin American Culture

Prereq.: Spanish IV
U(2) Next offered 1990-91
3-0-6

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 questions of racial
and cultural heterogeneity in Latin America, the
are's psychological relationship to Europe and
the US, and particular ways in which the society
experiences tradition and social change. Not
open to native speakers.
E. Garrels

21.285 Introduction to Spanish Culture

Prereq.: Spanish IV
U(1) HUM-D Next offered 1990-91
3-0-9

Studies the major social, political, and aesthetic
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 distinctively Spanish literary
and artistic movements. 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
U(1) Next offered 1990-91
3-0-6

Traces the creation of a new literature to record
and Inter pret 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. ReadirZs up
to the Spanish American War of 1898, including
texts by Col6n, Bernal Diaz del Castillo,
Sor Juana in6s de Ia Cruz, Esteban Echeverria,
Sarmiento, Ricardo Palma, Jos6 Marti, and
Rub6n Darl6.
E. Garrets

21.287 Twentieth-Century Latin American
Literature

Prereq.: Spanish IV
U(2) HUM-D Not to be offered 1990-91
3-0-9

Through reading poetry, novels, and short
stories, students encounter a variety of creative
responses to the complex and troubled reality of
contemporary Latin America: from fantasy to
social protest, from personal confession to the
literary subversion of the language of dema-
goguery and mass media. Authors studied
include Vallejo, Quiroga, Neruda, Arguedas,
Rulfo, Borges, Garcia MArquez, de Ia Parra, and
Ferreb.
E. Garrels

21.288 The Modern Short Story in Spain and
Latin America

Prereq.: Spanish IV
U(2) Not to be offered 1990-91
3-0-6

Studies masterpieces of the short story pro-
duced in Spain and Latin America. Considers
the short story as a genre with unique possibili-
ties for expression, and also as a sociological
phenomenon responding to particular historical
circumstances afecting both writers and their
readership. In addition, students write original
stories based on analyses of narrative tech-

iques employed by such authors as Brges,
Cortbzar, Martn Gaito, Aub, and Peri-Rossi.
M. Resnick

21.289 introduction to Contemporary
Hispanic Literature

Prereq.: Spanish IV or equivalent
U(1) HASS-D/HUM-D
3-0-9

Studies important 20th-century texts from both
Spain and Latin America that represent the
principal fictional genres - poetry, theatre,
short story, and the novel. Approaches these
texts from a variety of interpretive perspectives,
including those of sociohistorical,
psychoanalytic, feminist, structuralist, and myth
criticism. Includes works by female writers
Peri-Rossi, Bambal, Alegria, Morej6n,
Castellanos, and Tsuquets, and by male writers
Lorca, Neruda, Vallejo, Quiroga, Unamuno,
Aleixandre, Garcia M~rquez, Aub, and
Vargas Llosa. Conducted in Spanish.
E. Garrels
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21.290 Literature and Social Conflict:
Perspectives on Modern Spain

Prereq.: Spanish IV
U(1) Not to be offered 1990-91
3-0-6

Considers how major literary texts illuminate
prinolpal issues in the evolution of modern

panish 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. Auhors studied include P6rez 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
U(2) Next offered 1990-91
3-0-6

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 On Quilote but also
considers the author Cervantes as an outstand-
ing example of the humanist in 16th-century
Spain and Europe. Attention to Cervantes's
humor and irony as well as his ideas on religion,
justice, love, language, and artistic creation.
E. Garrels

21.293 History of the Spanish Language

Prereq.: Permission of Instructor
U(2) Not to be offered 1990-91
3-0-6

Starts with the modem languages and proceeds
to successively earlier stages, includes general
concepts of language change; specific
phonological, morphological, and syntactic
changes in the history of Spanish; the place of
Spanish among Romance tongues; modem
dialects; reading of representative texts of earlier
periods. Discussion and readings in English and
Spanish. Spanish liI or equivalent normally
provides sufficient preparation.
J. W Harris

Literature in Translation

21.296 Introduction to European and Latin
American Fiction

Prereq.: -
U(1) HUM-D Next offered 1990-91
3-0-9

Studies great works of European and Latin
American fiction. Attention to a variety of forms:
the short story, novel, dialogue, and documen-
tary. Emphasizes way in which the unique
history of each country shaped the imaginative
responses of its writers. Authors read include
Flaubert, Borges, Brecht, Goethe, Cervantes,
Laclos, Tolstoy, Stendhal, Garlia MArquez, and
Colette.
M. Resnick

21.297J Sex Roles in Fiction: Europe and
Latin America

(Same subject as SP 432J)
Prereq.: -
U(2) HUM-D Not to be offered 1990-91
3-0-9

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, Moll6re, Sor Juana Ines do la
Cruz, Zola, Lorca. Wolf, Wittig, and Pulg. Materi-
als used include films by: Godard, Buihuel,
Saura, M. v. Trotta.
M. Resnick, L. Kampf

21.299J New Women's Voices
(Revised Content and Unit)

(Same subject as SP 431J)
rereq.: -

U(1) HASS-D/HUM-D
3-0-9

Introduces studonts 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 extent,
if any, we can Identify a female voice that tran-
scends national boundaries. A variety of Inter-
pretive perpectives, including sociohistorical,
psychoanalytic, and feminist criticism will be
used to examine the texts. Authors read include:
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
Literature

(Same subject as SP 434J)
Prereq.. -
U(2) Next offered 1990-91
3-0-6

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

attle between unwilling lovers. and the
contemporary breakdown of both conventional
sex roles and the institution of marriage are
examined. Authors include Fernando do Rojas,
Cervantes, Balzac, Puig, Zola, the Three Marias,
Machado do Assis, Garcia MArquez.
Chateaubriand, Wittig, and Bombal.
M. Resnick

21.301 Evil and Decadence in Literature

Prereq.: -
U(1)
3-0-6

Studies evil and decadence in literature, starting
with Job, Petronius, and Dante. Emphasizes
French and English authors including the
Marquis de Sade., Byron, Shelley, Laclos,
Baudelaire, Rimbaud, Flaubert, Lautr6amont,
Huysmans, Mirbeau, Wilde, Gide, Mann,
Firbank, Corvo, Genet, Huxley, Golding.
Students encouraged to read some of the texts
In the original.
R. E. Jones

21.302 The Occult, Mysticism, Religious
Heresy, and Literature

Prereq.: -
U(2)
3-0-9

Studies reiglous beliefs alternative to Christianity
and theli 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.:
U(1) Next offered 1990-91
3-0-9

Major writers and literary movements
(Surrealism, Existentialism, Pataphysics) In
rance since 1900. Texts are chosen from the

works of Gide, Proust, C6line, Malraux,
Bernanos, Sartre, Camus, de Beauvoir
Giraudoux, Claudel, Anoullh, Beckett, lonesco,
Genet, Breton, Artaud, Queneau.
R. E. Jones

21.304 Modern European Drama

Prereq.: -
U(1) HUM-D Not to be offered 1990-91
3-0-9

Study of major playwrights, directors, and
theorists of the theatre in France, Scandinavia,
Russia, Germany, Italy, and Spain. Among the
authors studied are Strindberg, Chekhov,
Pirandello, Lorca, Claudel, Giraudoux, the
Surrealists, the Expressionists, Brecht, Weiss,
Arrabal, Sartre, Anouilh, Beckett, lonesco,
Genet. Students attend current productions in
the Boston area.
R. E. Jones

21.305 The Modern Period: 1900-1970

Prereq.: -
U(2) Not to be offered 1990-91
3-0-9

Role of the individual and the artist in modern
society dominated by politics, war, and
technology. 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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21.306 The German Cinema

Prereq.: -
U(2) Not to be offered 1990-91
4-0-6

Overview of the German film since its
beginnings, 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 journals based
on thorough analysis of films as well as readings
on social and historical background. Directors
include Lang, Ruttmann, Pabst, Schiondorff,
Wonders, Herzog, Fassbinder, Lilienthal, M. v.
Trotta. Conducted in English. Films shown with
Englsh subtles.

21.307 Modern German Novels in Translation

Prereq' -
U(1) Next offered 1990-91
3-0-6

20th-century fiction from Germany, Austria, and
Switzerland. Emphasizes major themes (bour-
geois 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 context. Authors include
Thomas Mann, Kafka, D6blin, Grass, Christa
Wolf. Showing of a film version of at least one
novel.
Staff

21.310 Masterpieces of Hispanic Culture

Prereq.: -
U(2) Not to be offered 1990-91
3-0-6

Subject studies major works of Hispanic
literature, film, and art, including the Poem of the
Cid, Cervante's Don Quijote (selections),
Lorca's Three Tragedies, Garcia MArquez'sOne
Hundred Years of Solitude, short stories by
Borges. Films by Bufiuel, as well as paintings by
Goya, Velazquez, and Picasso allow students to
trace development 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 Motifs in Russian
Literature
(New)

Prereq.: -
U(2) HASS-D/HUM-D
4-0-8

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 fokloric
archetypes, literary traditions, critical ap-
proaches, and interretations through other
media (painting, baliet, opera, film). Demon-
strates the continued relevance of the concepts
introduced during the term through modem
works; Bulgakov's The Heart of a Dog and
Suslov's Loosestrife City. Qualified students are
encouraged to do some of the work in Russian.
E. Semeka, C. V Chvany

21.315 Russian Short Story

Prereq.: -
U(1) Next offered 1990-91
3-0-8

The great development of Russian prose from
Pushkin's Tales of Belkin and "Queen of
Spades" through GO ol, 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 history
of themes and Ideas pertaining specifically to
this genre.
C. V Chvany

21.317 Russian Novel of the Nineteenth
Century

Prereq.: -
U(1) Net to be offered 1990-91
3-0-6

The development of the novel in Russia In the
context of the evolving European novel. Empha-
sizes three major fictional modes: the historical,
the psychological, and the satirical/realist novel
and their European counterparts. Gives attention
to the larger historical 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 encour-
aged to read some texts in the original.
E. Semeka

21.318 Soviet Literature and Moral Issues

Prereq.: -
U(1) Next offered 1990-91
3-0-6

Study of the moral challenges by writers such
as Solzhenitsyn, Grossman, and Chukovskaya;
and of the ideological dilemmas of totalitarian-
ism, socialism, and freedom in the post-Stalin
period. The new point of view on war and
patriotism represented by writers- partic'pants in
World War 11. Poetry by Evtushenko and
Voznesensky, and the poet's new identity.
E. Semeka

Senior Seminar

21.319 Senior Seminar for Majors 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-
ton to research problems in foreign literatures
including the identification of bibliographic tools
and the acquisition of materials from foreign
sources. Consult Department Headquarters.

Studies in Language

21.320J Linguistic Theory and Second
Language Acquisition

(Same subject as 24.948J)
Prereq.: Permission of Instructor

G(2) Next offered 1990-91
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)

U(1) HUM-D
3-0-9

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

See description under subject 24.901J.
J. W. Harris

21.323 Language in Discourse

Prereq.: -
U(1) Next offered 1990-91
3-0-6

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, dicnourse presuppositions, meta-
phors in everyday language and in literature,
dialogue, and narrative. Also considers the ways
in which leamers of a foreign language develop
discourse competence in natural and instruc-
tional settings. Examples drawn from English
and various foreign languages.
S. Flynn, C. Kramsch

21.324 Workshop in Translation

Prereq.: Permission of Instructor
U(2) Next offered 1990-91
3-0-6

For students who wish to translate short stories,
essays, or poems Into English. Class Includes
the study of technical, historical, and theoretical
aspects of translation, as well as discussion of
students' work. Critically examines models of
translation, both classical and contemporary.
Gives attention to linguistic problems of
translation. Students complete a translation
project which they elaborate in consultation with
the faculty. Knowledge of any second language
at an intermediate level or above is usually
sufficient.
C. V Chvany
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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

Continued development of skills In oral compre-
hension, speaking, reading, and writing. Activi-
ties, which include language laboratory work,
reinforce understanding and lead to an in-
creased ability to communicate.
R Lardiere

21.327 English III: English as a Second
Language

Prereq.: Placement test or Permission of
Instructor
U(1, 2)
3-0-6

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 cultures.
M. Sokolik

21.331 Development of Listening and
Speaking Skills: English as a Second
Language

Prereq.: Placement test or Permission of
Instructor
U(1. 2)
3-3-3

Provides intensive practice in idiomatic oral
communication and listening comprehension
for students who have mastered complex
grammatical structures of English. Focuses on
presenting reports, explanations, and seminars
to class using various approaches and styles.
Gives some consideration to appropriate teach-
ing methods. Valuable for those who intend to
teach or lecture in English. Attention also given
to the management of conversations within a
variety of social contexts. Language laboratory
assignments.
J. Dunphy

21.333 Expository Writing I for
Undergraduates: English as a Second
Language

Prereq.: Placement test or Permission of
Instructor
U(1)
3-1-8

Reading, discussing, summarizing, and para-
phrasing articles and essays in nontechnical
fields. Provides practice in basic writing skills by
focusing on development of clear, well-orga-
nized paragraphs and essays. Also gives atten-
tion to vocabulary development and grammar.
Special focus on strengthening skills of bilingual
students.
M. Sokolik

21.334 Expository Writing i for
Undergraduates: English as a Second
Language

Prereq.: Placement test or Permission of
Instructor
U(1, 2)
3-1-8

Formulating, organizing, and presenting Ideas
clearly in writing. Reviews basic principles of
rhetoric. Focuses on development of a topic,
thesis, choice of appropriate vocabulary, and
sentence structure to achieve purpose. Devel-
ops idiomatic prose style. Gives attention to
grammar and vocabulary usage. Special focus
on strengthening skills of bilingual students.
Successful completion statisfies Phase I of the
Writin Requirement.
M. Sollk

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,
format, 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 language
is not English. Consult C. Sawyer-Lauganno.

21.339 Workshop in Writing for Science and
Engineering: English as a Second Language

Prereq.: Placement test
U(1, 2)
3-0-6

21.340 Workshop in Writing for the Social
Sciences and Architecture: English as a
Second Language

Prereq.: Placement test
U(1)
3-0-6

Advanced subject focusing on techniques,
format, and prose style necessary for research
papers. Emphasis on writing as required in
fields such as economics, political science, and
architecture. Short assignments - including
letters of transmittal, memos, executive summa-
ries, proposals, and progress reports - build
toward a written term project and oral presenta-
tion. Special focus on strengthening skills of
bilingual students. Successful completion
statisfies Phase I of the writing requirement.
Consult C. Sawyer-Lauganno.

Special Topics

21.348 Special Topics in Foreign Languages
and Literatures

Prereq.: -
U(1)
Arr.

21.349 Special Topics in Foreign Languages
and Literatures

Prereq. -
U(2)
Arr.

Advanced work in foreign languages and litera-
tures for students wishing to pursue topics or
projects not provided for by regular subject
offerings. 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 Department
Headquarters.

See 21.008 The Bible

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
written term project and oral presentation.
Comparable to 21.780 but special focus on
strengthening skills of bilingual students.
Successful completion statisfies Phase II of the
Writing Requirement.
Consult C. Sawyer-Laueanno.
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History

For other subjects related to history in
addition to those given below, see Interdisci-
plinary Subjects, 21.901J-21.992.

European History

European History subjects are divided into
two categories: Basic Fields: 21.350-21.361,
and Special Subjects and Seminars:
21.365-21.386.

Basic Fields

21.350 The Ancient World: Greece

Prereq.: -
U(1) HUM-D
3-0-9

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,
cosmology. Corflict 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. Re/che

21.351 The Ancient World: Rome

Prereq.: -
U(2) HASS-D/HUM-D
3-0-9

Roman republic in origin, structure, function.
Roles of traditionalism, improvisation, Greek
humanism. Outer success, yet internal
polarization. Manipulation and terror as political
instruments. Various perspectives on Pompey,
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 histo ans, ancient and modern.
H. A. T 0. Reiche

21.352 Prom Caesar to Charlemagne

Prereq. -
U(1) HUM-D
3-0-9

Transitions from late Antiqut to the "FirstErons* frougl from AD 300-900. Examines
changes In a e oman 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) HASS-D/HUM-D
3-0-9

Process of recovery from damage suffered
through 200 years of Magyar-Moslem-Viking
Invasions, 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 leamed factions in the 13th
century.
R. M. Douglas

21.356 History of the Western World 1:
1500-1815

Prereq.: -
U(1) HUM-D
3-0-9

The evolution of the Western world between the
end of the Middle Ages and the French Revolu-
tion. Topics: heritage of the Middle Ages; emer-
gence of the new dynastic monarchies; the
great explorations; the Renaissance in Italy and

orthern Europe; the Protestant and Catholic
Reformations; the Scientific Revolution; the
Enlightenment; development of the bureaucratic
state; the American and French revolutions.
D. B. Ralston

21.357 History of the Western World Ii:
1815-1970

Prereq.: -
U(2) HUM-D
3-0-9

Survey of the West during the era of its prepon-
derence, the 19th and early 20th centunes, and
during its subsequent retreat from world domi-
nation. Among the topics considered: the
Industrial Revolution and its spread; liberalism
and the modem nation state; unification of Italy
and Germany; the 'new" imperialism; World 'War
I and the eclipse of Europe; the Russian Revolu-
tion and its consequences; the long armistice
and World War II; "Pax Americana" and the
post-war international order; the resurgence of
the non-Westem world.
D. B. Ralston

21 .360 European Social History In the
Nineteenth and Twentieth Centuries

Prereq.: -
U(2)
3-0-6

Studies the large-scale social and economic
forces that changed the character of European
society. Analyzes changes In population, diet,
and health standards; mass migrations; class
and family structures, roles of women and
children; conditions of labor. The emergence of
mass social and revolutionary movements in
repnse to these changes Is a major theme.

0.Frsyt

21.361 Europe in the TWentieth Century

Prereq.: -
U(1) HASS-D/HUM-D
3-0-9

Examines changes In Europan political, social,
and cultural life from the origins of World War I
to the developments of the 1980s. Topics cov-
ered include World War I, the post-var revolu-
tions, the counter-revolutions of Fascism and
Nazism, the "normalcy" of the twenties, the
Great Depression, the totalitarian states, World
War II, reconstruction, Europe in the Cold War,
the new consumer societies, relations with
former colonies, and Europe in global perspec-
tive of the eighties.
D. Forsyth

Special Subjects and Seminars

21.365 The Renaissance In Italy

Prereq.: -
U(1)
3-0-6

Comparative studies in the development of
Italian society, politics, and culture from the
generation of Dante to thea e of Machiavelli,
emphasizing Florence and Venice. Reading
drawn extensively from treatises and documents
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

21.366 The Renaissance and Reformation

Prereq.: -
U(2)
3-0-6

Relationships between society and ideas In
northern Europe during a century of acute
social conflict, intellectual controversy, and
uncommon creativity In nearly every area of
thought and imagination. The process of
"reformation and "rebirth* examined in both
religious and secular contexts. Readings from
both "high" culture and blw - Thomas More,
Erasmus, Luther, Calvin, Rabelais, and
Montaigne as well as from anonymous tracts
and novels.
R. M. Douglas

21.369 Marx, Darwin, and Freud

Prereq.: -
U(1) HUM-D
3-0-9

In-depth historical and critical study of the
attempts of Marx, Darwin, and Freud to investi-
gate the natural and cultural development of
humans and society; these attempts are treated
as problems in creativity, intellectual history, the
his try and philosophy of the cultural sciences,
and social thought.
B. Mazlish
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21.370 Anarchism

Prereq.: -
U(1) Next offered 1990-91
3-0-6

Readings from the classics of European and
American Anarchism, and the study of anarchis-
tio and anarchosyndicallst movements In Eu-
rope and the utopian anarchistic communities in
the US. Examines all branches and versions of
anarchism, from radical individualists to collec-
tivist communitarlans and various anarchistic
critiques of modem industrial, bureaucratic
socies.
W B. Watson

21.371J The Industrial Revolution: Social,
Cultural, and Political History (1750-1850)

(Same subject as STS 1 10J)
rsreq.: -

G(2)
3-0-9

Examines the industrial revolution itself and its
Impact on society and culture. Focuses
attention on the Intellectual, emotional, artistic,
literary, and social effects, including implications
for demographic and class structure and for the
family. Presentations, where possible, in terms
of Individuals such as A. Smith. Malthus,
Rousseau, Owen, Carlyle, St. Simon, and
Fourier. Qualified undergraduates, with
permission of instructor.
a. Mazlish

21.372 France 1789-1969: From the
Revolution to Charles de Gaulle

Prereq.: -
U(2) Next offered 1990-91
3-0-6

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 breakdown in the
20th century; the efforts following World War il
to reach a new political and social settlement.
. B. Ralston

21,373 Modern Spain, 1469-1939

Prereq.: -
U(1) Next offered 1990-91
3-0-6

Development of modem Spain from union of
Castle and Araon to triumph of General
Franco in Spanish Civil War. Topics: growth and
collapse of empire, struggle to establish a
modem state, liberal experiment and oligarchic
reaction, pronunciamlento-style rebellions, rule
of new elites, collapse of monarchy and the
Republican experiment, polarization and civil
war.
W B. Watson

21.376 Imperial and Revolutionary Russia:
Culture and Politics

Prereq.: Permission of Instructor
U(1) HUM-D
3-0-9

Analyzes Russia's social, cultural, political
heritage, Eurasian imperialist and autocratic, ca.
1850. Reform, modemization - and national
catastrophe: World War I, 1917 Revolution, Civil
War of 1918-1921. Emphasizes emergence of
radicalism (Populism, Communism) as a politi-
cal culture: its role in the making of a new order,
the USSR, In the Russian empire and in world
history. Larger cultural themes concerning
revolutionary consciousness; films, literature,
social thought.
R. E. MacMaster

21.378J SeminAr in the Historical and
Political Evolutiun of the Soviet Union

(Same subject as 17.609J, STS 025J)
Prereq.: Permission of Instructor
U(2)
3-0-6

A reading subject on the history and politics of
the Soviet Union. Emphasizes internal develop-
ments rather than foreign policy. Students
discuss the readings weekly. All required read-
ings are in English, but supplementary readings
in Russian are available for those students
wishing them. Open to advanced undergradu-
ates with some previous work in the Soviet area.
Meets with 17.609 and 17.610.
L. R. Graham

21.379 Spanish Civil War, 1936-39

Prereq.: -
U(2) Next offered 1990-91
3-0-6

Examines how traditional conflicts in Spanish
society erupted into civil war, almost
immediately provoking a worldwide response.
Examines the consequences of the Civil War for
Spain and the rest of Europe in light of political,
social, and economic Issues selected by
students and the instructor. Special attention to
literr responses to the war.
W B. Watson

21.380 Hitler and Germany Since Bismarck

Prereq.: -
U(1)
3-0-9

Bismarck, Kaiser Wilhelm 1i, the Weimar
Republic: belated nation-building and Industrial-
Ization, total war, revolution (left and righ. 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; imperialist aggression and world
war; terrorist and racist genocide, especially of
Jews. The Germanies since 1945: politics,
economies, society.
R. E. MacMaster

21.383 Revolution In the Twentleth Century

Prereq.: -
U(2)
3-0-6

The phenomenon of revolution as exemplified
by the experiences of Russia, China, a id
possibly one or two other socletes in Vhe 20th
century. Among the aspects of revolut',n
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

A study of how war has been waged in the
European world and elsewhere since 1500.
Among the issues to be considered are the
chang form and modes of war; the factors,
both nological and sociopolitical, which
have influenced them; the effects of war on the
social and political structure of the countries
Involved.
D. B. Ralston

21.386 History and Psychoanalysis:
Ufe-History

Prereq.: -
U(1)
3-0-9

Applies psycholoy, especially psychoanalysis,
to the understandIng of history. Emphasizes
individual life-histories. First part: examination of
psychological theories of Freud, Erikson, and
others, and then of case studies, such as of
Hitler and Gandhi. Second part: reports by
members of the class on their own attempts at a
life-historical study.
B. Mazlish

21.387 World War and Reconstruction
(Now)

Prereq.: -
U(1) Next offered 1990-91
3-0-6

Focuses on causes and global repercussions of
World Wars I and 11. In addition to the causes of
world war, topics include: industrial mobiliza-
tion, war, and social transformation; military
history, war, and technology; belligerents and
neutrals, occupation, incarceration, and extermi-
nation; war and revolution; economic dislocation
and reconstruction.
D. Forsyth
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21.389 The Last Hundred Years: Topics in
World History
(New)

Prereq.: -
U(2) HASS-D/HUM-D Next offered 1990-91
3-0-9

Critical developments in world history since
1880: 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 population
growth. The age of European empire, the rise
of the United States as a world power. The
emergence of modern Japan and the collapse
of the Qing In China. The global effects of World
War I; liber.,2sm, facism, and world depression
In the 1920s; Stalin's Russia. Hitler's war in
Europe, and Japan's war in Asia; theories about
industrial society, women's liberation, and
peasant movements; the global crisis of World

0. Forsyth, Staff

American History

American History subjects are divided into
two categories: Basic Fields: 21.390-21.431,
and Special Subjects and Seminars:
21.432-21.449.

Basic Fields

Introductory Subjects

21.390 American History to 1865

Prereq.: -
U(1) HUM-D
3-0-9

How and why the US had, by the time of the
Civil War, developed a society, economy, poli-
tos, and geographical boundaries much like
those of today. Examines closely the different
colonial heritages of Spanish and British Ameri-
ca; the American Revolution; the establishment
and growth of the new nation; the Civil War, its
background and impact. Readings are from
modem scholarship as well as cntical writings of
the period.
J. Namias

21.391 American History Since 1865

Prereq.: -
U(2) HUM-D
3-0-9

The rise of America to world power is chronicled
by focusing on key internal as well as foreign
policy developments and conflicts from Recon-
struction through imperialism, the world wars,
the civl rights movement, the women's move-
ment Vietnam, Watergate, and beyond. Assign-
ments include speeches, novels, films, and oral
histories as well as pertinent historical articles.
Information: History Office

21.392 War, Money, and Sex: Topics In
American History

Prereq.: -
U(2) HASS-D/HUM-D
3-0-9

Examines three central issues In American life
through a topical rather than chronological
approach 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, dia-
ries, speeches, legislation, and other primary
documents, as well as quantitative data and
scholarly works.
J. Namilas

21.394J Riots, Strikes, and Conspiracies in
America
(New)

(Same subject as 11.01 5J)
Prereq.: -
U(1) HASS-D/HUM-D
3-0-9

Readings, discussions, and lectures about
short-term events which shed light on American
society from the late 17th to the late 20th centu-
ries. 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 learn about American history and
American culture.
R. M. Fogelson, R Ma/er

Chronological Series

21.400 Colonial America

Prereq.: -
U(1) Next offered 1990-91
3-0-6

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; Insurrec-
tions, witchcraft, and slavery; economic, social,
and religious change; war, politics, and political
ideology on the eve of the American Revolution.
Readings are drawn from the most recent
historical scholarship as well as documents of
the time.
P Maier

21.401 The American Revolution

Prereq.: -
U(1)
3-0-9

English and American backgrounds of the
Revolution; Issues and arguments in the Anglo-
American conflict; colonial resistance and the
beginnings of Republicanism; the Revolutionary
War; constitution writing for the states and
nation; effects of the American Revolution.
Concerned primarily with the revolutionary
origins of American government. Readings
emphasize documents from the period -
pamphlets, correspondence, the minutes or
resolutions of resistance organizations, constitu-
tlonal documents and debates.
P Maier

21.402 The New Republe, 1787-1850

Prereq.: -
U(1)
3-0-9

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 culture. Roots of the Civil War.
A. D. Kaledin

21.404 America in the Industrial Age,
1877-1917

Prereq.: -
U(2)
3-0-6

The social and political implications of Industrial-
Ization from the end of Reconstruction to World
War 1. Focus is on the way in which conflicts of
race, culture, class, and region reshaped do-
mestio politics and governance and projected
the nation into world power. Includes the emer-
gence of the coorate economy; labor and the
workplace; transformation of the political parties;
poulism; Imperialism; rogressivism; and rise
of e regulatory state. Readings from fiction
and tracts of the period and historical studies.
information: History Office.

21.405 America In the Twenties and Thirties,
1917-1941

Prereq.: -
U(2) Next offered 1990-91
3-0-6

American politics, society, and culture during
World War I, the 19209, 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 significance of
the New Deal. Readings in both historical and
literary materials, accompanied by contempo-
rary films. Consult Department headquarters.
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21.406 America Since World War I, 1941 to
the Present

Prereq.: -
U(1)
3-0-6

The transformation of American politics and
society during and after World War 11. Topics
Include the deepening American involvement in
world affairs; expansion of the role of govem-
ment; the civil rights movement, the new left,
and the women's movement; political and
cultural crises of the 1960s and 1970s; rise of
the right. Information: History Office.

Topical Series

21.409 American Ideas and Culture: From the
Puritans to the Civil War

Prereq.: -
U(1)
3-0-9

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, Jefferson, Adams, Madison,
Emerson, Whitman) and as embodied in
American institutions, social life, and law. The
influence of social structure and material
circumstance on ideas in America. The
emergence of the fundamental myths of
American culture.
A. D. Kaledin

21.411 American Intellectual and Cultural
History: The Modern Age, 1920-1980

Prereq.: -
U(2) HUM-D
3-0-9

Changes in thought and culture from the Lost
Generation of the 20s and the Great Depression
of the 30s to 60s Counterculture and 80s
Neoconservatism. as reflected in literature, art,
politics, and major public controversies. Topics:
erosion of traditional values; Fundamentalist-
Modernist conflicts of the 20s and now;
changing Ideas about women, family, sexuality,
equaity, race, ethnicity; 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) HUM-D
3-0-6

See description under subject 11.013J.
R. M. Fogelson

21.413J American Urban History II

(Same subject as 11.01 4J)
Prereq -
U(2) HUM-D
3-0-6

See description under subject 11.014J.
R. M. Fogelson

21.414 History of the American West

Prereq.: -
U(2)
3-0-6

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 settlers and
Indians, gender and ethnicity, ecology, class,
and culture.
J. Namlas

21.416J American Women's History

(Same subject as SP 420J)
Prereq.: -
U(1) HUM-D
3-0-9

Starting with Pocahontas and ending with the
1980s, students examine the female experience
in the US, focusing on issues of power, race,
ethnicity, and class, and on concepts of work,
family, and sexuality, with their ramifications for
the world of both sexes. The reading combines
articles by current scholars with a large propor-
tion of primary documents (diaries, memoirs,
interviews, fiction). In addition, a movie is
shown.
J. Namias

21.418 The immigrant Experience: Race and
Ethnicity in the US, 1880-1980

Prereq.: -
U(1) Next offered 1990-91
3-0-6

includes the background both of the immigrants
and of the Americans who met and tried to
"Americanize" them; definitions of "American";
mass migration movements including those of
Blacks, Hispanics, and Asians; Federal
immigration policy; life In the Immigrant
community, and immigrant labor. Consult
Department Headquarters.

21.431 The Founders of the Republic

Prereq.: -
U(1) Nex offered 1990-91
3-0-9

A study of politics and theory, ersonality and
ower in the early decades of American

Republic, as focused by the Ideas and dreams,
the private lives and public careers, the ambi-
tions and rivalries of the major Founders -
Washington, Adams, Jefferson, Hamilton, and
Madison. Readings are mostly from the writings
of the aforementioned authors, including a
bi.raphy of each.
A. 0. Kaled/n

Special Subjects and Seminars

21.432 Religion in America

Prereq.: -
U(2)
3-0-9

American religious life In historical perspective.
Conflict and change In the mainline churches;
the perpetual creation of new denominations,
sects, cults; boom in occult and Eastern reli-
gions; class, ethnioty and religion; the Black
religious experience; the genesis of original
American religions (eg. Mormons); how some
old sects (e.g.. Hutterits) resist assimilation; the
revivalist tradition; modem American fundamen-
talism; the electronic church; the relation of
religion to politics. How Important Is religion In
American life really?
A. D. Kaledin

21.435 The American Psyche

Prereq.: -
U(2) Next offered 1990-91
3-0-9

A study of 1) "What is an American?," i.e., the
question of identity, starting with the examina-
tion of the concept itself and then of efforts
(e.g., by Tocqueville, Erikson) to describe and
anal e such a presumed character; and 2) the
application of psychological approaches to
individuals (e.g., Jefferson, Uncoln), to persist-
ent themes (e.g., the frontier hero, or cowboy),
and to collective phenomena and events (e.g.,
slavery, the American Revolution).
. Mazlish
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21.441J Does Technoloy Drive Politics?: The
Decision to Build the H-Bomb
(Context Subject)

(Same subject as 8.204J)
Prereq.: -
U(1) Next offered 1990-91
3-0-6

In considering the relationships among science,
technology, and society, no subject is more
importan or more illuminating than the decision
of the US government in 1950 to develop the
H-bomb In response to the first Soviet A-bomb
test. The decision was made by President
Truman and his advisors despite the recom-
mendation of the Atomic Energy Commission.
Students study the physics and history of the
era; each researches in depth one of the deci-
sion makers (e.g., Oppenheimer, Ullienthal,
Acheson, Truman, and others). May not count
toward HASS Requirement. Consult Department
Headquarters.

History of East Asia and the
Middle East

History of East Asia

21.460 East Asian History: China

Prereq.: -
U(1) HUM-D
3-0-9

History of Chinese civilization from the Shang
through the Ch'ing dynasties (1500 BC-AD
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 con-
quest and the late empire, 19th-century rebel-
lion and decline.
A. Zito

21.461 East Asian History: Japan

Prereq: -
U(1) HUM-D Next offered 1990-91
3-0-9

History of Japanese civilization from Its origins
to the present, concentrating on the period of
rapid transformation from the late Tokugawa
period through the end of the American occu-
pation (1800-1954). One major theme is the
distinctiveness of Japanese society and the
nature of foreign influences on it.
R C. Perdue

21.462 Social and Economic Transformation
in China, A.D. 900-1900

Prereq.: -
U(1) Next offered 1990-91
3-0-6

in the year 1000, China was the world's most
populous, most urbanized, and most technolog-
ically advanced civilization. By 1900. it had
become one of the world's poorest nations.
Why? Students examine long-term social and
economic change during this period, including
geography, demography, commerce and state
economic policy, technology, agriculture, popu-
lar culture, and collective action, concluding
with a discussion of the legacy for economic
modernization in China today.
R C. Perdue

21.463 Revolution in China, 1850-1980
(Revised Content)

Prereq.: -
U(2)
3-0-6

Examines social transformation and revolution-
ary upheaval in 19th- and 20th-century China.
Includes Taiping Rebellion, Boxer movement,
1911 revolution, rise of tne Nationalist Party,
9rowth of the Chinese Communist party under

ao, and causes of its victory in 1949. Briefly
discusses developments in post-1949 China
and concludes with recent economic reforms
and the democracy movement.
A. Zito

21.464J Industrial Competition in the
US and Asia
(Context Subject)

Same subject as 3.08J)
rereq.: -

U(2) HASS Next offered 1990-91
3-0-6

Examines causes of economic efficiency and
international efficiency and international
competitiveness in economies of the US and
Asia - particularly China and Japan -
considering relative importance of technologi-
cal, economic, social, and historical factors.
Topics include costs of production, product
quality, or anizational structures, labor relations,
and the educational system. Case studies of
selected industries such as automotive, steel,
electronics, computers, and biotechnology.
R C. Perdue, J. P Clark

21.465 Family, State, and Economy In East
Asian History

Prereq.: -
U(1) HASS-D/HUM-D
3-0-9

History of the Middle East

21.480 Islam, the Middle East, and the West
(Revised Content)

Prereq.: -
U(1) HASS-D/HUM-D
3-0-9

Surveys the major political, soclo-economic,
and cultural changes In the Middle East from
the rise of Islam to present times (A.D.
600-1988), with special emphasis on Islam's
encounter 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
light of the historical past, including the
Arab-Israeli conflict and the Iranian revolution,
R S. Khoury

21.481 The Middle East in the Twentieth
Century

Prereq.: -
U(2) HUM-D
3-0-9

Surveys major political, socioeconomic, and
cultural changes In post-World War I Middle
East through the lenses of religion, state, and
nationalism. Investigates interwar Independence
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,
H. Kayali

21.483 Nationalism, Imperialism, Revolution:
The Middle East

Prereq.: -
U(1)
3-0-6

The Middle East's experience with nationalism in
the 20th century. Examines theories and vari-
eties of nationalism, Imperialism, and revolution.
Focus on Arab nationalism: its origins; character
of independence movements; rise of radical

an-Arabism and relationship with radical
slaic and Manxit movements; special place of
Palestinian nationalism; and retreat from pan-
Arabism after 1970. Comparisons with Turish,
Iranian, and other Third World nationalisms, and
with Islamic fundamentalist movements.
H. Kaya//

Focuses on three themes which are vital to the
study of East Asian societies (primarily in China
and Japan). 1) How have Confucian ideas on
the family been put into practice by East Asian
societies? 2) How has the intellectual elite
voiced its criticism of the state in imperial and
modern times? 3) What factors in 18th- and
19th-century China and Japan have promoted
or obstructed economic and technological
development?
A. Zito
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21.484J Modern Egypt and Iran: Islam and
Politics in Historical Perspective

(Same subject as 17.562J)
Prereq.: -
U(2)
3-0-8

A comparative perspective is used to examine
the role of Islam, the human and physical
environment, and imperialist rivalries in shaping
the character of state and society In 20th-
century Egypt and Iran. Explores forces and
events tha 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 alms of contemporary Islamic move-
ments, their approaches to women, economic
development, and international relations. Open
to graduate students.
H.0ayall

21,485J Politics, Technology, and Public
Policy in the Middle East (A)

(Same subject as 1.255J, 4.715J, 11.488J.
17.558J. STS 509J)
Prereq.: -
G(1)
3-0-9

See description under subject 17.558J.
N. Choucn, F Moavenzadeh, R. Lewcock,
W Porter

21.490 Special Topics in History

Prereq.: -
U(1)
Arr.

21.491 Special Topics In History

Prereq.. -
U(2)
Arr

Individual supervised work for students who
wish to study topics not covered in the regular
history offerings. Before registering for this
subject, a student must plan a course of study
with some member of the History 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)
Arr.

21.493 Advanced Topics in History

Prereq.: -
G(2)
Arr.

Individual supervised work for graduate stu-
dents on a topic or field of history not covered
at the graduate level in the regular history
offerings. Before registering for this subject, a
student 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

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 techniques; oral
history methodologies; history "from the bottom
up" and the new social history. Open to all
students, but required of history majors and
minors. Consult Department Headquarters.

21.498J 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 a pproaches,
e.g., quantitative, psychological, Marxist,
Weberian, etc. Open to qualified
undergraduates.
B. Mazlish

See 21.008 The Bible.

Anthropology/Archaeology

The anthropology and archaeology subjects
described below are grouped within four
areas: introductory, social anthropology,
technology in cultural context, and archaeo-
logy. Students are encouraged to take
subjects from each of the groups for a fuller
overview of the field.

Introductory

21.50 introduction to Anthropology

Prereq.: -
U(1) HUM-D
4-0-8

An examination of the differences and similari-
ties among nomadic hunters-gatherers, tribal
peoples, peasants, and modern complex soci-
eties. Is there a common human nature behind
the apparent diversity? Different cultural values
are seen in relation to ecology and social struc-
ture, The impact of modemization and Western
influences also studied.
M. Diskin

21503 Introduction to Archaeology: Paths to
Clvilizatlcn

Prereq.: -
U(2) HUM-D
3-0-9

Human societies have a least a two-million-year
history. Archaeology employs a specialized set
of tools to reconstruct that history from fragmen-
tary evidence. This course investigates 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 archaeo-
logical evidence and its use (and misuse) in
reconstructing these past societies.
D. Hos/er

21.504 Approaches to Archaeology

Prereq: -
U(1)
2-4-6

Studies various analytical techniques and
approaches used to "tease" the past out of
archaeological remains. Lectures and discus-
sions on methods of archaeology and their
theoretical underpinnings. Weekly lab sessions
devoted to analyzing artfacts and data, and
testing the tools of archaeology. Topics include
surveying and locating sites, excavation
strategies, dating techniques, analyzing ceramic
and lithic artifacts, studying organic remains,
statistics, uses of inference, and experimental
archaeology.
H. V Merrick
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21.505 Human Origins and Adaptations Social Anthropology 21.530J The Contemporary Family

Prereq.: -
U(2)
3-0-6

Examines the dynamic interrelations among
physical and behavioral traits In humans and
environment, culture, and social practices to
provide an Integrated framework for studying
uman biological diversity. Topics Include Issues

In evolution and adaptation; fossil and cultural
evidence for human evolution from earliest
times through the Pleistocene; evolution of tool
use, social behavior, and organization; territorial-

and aggression; sex roles; concepts of race.
V Merick

21.506 Evidence and Argument In
Anthropology

Prereq.: -
U(2) HASS-D/HUM-D
3-3-6

Anthropological evidence ranges from the
microstructure of ancient Andean metal artifacts
to Amazonian Indian botanical taxonomies to
peasant rebellion in SE Asia. Analysis of this rich
body of evidence shares the methods of sci-
ence but also utilizes approaches unique to
anthropological concerns. In lecture and discus-
sion, emphasis is given to the systematic nature
of both types of anthropological research. In the
laboratory, students design and execute their
own projects within the anthropological tradition.
M. Diskin, H. N. Lechtman

21.509 Understanding Culture
(New)

Prereq.: -
U(1) HASS-D/HUM-D
3-0-9

Students are introduced to anthropological
fieldwurk and the concept of culture from
readings, films, and their own research projects
in the Boston area. A "hands-on" approach to
understanding cultural differences and what
produces them. Students will discover the
excitement and challenges of systematically
observing 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
UMi
3-0-9

Discussion seminar focusing on core Issues and
approaches In anthropol y/archaeolo y.
Students read a combination of theoretical and
descriptive works. Topics include models and
methods, production and kinship organization,
the modern world system, gender and social
interpretation, and competition and individual-
ism. Consult J. E. Jackson.

21.511 Magic, Shamanism, and Witchcraft

Prereq.: -
U(1) Next offered 1990-91
3-0-9

A look at several interrelated aspects of religious
belief and practice, especially those often
considered the very antithesis of "scientific":
witchcraft and sorcery, magic and divination,
curing rites, shamanism, messianic movements,
and the rise of new religions. Material drawn
from Western, non-Westem, modem, and
bygone and "primitive" societies.
J. Howe

21.512 Myth, Ritual, and Symbolism

Prereq.: -
U(1)
3-0-6

People everywhere make sense of their worlds
symbolically, expressing themselves in myth
and ritual. Focuses on the social and political
uses of myth, ritual, and symbol in both tradi-
tional and modern societies, and relates theories
about them to everyday, practical concerns.
Consult J. E. Jackson.

21.514 Communities in Crisis

Prereq.: -
U(2)
3-0-6

What happens when a community is severely
stressedl Investigates crises In several Western
and non-Westem communities, and the at-
tempts made to resolve them by political, reli-
gious, or other means. Consult J. E. Jackson.

21.521J Central American Society

(21.521)
LSame subject as 17.587J)
Prereq.: -
U(1)
3-0-6

Central America's heterogeneous population
includes Indians, Afro-Americans, and Euro-
Peans. Spain, England, and the US have been
significant influences. Focuses on land use and
agranan relations, foreign intervention, repres-
sion, and revolution in an effort to explain the
present crisis.
M. Diskin

21.523 Agrarian Society

Prereq.: -
U(2)
3-0-6

A view of world history as seen from the coun-
tryside. 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.
M. Diskin

Same subject as SP 456J)
Prereq.: -

U(2) HASS-D/HUM-D
3-0-9

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.
L. Rofel

21.531J Sex Roles: A Comparative
Perspective

LSame subject as SP 455J)
Prereq.: -

U(1)
3-0-9

Each culture, including our own, treats human-
kind's sexual dimorphism In a distinctive way.
Considers several theories of gender (Marx and
Engels, Freud, and others), as well as such
topics as the origin of the sexual division of
labor, child-rearing, symbols of sexuality, and
gender and politics.
L. Rofel

Technology and Cultural Context

21.534J Modern Times

(Same subject as STS 056J)
Prereq.: -
U(1)
3-0-6

Anthropologists, famous for excursions among
exotic peoples, increasingly study one of the
most bizarre societies of all - our own. A
cross-cultural perspective taking into account
both "primitive" societies and other industrial-
ized ones helps us to understand our own body
rituals, ethnic divisions, myths, living arrange-
ments, rites of education, sense of time, and
scientific cosmology. Consult J. E. Jackson.

21.536J Cross-Cultural Studies of Scientific
and Technological Institutions

(Same subject as STS 057J)
Prereq.: -
U(1) Next offered 1990-91
3-0-6

See description under subject STS 057J.
Consult L. Rofel
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21.540J Technology and Culture

~21 .540)
Same subject as STS 075J)

iereq.: -
U(2) HUM-D
3-0-9

Humans are cultural creatures who use tools to
control their physical and social environments.
How are technical knowledge and expertise
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

21.543J HIstory and Anthropology of
Materials Technology

(Same subject as 3.17J)
rereq.: -

U(1) Not to be offered 1990-91
3-0-6

See description under subject 3.17J.
H. N. Lechtman, L. W Hobbs

Archaeology

These subjects are divided Into regional
and topical, and subjects taught under the
auspices of the Center for Materials
Research In Archaeology and Ethnology
(CMRAE).

Regional

21.550-21.552 need not be tsken In any
particular order, nor Is one a prerequisite for
the others.

21.550 First Americans

Prereq.: -
U(2)
3-0-6

Indian cultures in North America from Paleo-In-
dian entry into the New World over 10,000 years
ago to European contact. Includes Pleistocene
Paleo-Indian big-hunters, development of
regional differences among Indian groups
major pre-Columbian cultures (e.g. Southwest-
ern Cliff Dwellers, Southeastem Mundbuilders),
art and ritual (e.g., rock art, ancient astronomy)
relation of prehistoric Indian cultures to modern
Indian groups. Consult A. Steinberg.

21.551 The Aztec, the Maya, and Their
Predecessors

Prereq.: -
U(1)
3-0-6

Examines origins and florescence of the impres-
sive prehispanic civilizations in area encom-
passed by contemporary Mexico and Guate-
mala using archaeological and ethnohlstorical
evidence. Considers factors such as distinct
adaptive strategies demanded by the lowland
rainforest and the highland environments,
extensive interregional exchange, and sea trade
with Central and South America in explaining
the spectacular achievements of these indige-
nous American peoples.
0. Hosler

21.552 The Ancient Andean World

Prereq.: -
U(1) Next offered 1990-91
3-0-6

Examines development of Andean civilization
which culminated in the extraordinary empire
established by the Inca. Archaeological, ethno-
graphic, and ethnohistorical approaches. Partic-
ular 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. Charac-
teristic cultural styles of prehistoric Andean life.
H. N. Lechtman

21.553 Archaeology of the Middle East

Prereq.: -
U(1)
3-0-6

Focus on the rise of cities and empires in vari-
ous areas of the Middle East including Anatolla.
the Levant, Mesopotamia, and Iran. Using
archaeological and written sources, examines
why such complex societies arose In this area.
Considers the role of tem ples and religious
hierarchies, of crafts and trade in luxury goods,
of writing and bureaucracies, of class stratifica-
tion, in the rise of early empires.
Consult A. Steinberg.

21.554 Archaeology of Egypt

Prereq.: -
U(2)
3-0-6

Egypt was the home of one of the first and mor'.
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 complox political systems evolved from
the simple villages of prenastic days; and 2)
how agriculture develope in the Nil Valley and
how it contributed to the growth of civilization.
Also considers the development of religion, art,
and writing systems. Consult A. Steinberg.

21.555 Africa - Past and Present: An
Archaeological and Ethnographic Perspective
(New)

Prereq.: -
U(1)
3-0-6

Examines prehistory and modern ethnographic
diversity of the African continent, with particular
emphasis on the sub-Saharan region. Traces
the course of human evolution from the earliest
Pilo-Pleistocene tool-making hominids to the
present ethnically diverse inhabitants of the
continent, by way of a series of topical case
studies. These cases are structured around
topics of current theoretical or methodological
interest in anthropology and in the study of
African prehisto. Wi include lectures,
experience handling prehistoric stone artifacts
and ethnographic materials, and several
ethnographic films.
H. Verrick

Topical

21.561 The Decline of Empires

Prereq.: -
U(2)
3-0-6

After examination of basic Institutions and
processes of empires from modern sociological
iterature and recent examples, we derive some
generalities about how and why empires disinte-
grate. Considers frontiers, military power, bu-
reaucracy, ruling elites, religions, population
growth, raw materials and markets, and urban-

lzation. Generalities tested against examples
chosen from ancient and medieval times includ-
ing Persia, Greece, Rome, Byzantium, and
China.
A. Steinberg

Graduate Subjects

For Program in History and Social Study of
Science and Technology

211.570J Theory and Method In the Study of
Social Institutions

(Same subject as STS 502J)
Prereq.: -
G(2)
3-0-9

Proseminar in social science theory and
method, with emphasis on ethnographic
approaches. Introduces pioneering works by
Durkheim, Mauss, Malinoweki, Marx, Weber,
Levi-Strauss. Contemporary Interactionist,
interpretational, cognitive, and structuralist
approaches. Ethnographic methodology and
the fieldwork encounter. Materialist vs ideational
theories.
J. E. Jackson
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Center for Materials Research in
Archaeology and Ethnology

CMRAE Is an inter-institutional center whose
subjects are listed with the Anthropology/Ar.
chaeology offerings and are open only to
graduate students and seniors by permission
of the Instructor.
21.582 Materials In Ancient Societies: Metals

Prereq.: Permission of Instructor
G(1)
3-6-3

Scientific analysis of archaeological artifacts
help us understand the cultures that produce
them. Manufacture and use of metals in ancient
or small-scale societies: Includes discussion of
ores, smelting, alloying, and techniques of
casting and working metal. Technological style
and afact design are related to cultural values
and social settings. Laboratory sessions focus
on metallographic examination and analysis of
excavated metal artifacts or ethnographic mate-
rials that present interesting technological or
cultural problems. Six to eight hours lab work
per week.
H. N. Lechtman

Special Topics

21.591J Music and Art Contexts for Hearing
and Seeing

(Same subject as 21.611J)
rereq.: -

U(1) HASS-D/HUM-D
4-0-8

See description under subject 21.611J.
A. Steinberg, J. Bamberger

21.598 Advanced Topics In
Anthropology/Archaeology

Prereq.: -
G(1)
Arr.

21.599 Advanced Topics In
Anthropology/Archaeology

Prereq.: -
G(2)
Arr.

For graduate students who wish to pursue
special studies or projects at an advanced level
with a member of the Anthropoogy/
Archaeology faculty. Consult J. E. Jackson.

21.596 Special Top ics in
Anthropology/Archaeology

Prereq.: Any two subjects In anthropology or
archaeology
U(1)
Arr.

Music

The Music subjects described below are
grouped within six areas: Introductory,
Interdisciplinary, hIstory/literature, theory/
composition, performance, and semlnars/
tutorials.

Although most students start with Intro-
ductory subjects, those who have vocal or
instrumental training or extensive exposure
to music are encouraged to begin at a higher
starting level.

Introductory Subjects

21.60 Introduction to Music

Prere : -
U(1. 2) HASq-D/HUM-D
3-3-6

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 (Athena
Music Lab; Listening Lab) for hands-on experi-
ence with making and performing music.
Coordinator: M. Marks.

21.601 Fundamentals of Music

Prereq.: -
U(1, 2)
3-3-3

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, R Ambush

21.602 Basic Musicianship21.597 Special Topics in
Anthropology/Archaeology

Prereq.: Any two subjects In anthropology or
archaeology
U(2)
Arr.

Topics in anthropolog or archaeology not
included In other subjects. Students electing
this subject must secure the approval of the
Head of the Anthropol /Archaeology Pro-
gram. HASS credit foreal Topics subjects
awarded only b Individual petitions to the
Committee on unrioula. Normal maximum le 6
units; to covnt toward HAS$ Requirement, 9
units are required. Exceptional 9-unit projects
occasionally approved. Consult J. E. Jackson.

Prereq.: -
U(1, 2)
3-2-4

An integrated approach to basic musicianship,
which aims at deepening students' understand-
ing of fundamental musical processes. Work
includes many kinds of listening exercises,
group sight-singing, in-class instrumental per-
formance, and a keyboard laboratory for ele-
mentary score read ng and beginning keyboard
harmony. Intended for students who are familiar
with notation and have some instrumental/listen-
ing experience. Students with considerable
experience in performance and basic theory
should try to begin with 21.641.
B. Burleigh, J. S, Bamberger
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Interdisciplinary Subjects

21.611 J Music and Art: Contexts for Hearing
and Seeing

Sme subject as 21.591J)

U(1) HUM-D
4-0-8

Examination of a llmited number of paintings
and musical compositions in a wide variety of
contexts to see how the artie/composer inter-
acts with his various surroundings and how they
affect his work. Contexts include structural-for-
mal (materials and forms), s ociocultural (role of
artist/composer in society, patronage, function
of art work); also the viewer/listener's personal
vantage point and how that affects understand-
Ing of the work (the cognitive/psychological
context). 'Truth" in art, as in any field, is in the
eye/ear of the beholder.
J. Bamberger, A. Steinberg

21.612J Learning to Design and Designs
for Learning
(Context Subject)

(Same subject as 11.01 7J)
Prereq.: -
U(2)
3-6-3

How generalizable is design knowledge? How is
it acquired? What are the elements, relations,
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 pro ram-
ming. On the basis of our experience in Initial
tasks and specialized areas, we examine similar-
ities and differences in design processes across
media and domains of expertise.
J. Bamberger, 0. Schon

21.615 Musical Acoustics

Prereq.: One music subject
U(1, 2)
3-0-6

An introductory treatment of physical and
psychological as to of musica peeptions
andr ucon. hysical principles of wood-
win, brass, string, and percussion instruments,
as well as the human voice are studied. Psycho-

hysical topics such as the perception of itch,
oudness, timbre, and rhythm are covere.
Sound propagations and acoustical pro rtles
of rooms and concert halls and criteria for their
proper functioning are discussed. Electronic
applications to music, such as sound recording
and reproduction, are surveyed.
C. Blair

History/Literature

21.621 Western Music to 1750

Prereq.: Permission of Instructor
U(1)
3-0-6

European art music from its foundation in
antiquity 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.
L. Lindgren

21.622 Western Music after 1750

Prereq.: -
U(2) HASS-D/HUM-D
3-0-9

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
written assignments analyze musical works, so
score-reading ability is helpful.
L. Lindgren

21.623 Musio of the Near and Far East

Prereq.: -
U(2) HASS-D/HUM-D
3-0-9

Survey of the many musical forms and functions
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 demonstrations accompany the
reading and listening assignments. Consult
Music Office.

21.625 Vivaldi, Bach, and Handel

Prereq.: -
U(1) HASS-D/HUM-D
3-0-9

Representative works of three great composers
who wrote at the culmination of the Baroque era
in music are examined and itdated both to
compositions by their precursors and societal
and Intellectual developments of the time in
Italy, Germany, and England. Score-reading
ability helpful.
L. Lindgren

21.626 Haydn, Mozart, and Beethoven

Prereq.: Permission of Instructor
U(2)
3-0-6

A study of musical life during the second half of
the 18th and early 19th centuries through repre-
sentative works of these composers. Emphasis
on harmonic, melodic, and structural develop-
ment in relationship to intellectual, artistic, and
social patterns of the period. Required reading
and listening assignments. Consult Music
Office.

21.627 Schubert to Mahler

Prereq.: Permission of Instructor
U(1)
3-0-8

A survey of the princi al developments In
musical 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.
Reuired reading and listening assignments.
J. ee eMison

21.628 1wentleth-Century Music

Prereq.: -
U(2)
3-0-6

A survey of major works of the 20th century,
beginning with Schoenberg, Stravinsky, Bartok,
and Ives; continuing with Varese, Webem,
Hindemith, Copland, Sessions, Britten,
Prokofiev, and Dallapiccola, and closing with
some recent music.
R Child

21.631 Symphenlo Musics

Prereq.: Permission of Instructor
U(1) HUM-D
3-0-9

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

21.633 Operas of Mozart, Verdi, Wagner

Prereq.: -
U(2)
3-0-6

Focus on the ways in which music has Inter-
preted and enriched three dramatic texts set by
each composer. A framework Is established by
a survey of three Baroque operas at the begin-
ning of the term, and three 20th-century works
at the end. Available videotape performances
serve as the basis for listening assignments and
anal cal papers.
L. Wndgren

21.634 Film Music

Prereq.: -
U(2)
3-0-6

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, docu-
mentarles, animated films), and the impact of
video. Listening, reading, and viewing assign-
ments serve as the basis for papers and class
discussion. Some background In the study of
film and/or music is helpful.
M. Marks
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21.635 American Music

Prereq.: Permission of instructor
U(2) Next offered 1990-91
3-0-6

First half focuses on the role of music in North
American society (especially the Boston area)
during the 18th and 19th centuries. Second half
surveys the music of 20th-century North
America, including "classical," Broadway show,
film, and popular music, but excluding jazz.
L. Lindgren

21.636 Jazz

Prereq.: -
U(1, 2) HASS-D/HUM-D
3-0-9

Historical survey beginning with early jazz,
Joplin, Morton, Armstrong, Smith; continuing
with a study of the Ellington, Basis, Goodman,
and Herman bands; and concluding with a
number of individual performers - Parker,
Rollins, Monk, Holliday, Gillespie, Mingus, Davis
- and some recent evelopments in writing
and playing. Examination of jazz source music:
early blues, spirituals, show tunes. Some investi-
gation of jazz-derived musics: post-World War 11
pop and rock.
M. Har'vey

Theory/Composition

21,641 Harmony and Counterpoint I

Prereq.: -
U(1, 2) HASS-D/HUM-D
3-0-9

Basic writing skills in music of the comr ion-
practice period (Bach to Brahms). Wort in-
cludes regular written assignments leaulng to
the composition of short pieces, analyzing
representative works from the literature, key-
board laboratory, and sight-singing choir. It is
recommended that entering students have
some concert music listening or playing back-
ground and some familiarity with reading
printed music.
E. Cohen, R Child, J. Harbison

21.642 Harmony and Counterpoint ||

Prereq.: 21.641
U(1, 2)
3-3-6

21.643 Writing In Tonal Forms

Prereq.: 21.642
U(1)
3-0-6

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

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 Webern. Students expected to
attend the weekly graduate seminar in
composition
E. Cohen

21.645 Advanced Musical Analysis

Prereq.: 21.641
U(1)
3-0-6

21.646 Advanced Musical Analysis

Prereq.: 21 .641
G(1)
3-0-6

An enrichment of musical perspective of partic-
ular value to performers. Study of various con-
cepts of musical structure and organization and
of the role of structure in musical perception,
coherence, and performance. Factors that
provide compositional unity and uniqueness,
particularly the role of time in musical structure
(tempo, rhythm. meter), also examined exten-
sively. Study of scores, listening to recordings,
readings, and a paper constitute out-of-class
work.
0. M. Epstein

21.648 Jazz Harmony and Arranging

Prereq.: 21.602, 21.636 or Permission cf
Instructor
U(2)
3-0-6

Basic harmony for students interested in acquir-
ing 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 popu-
lar songs.
M. Harvey

PerformanCe

Each of the following subjects earns six
units. A total of 12 units is needed for a
subject to count toward Institute Require..
ments in Humanities, Arts, and Social
Sciences, by petition to the COC.
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 technique. 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 additional
credit.
J. Oliver

21.653 MIT Chamber Chorus

Prereq.: -
U(1, 2)
4-0-2

Rehearsal and performance of choral repertoire
for small chorus, involving literature from the
Renaissance to contemporary periods.
Ma be repeated for additional credit.
J. Oliver

21.655 Chamber Music Society

Prereq.: -
U(1, 2)
0-3-3

Study of chamber music literature through
analysis, rehearsal, and performance Weekly
seminars and coaching. Open to string, piano,
brass, and woodwind players, and MIT students
of early music In the Wellesley Collegium. By
audition. May be repeated for additional credit.
M. A. Thompson

21.656 MIT Concert Band

Prereq.: -
U(1. 2)
0-3-3

An option available to members of the MIT
Concert Band who are committed to the analy-
sis of works in rehearsal and to the study of
concert band performance issues. Such analy-
ss and study is made In sessions before or after

regular rehearsals and by means of attendance
at performances given by other concert bands.
May be repeated for additional credit.
J. Corley

A continuation of Harmony and Counterpoint 1,
including chromatic harmony and modulation,
more elarate contrapuntal textures, keyboard
laboratory, and si ht-singing choir.
E. Cohen, R Child
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21.657 MIT Symphony

Prereq.: -
U(0, 2)
0-3-3

An option available to members of the MIT
Symphony Orchestra. Rehearsals prepare
works for concerts and recordings. Analyses of
musical style, structure, and performance
practice are integrated into rehearsals as a
means of enriching musical conception and the
approach to performance. Likewise, additional
scores of particular or structural or stylistic
Interest 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, .
1-2-3

Open by audition to students who demonstrate
considerable technical and musical skills and
who wish to develop them through Intensive[rivate study. Students must take a weekly
esson, 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 lesson
fees, scholarships, and auditions available in
Music Section Office.
M. A. Thompson

Seminars/Tutorials

21.671J Digital Audio Processing (A)

(Same subject as 4.921J)
rereq.: Permission of instructor

G(1)
3-6-3

See description under subject 4.921J.
B. L. Vercoe

21.672J Writing for Computer
* Performance (A)

(Same subject as 4.922J)
rereq.: 21.671J

G(2)
3-6-3

* See descriptin under subject 4.922J.
S. L. Vercoe

21.681 Music Composition (A)

Prereq.: 21.644
G(2)
3-0-9

Directed composition of larger forms of original
writin involving voices and/or instruments.
Includes a weekly seminar in composition for
the examination of major works from 20th-cen-
tury muslo literature and for the presentation
and discussion of student work in progress.
Students expected to produce at least one
substantive work, performed in public, by the
end of the term. Open to qualified undergradu-
ates. May be repeated for credit.
J. H. Harblson

21.682 Computer Music Composition (A)

Prereq.: 21.672J
G(1, 2)3-6-

Directed composition of larger forms of original
writing using computer-processed sound, to be
performed either alone or with voices and/or
instruments. Includes a weekly seminar In
composition for the examination of major works
from 20th-century music literature and for the
presentation and discussion of student works in
progress. Students expected to produce at least
one substantive work to be performed In public
by the end of the term. Open to qualified under-
raduates. May be repeated for credit.
. L. Vercoe

21.685J Musical Aesthetics and Media
Technology (A)

(Same subject as 4.925J)
Prereq.: Permission of instructor

G(1)
3-3-3

21.693, 21.694 Advanced Topics In Music (A)

Prereq.: Permission of Instructor
G(1. 2)'
Arr.

Opprlunity for advanced study of musical
topics not covered by the regular subject list-
ings. includes experimental subjects offered by
permanent and visiting faculty. Students seeking
an individual program stu with a particular
faculty member must also ob ain 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, )
Arr.

Directed research on problems occurring in the
production, perception, or cognition of music,
aided by the techniques and discipline of sci-
ence and engineering, Individual or group work.
Available also to research assistants for non-the-
sie work. May be repeated for credit with per-
mission. Coordinator: B. L. Vercoe

See description under subject 4.925J.
T Machover

21.686J Projects in Media and Music (A)

tSame subject as 4.926J)
rereq.: Permission of Instructor

G(2)
3-3-3

See description under subject 4.926J.
T Machover

21.691, 21.692 Special Topics in Music

Prereq.: Any two subjects in Music
U(1, 2)
Arr.

Open to qualified students who wish to pursue
seIai studies or projects with members of the

mscSection. Students eiecting this subject
must secure the ap roval of the chalrman of the
Music Section. 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-uni projects
occasionally approved. Consult Music Section
Office.
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Theater Arts/Dance 21.702J Playwriting
(New)

21.711 Intermediate Acting
(New)

The subjects listed below are arranged In
three graduate tiers: 1) Introductory subject*
In acting, directing, playwriting, stagecraft,
theater design, dance, and theater history
and literature. 20 Intermediate subjects which
offer students the opportunity to pursue more
Intensive study in areas of Theater Arts
practice. 3) Advanced study through Practica,
Special Studies, and Advanced Topics which
may be taken independently under the
supervision of faculty and staff, in production,
or in special courses with guest artists or
faculty. For subjects dealing with the
literature of the theater, see 21.009, 21.021,
21,022, 21.086, 21.173 In Literature; and
21,223, 21.237, 21.306 In Foreign Languages
and Literatures.

Introductory Subjects

21.700 Introduction to Acting

Prereq.: -
U(1, 2)
3-0-6

An introduction to the basic principles of acting
including exploration of the acting instrument
through psycho/physical and vocal exercises,
textua analysis, and rehersal techniques. Practi-
cal work helps the student to improve sensitivity
to language, emotional and physical expression,
sensory perception, and imaginative power.
Classwork Includes scene study, physical and
vocal exercise, lecture and discussion. Prefer-
ence is given to freshmen and sophomores.
Consult Theater Arts Office.

21.701J Introduction to Dramatic Art
(New)

(Same subject as 21 005J)
Prereq.: -
U(1, 2) HASS-D/HUM-D
3-0-9

A study of the history of theater art and practice
from ts origins to the modem period, Including
its development in non-Western cultures. Spe-
cial attention to the relationship between theater
and the Intellectual, social, and political currents
of its time. Readings include representative
critical theory and description as well as major
playscripts.
A Brody T C. Theoharis

(Same subject as 21.737J)
Prereq.: -
U(1) HASS-D/HUM-D
3-3-6

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 dialoue. Class meetings include
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

(21.702)
Prereq.: -
U(1)
3-3-3

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 En-
semble, and/or Dance Workshop.
W Fregos/, E. Darna, L. Held

21.705 Principles of Design
(New)

Prereq.: -
U(2)
3-3-3

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 conceptualization
and realization of works for the theater and
dance. Students participate in two project in the
semester production of Dramashop,
Shakespeare Ensemble, and/or Dance
Workshop.
W Fregosi, E. Darns, L. Held

Intermediate Subjects

21.710 Script Analysis
(New)

Prereq.: 1 Introductory course in acting or
design
U(1)
3-0-6

Detailed study of selected playscripts for actors,
directors, and designers focusing on structural,
thematic, and aesthetic components, and the
problems of translating conceptual material to
its active, visual life in preparation and perform-
ance. Students study three texts from a range of
periods and styles over the course of the se-
mester. The final project will include an analysis
of a fourth text of the student's choosing from
the point of view of one particular field of theater
practice. Consult Theater Arts Office.

Prereq.: 21.700 or Permission of Instructor
U(1, 2)
3-0-6

Continued study of the actor's work in Interpre-
tation and execution of dramatic texts with
attention to scene structure. subtext, and the-
matic Issues for the actor; development and
care of the physical and vocal Instrument;
expansion of the actor's emotional and imagina-
tive range. Scene study may draw on a range of
dramatic periods and styles acording to the
interests and abilities of the actor. May be re-
peated one term for credit. Consult Theater Arts
Office.

21.713 Playwrights' Workshop
(Now)

Prereq.: 21 .702J or Permission of Instructor
U(2)
2-2-5

Continued work in the development of
playscripts for the theater. Writers work on
sustained pieces in weekly workshop meetings,
individual consultation with the instructor, and in
collaboration with student actors, directors, and
designers from the Dramashop and Shakes-
peare 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
(New)

Prereq.: 21.705 or Permission of Instructor
U(1, 2)
3-3-3

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
(New)

Prereq.: 21.710
U(2)
3-3-3

Study and practice in the director's work includ-
in script analysis, re-rehearsal preparation,
collaboration with designers and technicians,
and rehearsal techniques. Class discussion and
directed scene work lead to the detailed plan-
ning of a specific theater production. Consult
Theater Arts Office.
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Advanced Subjects

21.721 Theater Practicum
(New)

Pre .: One of the following: 21.711, 21.715,
21.717 or Permission of Instructor
UM51
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 A% Office.

21.722 Special Topics in Drama

21.706)
Prereq.: Permission of Instructor
U(1, 2)
Arr.

Designed to allow students to pursue topics of
interest as independent study. Enrollment
requires approval of the Director of Theater Arts.
HASS credit for Special Topics subjects
awarded only by individual petitions to the
Committee on Curricula. Normal maximum is 6
units; to count toward HASS Requirement, 9
units are required. Exceptional 9-unit projects
occasionally approved. May be repeated for
credit. Information: A. Brody.

21.723 Advanced Topics in Theater Arts
(New)

Prereq.: Any two subjects in theater arts or
Permission of Instructor
U(1, 2)
Arr.

Opportunity for advanced study in theater arts
not covered by the regular subject listings.
Includes experimental subjects offered by
permanent and visiting faculty. Students seekng
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

21.725 Perspectives on Dance

0 21.704)rereq.: -
U(1, 2)
1-3-2

Dance through history and practice. Study of
the development of various forms, Including
rImitive dance and classical ballet. Relation of

-century dance to other arts. Readings and
assignments. Also regular practical activity In
modem dance technique or composition/Impro-
visatIon according to experience.

21.726 Dance Workshop: Technique and
Composition

L 21.705)
rereq.: 21.726

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 partici-
pate as dancers or choreographers in end-of-
term concerts. May be repeated for additional
credit.
B. Sol/

21.727 Special Topics in Dance

L21.707)
rereq.: -

U(1 2)
Arr

Designed to allow students to pursue topics of
Individual interest as independent study. Re-
quires the approval of the Director of Theater
Arts. HASS credit for Special Topica subjects
awarded only by Individual petitions to the
Committee on Curricula. Normal maximum Is 6
units; to count toward HASS Requirement, 9
units are required. Exceptional 9-unit projects
occasionally approved.
B. Sol/

The Writing Program

The subjects listed below are grouped in the
three major areas of The Writing Program:
1) Exposition and Rhetoric; 2) Creative Writ-
Ing; and 3) Science and Technical Writing.
Within each area, introductory, intermediate,
and advanced subjects are offered. Introduo-
tory subjects are designed for students with
little or no experience in writing; intermediate
subjects are designed for students who have
mastered the elements of sentence and para-
graph structure; advanced subjects are de-
signed for experienced writers who wish to
develop greater competence in one or more
spool orms of writing.

Exposition and Rhetoric

introductory

21.730 Expository Writing

Prereq.: -
U(1, 2)
3-0-9

For students who wish to write correct, clear,
and effective prose. Attention to constructing
effective sentences and paragraphs. Weekly
writing assignments. Students' writin Is dis-
cussed frequently in class. Readings nclude
essays that exhibit a wide range of rhetorical
techniques. Satisfies Phase I of the Writing
Reourement.
H. AItvo, Staff

21.731 Writing and Experience

Prereq.: -
U(1,2)
3-0-9

Students study the mechanisms by which
fiction writers, essayists, and poets transform
their experience into scenes, voices, and argu-
ments. Attention given to sentence mechanlcs,
paragraphing, punctuation, and word choice. In
weekly workshops, students present their
writing to members of the group, and extensive
revising is required. Satisfies Phase I of the
Writing Requirement.
E. E. Chodakowaka, Staff

21.732 Introduction to Technical
Communication

Prereq.: -
U(1, 2)
3-0-9

Students intensively review the elements of
sentence and paragraph structure; special
problems in organizing and condensing techni
cal information; and strategies for writing techni-
cal descriptions, definitions, classifications, and
analyses. Other topics include writing to differ-
ent audiences and prrng brief proposals,
lab reports, and graph os. Several short writing
assignments, frequent revisions, and two short
oral presentations required. Satisfies Phase i of
the Writing Requirement.
J. Parada, Staff
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21.734 Style

Prere .: -
U(1 Next offered 1990-91
3-0-6

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 ana-
lyzed In class, and student papers. Weekly
writing Includes a theme, commentary on work
by classmates, and a revision.
T Simmons

21.735 Writing and Reading the Essay

Prereq.
U(1, 2) HASS-D/HUM-D
3-0-9

Exploration of formal and Informal modes of
writing nonfiction prose. Extensive practice in
composition, revision, and editing. Reading in
the literature of the essay from the Renaissance
to the present, with an emphasis on modern
writers. Classes alternate between discussion of
published readings and workshops on student
work. Individual conferences.
H. Ritvo, Staff

21.736 Writing Across the Cultures

Prereq.: -
U(2) HASS-D/HUM-D
3-0-9

Students use writing to explore the relations
among three major intellectual cultures in con-
temporary society: scientific, engineering, and
humanistic. A central purpose of the class is to
use writing to create connections among these
cultures. Students read essays, biographies,
and autobiographies and writs five essays.
Some lecture, mostly discussion and round-
table critique of student papers.
R. Williams

21.737J Playwriting
(New)

(Same subject as 21.702J)
Prereq.: -
U(1) HASS-D/HUM-D
3-3-8

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 include
examination of produced playscripts and
discussion of student worX. 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 oluss scenes are read and rehearsed.
A Brody

21.738 Words

Same subject as SP 433J)
rereq.: -

U(1)

Examines selected works of fiction by Black
women writers from the late 19th century to the
1980s in light of the critical interpretations some
of today's most influential Black women schol-
ars. Authors and critics may include Zora Neale
Hurston, Toni Morrison, Alice Walker, Deborah
McDowell, and Barbara Smith. among others.
Consult Women's Studies Office.

21.740 Writing Autobiography and Biography

Prereq.: -
U(2)
3-0-9

Writing autobiography is used as a vehicle for
improving style and studying the nuances of the
language. Literary works are read with an em-
phasis on different forms of autobiography
(essay, fiction. etc.). Class examines various
stages of life, significant transitions, personal
struggles, and memories translated into narra-
tive prose, and discusses 1) what it means for
autobiographer and biographer to develop a
personal voice; and 2) the problems of reality
and fiction in autobiography and biography.
Students write in either or in both modes.
E. E. Chodakowska

21.742 Writing About Racal Issues

Prereq.: -
U(2)
3-0-9

The issue of race has preoccupied many writers
both here and in Europe. Students read
Faulkner, Toni Morrison, James Baldwin,
Bemard Malamud, among others, and write
about racial and ethnic issues either in the form
of biography or fiction. Students may write short
or longer pieces. Their work is read and
discussed in class and, if necessary, revised
incorporating comments and criticism elicited in
discussion.
E. E. Chodakowska

Advanced

Prereq.: -
U(1) Next offered 1990-91
3-0-6

Designed to increase ap reciation of the verbal
resources of English an improve skill in exploit-
ing them. Considers such topics as the histori-
cal roots of the modem vocabulary, specialized
and technical vocabularies, socially loaded
lang uage, the connection between word choice
and tone, words as symbols. Regular written
assignments stress the way that ideas are
shaped by words.
H. Rilv0

21.745 Advanced Essay Workshop

Prereq.: Permission of Instructor
U(2)
3-0-9

For students with experience in writing nonfic-
tional prose. Advanced study of rhetorical
strate ges and techniques of prose style. Con-
siderale writing and revision required. In addi-
tion to analyzing the work of ciass members,
students read and discuss the work of distin-
guished essayists chosen to represent a range
of prose styies, subjects, and biographical
patterns.
H. Rltvo

Creative Writing

Introductory

See subject 21.731.

Intermediate

21.755 Writing and Reading Short Stories

Prereq.: -
U(1, 2) HUM-D
3-0-9

Introduction to the short story. Students write
stories and short descriptive sketches. Readings
from European and American stories from the
18th, 19th, and 20th centuries. Class discussion
of students' writing and of the assigned stories
in their historical and social contexts.
L. Karmel, S. Strang

21.757 Fiction Workshop

Prereq.: 21.755
U(1, 2)
3-0-6

For students interested in writing fiction. Ma be
taken as a prerequisite to the Advanced Fic on
Workshop, but r main purpose is to encourage
students to experiment with various techniques
of fiction writing. Weekly reading and writing
assignments; class discussion of students'
writing and work of professional writers.
L. Karmel

21.739J Black Women Writers: Texts and
Intermediate Critics
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21.758 Genre Fiction Workshop

Prereq.: One intermediate fiction writing subject
or Permission of Instructor
U(1)
3-0-9

Students write stories in such genres as science
fiction, fantasy, horror, crime fiction, "internation-
al intrigue," western fiction, and historical fiction.
Students read a range of authors from Edgar
Allan Poe, to Dashiell Hammett, to Zane Grey.
The first few class meetings consist of Introduc-
tory lectures and discussion, but most of the
class is devoted to round-table criticism of the
students' work. Enrollment limited to 15
students.
J. Haldeman

21.759 Writing Science Fiction

Prereq.: -
U(1)
3-0-6

Students write and read science fiction and
analyze and discuss stories written for the class.
For the first eight weeks, readings in contempo-
rary science fiction accompany lectures and
formal writing assignments intended to illumi-
nate various aspects of writing craft as well as
the particular problems of writing science fic-
tion. 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) HUM-D
3-0-9

Examination of the formal structural and textual
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 poetry
and their contemporary alternatives. Weekly
writing assignments, including some exercises
In prsd.
T immons

21.762 Poetry Workshop

Prereq.: -
U(2)
3-0-6

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 func-
tions of memory, imagination, dreams, poetic
impulses. Throughout the semester, students
examine the work of published poets. Revision

essed.
T Simmons

Advanced

21.770 Advanced Fiction Workshop

Prereq.: Permission of instructor
U(1, 2)
3-0-6

For students with some experience i writing
fiction. Concentrates on the ways an author
manipulates his or her audience in the creation
of a particular vision of reality. Studies style;
poin of of view; distinctions of time and space;
stream-of-consclousness; all the strategies for
making a work of art. Outside readings assigned
on an ndividual basis.
E. E. Chodakowska

21.771 Advanced Poetry Workshop

Prereq.: Permission of Instructor
U(2)
3-0-6

For students experienced in writing poems.
Regular reading of published contemporary
poets and weekly submission of manuscripts for
class review and criticism. Expects students to
do a substantial amount of rewriting and revi-
sion. Classwork supplemented with individual
conferences.
Staff

21.773 Writing Longer Fiction

Prereq.: Permission of Instructor
U(1, 2)
3-0-6

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
examples of modern European and American
authors (i.e., Tolstoy, Conrad, Kafka, Bellow).
Class discussions of students' own work with
emphasis on revision.
/. Karmel

Science and Technical Writing

Introductory

See subject 21.732.

Intermediate

21.777 The Scientific Essay

Prereq.: -
U(1, 2) HUM-D
3-0-9

Students explore prominent writing about
science and technology from the Renaissance
to the present. They examine the style, purpose,
and context of historically Important papers and
essays. Discussion includes the role of commu-
nication in science, the rise of scientific journals,
and ethical issues in scientific writing. Readings
Include works by Newton, Darwin, Einstein, and
contemporary authors. Several short assign-
ments and a longer essay on a general or
semitechnical subject required.
A Lightman, P. Williams

21.778J The History of the Future
(New)

(Same subject as STS 028J)
Urereq.: -
U(1)
3-0-9

A social and cultural history of speculation about
the future. Emphasis on forecasts of new tech-
nological and community forms. Extensive
reading in both fictional and nonfictional predl-
tions written primarily between 1860 and 1939.
Two short essays, one essay exam, term paper.
Classes will combine lecture, discussion, and
round-table critique of student papers.
R. Williams

21.780 Scientific and Engineering Writing

Prereq.: -
U(1, 2)
2-0-7

Introduction to the forms, functions, and style of
technical documents: weekly sessions include
grammar and composition reviews, editing
workshops, and discussion of the scientific
publication process. Short assignments -
including abstracts, proposals, progress reports,
and memos - build toward a written term
paper and oral presentation on a technical or
semitechnical subject. Students should have
completed, or be working on, r.earch that they
can write about.
J. Paradis

21.782 Science Journailsm

Prereq.: -
U(1, 2)
3-0-6

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 journalists
are featured. Students write weekly exercises,
some of which are submitted for publication.
Writing competence required.
staff

Advanced

21.783 Science and Technical Writing
Workshop

Prereq.: 21.782
U(1, 2)
3-0-9

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 indi-
vidual work, students collaborate to plan, write,
and produce a major document.
A Lightman
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21.790 1aturalist Writing

Prereq.: -
U(1)
3-0-9

Students write about nature In a variety of way,
aesthetlo and technical, In essays and in techni-
cal documents. They study the responses to
nature of 19th- and 2Oth-century naturalists,
such as Audubon, Darwin, Thoreau, Lorenz,
Carson, and Goodall. They examine local publi-
cations and films of nature societies In New
England, the Northwest, and the South. as well
as such modem forms as the environmental
impact statement and the technical report.
Several short and two longer writing assign-
ments on general and semitechnical subjects.
J. Paradis

21.792 ScIence and Technical Writing
internship

Prereq.: 21.780 or 21.782
U(2)
3-0-9

Part-time internships in Boston-area media and
industries are arranged for studonts wishing to
develop professional writing and publishing
skills. Students planning to take this subject
must contact the instructor by November of the
previous term.
J. Paradis

21.793 Advanced Workshop In Scientific and
Engineering Writing

Prer .: Permission of instructor

2-0-4

Offers graduate students who have writing
projects under way an intensive review and
qtep-by-step practice in technical writing. Ex-
amines major types of technical documents and
reviews organization, grammar, style, format,
graphics, and the scientific publis ing process.
Writing and revising assignments are adapted to
the rearation of one or two major documents.
K. manrieg, Staff

21.798, 21.799 Special Topics in Writing

Prereq.: -
U(1, 2)
Arr

Primarily for students pursuing writing advanced
projects with the assistance of a member of the

riting Program. Students electing this subject
must secure the approval of the Director of the
Writig Program and its Committee on Curricu-
lum. credit for Spelal Topics subjcts
awarded only by Individual petitions to te
Committee on Curricula. Normal maximum is 6
units; to count toward HASS Requirement, 9
units are required. Exceptional 9-unit projects
occasionally approved.
K. R. Manning

Interdisciplinary Subjects

21.914 Sports and Physical Training

Prereq.: Permission of instructor
U(2) Next offered 1990-91
3-0-6

Social function of sports and physical training in
modern times, especially in the United States.
Readings, films, discussions. Group research
projects. Enrollment limited.
L. Kamrpt

21.915 intellectuals and Social Change

Prereq.: Permission of instructor
U(2)
3-0-6

Role and responsibility of individuals who chal-
lenge the assumptions of the established polti-
cal and social order. Discussion of current
issues that have givpn rise to action and protest.
Visiting lectures by activists. Questions of Indi-
vidual commitment, and the available altema-
tives for action. Limited enrollment.
L. Kampf

21.916 Contemporary issues in Politics and
Ideology

Prereq.: Permission of Instructor
U(2) Next offered 1990-91
3-0-6

Selected topics in international and domestic
af's~rs. Emphuolzes their relationship to US
political, ecenomic, and ideological institutions.
Critical analysis of capitalist ideology. Considers
stratees for social change.
N. A. Chomsky

21.930J Ancient Cosmology

(Same subject as STS 007J)
Prereq.: -
U(1)
3-0-6

Evidence for, and astronomical database of.
archaic cosmology. Myth, alignments, ritual as
prenumerate, tec nical languages in oral cul-
ture. Algebraic, geometric, numerate, musical,
biological, soc-juridical models in pre-Socratic

hilosophy: Anaximander, Pythagoreanism,
eraclitus, Parmenides, Zeno, Empedocles,

Democritus, Plato's Timaeus, and Aristotle.
Collateral readings in modem seconda litera-
ture and in works by Von Dechend. Karl Popper,
Schroedinger, Collingwood, D'Arcy Thompson,
T. S. Kuhn.
H. A T 0. Relche

21.991 Special Toples in interdisciplinary
Studies

Prereq.: Any two subjects in Humanities
U(1)
Arr.

21.992 Special Topics in interdisciplinary
Studies

Prereq.: Any two subjects in Humanities
U(2)
Arr.

Special topics involving interdisciplinary study
sponsored by members of the Department of
Humanities or Institute faculty. Subjects var
from year to year. Must have the approval o(the
HASS Information Office. HASS credit for Spe-
cial 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.
P S. Khoury

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 Scoence in
this catalogue:

American Studies
Ancient and Medieval Studies
Film and Media Studies
Latin American Studies
Psychology
Russian Studies
Women's Studies
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Course 22 Nuclear Engineering

Undergraduate Subjects

22.UR Undergraduate Research
Opportunities Program

Prereq.: -
U(1. 2) [P/F]
Arr.

The Undergraduate Research Opportunities
Program is an excellent way for undergraduate
students to become familiar with the Depart-
ment of Nuclear Engineering. Student research
as a UROP project has been conducted in areas
of fission reactor studies, utilization of fusion
devices, applied radiation research, and bio-
medical 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 on SWE pe.
D. R Hoult, H. S. Marcus

22.003 Nuclear War: Threat and Avoidance

Prereq.: -
U(2) HASS
3-0-6

School-Wide Elective Subject. Description given
at end of this chapter on SWE page.
M. M. Miller; R Morrison, G. W Rath/ens,
E. Rothschild, J. R Ruina

22.006 Computer Models of Physical and
Engineering Systems

Prereq.: 18.02, 8.01
U(1) SD
3-0-9

School-Wide Elective Subject. Description given
at end of this chapter on SWE page.
S. Shyam Sunder

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 ap ropriate discipline. A demonstration
of the MIT Reactor as a research 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 eco-
logical motivation for the development of fusion
power. Contemporary magnetic confinement
schemes, theoretical questions, and engineer-
ing considerations are presented by expert
guest lecturers. Concurrent work on the physics
of the solar and terrestrial plasma environments
also covered. Tour of Plasma Fusion Center
experimental facilities.
staff

22.013 Applications of Radiation In Science,
Technology, and Medicine

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 synchro-
tron beam experiments, and computer
modeling.
S. Yip

22.02 Introduction to Applied Nuclear
Physics

Prere: 8.02, 18.02

3-0-9

Slowing down and diffusion of neutrons. Neu-
tron-induced chain reactions. Thermonuclear
reactions and the possibility of energy from
nuclear fusion. Introduces radiation dosimetry.
N. C. Rasmussen

22.021 Nuclear Reactor Physics

Prer .: 22.02, 18.03
U(1,2
4-0-8

Introduces fission reactor physics. Covers
reactons induced by neutrons, nuclear fission,
slowing down of neutrons In infinite media,
diffusion theory, the few-group aproximation,
and point kinetics. Emphasizes the nuclear
physics bases of reactor design and their rela-
tionship to reactor engineering problems. Three
lecture hours per week meeting concurrently
with 22.211, plus a separate recitation; assign-
ments and quizzes are different from those in
22.211.
A. F Henry, L. M. Lidsky

22.03 Engineering Design of Nuclear Power
Systems

Prereq.: 2.20, 2.40
U(1) SD
3-0-9

Introduces nuclear engineering as applied to
pwer plant design: Basic principles of nuclear

physics, reactor physics, and environmental
health physics; engineering and heat-transfer
principles. Description of various reactor types
for both standard and advanced concepts e.g.,
LWR, HTGR, and LMR). Emphasizes reliablity
and reactor safety methods for improving
design and operation of future reactors.
D. 0. Lanning

22.031 Engineering of Nuclear Reactors

Prereq.: 2.01, 2.51
U(1, 2)
3-0-9

Engin g n riciples of nuclear reactors,
emphasizing pwer ractors. Power plant
thermod ynamics, reactor heat generation and
removal (single-phase as well as two-phase
coolant flow and heat transfer), and structural
mechanics. Engineering considerations in
reactor design. Meets with 22.312, but examina-
tions differ.
N. E. 7tdreas, M. W. Golay

Introduces nuclear physics, emphasizing those
aspects that are applied In nuclear engineering.
Elementary quan theo; roperties of
atomic nuclei; natural and uced radioactivity;
cross sections for nuclear reactions; alpha-
beta-. and gamma-decay. Nuclear models:
shell-model, liquid-drop model, nuclear fission.
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22.033 Nuclear Systems Design Project

Prereq.: 22.021, 22.031
U(2)
2-6-4

Group design project involvin Integration of
reactor physics, control, heat ansfer, safety,
materials, power production, fuel-cycle manage-
ment, environmental impact, and economic
optimization. Provides the student with the
opportunity to synthesize knowledge acquired
in other subjects and apply this knowledge to
practical problems of Interest in the reactor
design field. Meets with 22.33, but assignments
differ.
0. D. Lanning

22.04 Radiation Effects and Uses

Prereq.: -
U(2) SD
2-1-9

Current problems in science, technology,
health, and environment that involve radiation
effects and their utilization. Medical and indus-
trial applications of radioisotopes. Radiations in
research. Laboratory demonstrations of meth-
ods and instruments in radiation measurements.
Material presented is suitable for students
Interested in a general appreciation of the
physical phenomena and their uses.
J. Vanch

22.055 Biological and Medical Applications of
Radiation and Radioisotopes
(New)

Prereq.: 22.04, 22.09
U(2)
4-0-8

An advanced subject that meets with graduate
subject 22.55J. Same content but assignments
differ. See 22.55J for full description.
E. McFarland

22.056 Principles of Medical Imaging
(Now)

Prereq.: 22.09
U(1)
4-0-8

An advanced subject that meets with graduate
subject 22.561. Same content but assignments
differ. See 22.56J for full description.
V Wedeen

22.057 Radiation Biophysics
(New)

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.
0. L. Brownell

22.061 Fusion Energy I

Prereq.: 8.03, 18.03
U(1)
3-0-9

Basic nuclear physics and plasma physics for
controlled fusion. Nuclear physics: fusion cross
sections, ignition condition, break-even condi-
tion, Lawson criterion, elementary fusion reactor,
required plasma parameters. Plasma physics:
definition of a plasma, single-particle orbits,
Coulomb collisions, fluid model, magnetic
fusion configurations, MHD equilibrium and
stability, transport and heating. Meets three
lecture hours a week with 22.601, but with
different assignments and exams.
I. H. Hutchinson

22.062 Fusion Energy ||

Prereq.: 22.061
U(2)
3-0-9

Basic engineering and technology of controlled
thermonuclear reactors. Current confinement
devices: tokamaks, mirrors, alternative con-
cepts. Thermonuclear reactors: systems analy-
sis and design of power reactors, ignition ex-
periments, hybrid reactors. Reactor
technologies: neutronics, blanket design, mag-
net design, first wall, materials and activation,
heating technology, tritium handling. Present
reactor designs: detailed critical review of proto-
typ reference reactor designs. Safety andf
environment. Meets with 22.602. but with differ-
ent assignments and exams.
D. Cohn, D. J. Sigmar

22.069 Undergraduate Plasma Laboratory

Prereq.: 8.03 or 22.061 or Permission of
instructor
U(2) LAB
1-8-3

Basic engineering and scientific principles
associated with experimental plasma physics.
Investigates vacuum pumping phenomena and
gauge operation, normal and superconducting
magnetic field coils, microwave interactions with
plasmas, laboratory plasma production includ-
ing electrical breakdown phenomena. Langmuir
probe characteristics and spectroscopy. Meets
with 22.69, but assignments differ.
/. H. Hutchinson

22.070J Materials for Nuclear Applications

Same subject as 3.070J)
rereq.: 3.091

U(2)
3-0-9

Introductory subject for students who are not
specializing in nuclear materials. Application and
selection of materials for use in nuclear applica-
tions. Radiation damage, radiation effects, and
their effects on performance of materials in
fission and fusion environments. Meets with
22.70J, but assignments differ.
R. G. Ballinger

22.08 Energy

Prereq.: -
U(1)
3-0-9

Energy from a holistic viewpoint. Provision,
rational utilization and conservation, environ.
mental effects, policy, and impact on other

sectors. Resources, technologies of conversion
and utilization. Assessment of both deployed
and proposed energy systems and technolo-
gies. Includes economic, social, and historic
perspectives. Intended for third- and fourth-year
students interested in entering the eneigy field.
Meets with 22.81, but some assignments differ.
M. M. Miller

22.084 inventions and Patents

Prereq.: 14.02
U(1)
3-0-6

School-Wide Elective Subject. Description given
at end of this chapter on SWE page.
R. H. Rines

22.088J Human Factors in Design

(Same subject as 2.18J, 9.39J)
Prereq.: Permission of Instructor
U(2) Next offered 1990-91
3-1-8

See description under subject 2.18J.
0. D. Lanning, T B. Sheridan, A. Hein

22.09 Principles of Nuclear Radiation
Measurement and Protection

Prereq.: 22.02
U(2) LAB
2-6-4

Combines lectures, demonstrations, and experi-
ments. Covers effects of radiation on persons,
control of radiation exposure within applicable
standards, theory and use of or, P, y, and n
detectors and spectrometers, use of isotopes,
radiation shielding, end dosimetry. Includes
demonstrations and experiments using the MIT
research reactor, accelerators, ard power
reactors. Meets with graduate subject 22.59, but
assignments differ.
N. C Rasmussen, 0. K. Harling

22.091 Special Topics in Nuclear Engineering

Prereq.: -
U(1, 2, S)
Arr.

For undergraduates who wish to conduct a
one-term project of theoretical or experimental
nature in the feld of nuclear engineering, in
close cooperation with individual staff members.
Topics and hours arranged to fit students
requirements

J. E.Meyer

22.092 Engineering Internship

Prereq.: -
U(1, 2, S) [P/F]
0-6-0

Provides academic credit for the first two Work
Assignments of XXII-A students affiliated with
the Engineering Internship Pr ram. Students
register for this subjt twice.Students must
complete both Work Assignments in order to
receive the academic credit for this subject.
Enrollment limited to students registered in
Course XXiI-A.
R. G. Ballinger
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Graduate Subjects

Nuclear Physics

22.111 Nuclear Physics for Engineers I (A)

Prereq.: 22.02
G(1, )
3-0-9

Fundamentals of nuclear physics for engineer-
ing students. Basic properties of the nucleus
and nuclear radiations. Elementary quantum
mechanical calculations of bound-states and
barrier transmission probability. Nuclear shell
model. Binding energy and nuclear stability.
Interactions of charged partioles, neutrons, and
gamma rays with matter. Radioactive decays.
Energetics and general cross-section behavior
in nuclear reactions.
Term 1: K. Molvig, E. McFarland
Term 2: E. R Gyffopoulos

22.113 Nuclear and Atomic Collision
Phenomena (A)

Prereq.: 22.111
G(2)
3-0-9

Principles and applications of quantum theory of
nuclear and charged particle collision cross
sections. Detailed study of paril wave and
phase shift analysis, time-dependent perturba-
tion theory, and Born approximation. Optical
model description of nuclear reactions. Atomic
stopping power. Thermal neutron inelastic
scattering in condensed matter.
S. Yip

Nuclear Reactor Physics

22.211 Nuclear Reactor Physics I (A)

Prereq.: 18.076
G(1, 2)
3-0'.9

Introduces problems of fission-reactor physics,
covering nuclear reactions induced by neu-
trons, nuclear fission, slowing down of neutrons
in infinite media, diffusion theory, the few-group
approximation, and point kineticb. Emphasizes
the nuclear physical bases of reactor design
and their relation to reactor engineering
problems.
A. F Henty L. M. Lidsky

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,
oontrol rods, bumable poisons, depletion phe-
nomena, and elementary neutron kinetics.
Attention directed to the application of reactor
theory to real power reactors.

A PHenty

22.213 Nuclear Reactor Physics ill (A)

Prereq.: 22.212
G(1)
3-0-9

Current methods for predicting neutron behav-
ior in complex geometrical and material configu-
rations. The transport equation and methods for
solving it; systematic derivation of group diffu-
sion theory. Applies homogenization, 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 thermodynamics,
fluid flow, and heat transfer. Applications to
various energy sources. Introductory subject for
graduate students without previous engineering
background.
L.M. l/dsky

22.312 Engineering of Nuclear Reactors (A)

Prereq.: 22.311
G(1. 2)
3-0-9

Engineering principles of nuclear reactors,
emphasizing power reactors. Power plant
thermodynamics, reactor heat generation and
removal (single- hase as well as two-phase
cociant flow andheat transfer), and structural
mechanics. Engineering considerations in
reactor design.
N. E. Todreas, 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 distributed pa-
rameter modeling methods for heated rod
arrays. Reactor thermal design uncertainty
analysis methods.
N. E. Todreas

22.314J Structural Mechanics In Nuclear
Power Technology (A)

(same subject as 1.56J, 2.084J, 13.14J)
Prereq.: Krmission of Instructor
G(1)
3-0-9

Structural components in nuclear power plant
systems, their functional purposes. operating
conditions, and mechanical-structural design
requirements. Combines mechanics techniques
with models of material behavior to determine
adequacy of component design. Effects consid-
ered include mechanical loading, hydraulic
forces, elevated temperatures, neutron irradi-
ation, and seismic effects.
J. E. Meyer, 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-temper-
ature gas-cooled reactors, liquid-metal cooled
fast reactors, and other reactor concepts. Com-
pares reactor characteristics both In class and
y individual student projects. Discusses devel-

opment problems and assesses potential for
future Improvements.
J. E. Meyer

22.33 Nuclear Engineering Design (A)

Prereq.: 22.212, 22.312
G(2)
2-6-4

Group design project involving integration of
reactor physics, control, heat transfer, safety,
materials, power production, fuel-cycle manage-
ment, 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 assignments differ.
D. D Lanning

22.341 Nuclear Energy Economics and Policy
Analysis (A)

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; comparison of
alternatives, using discounted cash flow meth-
ods. Technology assessment/policy analysis of
institutional alternatives for R&D, management,
and regulation; Includes nuclear power plant
licensing, nuclear waste management, and
nuclear power and weapons proliferation. Open
to qualified undergraduates.Term paper re-
quired.
Saff

22.35 Nuclear Fuel Management (A)

Prereq.: 22.211
G(2) Next offered 1990-91
3-0-9

Principles of physics and engineering that
govem ard constrain the configuration, arrange-
ment, and time-dependent behavior of fuel for
nuclear reactors. Emphasizes in-core and
front-end aspects. and light-water reactor appli-
cations. Economic optimization of fuel cycles,
fuel design, and assembly management, con-
sidering both long-term strategic goals and
short-term tactics.
M. J. Driscoll
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22.36J Two-Phase Flow and Heat
Transfer (A)
(Revised Content)

(Same subject as 2.57J)
Prereq.: 22.312 or 2.20
G(2) Net to be offered 1990-91
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, ano atomization.
Common engineering applications of gas-liquid
and solid-liquid flows will be presented.
M. S. Kaziml, R Griffith, H. Y Kytomaa

22.37 Environmental Impacts of Electricity (A)

Prereq.: Permission of Instructor
G(1) Not to be offered 1990-91
3-0-9

Assesses the various environmental impacts of
producing thermal and electric power with
currently available technology. Compares im-
pacts throughout both the fossil and nuclear
fuel cycles. Topics include fuel resources and
extraction, power station effluents, waste heat
disposal, reactor safety, and radioactive waste
disposal.
M. W Golay

22.38 Reliability Analysis Methods (A)

Prereq.: Permission of instructor
G(1)
3-0-9

Principles of the methods of reliability analyses,
including fault trees, decision trees, and reliabil-
ity block diagrams. Discusses the techniques
for developing the logic diagrams for reliability
assessment, the mathematical techniques for
analyzing them, and statistical analysis of re-
quired experience data. Discusses practical
examples of their application to the risk
assessment of nuclear power reactors and other
industrial operations. Open to qualified under-
graduates.
N. o. Siu

22.39 Nuclear Reactor Operations and
Safety (A)

Prereq.: 22.211, 22.311
G(1) Next offered 1990-91
Arr

Principles of operating nuclear reactor systems
in a safe and effective manner. Emphasizes
light-water reactor systems with transient re-
sponse studies, including degraded core recog-
nition and mitigatica. Consequence analysis
and risk assessment Lessons from past acci-
dent experience. NRC licensing and regulations.
Demonstrations: operation of the MIT research
reactor; use of a PWR concept simulator. Op-
tional laboratory section involves a project at the
Nuclear Reactor Laboratory.

D. 0. Lanning

22.40J Advanced Reliability Analysis and
Risk Assessment (A)

(Same subject as 13.63J)
Prere .: 22.38, 22.82
G(2) Next offered 1990-91
3-0-9

Extended application and use of reliability and
probabilistic risk analysis methods. Methods for
common mode failure analysis and treatment of

dependencies. Bayesian statistics applied to
systems reliability and safety problems. Error/
sensitivity analysis. Time-dependent reliability
analysis, Markov models, systems availability,
and systems performance. 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 solution
of engineering problems. Reviews specific
mathematical techniques (linear algebra, inter-
polation, finite-difference equations). Numerical
solution of ordinary differential equations. Fun-
damentals of consistency, convergence, stabil-
ity, and accuracy. Numerical solution of elliptic,
parabolic, and hyperbolic partial differential
equations. Special topics from nuclear reactor
physics, heat transfer, and fluid dynamics.
K. F Hansen

22.43 Advanced Numerical Methods in
Engineering Analysis (A)

Prereq.: 22.42 or Permission of Instructor
G(1) N ext offered 1990-91
3-0-9

Advanced computational methods. Emphasizes
solution of multidimensional problems. Modern
iterative techniques. Solution of nonlinear equa-
tions. Numerical methods in two-phase flow.
Finite-element methods with applications to
incompressible and compressible flows, Intro-
duction to numerical turbulence modeling.
Additional special topics, varying with interests
of the class and covering latest developments.
Assignments and group projects requiring use
of computer.
K. F Hansen

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 electro-
magnetic radiation, thermal neutrons, and
charged particles with matter. Introduces classi-
cal electrodynamics, quantum theory of radi-
ation field, time-dependent perturbation theory.
transition probabilities and cross sections de-
scribing interaction of various radiations with
atomic systems. Applications include theory of
nuclear magnetic resonance; Rayleigh, Raman,
and Compton scattering; photoelectric effect;
and use of thermal neutron scattering as a tool
in condensed matter research.
S. H. Chen

22.52J Statistical Thermodynamics of
Complex Liquids (A)
(New)

(Same subject as 8.575J, 10.44J)
Prereq.: 8.08, 10.14 or equivalent
G(2)
3-0-9

Introduction to modern theoretical and exper-
imental physics and chemistry of the liquid
state, including supramolecular liquids and
liquid crystals. Pair correlation function theory,
mean field theory of phase equilibria and poly-
mer solutions, theory of self assembly in surfac-
tant-water (micellar) and surfactant-water-oll
(microemulion) systems. Concepts of broken
symmetry; Goldstone mode and order-disorder
phase transitions In liquid crystal systems;
properties of nematic, smectic, and hexatic
phases of liquid crystals.
S. H. Chen, J. D. Litster, D. Blankschtein

22.53 Statistical Processes and Atomiatic
Simulations (A)

Prereq.. -
G(1)
3-0-9

Statistical mechanics principles of equilibrium
and time-dependent properties of condensed
states of matter. Phase-space distributions, time
correlations functions. kinetic equations. Free
energy calculations. Stochastic processes.
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)

LSame subject as HST 560J)
rereq.: 8 72 or 22.111

G(2)
4-0-8

Principles of radiation production and interac-
tions. Radiation dosimetry, emphasizing applica-
tions and health hazards. Shielding of beta,
gamma, and neutron radiation from isotope and
machine sources. Detection and spectroscopy
of beta, gamma, and neutron radiation. Neutron
activation analysis. Production of radioisotopes
and radiopharmaceuticals. Principles of nuclear
medicine. Requires a comprehensive term
paper and presentation.
E. McFarland

22.56J Principles of Medical Imaging (A)

(Same subject as 2.761J. HST 561J)
Prereq.: Permission of Instructor
G(1)
4-0-8

Principles of medical Imaging, including X-ray,
nuclear medicine, ultrasound, NMR, emission-
and transmission-computed tomograph, and
other modalities. Two-dimensional and th-ree-di-
mensional imaging techniques and displays.
Fundamentals of image formation, physiology of
Image perception, physics of radiation and
ultrasound interaction and detection, and phys-
ics of NMR. Quantification of images and recon-
struction algorithms. A comprehensive term
paper requLred.
. Wedeen, P R Laee

1 1 1 I I I . - I
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22.5681J 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

22.57J Radiation Biophysics (A)

(Same subject as HST 568J)
Prereq.: 22.111
4(1)
4-0-8

Effects of Ionizing radiation, ultraviolet radiation,
and heat on biological materials, cells, and
tissues. Examines In vivo and in vitro mamm-
alian systems, and explores mathematical
models for cell survival, emphasizing prediction.
Microstructural damage to cell components
such as membranes, organelles, enzymes, and
DNA studied. Radiation syndromes in man,
mutagenesis, and carcinogenesis also
investigted.-
0. L. /ownell, Staff

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)
rereq.: Permission of instructor

.(2)
3-0-9

See description under subjec' 2.980J.
E. R Gyffopoulos

22.59 Principles of Nuclear Radiation
Measurement and Protection (A)

Prereq.: 22.111
G(2)
2-6-4

Combines lectures, demonstrations, and experi-
ments. Covers effects of radiation on persons;
control of radiation exposure within applicable
standards; theory and use oft a 0, -y, and n
detectors and spectrometers; use of Isotopes,
radiation shielding, and dosimetry. Includes
demonstrations and experiments using the MIT
research reactor, accelerators, and power
reactors. Meets with undergraduate subject
22.09, but assignments differ. Students have
choices in the experiments they perform. For-
merly 22.29 and 22.58.
N. C. Rasmussen, 0. KX 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 reactor,
required plasma parameters. Plasma physics:
definition of a plasma, single- particle orbits,
Coulomb collisions, fluid model, magnetic
fusion configurations, MHD equilibrium and
stability, transport and heating. Meets three
lecture hours a week with 22.061, but with
different assignments and exams.
1. H. Hutchinson

22.602 Fusion Energy 11 (A)

Prereq.: 22.601 or 22.611J
J(2)
3-0-9

Basic engineering and technology of controlled
thermonuclear reactors. Current confinement
devices: tokamaks, mirrors, alternative con-
cepts. Thermonuclear reactors: systems analy-
sis and design of power reactors, ignition ex-
periments, hybrid reactors. Reactor
technologies: neutronics, blanket design, mag-
net desigr first wail, materials and activation,
heating tewinology, tritium handling. Present
reactor derigns: detailed critical review of proto-
type reference reactor designs. Safety and
environrent. Meets with 22.062, but different
assignm~ents and exams.
D. Cohn, D. J. Sigmar

22.611 J 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 or 8.613J or 22.611J, 18.076
G(2)
3-0-9

See description under subject 8.614J.
A. Bers, R. Davidson, K. Molvig

22.615J MHD Theory of Magnetic Fusion
Systems I (A)

(Same subject as 6.653J)
Prereq.: 22.601 or 22.6114 or 6.651J or 8.613J
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, inch, screw pinch, Grad-Shafranov
equation, RF tokamak, stellarator. Stability: the
Energy Principle, kink modes, interchanges,
ballooning modes, Suydam criterion, Mercier
criterion, Kruskal-Shafranov limit. Impact of
MHD equilibrium and stability on RFPs, straight
and toroidal tokamaks.
J. R Freldberg

22.616 MH D Theory of Magnetic Fusion
Systems 11 (A)

Prereq.: 6.653J or 22.615J
G(2) Not to be offered 1990-91
3-0-9

Continuation of 22.615J. Theory and application
of nonideal MHD theory. Resis ve instabilities:
tearing modes, resistive interchanges, resistive
ballooning modes, nonlinear saturation. Applica-
tion to Mimov oscillations, sawtooth oscillations,
and major disruptions in a tokamak. Finite
Larmor radius stabilization and plasma relaxation
in RFPs.
J. R Freidberg

22.63 Engineering Principles for Fusion
Reactors

Prereq.: Permission of Instructor
G(2) Next offered 1990-91
3-0-9

Fusion reactor design considerations: ignition
devices, engineering test facilities, and safety/
environmental concerns. Magnet principles:
resistive and superconducting magnets; cryo-
genic features. Blanket and first wall design:
liquid and solid breeders, heat removal, and
structural considerations. Heating devices: radio
frequency and neutral beam.
M. Kazimi, J. E. C. Williams

22.64J Plasma Kinetic Theory (A)

(Same subect as 8.621J)
F rereq.: 8.613J
.3(2)
2'-0-9

Basic physics of the wave-particle interaction
with emphasis on intuitive concepts. Linearized
Vlasov equation, quasilinear theory, Fokker-
Planck and diffusion approximations for the
average distribution function, resonant and
nonresonant diffusion, energy and momentum
conservation, free energy, application of quasili-
near theory to various physical problems of
current interest.
K. Molvig

22.66 Plasma Transport Phenomena (A)

Prere .: 22.611J or 6,651J or 8.613J, 22.64J or
8.621J
G(2) Next offered 1990-91
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 hydro-
genic and impurity ions, as well as injected and
alpha particles. Emphasizes connection to
experimental confinement and achievement of
high beta.
D. J. Sigmar

22.67 Principles of Plasma Diagnostics (A)

Prereq.: 22.611J or 6.651J or 8.613J
G(1) Next offered 1990-91
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,
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emission and scattering of electromagnetic
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 assessments of the
accuracy and reliability of different techniques.
1. 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
lonzed gases, Ion sources and beam optlos,
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.
1. H. Hutchinson

Nuclear Materials

22.70J Materials for Nuclear Applications (A)

(Same subject as 3.711 J)
Prereq.: Permission of lnst'tictor
G(2)
3-0-9

introductory subject for studer ts who are not
specializing in nuclear materialri. Applications
and selection of materials for use in nuclear
applications. Radiation damage, radiation ef-
fects, and their effects on performance of mate-
rials in fission and fusion environments. Meets
with 22.070J, but assignments differ.
R. 0. Ballinger

22.71J Physical Metallurgy (A)

(Same subject as 3.40J)
Prereq.: 3.02. 3.11 or Permission of Instructor
G(1)
3-0-9

See description under subject 3.40J.
K. C. Russell

22.72J Nuclear Fuels (A)

(Same subject as 3.72J)
Prereg.: 3.13 or 3.14 or 22.71J or 3.40J
G(1) Next offered 1990-91
3-0-9

Behavior of nuclear fuels and fuel element
cladding materials in reactor cores. Experimen-
tal observations; phenomenological and theoret-
ical modeling of radiation; and thermal-induced
effects such as fuel and cladding swelling.
fission as release, and radiation-induced
creep. Fuel design, performance modeling, and
reliability analysis using state-of-the-art com-
puter codes. Recent developments in advanced
nuclear and fusion related core materials.
R. 0. Ballinger

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 principles
in defect structures, thermodynamics, and
kinetics of equilibrium and nonequilibrium
systems. Discusses phenomena of radiation
effects in metals and nonmetals used In fission
reactors, fusion reactors, nuclear waste encap-
sulation, ana ion beam technology. Topics
include defect generation, damage evolution,
radiation-enhanced and induced-rate pro-
cesses, radiation effects on mechanical and
physical pro ries.
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
G(1) Next offered 1990-91
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. Funda-
mental processes and governing equations of
radiation and radionuclide transport. Design
principles and evaluation methods for geologic
waste disposal systems. Interim storage, pro-
cessing, and transportation technologies. Re-
view of nuclear waste management regulation.
Open to qualified undergraduates.
R. K. Lester

General

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, eco-
nomic, and political aspects. Energy provision,
transformation, and utilization. Development of
energy options for the future, and analyses of
present regional, national, and Intemnational
energy programs. For graduate students enter-
Ing specific energy fields or fields in which
energy Is important, and who desire a holistic
overview. Meets with the undergraduate subject
22.08, but some assignments differ.
M. M. Miller

22.92 Engineering Risk-Benefit Analysis (A)

Prereq.: 18.02
G(2) Next offered 1990-91
3-0-6

School-Wide Elective Subject. Description given
at end of this chapter on SWE page.
A. W Drake, A. R. Odoni

22.821 Engineering Systems Analysis (A)

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. R Clark

22.841 NuOlear 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 Rath/ens, J. R Ruina

22.843J Technology, Productivity, and
industrial Competition
(New)

Same subject as 15.970J. 17.172J. STS 511J)
rereq.: Permission of Instructor

G(2) Next offered 1990-91
3-0-9

An analysis of the relationships between techno-
logical 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 Industrial
performance. Four industry case studies. The
course draws on the recent work of the MIT
Commission on industrial Productivity.
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.
W C. Flowers

22.901-22.904 Special Problems in Nuclear
Engineering (A)

Prere .: Permission of Instructor
G(1, 2)
Arr.

For graduate and advanced undergraduate
students who wish to conduct a one-term
project of a theoretical or experimental nature in
the nuclear engineering field, In close coopera-
tion with individual staff members. Arrangement
of topic and hours to fit students' requirements.
A. F Henry

11 __ -
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22.911 Seminar in Nuclear Engineering

Pror.: -
G(1)~PF

22.912 Seminar In Nuclear Engineering

Prereq.: -
G(2) [P/F]
2-0-1

Restricted to graduate students engaged in
doctoral thesis research.
J. E. Meyer

22.913 Graduate Seminar in Energy
Assesament

Prereq.: Permission of instructor
G(1)
2-0-1

Primarily designed as a communication medium
among students conducting research in energy-
related areas, and as a means for obtaining
critical evaluation of their ongoing research
work. Covers topics ranging from technological
comparisons to environmental, social, resource,
and political impacts, depending on current
student and faculty interests.
Staff

22.914 Graduate Seminar in Energy
Assessment

Prereq.: Permission of Instructor
G(2)
2-0-1

Continuation of 22.913.
Staff

22.92 Advanced Engineering internship

Prereq.: 22.092
G(1. 2. S) (P/F]
0-6-0

Provides credit for the third and fourth Work
Assignments for students affiliated with the
Engineering Internship Program. Students
register for this subjet twice. Students must
compiete both Work Assignments to receive the
academic credit for this subject. Enrollment
limited to students in the Engineering Internship
Program.
ft. aBallinger

22.93 Teaching Experience in Nuclear
Engineering (A)

Prereq.: Permission of Department
G(1, 2, S)
Arr.

For qualified graduate students interested in
teaching as a career. Classroom, laboratory, or
tutorial tohing under the supervision of a
faculty member. Students selected by interview.
Enroiment limited by the availability of suitable
= nments. Credit for this subject may not be

toward Master's or Engineers degrees.
N. E. ora
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Course 24 Linguistics and Philosophy

Philosophy

24.UR Undergraduate Research

Prereq.: -
U(1, 2) [P/F)
Arr

Undergraduate research opportunities In Un-
guistics and Philosophy. For further Information,
consult the Departmental coordinators.
Ungulstlos: W O'Neil
Philosopny: 1. Singer

24.00 Problems of Philosophy

Prereq.: -
U(1, 2) HASS-D/HUM-D
3-0-9

Introduction to the problems of philosophy, in
particular, to problems in ethics; metap ysics;
theory of knowledge; and philosophy of logic,
language, and science. A systematic rather than
historical approach. Readings from classical and
contemporary sources, but emphasis Is on
examination and evaluation of proposed solu-
tions to the problems.
S. Bromberger, . Thomson

24.01 Philosophy and Public Affairs

Prereq' -
U(1) HASS-D/HUM-D
3-0-9

Examination of some practical issues in moral
and social philosophy as they occur In theoreti-
cal controversies related to contemporary
experience. This year's topics center around
moral questions of the ustifiability of taking life,
Including euthanasia, abrtion, and capital
punishment as well as problems associated
with human rights, privacy, and affirmative
action. Readings from great writers in the history
of philosophy, as well as from contemporary

hilosophers and Supreme Court cases.
M. Ha'dimon

24.04J Justice

(Same subject as 17.115J)
Prereq.: -
U(1, 2) HASS-DIHUM-D
3-0-9

An examination of alternative theories of justice
- utilitarianism, rights theories, social contract
theory, and communitarianism - and the
Implications of those theories for problems of
liberty, equality, and communi. Readings
drwprniey from the workof contempo-
ra tcal sopherse, including Raws,
Nozc Dworkin. Walzer, Maclntyre, and
Buchanan.
J. Cohen, D. Brink

24.07 Classics In the History of Philosophy

Prareq.: -
U(2) HASS-D/HUM-D
3-0-9

Introduction to philosophy through its history.
Readings in the works of such p ilosophers as
Plato, Aristotle, Aquinas, Descartes, Hume, and
Kant. Emphasis on becoming closely ac-
quainted with Important historical texts and
xainng fundamenta phi losophical Issues as

they appear in works that usually have been
influential in the historical development of West-
em philosophy.
R Hoffman

24.08 The Human Mind

Prereq.: -
U(2) HUM-D
3-0-9

Introduces that part of philosophy concerned
with the mind, with special attention to the role
of science in the study of the mind. Questions
discussed: Do people always act selfishly? Is
human reason inherently defective? Are social
and inteileotual differences due to genetic
differences? Are some ideas Innate Are the two
hemispheres of a human brain really the brains
of two different persons? Will computers ever
think - Indeed, are we, ourselves, computers?
N. Block

24.09J Classics In Political Philosophy

(Same subject as 17.113J)
Prereq.: -
U(2) HASS-D/HUM-D
3-0-9

An Introduction to theories of social justice
through a study of classical works in the history
of poical philosophy, including Plato's Repub-
lic, Hobbes' Leviathan, Locke's Second Trea-
tise, 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

24.11 6J Introduction to Cognitive Science

(Same subject as 9.62J)
Prereq.: -
U(1)
3-0-9

See description under subject 9.62J.
D. N. Osherson

24.118 Paradox and Infinity

Prereq.: -
U(2) Next offered 1990-91
3-0-9

Examination of such ancient and contemporary
aradoxes as Zeno's, the Uar ("This statement

s false"), theHeap, Russell's, Newcomb's,
Arrow's, the Surprise Examination, and the
H rame Questions discussed include: Is
se ference permissible? Is mathematics
logic? Do infinities exist in nature? Cantor's,
Dedekind's, and Robinson's theories of infinity,
and G~del's theorems.
G. S. Boolos

24.119 Minds and Machines

Prereq.: -
U(2) Next offered 1990-91
3-0-9

Exanination of problems in the Intersection of
artificial inteli ence, psychology, and philoso-
h. Issues discussed: whether people are
ring Machines, whether computers can be

conscioup, limitations on what computers can
do, computation and nourophysioly th
Turing test, the analog/digital distinctIon,
Wdel's theorem and mechanism, the reiation
between simulation and explanation, whether
some aspects of mentality are more resistant to
programming than others.
N. Block

24.121 Choice and Decision
(New)

Prereq.: -
U(1)
3-0-9

Philosophical foundations and applications of
theories and rational decision making. interpre-
tatione of probability and utility, risk and uncer-
tainty causal decision theory, different concepts
of lution in game theory, theories of collective
choice.
R. Stalnaker
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24.151 Introduction to Philosophy of
Language
(Revised Unit)

Prereq.: -
U(2)
3-0-9

Examination of views on the nature of meaning,
reference, truth, and their relationships. Other
topics may include relationships between lan-
guage and logic, language and knowledge,
language an reality, language ar'd acts per-
formed through its use. No knowledge of logic
or linguistics presupposed.
S. Bromberger

24.171 Introduction to Phenomenology

Prereq.: -
U(1)
3-0-6

The philosophy of Edmund Husserl. Readings
from Logical Investigations, Ideas /, Cartesian
Meditations, The Idea of Phenomenology. Dis-
cussion on the concepts of intentionality, found-
ing, phenomenological reduction. Survey of the
development of phenomenology since Husserl.
G.-C. Rota

24.172 Being and Time

Prereq -
U(1) Next offered 1990-91
3-0-6

The philosophy of Martin Heidegger and its
influence on contemporary thought stressing
existential views on the foundations of science,
the critique of classical logic, and Cartesian
thought. Readings from Heidegger's Being and
Time.
G.-C. Rota

24.200 Ancient Philosophy

Prereq.: One Philosophy subject

3-0-9

Study of Socrates, Plato, and Aristotle with
some attention to pre-Socratic philosophy (e.g.,
Parmenides and Heraclitus), and Hellenistic
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 tradition of philosophical
thought.
0. Brink

24.202 Modern Philosophy: Descartes to Kant

Prereq.: One Philosophy subject
U(2)
3-0-9

Philosophic thought in Europe during the 17th
and 18th centuries. The continental rationalists:
Descartes, Spinoza, and Leibniz; the British
emgicists: Locke, Berkeley, and Hume; Kant.

24.204 Existentialism

Prereq.: One Philosophy subject
U(1) Next offered 1990-91
3-0-9

Close investigation of a selection of central texts
and themes (e.g., "choice" and 'bad faith") in
existentialism. Authors to be read include
Camus, Kierkegaard, and Sartre.
M. Hardimon

24.208 Kant

Prereq.: 24.202
U(2) Next offered 1990-91
3-0-9

A thorough study of Kant's Critique of Pure
Reason. Special topics to be considered include
Kant's notion of objectivity and objecthood; the
unity of apperception; the criticism of metaphys-
ics; the role of reason in scientific investigation.
M. Hardimon

24.209J Aesthetics of Film and Uterature

(Same subject as 21.035J)
Prereq.: One subject in literature or one
gh'losophy subject
(1)

3-0-9

Study of some of major works in both media as
relevant to problems in aesthetics, as well as
other areas of philosophy. Includes the nature of
artistic truth in literature and in film; the ontology
of the photographic image; the relationship
between verbal and nonverbal expressiveness.
Readings in philosophy and literature, and
viewing of several films.
/. Singer

24.210 Problems In the Philosophy of Love

Prereq.: One Philosophy subject
U(2)
3-0-9

Philosophical issues in the study of affective
bonding: e.g., the distinction between appraisal
and bestowal as types of valuation, the nature of
idealization, the development of ego ideals, and
the relationships among love, desire, emotion,
and reason. Readings in recent philosophy.
I. Singer

24.211 Theory of Knowledge

Prereq.: One Philosophy subject
U(1)
3-0-9

Study of problems conceming our concept of
knowledge, our knowledge of the past, our
knowledge of the thoughts and feelings of
ourselves and others, and our knowledge of the
existence and properties of physical objects In
our immediate environment.
J. Higginbotham

24.221 Metaphysics

Prereq.: One Philosophy subject
U(2)
3-0-9

Study of basic metaphysical Issues conceming
existence, the mind-body problem, personal
identity, causation and its implications for free-
dom. Classical as well as contemporary
readings.
J Thomson

24.231 Ethics

Prereq.: One Philosophy subject
U(2)
3-0-9

Systematic study of central theories in ethics,
including egoism, act and rule utilitarianism,
intultionism, emotivism, rights theories, and
contractualism. Discussion and readings also
focus on problems associated with moral con-
flicts, justice, the relationship between rightness
and goodness, objective vs subjective moral
judgments, moral truth and relativism.
ITomson

24.233J Political Philosophy

(Same subject as 17.105J)
Prereq.: One Philosophy subject
U(1)
3-0-9

See description under subject 17.105J.
J. Cohen

24.235J Philosophy of Law

(Same subject as 17.109J)
rereq.: One Philosophy subject or Permission

of Instructor
U(2)
3-0-9

Examination of fundamental issues in philoso-
phy of law, such as the nature and limits of law
and a legal system, and the relation of law to
morality, with particular emphasis on the philo-
sophical issues and problems associated with
privacy, liberty, justice, punishment, and respon-
sibility. Historical and contemporary readings,
including court cases.
D. Brink

24.239 The Meaning of Life

(24.130)
Prereq.: One Philosophy subject
U(2)
3-0-9

Problems of human experience approached
through philosophical analysis. Ouestions about
the meaning of life, the nature of death, and the
creation or discovery of values studied through
readings in contemporary philosophy, as well as
in the history of philosophy. Enrollment limited.
I, Singer
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24.241 Logic I

Prereq.: -
U(1)
3-0-9

Introduction to the alms and techniques of
formal logic. The logic of truth functions and
quantifiers. The concepts of validity and truth
and their relation to formal deduction. Applica-
tions of logic and the place of logic in philoso-
phy.
G. S. Boolos

24.242 Logio i1

Prereq.: 24.241 or Permission of Instructor
U(2)
3-0-9

The central results of modem logic: the com-
pleteness of predicate logic, recursive functions,
th Incompleteness of arithmetic, the ungrov-

ability of consistency, the indefinability o truth,
the Skolem-L6wenheim theorem, nonstandard
models.
G. S. Boolos

24.243 Classical Set Theory (A)
(New)

Prereq.: 24.241 or the equivalent
G(O)
3-0-9

Introduction to the basic concepts and results of
standard, i.e., Zermelo-Fraenkel, set theory: the
axioms of ZF. ordinal and cardinal arithmetic, the
structure of the set-theoretic universe, theaxiom of choice, the (generalized) continuum
hypothesis inaccessibles and beyond.

.S.Boolos

24.244 Modal Logic

Prereq.: 24.241
G(1) Next offered 1990-91
3-0-9

Sentential and quantified modal logic, with
emphasis on the model theory ("possible worlds
semantics"). Soundness, completeness, and
characterization results for alternative systems.
Tense and dynamic logics, epistemic logics, as
well as logics of necessity and possibility. Appli-
cations In philosophy, theoretical computer
science, and linguistics.
R. Stalnaker

24.252J Theory of Inductive Inference,

(Same subject as 9.66J)
ereq.: 9.62J

U(2)
3-0-9

See description under subject 9.66J. May not
count toward HASS requirement.
D. N, Osherson

24.260 Topics In Philosophy

Prereq.. Two subjects in Philosophy
U(2)
3-0-9

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 Norwich7

24.292 Special Topics In Philosophy

Prereq.: Any two subjects in Philosophy
U(1)
Arr.

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)
Arr.

Open to qualified students who wish to pursue
special studies or projects. Students electing
this subject must consult the Department Head.

24.400 Prosemlnar 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 phi-
losophy. Intended for first-year graduate stu-
dents injphilosophy.
24.400: . Horwich
24.401: R. Staknaer

24.410 Topics in the History of Philosophy (A)

Prereq.: Permission of Instructor
G(1)
3-0-9

Intensive study of a philosopher or philosophical
movement. Content varies from year to year and
subject may be taken repeatedly with permis-
sion of instructor and advisor.
M. Hardimon

24.501 Problems In Metaphysics (A)

Prereq.: Permission of Instructor
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

24.518J Problems of Mental
Representation (A)

(Same subject as 9.671J)
Prereq.: Permission of Instructor
G(1)
3-0-9

Topics: the case for mental representation;
doubts about the intelligibility of mental repre-
sentation; the relationship between intemal
language and extemal language; does meaning
come from mental representations or beliefs;
the syntactic theory of the mini conceptual role
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semantics and procedural semantics; narrow
content; the two-factor theory of the meaning of
mental representations.
N. Block

24.520J Theory of Inductive Inference

(Same subject as 9.661J.)
rereq.: 9.62J

G(2)
3-0-9

See description under subject 9.661J.
D. N. Osherson

24.601 Topics In Moral Philosophy (A)

Prereq.: Permission of Instructor
3(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

24.611 J Political Philosophy (A)

(Same subject as 17.106J)
Prereq.: Permission of Instructor
G(1)
3-0-9

See description under subject 17.106J.
J. Cohen

24.625J Philosophies of Social Science (A)

(Same subject as 17.104J)
Prereq. Permission of Instructor
G(2)
3-0-9

See description under subject 17.104J.
U. Mehta

24,703 Set Theory (A)
(New)

Prereq.: 24.243 or equivalent
0(2)

3-0-9

Basic consistency and independence results
concerning the axiom of choice and the gener-
alized continuum hypothesis; large cardinals;
the axiom of determinacy.
G. S. Boolos

24.711 Topics In Philosophical Logio (A)

Prereq.: Permission of Instructor
G(1)
3-0-9

Problems of ontology, epistemology, and philos-
ophy of language that bear directly on ques-
tions about the nature of logic and the analysis
of concepts of logical theory, such as logical
truth, logical consequence, proof. Content
varies from year to year, and subject may be
taken repeatedly upon permission of instructor
and advsor. Topic for 1989-90: Conditional
Reasoning.
R Stalnaker
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24.729 Toplos In Philosophy of Language (A) Linguistics(New)

Prereq.: Permission of Instructor
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.
1989 toi os will focus on pragmatics, the resolu-
tion problem, delotics, presupposition, interface
between grammar and speech.
S. Bromberger

24.810 Topics in Philosophy of Solence (A)

Prereq.: Permission of Instructor
G(2) Next offered 190-91
3-0-9

Topics in the foundations of science: the nature
of concepts and theories, the distinction be-
tween empirical and theoretial knowledge
claims, realist and instrumentalist interpretation
of such claims, and the analysis of scientific
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)
Prerea.: Permission of Instructors
G(1) Not to be offered 1990-91
3-0-9

Major issues in contemporary cc nitive science.
Topics include similart ud me and natural
kinds; inductive and d uctive competence and
performance; formal foundations of syntax and
semantics; theories of preference and choice.
J. Higginbotham, 0. N. Oeherson

24.853 Philosophy of Scientific
Development (A)

Prereq.: Permission of Instructor
G(2) ext offered 1990-91
3-0-9

Study of problems presented by the conceptual
changes that accompany scientific advance. To
what extent, for example, do such changes
preserve the meaning (or the reference) of
scientific terms? Can the cognitive content of a
discarded theory be represented In a language
adapted to use with its successor? If not, what
sort of communication is possible between the
proponents of competing theories, and what
sense can be made of the notion of scientific
progress?

24.091 Special Graduate Topics in
Philosophy (A)

Prreq.: -
Air.

24.892 Spco(al Graduate Topics in
Philosophy (A)

Prereq.: -
0(2)
Af.

24.900J The Study of Language

Same subject as 21.321J)
rereq.: -

U(1) HUM-D
3-0-9

What le 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
superior to another? How are speech and
writin related? Context for these and similar
questions provided by basic examination of
internal organization of sentences, words, and
sound systems. Assumes no prior training in
linguistics.
S. Bromberger, J. W Harris

24.901J Language and its Structure

(Same subject as 21.322J)
Prereq.: 24.900J
U(2)
3-0-9

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
organizatlon of phonological systems, phono-
I ical change: exam ple from English and
o er languages. Syntax: deep and surface
structures, properties of syntactic rules, syntax,
and semantics: a survey of the major synt ti
processes of English.
J. W Harris

24.921 Special Graduate Topics In
Unguistics (A)

Prereq.:
G(1)
Arr.

Open to qualified graduate students in linguis-
tics who wish to pursue special studies or
projects. Consult Department headquarters.

24.922 Special Graduate Topics In
Unguistlos (A)

Prereq.. -
G(2)
Arr.

Open to qualified graduate students in linguis-
tics who wish to pursue special studies or
projects. Consult Department headquarters.

24.942 Topios in the Grammar of a
Non-Indo-European Language (A)

Prereq.: 24.951
G(2)
3-0-6

Detailed examination of the grammar of a lan-
guage whose structure is significantly different

rm English, with special emphasis on prob-
lems of interest in the study of linguistic univer-
sals. A native speaker of the language assists
when possible.
K. L. Hale, 0. Sterlade

24.948J UngulstIc Theory and Second
Language Acquistion

(Same subject as 21.320J)
Prereq.: Permission of Instructor
G(2) N ext offered 1990-91
3-0-8

Reading and discussion of current linguistio
theory, first language acquisition research, and
data concoeming adult second language acquisi-
tion. Focus on development of a theor of
second language acquisition within a theory of
Universal Grammar. Emphasis on syntactic,
lexical, and phonological development. Exami-
nation of ways in which this body of data con-
fronts theories of language,
W O'Nel, S. Flynn

24.949J Language Acquisition I (A)

(Same subject as 9.601J)
Prereq.: Permission of Instructor
G(1)
3-0-6

See description under subject 9.601J.
K. Wexler, S. Pinker

24.950J Language Acquisition 11 (A)
(New)

(Same subject as 9.602J)
Prereq.: Permission of Instructor
G(2)
3-0-6

Continues discussion of topics described under
24.949J.
K. Wexier, S. Pinker

24.951 Introduction to Ungulstics 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 arts, each
focused upon a particular area o concem: 1
phrase structure, 2) the lexicon, and 3) princi-
pies and parameters. Grammatical rules and
processes constitute a focus of attention
throughout the course, serving to reveal both
modular structure of grammar and interaction of
grammatical components.

. 0. Hale, D. Pesetsky

24.952 introduction to Ungulatics liI: Theory
of Grammar (A)

Prereq.: 24.951
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 linguistic
universals.
0. Pesetsky

Open to qualified graduate students in philoso-
Phy who wish to pursue spol studies or- . Consul Departent headquarters.



Linculstics and Philosophy 213D

24.956 Introduction to Linguistics IV:
Universal Grammar (A)

Prereq.: 24.951
G(1)
3-0-9

The nature of lingulstic universals that make It
possible for languages to differ and place limits
on these differences. Study of selected problem
areas, showing how data from particular lan-
guages 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.
staff

24.957 Introduction to Linguistic 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; descriptive
and explanatory theories; the nature, use, and
acquisition of knowledge of language compared
with other cognitive systems; relations of form,
meaning, and language use. Examination of
theories of transformational generative grammar
as they have evolved and are now being pur-
sued: theory of base, transformations, semantic
interpretation of formal structures, logical form,
and conditions on the form and functioning of
rules.
N. A. Chomsky

24.958 Linguistlc Structure (A)

Prereq.: 24.952 or 24.957 or Permission of
Instructor
G(1)
3-0-9

Current work on topics in syntax and semantics.
N. A. Chomsky

24.959 Workshop In Syntax and
Semantics (A)

Prereq.: Permission of instructor
G(1)
3-0-9

An intensive group tutorial/seminar for discus-
sion of research being conducted by partici-
pants. No auditors allowed.
4. Higginbotham, 0. Pesetksy

24.960 Seminar In Semantics

Prereq.: 24.973
G(1) Next offered 1990-91
3-0-9

Examination in depth of the comparative syntax
and semantics of some particular construction
type, with choice of construction varying in
different years. Topic for 1989-90: grammar and
Interpretation of functional categories (e.g.. D, 1,
K Deg) In cross-linguistic perspective, with
particular attention to specer systems.
K. L. Hale

24.961 Introduction to Linguistics II:
Phonology

Prereq.: -
G(1)
4-0-6

Alms and principles of a scientific deicription of
the phonic aspect of language. The mechanism
and acoustics of speech. Distinctive features as
the descriptive framework. The phoneme. The
phonemic system of a language. The interrela-
tions between phonology and other linguistic
levels. Some problems of historical phonology.
Practical exercises. This subject is a core offer-
Ing In Cognitive Science.
M Halle, 0. Steriade

24.962 Advanced Phonology (A)

Prereq.: 24.961
G(2)
3-0-9

Continuation of 24.961. Special emphasis on
problem solving.
M. Halle, 0. Steriade

24.964 Theory of Phonology (A)

Prereq.: 24.961
G(1)
3-0-9

Review in depth of a major topi In modem
phonology. Topic for 1989-90: features.
M. Halle, 0. Sterlade

24.965 Morphology (A)

Prereq.: Permission of Instructor
3(2)
3-0-9

Structure of the lexicon and its function in
grammar. Properties of word-formation rules.
Problems of selection, productivity, composi-
tionality. Systems of inflectional categories:
case, tense. Phonological aspects of word
structure: allomorphy, cyclic phonology, constit-
uent structure, boundaries. Detailed analysis of
languages with complex morphology.
M. Halts, K. L. Hale

24.966J Laboratory on the PhysIology
Acoustics, and Perception of peech (A)

(Same subject as 6.542J. HST 712J)
Prereq.: Permission of Instructor
G(2) ot to be offered 1990-91
2-2-8

See description under subject 6.542J.
K. N. Stevens

24.968J Speech Communication (A)

(Same subject as 6.541J, HST 71W)
Prereq.: Permission of Instructor
G(2) Next offered 1990-91
3-0-9

See description under subject 6.641J.
S. J. Keyser, K. N. Stevens

24.969 Workshop in Phonology and
Morphology (A)

Prereq.: Permission of Instructor
G(2)
3-0-9

An intensive group tutorial/seminar for discus-
sion of research being conducted by partici-
pants. 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 formalized
and natural languages. Conceptual, logical, 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; dimen-
sions of semantic variation in syntax and the
lexicon.
Staff

24.972 Formal Foundations of Linguistic
Theory (A)
(New)

Prereq.: Permission of instructor
G(1)
3-0-9

Introduction to logic and the theory of computa-
tion and definabilty, with special emphasis on
topics most pertinent to linguistic research.
. Higginbot ham

24.973 Topics In Logic and Semantics (A)

Prereq.: Permission of Instructor
G(2) Next offered 1990-91
3-0-9

Current work on semantics and questions of
logic and meaning for syntactic systems in
generative grammar. Consult W. O'Neil.

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

-. igginbotham, N. A. Chomsky

24.982 Linguistle Change (A)

Prereq.: 24.951, 24.961
G(2)
3-0-9

Review in depth of a major topic in historical
linguistic theory. Topic for 1989-90: Structure
and history of English Creole syntax.
W O'Wel
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24."2 Survey of General Ungulstls I

Prewq.: Permission of Instructor

34-9

Reading and discussion of Oerta Important
n syntnx, semantios, and poology

dned to familiarize the student with centr
ide In current linguisti research. Selection of

and organization of disoussion is primar-
nthehands of seminar partiolpants.
O0'Woll

24,193 Tutorial in Ungulatlos and Related
fields (A)

Prrec-.: Permission of Instructor
G(, 2)'

Arr.

Individual or small-group tutorial in which stu-
dents, under the guidance of a faculty member,
explore the interrelations with linguistics of some
specified area. Consult Department
headquarters.



Health Sciences and Technology

Students wishing to take HST 011-091 must
file an application in Room E25-519.

HST subjects numbered 011 through 310 are
scheduled according to the Harvard Medical
School academic calendar, which Is different
from that of MIT. Students whose graduation
depends upon completing one or more of
these subjects should take particular care
regarding the schedule.
HST 011 Human Functional Anatomy (A)

Prereq.: Permission of Instructor
G(1)
2-9-10

Lectures, detailed laboratory dissections and
arcetions provide a thorough exploration of

9 gross structure and functin of the human
body. Fundamental principles of bloengineering
are employed to promote analytical approaches
to understanding the body's design. The em-
bryology of major organ systems is prsented,
together with certain references to p y onetio
developmnt, sa!bais for co .rhendln
anatomic npai. Correltion clinics stress
both normal and abnormal funotions of the
body; guest lecturers focus on current prob-
lems In organ system research. (HST/N D stu-
dent may register under HIT 010, graded P/F.)
F A. Jenkins, Jr., L. Gehrke, W C. Hayes,
Assoclates

HST 021 Bone and Connective Tissue (A)

Prereq.: Permission of Instructor
G(IAP)
1-2-4

Growth and development of normal bone and
joints, the process of mineralization, the bic-
physics of bone and response to stress and

facture. calcium and phosphate homeostasis
end regulation by perathyrcid hormone and
vitamin D, and the pathogenesis of metabolic
bone diseases and disease of connective tissue
and joints, with consideration of possible mech-
anisms and widling metabolic derange-
ments. Meets month of January. Enrollment
limited. (HST/MD students may register under
HST 020, graded RIF) Pn r0. R. Robeson W C. Hayes, J. 7: Pott, Jr.,
A. L. Schiller, d. Sledge

HST 031 Human Pathology (A)

Prere.: 7.01, 8.01, 8.02 or Permission of
Instruotor
0(1)
4-4-8

Introduotim to the structure and function of
noral obe and tsues; pathoioo principles
of cellular Iyinflammaton, ciclator disor-

des mmu.lo injury. Inectionntrioa
disoders, g diordereh and
rad in in hmns. Lectp8 confer-

sircis, abratrls wthexamination of micro

scopio and gross specimens, and autopsy case
studies, emphasizing modem athol oy rac-
tioe. Enrclment limited. (HST/MD student may
register under HST 030, graded P/F.)
F J. Schoen

HST 041 Mechanisms of Microbial
Pathogenesis (A)

Prereq.: 7.01, 7.05 or Permission of Instructor
G(1)
3-6-5

Deals with the mechanisms of pathogenesis of
bacteria, viruses, and other microorganisms.
Approach spans mechanisms from molecular to
clinical aspects of disease. Topics selected for
intrinsic Interest and cover the demonstrated
spectrum of pathophysiologico mechanisms.
Enrollment limited. (HST/MD students may
register under HST 040, graded P/F.)
R Schaffer, J. Mekalanos, H. Simon

HST 061 Endocrinology (A)

Prerew.: 7.01, 7.05, Permission of instructor
G(2)
6-0-6

Physiology and pathoph sology of the human
endocrine system. Four hours of lecture and
section each week concem Individual parts of
the endocrine system. Topics also include assay
techniques, physiological integration, etc. At
frequent cln sessions, patents are presented
who demonstrate clinical problems considered
in the didactic lectures. Enrollment limited.
(HST/MD studeits may register under HST 060,

grddP/F.)
r.ArA IN Kettyle

HST 071 Human Reproductive Biology (A)

Prereq.: 7.01 7.05, Permission of Instructor
G(2)
2-4-3

Lectures, laboratory sessions, and clinical case
discussions designed to provide the student
with a clear understandin of the hysiology,
endocrinology, and path y ofhumarepro-
duotion. Emphasi Is on uantitativ analytic
techniques and the role o technology in repro-
ductive science. The course also involves the
student In the wider aspects of reproduction,
such as prenatal diagnosis. In vitro fertilization,
abortion, menopause, and contraception.
(HIT/MO students may register under HST 070,

raded P/P.
H. lapholt, C. Millette, S. Driscoll, Associates

HST 081 Hematology (A)

Prereq.: 7.06 or Permission of Instructor
G(1)
3-6-4

An intensive survey of the biology, physiology,
and pathophysiology of blood and the blood-
forming organs with systematIo consideration of
hematopolesis, the formed elements.' blood
coagulation, blood groups and Immunoglobu-
line, and other plasma proteins. Emphasis given
equally to didactic discussion and analysis of
clinical problems. Meets first half of the term.
Enrollment limited. (HST/MD students may
register under HST 080, graded P/F.)
W S. Beck, W H. Churchill, R. D. Rosenberg

HST 091 Cardiovascular Pathophysiology (A)

Prereq.: 7 01 or 18.01, 18.02 or Permission of
Instructor
G(2)
3-3-9

Normal and pathologio ph 1oo y of the heart
and vascular system. Emphasls Inoludes hemo-
dynamics, electrophysiology, gross and micro-

scoplo p and clinicall correlates of
cardiovascular fnotion in healty and In a
va~sty of disem states. Special attneto given
to oongental, rheumatic, hyperteonsIve, aterioo-
clerotlo, and coronary heaso disease and oardlo-
myopathy. Enrollment limited. (HST/MD stu-
dents may register under HST 090, graded P/F)
W H. Abelmann, J. T Falion, WN Gamble,
R. 0. Mark, R Saul, S. liumo

HST 101 Respiratory Pathophysiology (A)

Prereq.: 7.01, 7.05, 8.01 or Permission of
Instructor
G(2)
1-2-5

Lectures, seminars, and laboratories cover the
development of the lung; it histology and
cellular function; and physics of gases, physiol-
ogy, and gas exchange as it relates to he
and disease. Problems of gas transport and
acid-bass balance are reviewed; pathophysolo-
gyof common respiratory disorders presented.

Ions with patients wi lung diase. For
M.D. candidates and other iodents with back-
ground in solene. Enrollment limited. (HST/MD
students relgster under HST 100 graded P/F)
0. C. Shannon, L. Ginns, H. Kazemfl, E. Mark,
C. A Hales, J, C. Weaver

HST 111 Renal Pathophysiology (A)

Prereq.: 7.01. 7.05 or Permission of Instructor
G(2)
2-1-5

Course will oonsider the normal physiology of
the kidny and te pthophysiology of ral
disease. Renal regulation of sodium, potassium,

HST

21SD
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acid, and water balance will be emphasized as
will the mechanism and consequences of renal
failure. Included also are the pathophysiology of
clinloal renal disorders such as acute and
chronic glomerulonephrtls, pelonephritis, and
vascular disease. Enrollmen i mited. (HST/MD
students may register under HST 110, graded

nH. Rennke, J. V Bonventre, M. Gray,

L. Fang

HST 121 Gastroenterology (A)

Prereq.: 7.01, 7.05, 8.01 or Permission of
instructor
G(1)
3-6-4

Presents the anatomy, physiciogy, biochemistry,
biophysics, and bloengineering of the gasolin-
testinal tract and assoclated pancreatic, liver,
and billary systems. Emphasis on the molecular
and pathophysiological basis of disease where
known. Covers gross and microscopic patholo-
gy and clinical aspects. Formal lectures given
by core faculty, with aome guest lectures by
local experts. Selected seminars conducted by
students with supervision of faculty. Enrollment
limited. (HST/MD students may register under
HST1 20, graded P/F)
M. C. Carey, D. Ant onio/, R. H. Schapiro,
.J. R. Wands, J. L. Madara

HST 131 The Human Nervous System: The
Neurosclences (A)

Prereq.: 7.01, 7.05. Permission of Instructor
Gil)
6-3-6

This subject encompasses an introduction to
1) the anatomy and fine structure of the mam-
malian central nervous system (brain and spinal
cord), 2) the physiclogy of nerve cells and of
neural systems (special emphasis on sensory,
motor, and neuroendocrine systems), 3) neuro-
transmitter actions and neurotransmitter-coded
neural systems in the brain, 4) molecular neuro-
biology and neurogenetics. Included in the
course are five clinical demonstrations. (HST/
MD students may register under HST 130,
graded P/F.)

HST 133 Pathophysiology of the Nervous
System (A)

Prereq.: HST 131 or Permission of instructor
G(2)
4-0-8

Discussion of physiological and biochemical
mechanisms of peripheral and central nervous
systems' diseases. Lectures emphasize ad-
vanoes in the basic sciences as they apply to
the muscular dystrophies, myasthenia gravis,
peripheral neuropathles, pain and nociception.
suprasegmental control of movement multiple
sclerosis, Azheimer's and Huntington's dis-
eases, epilepsy, sleep and biological rhythms,
strokes, an d sorders of emotion and lan-
guage. Enrollment limited. (HST/MD students
may register under HST 132, graded P/F.)
M. A Moskowifz

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 bioly (HST/MD students may
register under T 140, graded P/F)
R M. Gallop, 1. M. London, Associates

HST 151 Principles of Pharmacology (A)
(New)

Prereq.: 7.01, 7.05, 8.01
G(2)
3-0-9

An introduction to pharmacolog. Topics to be
covered include mechanisms of drug action,
dose-response relations, pharmacokinetics,
drug delivery systems, drug metabolism, toxicity
of pharmacological agents, drug interactions,
and substance abuse. Selected agents and
classes of agents will be examined in detail.
(HST/MD students may register under HST 150,

raded P/F)
J. Cohen, E. Edelman, R. Lees, C. Rosow,

G. Strichartz

HST 176 Cellular and Molecular
Immunology (A)

Prereq.: 7.05
G(1)
4-0-8

Course covers cellular interactions in immune
responses, general principles governing the
expression of lymphocyte receptor genes,
effector functions of lymphokines and mono-
kines Rnd pathogenesis of immunologically
mediated diseases. Course consists of lectures
and conferences in which relevant clinical
Issues are discussed, and joumal clubs in which
recent experimental work Is presented and

alyzed students. Enrollment Is limited to 40
students. (HST/MD students may register under
HST 175, graded P/F.)
A. K. Abbas, A. H. Lichtman, J. S. Pober,
Associates

HST 181J Genetics and Molecular
Medicine (A)
(New)

(Same subject as 7.57J)
Prereq.: 7.01. 7.05
G(IAP)
4-0-8

This one-month Intensive course covers funda-
mental concepts of human genetics, including
molecular genetics, cytogenetics, formal and
population genetics and clinical genetics. Struc-
ture, organization and regulation of genes; the
nature and extent of mutation; factors influenc-
ing the expression of mutations; the impact of
mutations on the individual and population; the
usefulness of human genetic disorders for the
study of basic genetic mechanisms; and socie-
tal and ethical issues in genetics. Seminars will

present exciting areas of current research.
(HST/MD students may register under HST 180.
graded P/F)
R. W Erbe, N. H. Hopkins, D. E. Housman,
E. Lander

HST 191 Statistical Plannin 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 infer-
ence. Students learn to perform elementary
statistical calculations and acquire the concepts
and vocabulary to read biomedical literature
critically and communicate productively with
statistical professionals. Includes probability
theory, normal sampling, chi-square and t-tests,
analysis of variance, linear regression, and
survival analysis. Case studies include applica-
tions to diagnostic screening, clinical drug trials,
and physiological experiments. Emphasis on
experimental studies rather than epidemiology.
(HST/MD students may register under HST 190,
Sraded P/F)

Letkopoulou

HST 196 Teaching Health Sciences and
Technology

Prereq.- -
G(1, 2, S) [P/Fl
Arr

For teaching assistants in HST where the teach-
ing assinment is approved for academic credit
by the epartment.
R. G. Mark

HST 199 Research in Health Sciences and
Technology

Prereq.: Permission of instructor
G(1. 2, S) [P/F]
Arr.

For research assistants in HST where the as-
signed research is approved for academic
credit by the Department. Hours are arranged
with research supervisor.
R. G. Mark

HST 200 Introduction to Clinical Medicine (A)

Prereq.: Permission of Instructor
G(2) [/F]
9-25-12

February through May, Monday, Wednesday,
Friday. Students leam the basic skills Involved in
examination of the patient and are introduced 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 member. Findings
reported through history taking and oral presen-
tation of the cases to the class. An intensive
subject serving as prerequisite to clinical clerk-
ships. Enrollment limited to students in M.D.
Program.
W H. Churchill, D. Brooks, J. Muller, Associates
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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 or Permission of
Instructor
G(IAP)
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 histor, physical, and
laboratory data with pathophysio ogic principles;
and 4) become familiar with the clinical dec-
sion-making process and broad economic,
ethical, and sociological issues involved in
patient care.
R. G. Mark, W Ruth, C. J. Hatem, D. S. Shapiro

HST 202 Introduction to Clinical Medicine
and Medical Engineering 11 (A)

Prareq.: HST 201

011-0

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 partici-
pate in longitudinal patient care. In addition,
students participate in regularly scheduled
teaching conferences focused on principles of
patient management.
0. S. Shapiro, C. J. Hatem, R. G. Mark,
Associates

HST 203 Clinical Experience in Medical
Engineering and Medical Physics (A)

Prereq.: HST 201, HST 202
G(1, 2. S) [P/F]
0-40-0

An individually arranged full-time three-month
directed study in a clinical environment where
active medical engineering/medical physics
investigation is in progress. Students are active-
ly engaged in patient care, particularly those
aspects that interface closely with technology.
Students also focus on ii-depth exploration of
the technical and research area. Term paper
required.
R; G. Mark

HST 220 Introduction to Patient Care and the
Profession That Cares (A)
(New)

Prereq.
G(I 2 [P/F]

Subject is designed to acquaint HST/MD stu-
dents with patient-physician interactions in both
ambulatory and inpatient settings. Through
observations and discussions, students gain a
greater understanding of patients' feelings and
attitudes about illness an interactions with
health care professionals. Group seminars will
stimulate students' interest In a number of
institutional issues such as medical care financ-
iinformation storage and retrieval, and
d ng roles of health care providers.
A. N. Weinberg, J. M. Moses, M,. A Kane,
S. J. Healey, R Jenny M. Ross, E. ChMan, Staff

HST 300 Clinical Management and
Physiolo of Surgical Intensive Care
Patients )

Prereq.: Clerkship in Medicine and Permission
of Instructor
G(1, 2, S) [P/F]
0-15-0

One-month course designed to teach quantita-
ive applications of basic physiologic and phar-
macologic concepts to synthesize diagnoses
and treatments for critically il patients. Empha-
sis also on principles, applications, and limita-
tions of equipment used to monitor and treat
patients in intensive care units. Students partici-
pate in individual and group discussions, and
are assigned clinically relevant basic science
readings ad- given supervised responsibilities
for one or more ICU patients. Students are
expected to give brief oral reports weekly and a
more comprehensive presentation Integrating
physiologic concepts with clinical problems at
the end of the month.
R. S. Teplick, 0. J. Cu/len, R. S. Wilson

HST 310 Advanced Cardiology (A)

Prereq.: Clerkship in Medicine at HMS and
Permission of Instructor
Gil, 2, 5)
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.
During a second and, electively, third month,
students select an area of cardiovascular medi-
cine for either clinical or investigative in-depth
study. Students also present a seminar on their
topic.
W H. Abelmann, 0. S. Baim, W Grossman,
J. R 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. Dean

HST 530J Ultrasound: Physics, Biophysics,
and Technology (A)

(Same subject as 2.76J, 6.562J)
Prereq.: Permission of instructor
G(1) ext offered 1990-91
4-1-7

See description under subject 2.76J.
R P Late, F R. Morgenthaler

HST 531J Lasers, Microwaves, Ultraviolet,
Magnetic Fields, and Ultrasound in
Biomedical Sciences (A)

(San, subject as 2.762J)
Prereq.: Permission of instructor
G(1) Not to be offered 1990-91
4-1-7

See description under subject 2.762J.
R R Le/e, Staff

HST 541J Quantitative Physiology: Cells and
Tissues

(Same subject as 2.791J, 6.021J)
Prereq.: 2.02 or 6.002 or 6.071: 8.02; 18.03
U(1)
4-2-6

See description under subject 6.021J.
T F Weiss

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, R. 0. Kamm

HST 543J Quantitative Physiology: Sensory
and Motor Systems

SSame subject as 2.793J, 6.023J, 16.351J)
Ureq.: 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 l1

HST 544J Fields, Forces, 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(2)
4-0- R

Sec des,,; pton under subject 22.55J.
Staff

HST 561J Principles of Medical imaging (A)

(Same subject as 2.761J, 22.56J)
Prareq Permission of Instructor

G(1)
4-0-8

See description under subject 22.56J.
V Wedeen, R R Lele

HST 568J Radiation Biophysics (A)

(Same subject as 22.57J)
Prereq.:22.111
G(1)
4-0-8

See description under subject 22.57J.
Staff
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HST 569 Photomedicine (A)

Prereq.: 7.01, 7.05, 8.02, or equivalent
G(2)
3-0-9

Course is designed to provide 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

rs. Basic concepts in electromagnetic
radiation, t interaction with molecules and the
subsequent chemical, biological, and physical
responses are presented. Specific examples
from three broad areas of photobiology, ultravio-
let radiation effects, photosensitization, and laser
photomedicine, are studied in de th.
/. E. Kochevar, R. Birngruber, R. Anderson,
J. A. Parrish

EST 570J Biomedical Instrumentation
Electronics

Same subject as 2.781J, 16.608J)
Prereq. : Permission of Instructor

G(S) Next offered 1990
6-6-6

Introduction to modem computer-based instru-
mentation through a major bioengineering
laboratory project in which each student devel-
ops electronic circuits, interfaces them to a
microcomputer, and combines them to form an
Instrument. Classroom material focuses on
electronic circuit elements, networks, signal and
system representations, logic and digital design,
elementary programming. and physiological
background No background in electrical engi-
neering or programming required.
S. K. Burns, 0. Rowell

HST 572 Future Medical Technologies
(New)

Prereq.: Permission of instructor
G(2) [P/F]
2-0-4

This course will help medical and graduate
students to develop an undestanding of the
limitations of current technology in medical
practice and the implications of current basic
researchfor future medical technolrogy. Repre-
sentative topics include artificial crgans, living
tissue uivalents, imaging, and minimallyinvasive surgery techniques. Students will
interact with their peers and local research
leaders in these fields in a seminar setting, and
will be encouraged to generate their own solu-
tions 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 575J Bloelectronices Project Laboratory

(Same subject as 6.121J)
rereq.: 6.002 or 6.071

U(2) LAB
2-8-2

See description under subject 6.121J.
S. K. Burns, R. G. Mark

HST 582J Signal Processing Laboratory (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 principles
and algorithms for data acquisition, imaging,
filtering, noise removal, spectral estimation, and
feature extraction. Laboratory projects provide
practical experience in processing physiological
data, with examples from neurophysiology,
cardiology, and speech anal sis.
B. Delgutte, R Albrecht, W ., Siebert

HST 584J Magnetic Resonance - Analytic,
Biochemical, and imaging Techniques (A)

SSame subject as 22.561J)
rereq.: Permission of Instructor

G(2)
3-0-12

Introduction to basic NMR theory, including a
quantum mechanical description of the N MR
experiment. Examples of biochemical data
obtained using NMR summarized along with
other related experiments. Detailed study of
NMR imaging techniques includes discussions
of basic cross-sectional image reconstruction,
ima e contrast, flow and real-time imaging, and
har re design considerations. Exposure to
laboratory NM R spectroscopic and imaging
equipment included.
B. Rosen

HST 585J Biosensors, Signal Processing,
and Biomedical Applications (A)

(Same subject as 6.566J)
Prereq.: Permission of Instructor
G(1)
3-3-6

Principles of biosensing, emphasizing quantita-
tive modeling of basic measurement processes
and interaction of biosensors with the analyzed
biological system (e.g., human body, clinical
specimens, biotechno'logical fermentations).
Emphasis on modem signal processing strate-
gies involving intensive realtime computation as
an integral part of the biosensing process.
Some background in life sciences and electron-
ics assumed.
J. C. Weaver, S. K. Burns

HSI 590 Biomedical Engineering Seminar

Prereq.: -
G(1,21 [P/F]
1-0-0

Biweekly graduate seminars presented by HST
students. Course is designed to provide stu-
dents with a broad exposure to current research
in biomedical engineering and medical physics.
Occasional visiting speakers, scheduled
between student presentations, are used to
broaden the scope of the seminars.
M. Gray

HST 591 Biomedical Engineering Research
Seminar

Prere. -
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, written feed-
back given by each member of the audience.
Required of all students affiliated with the HST
Biomedical Engineering Center.
J. C. Weaver

HST 595 Tutorial in Medical Engineering and
Medical Physics (A)

Prereq.: -
G(1, 2) [P/F]
2-0-0

Hospital-based tutorial for medical engineering/
medical physics doctoral students. Small group
sessions to examine state-of-the-art applications
of technology to patient care; explore active
research programs with major biomedical
engineering content; and discuss the economic,
social, and ethical implications of technology in
health care.
E. G. Cravalho

HST 598 Special Topics In Medical
Engineering and Medlcal Physics

Prereq: -
U(1, 2,'5)
Arr.

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 nature.
Coordinator: E. G. Cravalho.

HST 599 Special Topics in Medical
Engineering and Medical Physics (A)

Prereq.: Permission of Instructor
G(1. 2, S)
Arr.

Assigned reading and special problems or
research on special topics, either theoretical,
experimental, or clinical. Arranged on individual
basis with instructor. Coordinator:
E. G. Cravaiho.

HST 710J Speech Communication (A)

(Same subject as 6.541J, 24.968J)
Prereq.: Permission of Instructor
G(2) Next offered 1990-91
3-0-9

See description under subject 6.541J.
K. N. Stevens
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HST 712J Laboratory on the Physiology,
Acoustics, and Perception of Speech (A)

(Same subject as 6.542J, 24.966J)
Preroq.: Permission of Instructor
G(2) N ot to be offered 1990-91
2-2-8

See description under subject 6.542J.
K. N. Stevens

HST 714J Signal Processing by the Auiltory
System: Physiology (A)

(Same subject as 6.551J)
Prereq.: 6.003. 6.023J
G(2) N ext offered 1990-91
3-0-9

See description under subject 6,551J.
W T Peake

HST 716J Signal Processing by the Auditory
System: Perception (A)

(Same subject as 6.552J
Prereq.: 6.003, 6.041 or .431
G(1) Next offered 1990-91
3-0-9

See description under subject 6.552J.
L. D. Braida

HST 900 Topics In the Economics of Health
Care (A)

Prereq.: -
G(IAP) [P/F]
2-0-4

Introduction to some of the problems in the
resource allocation of the health-care sector.
Brief introduction to economic theory. Topics:
rising health costs, national health insurance,
cost-benefit analysis and optimization, regula-
tion and the structure of the industry (centraliza-
tion vs decentralization), technology
asisessment, and planning clinical trials. Empha-
sis more on posing the important questions and
examninig different methods of analysis rather
than arriving at definitive answers.
A. Detsky

HST 901J Health Economics

(Same) subject as 14.21J)
Prereq.: 14.01
U(1) HASS
3-0-6

See description under subject 14.21J.
J. E. Harris

HST 902 Current Economic and Regulatory
Problems In Toxicology

Prereq.: Permission of Instructor
G(1) Next offered 1990-91
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 carcino-
genesis, diet and cancer, carcinogenesis and
mutagenesis testing, some aspocts of FDA and
EPA regulatory law, extrapolation of test results,
decision making, and risk assessment.
J. E. Harris

HST 903J Health Economics Seminar (A)

(Same subject as 14.286J)
Prereq.: 14.04
G(2)
3-0-9

See description under subject 14.286J.
J. E. Harris

HST 920J Health Technology

(Same subject as 15.136J)
rereq.: Permission of Instructor

G(2)
3-0-6

See description under subject 15.136J.
S. N. Finkelstein

HST UR Undergraduate Research in Health
Sciences and Technology

Prereq.: -
U(1; 2. S) [P/F]
Arr.

Extended participation in the work of a faculty
member or research group. Research is ar-
ranged by mutual agreement between the
student 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 supervi-
sor. A summary report must be submited at the
end of each term.
E. G. Cravalho

HST ThG Graduate Thesis (A)

Prereq.: -
G(1, 2, S) [P/F]
Arr.

Program of graduate research leading to the
Ph.D. or Sc.D. thesis; to be arranged by the
student and an appropriate MIT faculty advisor.
R. G. Mark
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Experimental Program
SP 01 Chemistry, Materials Science, and
Biology
(New)

Prereq.: -
U(1)
5-0-7

SP 02 Chemistry, Materials Science, and
Biology
(New)

Prereq. SP 01
U(2) SP 0
5-0-7

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 chemi-
sty, 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, bond-
ing characteristics, and crystal structure. Char-
acterization of atomic and molecular arrange-
ments in crystalline solids. Mechanisms and
energy changes In chemical reactions and
phas transformations. Chemical arid physical
properties of solids - metals, semiconductors,
Insulators, glasses, and polymers - as they
relate to basic atomic parameters and process-
Ing technology. Introduction to biochemistry,
call biolog nd genetics, stressing molecular
and quaniVe approaches. These basic
concepim fsed to discuss current research in
molecutt ,lology, as well as membrane biolo-

develo ental biology, neurobiolog DNA
biochemisty imrmunology, aspects of dsae

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. Latenislon, R. J. Silbey

SP 100 Special Summer Program

prersq.: -
U(S)
Arr

A program Intended to assist freshmen from
uncerrepresented minority groups in develop-
Ing and sharpening their knowledge of and
facility with those quantitative skills and verbal
concepts that are essential for successful aca-
demic performance at MIT. Classes are held in
three academIc areas: humanities, mathematics,
and physics. Staff includes MIT faculty mem-
bers and graduate students who are assisted by
interested and committed graduate and under-
graduate tutors. An Introduction to MIT's re-
sources and academiograms and services
for freshmen Is also offir.

Experimental Study Group

SP 211 ESG (Experimental Study Group)

Prereq.: -
P 1 Ea/FJ

Arr.

SP 212 ESG (Experimental Study Group)

Prereq -
U(2) (P/F]
Am

A flexible academic program for freshmen in
mathematics, hum&: itles and social sciences,

hy los, chemistry and biology. Credit available
eneral Institute Requirements, as well as

special educational interests, through tutorials,
small classes, and Independent projects. Sub-
jects may also be taken in the regular curricu-
lum in conjunction with work done In ESG. Staff
includes MIT faculty, instructors, graduate
students, and undergraduate tutors who are
Interested in teaching in a small, informal
community.
V M. Ingram

SP 221 ESO (Experimental Study Group)

Prereq.: SP 211 and/or SP 212
1_) [ /F]

Arr,

SP 222 ESG (Experimental Study Group)

Prereq.: SP 211 and/or SP 212
U(2) [P/F]
Arr.

Continuation of ESG for sophomores.
V M. Ingram

SP 231 ESG Undergraduate Teaching

Prereq.: SP 211 and/or SP 212
U(1) {P/F]
Amr

SP 232 ESG Undergraduate Teaching

Prereq,: SP 211 and/or SP 212
U(2) [P/F)
Arr.

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
required.
V M, Ingram

SP 290 - SP 299 ESO Special Topics

Prereq.: Permission of Instructor
U(1, 2)
Arr.

Independent study for ESG undergraduates
Interested In pursuing experimental projects or
research of their own choosing, Closo supervi-
sion and regular meetings will supplement
Individual work. Written proposals and written
final reports are also required.
V M. Ingram

Concourse Program

SP 311 Concourse Program

Prereq.: -
U(1) [P/F]
Arr.

SP 312 Concourse Program

Prere.
U(2) /F]
Arr.

An integrative program for the freshman year.
Staff includes faculty from the Schools of Sci-
ence, Engineering, and Humanities and Social
Science. Credits In Concourse fulfill the General
Institute Requirements and are so recorded.
R. M Rose

Integrated Studies Program

SP 351 Integrated Studies Program

Prereq.: -
U(1) [P/F]
Arr.

SP 352 Integrated Studies Program

Prereq.: -
U(2) [P/F]
Arr.

A program for the freshman year that satisfles
the General Institute Requirements in mathemat-
ls, physics, chemistry, and two HASS-Dlstribu-
tion subjects on the Interplay between technolo-
e ds an societies, with hands-on workshops,
inked calculus/physics sections, and close

tutoring. May Include 6-unit undergraduate
seminars. Includes faculty from the School of
Humanities and Social Science, and from the
Schools of Science and Engineering.
A Steinberg

2200

SP
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SP 353 Technologies and Cultures
(New)

Prereq _
U(1) P/F] HASS-D/HUM-D
3-2-7

Fall term 12-unit HASS-D in Cultures and
Societies for the Integrated Studies Proam
open to non-ISP students as a 12-unit HASS
elective under SP 355. Examines how three
technologies are practiced 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
(Now)

Prere'. -
U(2) /F] HASS-D/HUM-D
3-2-

Spring term iASS-D in Historical Studies for
the Integrated Studies Program; open to non-
ISP stu dnts as a 12-unit HASS e ective under
SP 356. Examines three technologies in the
cultural and historical frameworks in which they
evolved. Issues include mass-production,
transnational corporations, cultural styles of
design and production, and how these technol-
ogies affect sogiety, family, and the individual.
Hands-on workshops and field trips integral to
the subject.
A. Steinberg

SP 355 Integrated Studies Program

Prereq : Permission of Instructor
U(1)
Arr

SP 356 Integrated Studies Program

Prereq.: Permission of Instructor
U(2)
Am

ISP 12-unit subject offered for HASS elective
credit for non-I SP students.
A. Steinberg

Women's Studies Program

SP 401 introduction to Women's Studies

Prereq.: -
Ul) HASS-D/HUM-D
3-0 -9

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 traaitional
disciplines, and 3) increase awareness of the
history and experienof of women as half the
world's population.
1, do Coudivron

SP 402J Contemporary Isues in Women's
Studies - Gender, Work, and Politics: Some
Major Questions in Modern American
Feminism

(Same subject as STS 026J)
Prereq.: Permission of instructor
U(2) MASS
3-0-9

SP 403J Contemporary Issues in Women's
Studies - Gender, Work, and Politics: Some
Major Questions. in Modern American
Feminism
(New)

Same subject as STS 107J)
rereq.: Permission of instructor

G(2)
3-0-9

Privacy, community and material culture; segre-
gated labor markets and comparable worth;
styles of political participation. Readings are
drawn from both historical and current debates
on these three themes. Discussion focuses on
the ramifications of these issues in public policy.
Graduate students will pursue the subject at
greater depth through readings and individual
research projects. Meets with SP 402J.
J. Conway

SP 404 Special Topics In Women's Studies

Prereq.: Permission of Instructor
U(1, 2)
Arr.

SP 405 Special Topics in Women's Studies

Prereq.: Permission of Instructor
G(1, 2)
Arr

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.
/. de Courtivron

SP 406 Violence Against Women in
Contemporary US society
(New)

Prereq.: -
U(1) MASS
3-0-9

Examines violence against women within the
context of the sexual, racial, and economic
climate in the United States. Specifically consid-
ers acqualntance, marital and stanger rape,
Incest and child sexual abuse, wife battering
sexual harassment, pomrostitution,
medical violence. Emphasis placed on both
Institutional and structural nature of sexual
violence as well as on the experience of vio-
lence in women's lives. A variety of theoretical
approaches will be used to examine sexual
violence, including sociohistorical, psychologi-
cal, criminological, legal, and feminist
approaches.
A. Russo

SP 420J American Women's History

(Same subject as 21.416J)
Prereq.: -
U(1) HUM-D
3-0-9

See description under subject 21.416J.
J. NamIlas

SP 431J New Women's Voices
(Revised Content and Unit)

(Same subject as 21.299J)
Prereq.: -
U(1) HASS-D/HUM-D
3-0-9

See description under subject 21 .299J.
R. Perry, M. Resnick

SP 432J Sex Roles In Fiction: Europe and
Latin America

(Same subject as 21.297J)
roreq -

U(2) HUM-D Not to be offered 1990-91
3-0-9

See deccription under subject 21.297J.
M. Resnick, L. Kampf

SP 433J Black Women Writers: Texts and
Critics

(Same subject as 21.739J)
Prereq.: -
U(1) HASS
3-0-9

Examines selected works of fiction by Black
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.
Authors and critics may include Zora Neale
Hurston, Toni Morrison, Alice Walker, Deborah
McDowell, and Barbara Smith, among others.
Consult Women's Studies Office.

SP 434J Courtship Themes in Romance
Uterature

ame subject as 21.300J)
Prereq.: -
U(2) HASS Next offered 1990-91
3-0-6

See description under subject 21.300J.
M. Resn/ck

SP 436J Women in Literature

(Same subject as 21.041J)
Prereq.: One subject in literature
U(1) HASS
3-0-9

See description under subject 21.041 J.
R. Perry
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SP 437 Studies in Fiction

Prereq.: Two subjects in literature
U(2) HASS
3-0-9

Meets with 21,172, Term 2. Topic for 1989-90:
Women novelists since World War 11. See de-
scription under subject 21.172.

SP 439J Problems In Cultural interpretation

(Same subject as 21.177J)
Prereq.: Two subjects in literature
U(1) HASS
3-0-9

See description under subject 21.117J. Topic
for 1989-90: Gender and ideology in 18th
century literature.
R. Parry'

SP 452 The Politics of the Feminist
Movement

Prereq.: -
U(2) HASS
3-0-9

The course considers a variety of issues relating
to women's lives, both in the public and person-
al 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, wom-
en's health, abortion, women in politics, race,
and sexual preference. We discuss some of the
grass roots organizing around these issues, and
visiting activists lead some of the discussion.
R. Perry

SP 455J Sex Roles: A Comparative
Perspective

(Same subject as 21.531J)
Prereq.: -

U(1) HASS
3-0-9

See description under subject 21.531J.
L. Rotel

SP 456J The Contemporary Family

(Same subject as 21.530J)
Prereq.: -
U(2) HASS-D/HUM-D
3-0-9

See description under subject 21.530J.
L. Rotel

SP 460J Psychology of Gender

SP 474J Representations of Women in 19th
Century Culture

(Same subject as 4.644J)
Prereq.: -
U(2) HASS
3-0-6

See description under subject 4.644J.
L. W Kinney

SP 475J Gender, Social Change, and
Planning
(New)

(Same subject as 11.940J)
Prereq.: -
G(1)
3-0-9

See description under subject 11.940J.
G. Hart

SP 480J Women and Computers

(Same subject as STS 060J)
Prereq.: -
U(2) HASS
3-0-6

See description under subject STS 060J.
S. R. Turkle

SP 484J Reproductive Biology

(Same subject as 7.55J)
rereq. -

U(2) HASS Next offered 1990-91
3-0-6

See description under subject 7.55J.
N. Hopkins, C. Whitbeck

See also: Women's section of 21.755 (Writing
and Reading Short Stories, HUM-D.)

See description under subject 9.75J.
S. E. Carey

Same subject as 9.75J)
Urereq N
1) HASS Not to be offered 1990-91

3-0-6
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STS Science, Technology, and Society

General Undergraduate Subjects

History of Science and Technology

STS 001 Technology In American History

Prereq.: -
U(1) HASS-D/HUM-D
3-0-9

A survey of America's transition from a rural,
agrarian, and artisan society to one of the
world's leading industrial powers. Treats the
emergence of ndustrial capitalism: the rise of
the factory system, new forms of power, trans-
port, and communication, the advent of the
large industrial corporation, the social relations
of production, and the hallmarks of science-
based industry. Views technology as part of the
larger culture and reveals Innovation as a ro-
case consisting of a range of possibilities at
are chosen or rejected according to social
criteria of the time.
D. Fitzgerald, M. R. Smith

STS 002 The Scientific Revolution

Prereq. :-

U(1) HASS-D/HUM-D
3-0-9

The Scientific Revolution and its later conse-
quences during the Enlightenment. Origins of
scientific thought in the Wes. Emergence of
science as a new intellectual and social force in
the late 16th and 17th centuries. Focuses on
major scientists such as Copernicus, Kepler,
Harvey, Galileo, and Newton, and philosophers
such as Bacon, Descartes. and Leibniz.
K. R. Manning

STS 008 History of Nineteeth- and
Twentieth-Century Science

Prereq.: -
U(2) HUM-D
3-0-9

Survey of the growth of the physical, chemical,
and biological sciences since the end of the
Enlightenment. Readings of selected works of
major oontibuto to these fields with the intent
to explore changing conceptions of natural
phenomna, the nature of ientific fact, and the
statue of scientific knowledge. Other more

feedings aboutt Intitutional context
scetr i work, the relationship of science to

indusl luo. and how the concept and
Ideas of sience have significantly affted the

lo ofWestern culu

STS 007J Ancient Cosmology

(Same subject as 21.930J)
Prereq.: -
U(1)
3-0-6

See description under subject 21.930J.
H. A. T 0. Relche

STS 008 American Science Since the 1930a

Prereq.: -
U(2) HUM-D
3-0-9

History of science and technology in the US
from the 19309 Depression, through World War
11, to the 1980s. Includes atomio bomb project,
space race, computer revolution, environmental
movement, biotechnology. Focuses on patterns
of funding, international links, government-in-
dustry-academio relations, public understand-
ing, response of the scientific community to
new social responsibilities. Issues studied in
relation to relevant social, economic, and politi-
cal developments during the period.
C. Weiner

STS 009 Military Enterprise and
Technological Change

Prereq.: -
U(1) HUM-D
3-0-9

A history of the role of the military in promoting
and developing new technologies (from
medieval times to the present). Examines the
design, deployment, and diffusion of new
technologies; the behavioral/soolal problems
that occurred with their introduction; and their
influence on colonialism, industrialization, and
warfare in the modem world.
L. Trilling

Social Study of Science and
Technology

STS 011 ideas of Power in American
Literature, Art, and Culture

Prereq.: -
U(1) HASS-D/HUM-D
3-0-9

Conflicting Ides of power In America as ox-
by and artits from Shakespeare

9 Zvlie Topc: the contrast between Old
World and New World power as envisaged in
Shakeser' ThMe os et Benjamin Fianklin,
the Protetn ethic and the spirit of oapitiiism;
the conflict betwe Jeffersonian and
Hamiltonian conceptions of industrial power
Tooquevile's and Emerson's concepts of the
power of the individual in a democrat polity;

the resp e of Amercan landscape painters
and writers to the onset of industrialism; and
Melville's prevision of American global hege-
mony in Moby Dick.
A achtenberg

STS 012J Engineers, Scientists, and Public
Controversies
(Context Subject)

Same subject as 2.93J, 8.206J)
Prereq.: -

U(2) HASS Next offered 1990-91
3-0-9

Investigates the nature of controversies sur-
rounding science and technology and the roles
technic specialists play in their resolution.
Students analyze the technical, social, political,
and ethical context of public controversies
through case studies documented by archival
videos, readings, and testimony of guests.
Cases may Include the space shuttle accident,
nuclear reactor safet, Star Wars, and the re-
lease of environmental contaminants.
C. Weiner, J. A. Fay, S. T Feld

STS 013J Automation, Robotics, and
Unemployment
(Context Subject)

(Same subject as 6.903J)
Prereq.: -
U(1) HASS
3-0-9

Ex loration of the short- and long-term effects
of increased automation and the use of robots
and computers on unemployment levels. Vari-
ous aspects of the issue are examined through
lectures, readings, and library research in a
combined lecture and seminar mode. Term
paper required. Latter half of semester is de-
voted to oral progress reports and group dis-
oussion of the papers.
M. R. Smith, L. D. Smullin

STS 014J Life and Institutions of Solence
(Context Subject)

(Same subject as 8.202J)
Prereq.: -
U(1) KASS
3-0-9

An examination of the activity of science In three
contexts: the personal experience context of
"doing science"; the Intellectual context of
science as a way of thinking and knowing; and
the social context in terms of the peo Who do
science and the Institution In which It Is done,
the nature and basis of support for asece and
the uses society makes of it. The main focus Is
on today's world, but provides historical per-
speotive. as well. Intended primarily for junior*
and seniors In science and engineing.
C. Kayson, J. 0. King
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STS 018 Literature, ideology, and National Advanced UndergraduateExperience in the US Subjects
Prereq.: -
U(2)3-0-9
Study of the Interplay among Imaginative litera-
ture, the prevailing ideologies, and collective
experience in the -US, emphasizing critical History of Science and Technologyreading within an historical coantext. Readings
chiefly drawn from classic American writers of
the 19t century, but works from earlier and STS 021 Russian Science and Societylater periods included: F. Scott Fitzgerald,
Franklin, Jefferson, Emerson, Tocqueville,
Thoreau, Whitman, Hawthorne, Melville, Max Prereq.: -
Weber, and D. H. Lawrence. U(2) Next offered 1990-91
L. Marx

STS 019 The Profession of Engineering

Prereq.: -
U(2) HUM-D
3-0-9

Practice and dilemmas of the engineering
profession. Analyze the role of engineers in the
conception, design, manufacture, and market-
ing of a sophlsticated consumer product. Stu-
dies the history of some major industries (e.g.,
automobile, communications, biomedical,
aerospace) in 20th-century US. Examines
political, economic, social, and ethical implica-
tions. May be taken as a 12-unit HUM-D subject
(lectures, recitations, three full term papers or
as an undergraduate seminar (lectures and
three short papers).
L. Trilling

$TS 020J Technological Development,
Business, and Political Change In the Middle
East
(New - Context Subject)

(Same subject as 1.25J, 17.559J)
Prereq.: -
U(2)
3-0-9

Employs historical and contemporary rpec
tives to analyze the role of religion an pltcs in
shaping socioeconomic and technologcal
change in contemporary development (and
comparisons with other regions). Examines
Institutional changes within states and through-
out the region for the management of sooo-
nomic and technological change. Focuses on
three broad dimensions of statehood: popula-
tion, resources, and technology. Examines their
interdependence and the impact of their flows
across national boundaries (i.e., population,
migration, technology transfer, and energy
resources). May not count toward HASS
Requirement.
N. Choucrl, F Moavenizadeh, W Porfer,
L. Trilling

An Introduction to the history of Russian and
Soviet science. Topics: introduction of Western
science to Russia, reception of Darwinism,
influence of Marxism on Soviet scientific devel-
opment, social and political context of Soviet
science, and organizational and policy ques-
tions. Required readings in English; supplemen-
tary readings in Russian also available.
L. . Graham

STS 022 The Social and Political Implications
of Technology
(Revised Content)

Prereq.: -
U(2)
2-0-7

Focuses on the relationship between emergent
technologies and labor in the US during the
19th and 20th centuries. Explores recent trends
in both labor history and the social history of
technology, centering on community studies of
particular cities and industries. Social, political,
and economic factors that provided impetus for
technological and social change. Investigates
methods used by social histonians of tech-
nology: the questions they ask, the forms of
analysis they use, and the interpretive styles

D. itzger el

STS 025J Seminar In the Historical and
Political Evolution of the Soviet Union
(New)

SSame subject as 17.609J, 2 378J)
rereq.: -

U(2)
3-0-6

See description under subject 21.378J.
L. R. Graham

STS 027 History of Invention In America
(New)

Prereq.: -
U(1)
3-0-9

Investigates how inventions come about and
how they reshape American culture, Explores
intellectual and social nature of inventive activity,
the role of the market economy in the success
or failure of Inventions, the problem of inventing
something no one wants, and the social mean-
ings invented objects take on as they are
adopted. Inventions examined include bicycles,
electric light and power, kitchen appliances,
cameras, computers, telephones, typewriters,
industrial machinery, and guided missiles.
D. Fitzgerald

STS 028J The History of the Future
(New)

(Same subject as 21.778J)
Prereq.:-
U(1)
3-0-9

See description under subject 21.778J.
R. Williams

Social Study of Science and
Technology

STS 051 Nuclear War: Threat and Avoidance

Prereq.: -
U(2) HASS
3-0-6

Engineering School-Wide Elective Subject.
Description given at end of this chapter on SWE

M Miller, P Morrison, G. W Rath/ens,
J. R 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

See description under subject 21.032J.
0. Thorburn

8T8 026J Contemporary Issues In Women's
Studies - Gender, Work, and Politics: Some STS 053 Soolal and Political implications of
Major Questions in Modern American Science
Feminism

= Se subject as SP 402J)req .: -
U(2)
3-0-9

Meets with STS 107J and SP 403J. See descrip-
tion under subject SP 402J.
J. Conway

Prereq.: -
U(2) Next offered 1990-91
2-0-7

Historical and contemporary studies of the
Interaction of solence with social and political
values. Examines the use of scientific theories
and findings to support conclusions about the
proper organization of society andplitics.
Emphasis on how scientists have oiwed the
relationship of their scientific work to moral and
ethical issues.
L. R. Graham
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STS 054 Biotechnology and Society

Prereq.: -
U(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 bio-
technology in context of university education
and research, funding of science, academic-in-
dustrial links, regulatory and patent Issues, roles
and responsibilities of scientists, and public,
expectations and perceptions. Evaluates profes-
sional, institutional, and public-policy
alternatives.
C. Weiner, M. L. Getter

STS 055 Ethical issues In Science and
Engineering

Prereq.: -
U(1) Next offered 1990-91
3-0-6

Ethical problems of scientists and engineers as
students, employees, consultants, and advisors.
Case studies of on-the-job ethical dilemmas and
responses of technical professionals in such
fields as weapons technology, nuclear energy,
genetic engineering, chemical engineering,
computer science, and biomedicine. Issues
Include social responsibility, conflicts of Interest,
whistleblowing, and the role of professional
societies. Emphasis on class discussion. Stu-
dent projects in fields of their interest.
C. Weiner

STS 056J Modern Times

(Same subject as 21.534J)
Prereq.: -
U(1)
3-0-6

See description under subject 21.534J. Consult
J. Howe.

STS 057J Cross-Cultural Studies of
Scientific and Technological Institutions

Same subject as 21.536J)
Prereq.: -

U(1) Next offered 1990-91
3-0-6

Analyzes several studies of laboratories and
research groups around the world to investigate
how culture impinges upon scientific activity.
Evaluates key terms in the study of science and
technology for their cultural assumptions by
using those terms to explicate these laboratory
studies. Discusses the design of ethnographic
studies of scientific and fechnologlcal lbrato-
ries.
L. Rotel

STS 059 introduction to Cultural Criticism

Prereq.: Permission of Instructor
U(1)
2-0-7

Examines modern concept of culture as it
emerged during the Industrial Revolution and
considers some of the theories and methods of
analysis that have been developed around that
concept Among the basic theories considered
are those associated with Marx, Emerson,

Arnold, and Freud. Second half examines more
recent elaborations of the culture concept in the
work of such theorists as Panofsky, Burke,
Benjamin, Marcuse, Foucault.
A. Trachtenberg

STS 060J Women and Computers

(Same subject as SP 480J)
Prereq.: -
U(2)
3-0-6

An 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. 7rkle

STS 061J Ethical Issues In the Work Life of
Engineers and Scientists
(New - Context Subject)

(Same subject as 2.95J, 16.996J, 18.096J,
TPP 09J)
Prereq.: Permission of instructor
U(1) HASS
3-0-9

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
disciplinary contexts. in discussion sections
students will develop ethics scenarios on issues
of their choosing and explore them with
representatives of corporations, universities, etc.
at which students might work or study. Open to
seniors and graduate students, or by permission
of instructor.
C. Whitbeck, D. Anick, S. Bird, /. Paul,
L. Trilling

STS 065 Psychology and Technology
(New)

Prereq.: -
U(2) HASS-D/HUM-D
3-0-9

Survey of psychological theories used to under-
stand how technology affects the development
of personality, cogn ive abilities, and interper-
sonal relationships. Examines how currenf
technolog Influences psychological theory
building. Special topics include technology and
child development, technological metaphors in
psychological thought, personality and technol-
o9 psychology and design.

STS 070 Computers and Society
(New)

Prereq.: -
U(1)
3-0-6

Survey of the social impact of the computer,
including Impacts on work, education, politics,
child development, intellectual trends, and
cultural criticism. Special topics Include study of
ths computer presence across different cultures
and within computer "suboultures in industrial
and educational settings.
S. R. Turkle

STS 075J Technology and Culture

(Same subject as 21.540J)
Prereq.: -
U(2) HUM-D
3-0-9

See description under subject 21.640J.
L. Rofel

Special Topics

STS 091 Reading Seminar in Humanities,
Science, and Technology I

Prereq.: -
U(1)
2-0-7

STS 092 Reading Seminar in Humanities,
Science, and Technology 1i

Prereq.: -
U(2)
2-0-7

Reading and discussion of major primary and
secondary works that illustrate or examine the
interactions of science, technology, and society.
Consult L. L. Bucciarelli.

STS 093 Project Seminar on the Context of
Research and Engineering Design

Prereq.: -
U(2)
3-0-6

Students draw upon their Individual experience
in a laboratory project, UROP project, or sum-
mer job to discuss broader aspects of scientific
research and engineering design. Some com-
mon readings Include Zen and the Art of Motor-
cycle Maintenance and The Structure of Scien-
tific Revolutions.
L. L. Bucciarelli

STS 094 Undergraduate Research

Prereq.: -
U(1, 2)
Arr.

Undergraduate research opportunities in the
STS Proram. For further information, consult
the Academic Officer, L. L. Bucciarelli.

STS 095 Special Topics in Science,
Technology, and Society

Prereq.: -
U(1, 2)
Arr.

For students who wish to pursue special studies
or projects with a member of the program in
cce, Technology, and Society. Consut L. L.

Buociarelli.
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Graduate Subjects

History of Science and Technology

STS 101 Proseminar: History of Science and
Technology

Prereq.: -
0(1)
3-0-9

intensive reading and analysis of key works in
the history and historlography of science and
technology. Alms at exploring similarities and
differences between the two fields and at intro-
ducing students to basic interpretive issues,
bibliographic sources, and professional stan-
dards, Topics change from year to year.
M. R. Smith, L. R. Graham

STS 102J 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) Next offered 1990-91
3-0-9

An introduction to the history of Russian and
Soviet science. Topics: Introduction of Western
science to Russia, reception of Darwinism,
influence of Marxism on Soviet scientific devel-
opment, social and political context of Soviet
science, and organizational and policy ques-
tions. Required readings in English; supplemen-
tary readings in Russian also available.
L. R. Graham

STS 104 The Social and Political implications
of Technology
(Revised Content)

Prereq.: -
G(2)
2-0-10

Focuses on the relationship between emergent
technologies and labor in the US during the
19th and 20th centuries. Explores recent trends
in both labor history and the social history of
technology, centering on community studies of
particular cities and Industries. Social, political,
and economic factors that provided impetus for
technological and social change. Investigates
methods used by social historians of tech-
nology: the questions they ask, the forms of
analsis they use, the Interpretive styles they

O. ierald

STS 105J Social and Political Implications of
Science

(Same subject as 17.336J)
rereq.: Permission of Instructor

G(2) Next offered 1990-91
2-0-10

Historical and contemporary studies of the
Interaction of science with social and political
values. Examines the use of scientific theories
and findings to support conclusions about the

roper organization of society and politics.
Emphasis on how scientists have viewed the
relationship of their scientific work to moral and
ethical Issues.
L. R. Graham

STS 106J Seminar In the Historical and
Political Evolution of the Soviet Union

(Same subject as 17.610J)
Prereq.: -
G(2)
3-0-9

Graduate students are expected to pursue the
subject at greater depth through reading and
individual research. Meets with STS 025J and
17.609J. See description under subject 21.378J.
L. R. Graham

STS 107J Contemporary Issues In Women's
Studies - Gender, Work, and Politics: Some
Major Questions In Modern American
Feminism
(New)

(Same suoject as SP 403J
Prereq.: -
G(2)
3-0-9

Graduate students are expected to pursue the
subject at greater depth through reading and
individual research. Meets with STS 026J and
SP 402J. See description under subject
SP 403J.
J. Conway

STS 108 Seminar in Modern American
History
(New)

Prereq.: -
G(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.. -
G(2)
3-0-9

See description under subject 21.371J.
B. Mazihsh

Social Study of Science and
Technology

STS 501 Proseminar: Social Study of Science
and Technology

Prereq.: -
G(1)

Intensive reading and analysis of key works in
the theory and methods of the social study of
science and technology. Alms at understanding
the different questions and methods social
scientists have posed and used in exploring
how social context and norms influence the
work of scientists and engineers. The relation-
ship of the methods use to the questions
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 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.
L. Rofel

STS 503J Special Topies 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 or 15.663
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 15.333J, 17.166J)
IFerI.: 17.156J
G(2 Not to be offered 1990-91
3-0-9

See description under subject 17.166J.
R. Locke
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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 theories and methods of
analysis that have been developed around that
concept. Among the basic theories considered
are those associated with Marx, Emerson,
Arnold, and Freud. Second half examines more
recent elaborations of the culture concept in the
work of such theorists as Panofsky, Burke,
Benjamin, Marcuse, Foucault.
A, chtenberg

STS 508J Political Psychology and
Behavior (A)

(Same subject as 17.704J)
Prereq.: Permission of Instructor
G(1) Next offered 1990-91
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. Choucri, F Moavenzadeh, K. Keniston,
W Porter, L. Trilling

STS 510 Biotechnology and Society

Prereq.: -
0,(2)
2-0-7

Examines the rapid growth of biotechnology;
focusew on relation of academic scientists and
universities to industrial and medical applica-
tions f research. Connects historical back-
ground with contemporary issues to view bio-
technology in context of university education
and research, funding of science, academic-in-
dustrial links, regulatory and patent Issues, roles
and responsibilities of scientists, and public
expectations and perceptions. Evaluatoo profes-
sional, institution , and public-policy
alternatives.
C. Weiner

STS 511J Technology, Productivity, and
Industrial Competition
(New)

(Same subject as 15.970J, 17.172J, 22.843J)
Prereq.: Permission of Instructor

(2) Next offered 191-91
3-0-9

See description under subject 22.843J.
R. K. Lester

STS 512 Interpreting America
(New)

Prereq.: -
G(2)
2-0-10

Considers both the role of technology in Ameri-
can national development and several modes of
interpreting that relationship. Appraises relative
strengths and weaknesses of various interpre-
tive approaches such as history, 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

TS 515J Epidemics and Cities
(Now)

(Same subject as 11.447J)
Prereq.: -
G(2)
3-0-9

See description under subject 11.447J.
F Jones, K. Manning

Research

STS 901 Advanced Topics In Science,
Technology, and Society

Prere -
G(1.2.
Arr.

For students who wish to pursue special studies
or projects at an advanced level with a member
of the Proram In Science, Technology, and
Society. May be repeated for additional credit.
Consult M. R. Smith.



Engineering School-Wide Electives

Computer Models of Physical and
Engineering Systems

Offered under: 1.12, 2.101, 3.05, 10.11, 13.51,
16.008, 22.006
Prereq.: 18.02, 8.01
U(1) SD
3-0-9

Reduction of physical and engineering systems
to idealized computer models; selection of
numerical algorithms to explore model !ehavior.
Linear and nonlinear equations, curve fitting,
integration, finite differences, finite elements,
initial-value problems. Examples drawn from
fields primarily of interest to engineers. Exten-
sive "hands-on* computing experience. Work-
ing knowledge of FORTRAN, PASCAL, or C
expected.
S. Shyam Sunder

Nuclear War: Threat and Avoidance

Offered under: 6.934, 8.208,13.91. 16.994,
17.465, 22.003, STS 051
Prereq.: -
U(2) HASS
3-0-6

The science, technology, politics, and strategic
concepts relating to nuclear weapons and
weapons systems. Nuclear weapons prolifera-
tion. The nuclear arms race, Successes and
failures in nuclear arms control. New military
technoloy and prospects for the future.
M. M. Miller Morrison, G. W. Rathilens,
E. Rothschd,'J. P Ruins

Inventions and Patents

Offered under: 3.172,6.901, 16.673, 22.084
Prereq.: 14.02
U(1)
3-0-6

Management In Engineering

Offered under: 2.96, 6.930, 10.806, 13.52,
18.993, 22.002
Prereq.: -
U(1)
3-0-9

Introduction of engineering management in
variety of settings: 1) role of engineering and its
relationship to other functions, 2) managerial
tools and concepts used in engineering organi-
zations, 3) practice in handling short- and
long-term problems, 4) career strategy and
development. Topics: financial principles, man-
agement of innovation, engineering project
planning and control, human factors, career
planning, patents, and technical strategy. Case
method of instruction emphasizes partlcpation
in class discussion. Juniors, seniors, or gradu-
ate students.
0. A Hoult, H. S, Marcus

Optimal Design of Engineering Systems

Offered under: 1.02, 6.940, 13.871
Prereq.: 1.00 or equivalent
U(1)
3-1-8

Introduction to mathematical proramming for
engineers. A review of unconstrained and
constrained optimization Including Kuhn-Tucker
theory and convexity. Lagranglans and duality
theory, linear programming and the simplex
method, network models, Integer and dynamic
pr ramming models. Examples and case
studies taken from engineering problems. Use
of educational computer packages in class and
In homework assignments.
H. N. Psarafts, V Sheffil, R. C. Larson

Probabilistlo Models In Engineering

Offered under: 1.06,6.939,13.672,18.793

Engineering Risk-Benefit Analysis (A)

Offered under: 1.155, 2.943, 3.577, 6.938,
10.816,13.821, 16.794, 22.82
Prere.: 18.02
G(2) Next offered 1990-91
3-0-8

Risk assessment deosion and cost-benefit
analysis, and faut-tree methods for describing
and making decisions about sooletal risks
(nuclear reactors, dams, carcinogens, transport
and disposal of hazardous materals) associated
with large engineering projects. Balancing risks
and benefits In ituations Involving human
safety, environmental risks, and financial uncer-
taintles. Presentations of major risk assessments
and the public decision processes associated
with them.
A W. Drake, A R. Odoni

Engineering Systems Analysis (A)

Offered under: 1.146, 2.192, 3.56, 13.62, 16.784,
22.821, TPP 21
Prereq.: Permission of Instructor
G(1)
3-0-6

Synthesis of analytic procedures for identifica-
tion and selection of optimal systems. Review of
economic framework for analysis. Systematic
application of mathematical optimization to
engineering problems. Evaluation procedures
for single and multiattrIbuted problems covering
decision analysis in addition to standard proce-
dures. Application of this material to real

roblems,
. do NeMile, J. R Clark

Entrepreneurship

Offered under: 2.942, 3.56, 6.938, 10.801,
13.78, 16.672, 22.86
Prereq.: -

History of private and public rights in scientific rreq.: 1.03 or 6.041 or 18.uo G()
discoveries and applied en ineering, leading to U(2) 4-0-5
the development of worldwide patent systems. 3-2-7
The classes of invention protoctabl. under the Introduction to various issues faced by technical
patent laws of the US, Including the procedures Probabilistio analysis and modeling for engI- innovators/entrepreneurs. Topos include con-
n protecting inventions in the Patent Office and nears em hasizing practical applications. Intro- cept evaluation, patents and licensing, finano-
the courts. Reviews of past cases involving ductory tprocesses and queueing ing, marketing, business planning, accountinginventions and patents in a) the chemical pro- theory, rellabil Of serial and alel systems, and team building. Case studies are used Term
ces industry and medical field: b) devices in maintenance I*#, fault- fna in which studen Ideas re
the mechanical, ocean exploration, olvil, and/or Monte Carlo simul , stati qu control, developed Into business plans. Open to under-
aeronautical fields; o) the electrical and eleo- Examples from diverse fields of engineering. graduates by permission of Instructor.
tronic areas. including key radio, solid-state, and Computer-alded end/or field lab work. W C. Flowes
computer inventions. A. R. Odoni, R. C. Larson, H. N. Psarafls
R. H. Rines
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Nuolear Weapons and Arms Control:
11ohnology and Polloy issues

Offered under: 6.932, 13.93, 16.995, 17.48,
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
concepts, Intelligence assessments, and polItI-
cal judgment. Thplos: nuclear weapons technol-
ogy and effects, nuclear weapons proliferation,
stratelo defensive and offensive weapot is, and
analis of current strategic arms programs. To
the extent possible, experts who have played
key roles in the topics covered are Invited to

g e lectures.
thens, J. R Rulna
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TOX Toxicology

Undergraduate Subjects Graduate Subjects

TOX UR Undergraduate Research
Opportunities
(Now)

Prereq.: -
U(1, 2) [P/F]
Arr.

Laboratory research conducted by undergradu-
ates in the field of toxicology. May be extended
over multiple terms.
H. Zarbl, Stai,

TOX 101 Special Proecats In Undergraduate
Research
(New)

Prereq.: -
U(1)
Arr.

TOX 102 Special Projects in Undergraduate
Research
(New)

Prereq.: -
U(2)
Arr.

Emphasizes direct and active involvement of
undergraduates in laboratory research in toxicol-
ogy. May be extended over multiple terms.
Letter grade credit.
H. Zarbl, Staff

TOX 104J Chemicals In the Environment:
Human Disease
(New)

(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
assumptions and considers their accuracy.
Focuses on needs and means for rational
approaches to finding the actual causes of
heritable disease and cancer In humans. Class
p iciaon emphasized.

. G. Tily

TOX 210 Experimental Toxicology (A)
(New)

Prereq.: Open only to Toxicology students.
G(1, 2)
0-24-0

Students will learn experimental toxicology by
rotation through the labs of the faculty. Exam-
ples of research methods Include: Interaction of
carcinogens with DNA proteins; methods of
measurement of carcinogens and adducts,
including mass spectrometry and immunoas-
says; use of small animals; DNA-mediated gene
transfer and oncogenes; concepts and practice
of growing and measuring change in human
cols; physical, chemical, and enzymatic analy-
sis of modifications in DNA. The course will be
ien over the length of two semesters.
. Iarbl, Staff

TOX 211 General Toxicology (A)
(New)

Prereq.: 7.05
G(2)
4-0-8

General principles concerning toxicology of
chemicals, with emphasis on mechanisms
underlying toxicity at tissue, cell, and molecular
levels. Detection and quantitation of pathophy-
siologic effects, including acute and chronic
toxicity: genetic effects; teratogenicity, mutagen-
icity and carcinogenicity. Extrapolation of exper-
imental data in assessing human health risk and
use of molecular epidemiology in identification
of hazards in human populations. Illustrative
examples drawn from substances of broad
concern as human health hazards.
G. N. Wogan, S. R. Tannenbaum

TOX 212 Xenoblotics: Chemistry and
Metabolism (A)
(New)

Prereq.: 7.05
G(2) Next offered 1990-91
2-0-4

Conversion of xenobiotic chemicals into forms
which Interact with cellular nucleophiles, Includ-
ing activation, conjugation, and detoxification.
Emphasis will be placed on mechanisms of
reaction and the enzymology of oxidation and
conjugation for various classes of important
environmental compounds.
S. R. Tannenbaum, J. J. Stegeman

repair, recombination, and other aspects of cell
physiology in determining the probability that
specific chemical lesions cause alterations In
9ene structure and chromosomal Integrity.

odeling of the kind and number of genetic
changes necessary for human cancer.
W G. Thilly, J. M. Essigmann

TOX 214 Human Pathephyslology (A)
(New)

Prereq.: 7.05
G(1)
3-0-9

The course will provide an overview of organ
system physiology, with emphasis on alterations
leading to pathological states. The role of hor-
mones, growth factors, drugs, and toxins will be
examined at both the cellular and molecular
levels. The course will attempt to Integrate
aspects of physiology, nutrition, biochemistry,
pharmacology and toxicology.
H. Zarbl

TOX 218 Laboratory Animals: Use In
Biological Experimentation
(New)

Prereq.: 7.01
G(2) Next offered 1990-91
2-1-3

Introduces current concepts of anesthesia,
surgery, disease, and experimental manipulation
of the research laboratory animal. Emphasizes
the selection of proper animal models and
techniques used in the experimental protocol.
Techniques and skills leamed from lectures and
audiovisual aids are practiced In laboratory
sessions. Altemate years.
J. G. Fox, J. C. Murphy C. Newcomer

TOX 219 Selected Topics In Toxicology (A)
(New)

Prore -
G(1, 2)
Arr.

Detailed discussion of selected topics of current
interest. Classwork in various areas not covered
by regular subjects.
Staff

TOX 213 Genetic Toxicology (A)
(New)

Prereq.: 7.03, 18.02
G(1)
4-0-8

Modeling of events leading to induction of
genetic change. Role of DNA replication, DNA
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TOX 301 Research Problems in
Toxicology (A)
(New)

Prerec.: -
G(.S)

TOX 302 Research Problems In
Toxicology (A)
(New)

Prereq.: -
G(2)
A.

Directed research In the field of toxicology.
Open only to pre-doctoral exam graduate
students.
S. R. Tnnenbaum, Staff

TOX 303 Thesis Proposal (A)
(New)

Prereq.: -
G(2 [P/F]

Thesis proposal research and presentation to
the Thesis Committee.
S. R. Tannenbaum, Staff

TOX 304 Teaching Experience In
Toxicology (A)
(New)

Prereq.: Permission of instructor
G(1, 2)
Arr.

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 ThO Graduate Thesis (A)
(New)

Prereq.: -
G(1, 2, S)
Arr.

Program of graduate research leading to the
writing of an S.M. or Ph.D. thesis; to be ar-
ranged by the student and MIT faculty advisor.
S. R. Tannenbaum, Staff

ee



Technology and Policy

TPP 01J Decision Analysis Laboratory

[Same subject as 1.101 J)
rereq.: -

U(2) LAB
3-4-5

See description under subject 1.101J.
R. de Neutlle

TPP 09J Ethical Issues in the Work Life of
Engineers and Scientists
(New - Context Subject)

(Same subject as 2.95J, 16.996J, 18.096J,
STS 061J)
Prereq.: Permission of Instructor
U(1) HASS
3-0-9

This subject prepares students to recognize
ethical problems that commonly arise in the
work p ace, and to find, evaluate, use, and
strengthen Institutional supports for acting on
ethical concerns. Lectures will survey issues
and practices In various institutional and disci-
plinary contexts. In discussion sections students
will develop ethics scenarios on issues of their
choosing and explore them with representatives
of corporations, universities, etc., at which
students might work or study. Open to seniors
and graduate students.
C. Whitbeck, D. Anick, S. Bird, I. Paul, L. Trilling

TPP 11 J Proseminar In Technology and
Policy I (A)

( Same subject as 13.961 J)
rareq.: Permission of Instructor

G(1)
4-0-8

Explores the diversity of values that complicate
the selection of policy: personal moral deci-
sions, values Inherent In varicus professions,
and cultural differences. Case projects of in-
creasing complexity explore these questions.
intral assessments of issues and processes.
Emh asis on developing the participant's skills
In ing verbal and wren presentations.
Introductory core subject intended for TPP
student.
J T Kildow, R. D. Tabors, R. de NeuMlle

TPP 12J Proseminar In Technology and
Polloy 11 (A)

(Samesubject as 13.962J)
Prereq.: TPP 11 J
G(2)
3-0-6

Presents means to integrate the diversity of
values held by participants in policy formation.
First, builds on social welfare theory, to show
how formal models of technology can be used
to build oonensus, Identify points of conten-
tion, and form a basis for negotiation. Then,

explores Issues in negotiation, especially the
importance of process in determining out-
comes. Two major case projects, an analysis,
and a negotiation, Illustrate the material.
J. r Kildow, R. Tabors, R. de Neuville

TPP 13J Leadership Seminar in Technology
and Policy (A)

SSame subject as 1.980J)
rereq.: Thesis Registration

G(2)
2-0-1

Exploration of the ways to create and lead
effective change by 1) identifying a vision of
improvements; 2) integrating professional
analysis with the policy process; 3) enhancing
personal skills; and 4) developing greater self-
confidence. Presentations by experienced role
models. One or more local field trips. Primarily
intended for students in their final year of the
Technology and Policy Program.
R. de NeuA'ille

TPP 21 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. R Clark

TPP 22J The Policy-Making Process (A)

L Same subject as 17.220J)
rereq.: Permission of Instructor

G(2)
3-0-9

Sea description under subject 17.220J.
M. Lipsky

TPP 32J Law, Technology, and Public
Policy (A)

(Same subject as 3.576J)
Prereq.: -

in-depth examination of the relationship be-
tween technology and the legal system. Five
major areas discussed: 1) responses of the legal
system to new social problems created by new
or existing technology; 2) technological change
in response to legal action; 3) changes in legal
theory and practice resulting from new technical
developments; 4) responses of the political
system to proliferating technology: and 5)
equity/market changes brought about by the
law-technology Interaction.
N. A Ashford, C. Caldafl

TPP 33J Environmental Law: Pollution
Control (A)

(Same subject as 1.811J)
Proreq.: -

G(1)
3-0-6

See description under subject 1.811 J.
N. A. Ashford, C. Caldati

TPP 34J Regulation of Chemicals, Radiation,
and Biotechnology (A)

Same subject as 1.812J)
rereq.: Prior law subjects or Permission of

Instructor
G(2)
3-0-6

See description under subject 1.812J.
N. A. Ashford, D. B. Harris, C. Caldart

TPP 35J Technology, Law, and the Working
Environment (A)

(Same subject as 10.805J)
Prereq.: -
G(1)
3-0-6

See description under subject 10.805J.
N. A. Ashford, C. Caldart

TPP 51J Chemicals in the Environment:
Fate and Transport (A)

(Same subject as 1.725J)
Prereq.: Permission of Instructor

G(1)
4-0-8

See description under subject 1.725J.
H. Hernond, D. Marks

TPP 52J Chemicals in the Environment:
Sources and Control (A)

(Same subject as 10.72J)
Grereq.: Permission of instructor
G(1)
3-0-6

See description under subject 10.72J.
J. R. Ehrenfeld, A F Sarofim
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TPP 03J Chemicals in the Environment
Human Disease (A)

Same subject as TOX 104J)

U( )
3-0-8

See descripton under subject TOX 104J.
W G. Thilly

TPP 54J Chemicals in the Environment
Polly and Management (A)

(Same subject as 11.363J, 15.650J)
Prereq.: -
3(2)
3-0-6

See description under subject 11.363J.
L. Susskind, J. R. Ehrenfeld, J. 0. Nyhart



Aerospace Studies1

AS 11 The Air Force Today

Prereq.: -
U(1)
1-0-1

Examines the role of the US Air Force in the
contemporary world by studying national securi-
ty objectives and the uses o natIonal power to
achieve objectives. includes background,
mission and organization of the Air Force, and
the functions of its forces. Emphasis is on the
develo ment of oral and written communica-
tions skills.
G. G. Nelson

AS 111 Leadership Laboratory

Preor.: -

U(1) )P/F]0-1-

Introduction to the customs, traditions, and
courtesies of the Air Force through seminars,

uest speakers, and appropriate field trips.
X. Mazersk o

AS 12 The Air Force Today

Prereq.: -
U(2)
1-0-1

Continues the study of the US Air Force and its
role in the contemporary world. Includes Air
Reserve Forces and other US Armed Forces.
Compares and contrasts US and Soviet military
power and capabilities.
G. 0. Nelson

AS 121 Leadership Laboratory

Prereq.: AS 111

U(2)bP/F]

Continuation of AS 111. Emphasis on the role
and responsibilities of an Air Force junior officer.
8. K. Mazerski

AS 21 US Air Power: Ascension to
Prominence

Prereq.: -
U(1)
11 0-1

History of the development of air power, from its
beginnings through World War 1i. Emphasis on
t doctrine governing the em loyment of air
power and how it developed. Also examines

technology has affected the growth of air

SK.fazerski

AS 211 Leadership Laboratory

Prereq.: AS 121
U(1) PIF]
0- -

Emphasizes development of techniques used to
direct and inform. Students are assigned leader-
ship and management positions in the AS 111
programs described above.
B.7K Mazersk/

AS 22 US Air Power: Key to Deterrence

Prereq.: Permission of Instructor
U(2)
1-0-1

Continues the history of air power since World
War II, with emphasis on the US Air Force.
Includes the role of air forces in conflicts, and
the effect of space-age technology on air power.
Also examines the employment of US air power
In peaceful ways.
B. K. Mazerski

AS 221 Leadership Laboratory

Prereq.: AS 211
U(2 L/F]
0-1-

Continuation of AS 211. Adds a special program
in preparation for Field Training.
B. K. Mazersk

AS 31 Management and Leadership

Prereq.: -
U(1)
3-0-3

Study of mana ement and leadership from the
int of view o the Air Force junior officer.

dividual motivation and behavioral processes,
leadership, communication, and group dynam-
ics are covered to provide a foundation for the
development of the junior officer's professional
skills as an Air Force officer.
C. D. Barondes

AS 311 Leadership Laboratory

Prereq.: AS 221
U(1) P/F]
0-1-

Supervisory practice and exercise of leadership
functions in controlling and directing activities of
the cadet corps. Development of leadership

S.tential In a practical, supervised training
labratory.
8. K. Mazerskl

AS 32 Management and Leadership

Prereq.: AS 31
U(2)
3-0-3

Continuation of AS 31. Special emphasis on the
basic managerial processes involving decision
making, utilizing analytical aids in planning,
organizing, and controlling In a changing envi-
ronment. Organizational and personal values,
management of forces in change, organizational
power, politics, and managerial strategy and
tactics are discussed with n the context of the
military organization.
C. D. Barondes

AS 321 Leadership Laboratory

Prereq.: AS 311
U(2) /F]
0-1-

Continues AS 311. Emphasis on supervisory
and leadership skills. Emphasis on advantages
of an Air Force career.
B. K. Mazerski

AS 41 American National Security: Policy and
Process

Prereq.: -
U(1)
3-0-3

Examines the development of American Nation-
al Security Policy through discussion of the
various groups affecting policy. Investigates
current issues of national and regional security
issues. Emphasis on Integration of current
events into course topics. Students are asked to
challenge current ideas on National Security
Policy.
R. Levias

AS 411 Leadership Laboratory

Prereq.: AS 321
U(1) P/F)
0-1-

Exercise oi management functions in planning,
supervising, and directing cadet corps activities.
Acquire proficiency in military leadership skills.
B. K. Mazerski

Aerospace Studies subjects are not for Mrr credit

234D
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AS 42 issues for Todays Military

Prereq.: AS 41

Study of selected Issues that affect the military
today. Topics Include the laws of armed conflict,
the military legal system, the aerospace doo-
trine, the military as a profession, officership,
and the transition from cMilan to military life.
Continued emphasis Is given to the refinement
of communicative skills.
A. Levies

AS 421 Leadership Laboratory

Prereq.: AS 411

Continues AS 411. Includes preparation for
professional duties.
8. K. Mazerski
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MS Military Science'

MS 111 introduction to ROTC and the Army

Prereq.: -
U(1)
1-2-1

Investigates the generalized emplo ment of the
US Army, starting with the formulation of US
foreign pollcy and the uses of military power in
diplomacy. Covers the development of Army
combat power in terms of personnel and orga-
nization. Emphasizes knowl de of current
militr evnt ad their Impact on the nation,
and written and verbal communications skills.
R. J. Gabriel

MS 121 The Fundamentals of Military
Science

Proreq.: -
U(2)
1-2-1

Discusses Interface between Active Army,
National Guard, Reserves, and civilian work
force; interservice and intra-allance support.
Examines organization and role of company-
sized units; small-unit tactics and combined
arms concepts. Specialties of soldiers are
related to operational unit missions. Introduces
principles of war and relates them to actual
historical events.

R. J. Gabriel

MS 21 instructional Methodology

Prereq.: -
U(1, 2)
2-0-1

Designed to provide the student with theoretical
and practical experience in preparing and
presenting effective oral presentations. investi-
gates the psychology and principles of learning,
speech techniques, int ration of audio-visual
media, prgrammed in ction techniques, test

an exmnation cnstruction, and classroom
management techniques. Every student re-
quire to deliver three oral presentations. The
student is critiqued and evaluated by the in-
structor and other members of the seminar.
H. A. Waters

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" devel-
oped. Using this model, the clas Investigates
ftw Indivdual - his or her needs, goals, attI-
tudes, and behavior; the group - goals,
structures, roles, and norms; and the Wader -
his or her style, behavlor, needs, and goals.

Topics such as interpersonal communications,
motivation, and counseling discussed. Case
studies are used to enhance classroom effort.
J. W Connors

MS 221 Basic Radio Communication and Map
Reading

Prereq.: -
U(2)
1-2-1

Acqualnts students with the various types of
radios used In the US Army. Instructs students
In the proper use of radio transmission proce-
dures. Familiarizes students with the techniques
of map reading, including plotting coordinates
and recognizing various terrain features. Incor-

rates radio communication and land naviga-
on while introducing the concepts of small unit

tactics and patrolling.
H. R. Waters

MS 31 Small-Unit Tactics

Prereq.: -
U(1, 2)
2-0-1

Addresses the leadership of small units con-
ducting conventional combat operations. Ele-
ments of terraln analysis and application to
offensive, defensive, and retrograde operations
discussed along with weather considerations
and their impact on combat operations. Current
organization and hardware associated with small
tactical combined arms formations reviewed.
R. Bouchard

MS 311 Land Navigation

(MS 321)
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 distance
determination both on a map and on the
ground. Familiarizes students with the funda-
mentals of terrain analysis to include the ability
to construct accurate terrain profiles. Familiar-
Izes students with the techniques used in Inter-
pretation of aerial photographs, Including deter-
mination of scale and direction, and
identification of objects on the ground.
R. Bouchard

MS 321 Military Management

(MS 311)
Prereq.. -
U(a)
1-2-1

Concerned with the integrated management of
Army units and activities. The commander and

the staff examined in detail, with emphasis on
the various formal and Informal methods used
to acquire information, anticipate and forecast
requirements, make decisions, Implement those
decisions, and supervise and evaluate the
results. Nature and role of combat support
activities discussed.
J. W Connors

MS 41 Military History

Prereq.: -
U(1, 2)
2-0-1

Examines the development of the US Army.
Emphasizes giving the student a better under-
standing and perspective regarding the history
of the US Army, the roles military 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. Stimulates an Interest In
the study of military histr leading the potential
Army Officer to a mature, Informed concept of
his or her role as a leader in the US Army. An
American Revolutionarv War Battlefield study
trip Is included durin IAP to meet the 45-hour
Mllitary History Requirement for Army ROTC
Cadets.
J. W Connors

MS 411 Military Law and Administration

Prereq. -
U(1)
1-2-1

Provides the military science student with an
introduction 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 leadership
position that inherently involves administration of
dls# piine and justice. Includes discussion of
praotical aspects of small-unit administration.
E. 0. Hammond

MS 421 Military Ethios 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 positions 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-
cied as at odds with the parent society.
E. 0. Hammond

Miliary Science sublects ae not for MIT creodi

-i
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Naval Science'NS

NS 101 Introduction to Naval Science

(N 11)Prereq.. -
U(1)
2-0-1

General introduction to seapower and the naval
service, covering an overview of the organiza-
tion and historical development of the US Navy
and its tactics and eqv'pment. Covers the basic
tenets of naval courtesy and customs, disci-
pline, leadership, and ship characteristics, as
well as the major challenges facing today's
Naval officer.
E. F Howlett

NS 102 Naval Ships Systems

(NS 12)
Prereq.: -
U(2)
3-0-3

Lecture series on technologloal fundamentals of
applied and planned Naval Ships Sysems from
an engineering viewpoint, Topics: blity'

ropulion, sh control, and compartmentation.
E. . Howlett

NS 201 Naval Weapons Systems 2

(NS 21)
Prereq.: 18.02, 8.01
U(1)
3-0-3

Overview of the proerties and behavior of
electromagnetic radiation pertaining to maritime
applications. Topics: communications, radar
deton, electrooptics, tracking and guidance
systems. Sonar and computer-controlled sys-
tems also discussed. Examples taken from
systems found on naval ships and aircraft.
Selected readings on naval weapons and fire
control systems.
M. J. Quiln

NS 202 Seapower and Maritime Affairs

(N 22)
Prereq.

NS 301 Coastal Piloting and Celestial
Navlgation

2

(NS 31)
Prereq.: -
U(1)
2-2-4

Comprehensive study of the theory, principles,
and proceduras of piloting and celestial naviga-
tion, Including mathematics of navigation,
practical work involving navigational instru-
ments, slight reduction by pro forma and com-
puterized methods, charts, publications, and
voyage planning.
D. C. Hovda

NS 302 Navigation and Naval Operations

(NS 32)
Prereq.: -
U(2)
3-0-3

Com rehensive study of tactical and planning
considerations relative to employment of naval
forces, including communications, tactical
formations p.nd dispositions, relative motion.
maneuverig board, and nautical rules of the
road.
D. C. Hove

NS 303 Evolution of Warfare

(NS 33)
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

stand 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

S N42)
rereq.: -

U(2)
2-0-2

Gives the student a basic background in the
duties and responsibilities of a junior division
and watch officer; strong emphasis on the junior
officer's responsibilities in the area of training,
counseling, and career development. Student
familiarized with equal opportunity programs
and drug/alcohol rehabilitation programs. Princi-
pies of leadership reinforced through leadership
case studies.
R. W Sharer

NS 403 Evolution of Amphibious Warfare

(NS 43)
Prereq.: -
U(2)
2-0-4

Historical and tactical analysis of amfhibious
warfare. Seeks to define the concep , explore its
doctrinal origins, and trace Its evolution as an
element of naval policy during the 20th century,
Case study approach used to provide the
prospective Marine Corps officer with the funda-
mentals of amphibious tactics.
M. S. Shafer

) (NS 41)2-0-2 Prereq.: -
U(1) Next offered 1990-91

Exploration of the general concept and history 2-0-4
of seapower (Including the merchant marine
and oceanographi reah), the role of vai- Participative study of manag
cus warfare components of the Navy In support- includes the historical dove
Ing the Navy's mison, im lementation of ment; role of the manager;

as an Wftumen of national policy, tty; setting objectives and pr
a oomparaM study of US and Soviet naval theoy the controlling functi

el. appraisal; motivation; nivid
M. J. and group behavior theory;

communiaons; organlzatic
development; decision maki
between authority. responst
ability. The goal of the oours

ement theory.
Dpment of manage-
nanager productiv-
iorities; organization
on; performance,
ual, Interpersonal,
leadership theory:
nal chana
ng the relationship
Aeand account-

e to better under-

1
Naval Science subjects are not for MIT credit.

2
This Subject Is normally conducted In conlunction with an MIT ac-
credited seminar. Anytechnical aspects of the subject matterol In-
tare" only to midatli personnel ae covered in separate NROTC
sessions and field if pe.
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Chemical Engineer 132
Chemical Engineering, Bachelor of Science in 129
Chemical Engineering, Department of 128
Chemical Engineering, Doctor of Philosophy and

Doctor of Science in 132
Chemical Engineering, Master of Science in 132
Chemical Engineering Practice, Master of Science

in 132
Chemical Engineering Practice, School of 131
Chemical Engineering, Subjects in 800
Chemical Engineering Systems and Process

Control 131
Chemical Oceanography 26-;
Chemistry, Bachelor of Science In 222
Chemistry, Department of 221
Chemistry, Doctor of Philosophy and Doctor of

Soience In 223
Chemistry, Meater of Science in 223
Chemistry RequIrement 40
Chemistry, Subjecsle In 44D

Child Care and Parent Resources 26
City Planning and Architecture, Simultaneous

Master's Degrees in 116
City Planning and Real Estate Development,

Simultaiieous Master's Degrees in 116
City Planning and Transportation, Simultaneous

Master's Degrees in 116
City Planning, Master in 59, 116
Civil Engineer 138
Civil Engineering, Bachelor of Science in 136
Civil Engineering, Department of 133
Civil Engineering, Doctor of Philosophy & s Doctor of

Science in 138
Civil Engineering, Master of Science i1 138
Civil Engineering, Subjects in 2D
Clinical Research Center 88
Clubs. See Special Interest Groups
Coed Fraternity Residences 24
Cognitive Science, Bachelor of Science in 247
Cognitive Science Programs 84
College Transfer Admissions 52
College Work-Study 55
Combined Doctor of Medicine-Doctor of Philosophy

Program in the Harvard-MIT Division of Health
Sciences and Technology 249

Committee, Nominations 20
Committee on Graduate School Policy 58, 72
Committee on the Visual Arts 22
Committee, Student Center 20
Communication Science and Systems 91
Community Development, Housing and 115
Community Fellows Program 116
Community Planning, Neighborhood and 113
Community Players, MIT 22
Compton Gallery, Margaret Hutchinson 22
Computational Research in Economics and

Management Science, Center for 85
Computer-AIded Engineering 139
Computer and Information Systems 91
Computer Resource Laboratory 105
Computer Science and Engineering, Bachelor of

Science in 146
Computer Science, Laboratory for 90
Computer Science, Mathematics and 233
Computers, and Control, Systems, 159
Concentration, Fields of 42
Concentrations in Literature 188
Concourse Program 31, 88
Condensed Matter, Atomic and Plasma

Physics 238
Conservation, Energy Conversion and 159
Constructed Facilities Division 139
Construction Engineering and Management 140
Construction Research and Education, Center

for 140
Context Subjects 32
Control, instrumentation, Guidance, and 125
Control, Systems, Computers, and 159
Cooperative Living 24
Cooperative Program in Aeronautics and

Astronautics 124
Cooperative Programs, with other Institutions 38, 61
Cooperative Programs 53, 64
Cooperative Writing Programs 193
Corporation 17, 492
Costs for Graduate Students 64
Costs for Undergraduate SWdents 53
Council for the Arts at MIT 13
Counseling and Advising 26
Course VI-A, Intemship Program 147
Courses 9, 30
Credit Limit for Freshmen 32

Credits. See Subject Credits and Designations
Cross Registration at Other Institutions 38, 61
Cryogenic Engineering Laboratory 160

Dance 21
Dance Workshop, MIT 21
Day Care. See Child Care and Parent Resources
Dean of the Graduate School 17
Dean for Undergraduate Education 17
Decision Systems, Laboratory for Information

and 91
Deferred Admissions 50
Degree Programs in Humanities 186, 193
Degree Programs, Interdepartmental 58, 80
Degrees, Doctoral 60
Degrees, Double 34, 59, 60
Degrees, Engineer's 60
Degrees, Master's 59
Department of Aeronautics and Astronautics 120
Department of Architecture 107
Department of Biology 217
Department of Brain and Cognitive Sciences 244
Department of Chemical Engineering 128
Department of Chemistry 221
Department of Civil Engineering 133
Department of Earth, Atmospheric, and Planetary

Sciences 224
Department of Economics 180
Department of Electrical Engineering and Computer

Science 142
Department of Humanities 183
Department of Linguistics and Philosophy 196
Department of Materials Science and

Engineering 150
Department of Mathematics 229
Department of Mechanical Engineering 157
Department of Nuclear Engineering 165
Department of Ocean Engineering 171
Department of Physics 235
Department of Political Science 200
Department of Urban Studies and Planning 111
Departmental Programs 9, 30, 103
Departmental Degree Programs and

Requirements 103
Design and Development 115
Design, Environmental 110
Design for Islamic Societies 110
Developing Countries, Urban and Regional Planning

in 114
Development, Master of Science in Real Estate 87
Development Program, Technology and 99
Development, Real Estate 115
Developmental Biology 220
Dining Plans 24
Disciplinary Committee Procedures, Statement

of 75
Disclosure of Information about Students 76
Distribution Requirement, HASS 43
Distribution Requirement, HUM 44
Distribution Subjects 43
Division of Health Sciences and Technology,

Harvard-MIT 249
Division of Nuclei and Particles 238
Divisions, Laboratories, and Special Programs, Civil

Engineering 139
Doctoral Degrees 60
Doctoral Program in Brain and Cognitive

Sciences 248
Doctoral Program in Medcal Engineering and

Medical Physics 249
Doctoral Program In Radiological Science 242
Doctoral Program in Toxicology 243

L-I
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Doctor of Medicine-Doctor of Philosophy, Combined
Program in the Harvard-MIT Division of Health
Sciences and Technology 249

Doctor of Medicine in Biomedical Sciences
Program 82, 249

Doctor of Philosophy and Doctor of Science,
Aeronautics and Astroneutics 127

Doctor of Philosophy and Doctor of Science,
Chemical Engineering 132

Doctor of Philosophy and Doctor of Science,
Chemistry 223

Doctor of Philosophy and Doctor of Science, Civil
Engineering 138

Doctor of Philosophy and Doctor of Science, Earth,
Atmospheric, and Planetary Sciences 227

Doctor of Philosophy and Doctor of Science,
Electrical Engineering and Computer Science 148

Doctor of Philosophy and Doctor of Science,
Materials Science and Engineering 154

Doctor of Philosophy and Doctor of Science,
Mathematics 233

Doctor of Philosophy and Doctor of Science,
Mechanical Engineering 163

Doctor of Philosophy and Doctor of Science, Nuclear
Engineering 169

Doctor of Philosophy and Doctor of Science, Ocean
Engineering 174

Doctor of Philosophy and Doctor of Science,
Oceanography 227

Doctor of Philosophy and Doctor of Science,
Physics 238

Doctor of Philosophy, Architecture, Art, and
Environmental Studies 110

Doctor of Philosophy, Biology 220
Doctor of Philosophy, Brain and Cognitive

Sciences 248
Doctor of Philosophy, Economics 182
Doctor of Philosophy, Economics and Urban

Studies 89
Doctor of Philosophy, Linguistics 198
Doctor of Philosophy, Management 213
Doctor of Philosophy, Mineral Resources Engineering

and Management 94
Doctor of Philosophy, Operations Research 95
Doctor of Philosophy, Philosophy 199
Doctor of Philosophy, Political Science 202
Doctor of Philosophy, Urban Studies and

Planning 116
Doctor of Science or Doctor of Philosophy in

Biomedical Engineering 82
Domestic Year Away 39
Dormitory Council 20
Double Competence in Humanities/Social Science

and Science/EngIneering, Programs for 97
Double Degrees 34, 59, 60
Premashop 22
Draper Laboratory 88

Early Action in Admissions 51
Earth and Planetary Sciences, in Meteorology, or

Oceanography, Master of Science in 227
Earth, Atmospheric, and Planetary Sciences,

Bachelor of Science In 226
Earth, Atmospheric, and Planetary Sciences,

Department of 224
Earth, Atmospheric, and Planetary Sciences, Doctor

of Philosophy and Doctor of Science in 227
Earth, Atmospheric, and Planetary Sciences,

Subjects in 98D
Earth Resources Laboratory 228
Eastgate 25

Economics and Urban Studies, Doctor of Philosophy
in 89

Economics, Bachelor of Science in 181
Economics, Department of 180
Economics, Doctor of Philosophy in 182
Economics, Master of Science in 182
Economics, Minor Program in 181
Economics, Subjects in 1150
Education, Prelaw 35
Education, Premedical 35
Educational Policy, Student Committee on 20
Educational Resources 12
Elective Subjects 45
Electives 34
Electives in Engineering, School-Wide 119, 227D
Electrical Engineer 148
Electrical Engineering and Computer Science,

Department of 142
Electrical Engineering and Computer Science, Doctor

of Philosophy and Doctor of Science In 148
Electrical Engineering and Computer Science, Master

of Science in 148
Electrical Engineering and Computer Science,

Subjects in 48D
Electrical Engineering, Bachelor of Science in 145
Electrical Engineering, Physics with 238
Electromagnetic and Electronic Systems, Laboratory

for 90
Electronic Materials 154
Electronics, Research Laboratory of 97
Electronic Systems, Laboratory for Electromagnetic

and 90
Employment and Job Opportunities 26, 34, 54, 63,

67
End-of-Term Regulations 73
Energy and Environment 131
Energy Conversion and Conservation 159
Energy Conversion, Propulsion and 125
Energy Laboratory 89
Energy Policy Research, Center for 89
Energy Study and Research 89
Engineer, Aeronautics and Astronautics 126
Engineer, Chemical 132
Engineer, Civil 138
Engineer. Electrical 148
Engineer, Environmental 131, 138
Engineer, Materials 132, 154
Engineer, Mechanical 163
Engineer, Metallurgical 154
Engineer, Nuclear 169
Engineer, Ocean 174
Engineering and Technology, Accreditation Board

for 118, 123, 129, 136, 145, 152, 160, 162, 172,
173

Engineering, Degree Programs in 118
Engineering Internship Program 118, 124, 136, 147,

153 162
Engineering, Master of Science in Management

and 155, 213
Engineering, Naval Construction and 174
Engineering, Power 96
Engineering Risk Assessment 139
Engineering, School of 117
Engineering, Schoof-Wide Electives in 119, 227D
Engineering Systems and Computation 136
Engineer's Degrees 60
English as a Second Language. See Subjects in

Foreign Languages and Literatures
English Competency of Intemational Students 51
English. See Literature
Entrance Examinations 51, 62

Entrance Examinations for International
Applicants 51, 63

Environment and Methods 108
Environment, Energy and 131
Environmental Design 110
Environmental Engineer 131, 138
Environmental Engineering 159
Environmental Engineering, Aquatic Science

and 140
Environmental Engineering, Water Resources

and 140
Environmental Health Sciences, Center for 85
Environmental Planning 112
Environmental Planning and Policy 115
ESG (Experimental Study Group) 31, 90
Ethnology and Archaeology, Center for Materials

Research in 86
Evening Classes 12
Examinations, Final 71
Examinations for Advanced Standing 34
Examinations for Entrance 51, 62
Exchange Programs 38, 61
Executive Education in Management, Programs

for 214
Experimental Study Group. See ESG
Extracurricular Activities. See Special Interest Groups

Faculty and Staff, Personal Files of 77
Faculty Council 17
Faculty Policy Committee 17
Fees and Tuition 53, 64
Fees, Miscellaneous 54, 65
Fellowsh 66
Fibers and Polymers Laborstvries 160
Fields of Concentration 42
Fieldwork and Internships in Urban Studies 115
Fifth-Year Programs 227
Film and .edla Studies 178
Films, Lectures, and Seminars 21
Final Examinations 71
Finance Board 20
Financial Aid, Applications for 52, 66
Financial Aid 54, 66
Flight Transportation 127
Fluids, Mechanics and Physics of 125
Fluid Mechanics Laboratory 160
Food Services 23
Foreign Graduate Admissions. See International

Graduate Admissions
Foreign Languages and Literatures 185
Foreign Languages and Literatures, Bachelor of

Science in 186
Foreign Languages and Literatures, Minor Programs

In 185
Foreign Languages and Literatures, Subjects

in 177D
Foreign Undergraduate Admissions. See

international Undergraduate Admissions
Fratemities, Sororities, and Independent Living

Groups 24
French. See Subjects in Foreign Languages and

Literatures
French Option, Bachelor of Science in Foreign

Languages and Literatures 186
Freshman Admissions 50
Freshman Advisor Seminars, Undergraduate

Seminars and 34, 100
Freshman Credit Limit 32
Freshman Grading 32
Freshman Handbook 32
Freshman Year 30
Fuels Research Center 89
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Fusion Systems 98
Fusion Technology and Engineering 96

Gallery, Margaret Hutchinson Compton 22
Gays at MIT (GAMIT) 21
General Institute Requirements 40
General Requirements for Graduate Degrees 59
Genetics/Microbiology 220
Geotechnical Engineering 139
Geotechnical Engineering Research Laboratory 139
German. See Subjects in Foreign Languages and

Literatures
Government. Graduate Student 20
Government, Undergraduate Student 20
Grade Reports and Transcripts 71
Grades 72
Grading, Freshman 32
Grading, Pass/No Record 32
Graduate Academic Standards 72
Graduate Admissions, Foreign. See International

Graduate Admissions
Graduate Admissions, Regular 62
Graduate Degrees, General Requirements for 59
Graduate Education at MIT 58
Graduate Examinations 62
Graduate Interoepartmental Opportunities 80
Graduate Living Costs 65
Graduate School, Dean of 17
Graduate School. Organization of the 58
Graduate School Policy, Committee on 58, 72
Graduate Single Student Housing 25
Graduate Student Government 20
Graduate Student Council 20
Graduate Student Status for Research Staff

Members 63
Graduate Students, Costs for 64
Graduate Students, Special 63
Grants, Loans, and Employment 54
Green Hall 26
Guidance, and Control, Instrumentation, 125

Harassment, Policy on 74
Harrison Spectroscopy Laboratory, George R. 98
Hart Nautical Collections 22
Harvard-MIT Division of Health Sciences and

Technology 249
Harvard-MIT Division of Health Sciences and

Technology, Combined Doctor of Medicine-Doctor
of Philosophy Program in 249

Harvard University 39, 61
HASS-Distribution Requirement 43
Haystack Radio Observatory 81
Hazing, Institute Policy on 74
Health Program Student 27
Health Sciences and Technology 90
Health Sciences and Technology, Combined Doctor

of MedicIne-Doctor of Philosophy in the Harvard-
MIT Division of 249

Health Sciences and Technology, Harvard-MIT
Division of 249

Health Sciences and Technology, Master of Science
In 249

Health Sciences and Technology, Subjects in 215D
Health Sciences and Technology, Whitaker College

of 241
Health Service Fee 53, 64
Health Services. See Medical Services
Heat Transfer Laboratory 100
Historical Collections, MIT Museum and 22
History 187
History, Bachelor of Science in 187
History, Minor Program in 187

History of MIT 8
History, Subjects in 185D
History, Theory, and Criticism of Art and Architecture

108
Hospital Insurance, MIT Student Blue Cross and

Blue Shield 27
Housing 23
Housing and Community Development 115
Housing and Settlement Design 110
Humanities and Engineering 97, 194
Humanities and Engineering, Bachelor of Science

in 194
Humanities and Science 97, 194
Humanities and Science, Bachelor of Science

in 194
Humanities and Social Science, School of 176
Humanities and Social Science, Minor in 33
Humanities, Arts, and Social Sciences

Requirement 42
Humanities, Bachelor of Science in 193
Humanities, Department of 183
Humanities, Interdisciplinary Programs in 90
Humanities and Social Sciences, Special and

Interdisciplinary Programs in 177
Humanities/Social Science and Science/Engineering,

Programs for Double Competence In 97
Humanities, Subjects in 173D
Human Rehabilitation and Biomechanics, Eric P. and

Evelyn E. Newman Laboratory for 160
HUM-Distribution Requirement 44
Hydrodynamics, Coastal, and Oceanographic

Engineering 140
Hydrodynamics, Ralph M. Parsons Laboratory for

Water Resources and 140
Hydrology and Water Resource Systems 140

lAP ( Independent Activities Period) 10, 48, 58
Immunology 220
Independent Living Groups, Fraternities, Sororities

and 24
Industrial Development, Center for Technology,

Policy, and 87
Industrial Liaison Program 17
Information about Students, Disclosure of 76
Information and Decision Systems, Laboratory

for 91
Information Systems 12
Information Systems Research, Center for 85
Institute Houses 23
Institute, Organization of the 17
Institute Policy, Administration of 77
Institute Policy on Hazing 74
Institute Policy on Racist Behavior 74
Institute Policy on Student Absence Due to Religious

Beliefs 74
Institute Regulations, Academic Procedures and 70
Institute Regulations, Policies and Procedures 74
Institute Requirements, General 40
Instrumentation, Guidance, and Control 125
Integrated Studies Program 31, 90, 178
Intelligent Engineering Systems Laboratory 139
Intercollegiate Athletics 20
Interdepartmental Degree Programs 58, 80
Interdepartmental Graduate Opportunities 80
Interdepartmental Organizations and Research

Facilities 80
Interdepartmental Study and Research 80
Interdisciplinary Ph.D. Program In Biomedical

Engineering 127
Interdisciplinary Programs in Aeronautics and

Astronautics 127
Interdisciplinary Programs In Humanities 90

Interdisciplinary Research Opportunities for
Undergraduates. See UROP

Interdisciplinary Study, Unspecified Degree Programs
100

Interfraternity Conference 20, 24
International Graduate Admissions 63
International Students' Association 20
International Studies, Center for 85
International Undergraduate Admissions 51
Internship Program, Course VI-A 147
Internship Program. Engineering 118, 124, 136,

147, 153, 162
Internships and Fieldwork in Urban Studies 115
Interphase, Project 50
Interview 50
Intramural Athletic Program 20
Islamic Societies, Design for 110

January Independent Activities Period 10, 48, 58
Job Opportunities, Employment and 26, 34, 54, 63,

67
Joint Degree Programs 184, 186, 188, 189, 191,

193, 206
Joint Program in Oceanography and Oceanographic

Engineering with Woods Hole Oceanographic
Institution 95, 132. 141, 148, 175, 220, 227, 250

Junior-Senior Pass/Fail Option 34
Junior Year Abroad 38

Laboratories, Fibers and Polymers 160
Laboratory, Acoustics and Vibrations 160
Laboratory, Advanced Construction Materials 139
Laboratory, Artificial Intelligence 81
Laboratory, Bitter National Magnet 83
Laboratory, Cryogenic Engineering 160
Laboratory, Draper 88
Laboratory, Earth Resources 228
Laboratory, Energy 89
Laboratory, Fluid Mechanics 160
Laboratory for Biomechanics and Human

Rehabilitation, Eric P. and Evelyn E. Newman
160

Laboratory for Computer Science 90
Laboratory for Electromagnetic and Electronic

Systems 90
Laboratory for Information and Decision

Systems 91
Laboratory for Manufacturing and Productivity 91
Laboratory for Medical Ultrasonics 160
Laboratory for Nuclear Science 92
Laboratory for Water Resources and Hydrodynamics,

Ralph M. Parsons 140
Laboratory, George R. Harrison Spectroscopy 98
Laboratory, Heat Transfer 160
Laboratory, Intelligent Engineering Systems 139
Laboratory, Lincoln 92
Laboratory, Machine Dynamics 160
Laboratory, Man-Machine Systems 160
Laboratory, Mechanical Behavior of Materials 160
Laboratory, Media 93. 105
Laboratory, Nuclear Reactor 95. 169
Laboratory of Electronics, Research 97
Laboratory, Reacting Gas Dynamics 160
Laboratory, REMERGENCE 139
Laboratory Requirement 47
Laboratory, Sloan Automotive 160
Laboratory, Structures 139
Laboratory, Surface 160
Laboratory. Vehicle Dynamics 160
Language and Mind 196
Language Proficiency 51, 61
Latin American Studies 178
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Law-Related Studies 92
Leaders for Manufacturing Program 92, 155, 213
Lecture Series Committee 21
Lectures, Seminars, and Films 21
Letters of Recommendation 77
Libraries 13
Life Sciences, Bachelor of Science in 219
Light-Load Registration, Undergraduate 71
Lincoln Laboratory 92
Linear Accelerator Center, Bates 92
Linguistics and Philosophy, Department of 196
Linguistics and Philosophy, Subjects in 209D
Linguistics, Doctor of Philosophy in 198
List Visual Arts Center 22
Literature 188
Literature, Bachelor of Science in 189
Literature, Concentrations in 188
Literature, Minor Program in 188
Literature, Subjects in 1730
Loan Funds 67
Loan Plan, Parent 54, 65
Lowell Institute School 12

Machine Dynamics Laboratory 160
Magnet Laboratory, Bitter National 83
Major Course of Study 32
Management and Engineering, Master of Science

in 155, 213
Management, Doctor of Philosophy in 213
Management fields of specialization 214
Management, Master of Science in 213
Management, Mineral Resources Engineering and

94, 155
Management of Technology, Master of Science in

the 93, 126, 132, 141, 155, 163, 169, 175. 214
Management, Programs for Executive Education

in 214
Management Science, Bachelor of Science in 212
Management, Sloan School of 207
Management, Subjects inI 123D
Man-Machine Systems Laboratory 160
Manufacturing and Materials Processing 159
Manufacturing and Productivity, Laboratory for 91
Map, Campus 14
Married Student Housing 25
Master in City Planning 59, 116
Master of Architecture 59, 109
Master of City Planning/Developing Areas Option

115
Master of Science in Aeronautics and

Astronautics 126
Master of Science in Architecture Studies 110
Master of Science In Ceramics 164
Master of Science in Chemical Engineering 132
Master of Science in Chemical Engineering

Practice 132
Master of Science in Chemistry 223
Master of Science in Civil Engineering 138
Master of Science in Earth and Planetary Sciences,

in Meteorology, or in Oceanography 227
Master of Science in Economics 182
Master of Science in Electrical Engineering and

Computer Science 148
Master of Science in Health Sciences and

Technology 249
Master of Science in Management 213
Master of Science in Management and

Engineering 155. 213
Master of Science in Management of

Technology 93. 126,132, 141, 155,163, 169,
175, 214

Master of Science In Materials Engineering 164

Master of Science In Materials Science 154
Master of Science in Mechanical Engineering 163
Master of Science in Metallurgy 154
Master of Science in Meteorology, Oceanography, or

Earth and Planetary Sciences 227
Master of Science in Mineral Resources Engineering

and Management 94
Master of Science in Nuclear Engineering 169
Master of Science in Ocean Systems

Management 174
Master of Science in Operations Research 95
Master of Science in Physics 238
Master of Science in Political Science 202
Master of Science in Polymers 154
Master of Science in Real Estate Development 87
Master of Science in Technology and Policy 99,

126, 132, 141,155,169,175
Master of Science in Transportation 88, 140, 175
Master of Science in Urban Studies and

Planning 116
Master of Science in Visual Studies 110
Master of Science With and Without Specification 59
Master's and Bachelor's Degree Program,

Combined 162
Master's and Bachelor's Degrees, Simultaneous

Award of 60
Master's Degrees 59
Master's Degrees in City Planning and Architecture,

Simultaneous 116
Master's Degrees in City Planning and Real Estate

Development, Simultaneous 116
Master's Degrees in City Planning and

Transportation, Simultaneous 116
Master's Degrees, Simultaneous Award of Two 59
Materials, Structures and 139
Materials, and Structures, Aeroelasticity, 125
Materials Engineer 132, 154
Materials Engineering, Master of Science in 154
Materials Processing Center 93
Materials Research in Archaeology and Ethnology,

Center for 86
Materials Science 154
Materials Science and Engineering, Bachelor of

Science in 152
Materials Science and Engineering, Center for 86
Materials Science and Engineering, Department

of 150
Materials Science and Engineering, Doctor of

Philosophy and Doctor of Science in 154
Materials Science and Engineering, Subjects in 25D
Materials Science, Master of Science in 164
Mathematics and Computer Science, Bachelor of

Science In 233
Mathematics, Applied 231, 234
Mathematics, Bachelor of Science in 231
Mathematics, Department of 229
Mathematics, Doctor of Philosophy and Doctor of

Science in 233
Mathematics, Pure 232, 233
Mathematics, Subjects in 1600
Mathematics, Theoretical 232
Mathematics with Computer Science, Bachelor of

Science in 232
McGraw-Hill Observatory 81
Meal Plans 24
Mechanical Behavior of Materials Laboratory 160
Mechanical Engineer 163
Mechanical Engineering, Bachelor of Science in

160
Mechanical Engineering, Department of 157
Mechanical Engineering Design 169

Mechanical Engineering, Doctor of Philosophy and
Doctor of Science in 163

Mechanical Engineering, Master of Science In 163
Mechanical Engineering, Research Laboratories and

Programs in 159
Mechanical Engineering, Subjects in 15D
Mechanics and Materials 159
Mechanics and Physics of Fluids 125
Media Arts and Sciences 106
Media Laboratory 93, 105
Media Studies, Film and 178
Medical Physics, Doctoral Program in Medical

Engineering and 249
Medical Services 26, 53, 64
Medical Ultrasonics, Laboratory for 160
Medieval Studies, Ancient and 177
Metallurgical Engineer 154
Metallurgy 154
Metallurgy, Master of Science in 154
Meteorology and Physical Oceanography, Center

for 228
Meteorology, Oceanography, or Earth and Planetary

Sciences, Master of Science in 227
Microbiology/Genetics 220
Microelectronics, Surface Science and 131
Middle East Program 94
Military Science, Subjects in 236D
Mineral Resources Engineering and

Management 94, 155
Mineral Resources Research Institute, Mining

and 94, 141
Mining and Mineral Resources Research

Institute 94, 141
Minor in Humanities, Arts, and Social Sciences 33
Minor Program 61
Minor Program In Anthropology/Archaeology 184
Minor Program in Economics 181
Minor Program in History 187
Minor Program in Literature 188
Minor Program in Music 190
Minor Program in Philosophy 197
Minor Program in Political Science 201
Minor Program in Psychology 246
Minor Program in Science, Technology, and

Society 205
Minor Program in Women's Studies 179
Minor Program in Writing 192
Minor Programs in Foreign Languages and

Literatures 185
Miscellaneous Fees 54, 65
MIT Black Student Union 21
MIT Community Players 22
MIT Dance Workshop 21
MIT, History of 8
MIT-Japan Science and Technology Program 94
MIT Museum and Historical Collections 22
MIT Overview 8
MIT Press 13
MIT Program for Senior Executives 214
MIT Shakespeare Ensemble 22
MIT Student Blue Cross and Blue Shield Hospital

Insurance 27
MIT Student House 24
Molecular Structure, Biophysical Chemistry and 220
Motor Vehicles 77
Museum, MIT Historical Collections and 22
Music and Theater Arts 22, 189
Music, Bachelor of Science in 190
Music, Minor Program in 190
Music, Subjects in 1930
Musical Theatre Guild 22
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Nautical Collections, Hart 22
Naval Architecture and Marine Engineering, or

Without Designation, Bachelor of Science in Ocean
Engineering 172

Naval Construction and Engineering 174
Naval Engineer 175
Naval ROTC Program 38
Naval Science, Subjects in 237D
Neighborhood and Community Planning 113
Neurobiology 220
Newman Laboratory for Biomechanics and Human

Rehabilitation, Eric P. and Evelyn E. 160
Nominations Committee 20
Non-Resident Doctoral Thesis Research Status 61
Nuclear and Particle Theory 238
Nuclear Engineer 169
Nuclear Engineering, Bachelor of Science in 167
Nuclear Engineering, Department of 165
Nuclear Engineering, Doctor of Philosophy and

Doctor of Science in 169
Nuclear Engineering, Master of Science in 169
Nuclear Engineering, Subjects in 202D
Nuclear Reactor Laboratory 95, 169
Nuclear Science. Laboratory for 92
Nuclei and Particles, Division of 238

Observatories and Facilities, Astronomy and
Astrophysics 81

Observatory. Haystack Radio 81
Observatory, McGraw-Hill 81
Observatory, Wallace Geophysical 100
Ocean Engineer 174
Ocean Engineering and Oceanographic

Engineering 250
Ocean Engineering. Department of 171
Ocean Engineering, Doctor of Philosophy and Doctor

of Science in 174
Ocean Engineering Fields of Specialization 174
Ocean Engineering, Naval Architecture and Marine

Engineering, or Without Designation, Master of
Science in 174

-)cean Engineering, Subjects in 108D
Oceanographic Engineering and Oceanography 95
Oceanographic Engineering, Joint Program in

Oceanography and, with Woods Hole
Oceanographic Institution 61, 95. 132, 141 148,
175, 220, 227, 250

Oceanography and Oceanographic Engineering 95
Oceanography, Center for Meteorology and Physical

228
Oceanography, Doctor of Philosophy and Doctor of

Science 227
Oceanography, Meteorology, or Earth and Planetary

Sciences, Master of Science in 227
Ocean Systems Management 174
Ocean Systems Management, Master of Science

in 174
Off Campus Housing Service 24
Office of Career Services and Preprofessional

Advising 26, 35
Office of Sponsored Programs 17, 63
Operations Research Center 95
Organization of the Graduate School 58
Organization of the Institute 17
Organizations and Research Facilities.

Interdepartmental 80

Parent Loan Plan 54, 65
Parent Resources, Child Care and 26
Parsons, Ralph M., Laboratory for Water Resources

and Hydrodynamics 140
PassNo Record Grading 32
Pass/Fail Option, Junior-Senior 34
Payment Plan, Bursary 54, 65
Payment of Tuition and Other Charges 54, 65
Personal Conferences 50, 51
Personal Files of Faculty and Staff 77
Philosophy, Bachelor of Science in 197
Philosophy, Doctor of Philosophy in 199
Philosophy. Minor Program in 197
Physical Education Requirement 47
Physical Oceanography 250
Physical Oceanography, Center for Meteorology and

228
Physics. Bachelor of Science in 237
Physics, Department of 235
Physics, Doctor of Philosophy and Doctor of Science

in 238
Physics, Master of Science in 238
Physics Requirement 41
Physics, Subjects in 68D
Physics with Electrical Engineering 238
Planning and Policy, Environmental 115
Planning, Bachelor of Science in 112
Planning, Master of Science in Urban Studies

and 116
Planning, Transportation 115
Plasma Fusion Center 96
Policies and Procedures, Institute Regulations 74
Policy and Planning, Environmental 115
Policy, Industrial Development, and Technology,

Center for 87
Policy Statement on the Use of Alcohol 75
Political Science, Accelerated Master of Science

in 202
Political Science, Bachelor of Science in 201
Political Science, Department of 200
Political Science, Doctor of Philosophy in 202
Political Science, Master of Science in 202
Political Science, Minor Program in 201
Political Science, Subjects in 149D
Polymers 131, 160
Polymers Laboratories, Fibers and 160
Polymers, Master of Science in 154
Polymer Science and Technology, Program in 96
Power Engineering 96
Prelaw Education 35
Premedical Education 35
Preprofessional Advising, Office of Career Services

and 26, 35
Privacy of Student Records 76
Procedure for Retention of Student Status at

MIT 70
Processing Charges for Late Changes in

Registration 54, 65
Programs, Academic 9, 30
Program for Senior Executives, MIT 214
Program for Two Bachelor's Degrees 34
Program in Applied Biological Sciences 240
Program in Polymer Science and Technology 96
Program in Science, Technology, and Society 98,

204
Programs, Cooperative 53, 64
Programs, Cooperative, with other Institutions 38,

61
Programs, Departmental 9, 30, 103
Programs for Double Competence In Humanities/

Social Science and Science/Engineering 97

Programs for Executive Education in
Management 214

Project Athena 13
Project Interphase 50
Propulsion and Energy con.,ersion 125
Psychology 178, 79D
Psychology, Minor Program in 246
Public Policy, Urban Management, and the

Law 113
Publications, Student 21
Pure Mathematics 232, 233

Racist Behavior, Institute Policy on 74
Radiological Science, Doctoral Program in 242
Reacting Gas Dynamics Laboratory 160
Reaction Engineering, Catalysis and 131
Reactor Laboratory, Nuclear 95, 169
Real Estate Development, Center for 87, 105
Real Estate Development 115
Real Estate Development, Master of Science in 87
Real Estate Development, Simultaneous Master's

Degrees in City Planning and 116
Recommendation, Letters of 77
Records, Privacy of Student 76
Registration Procedures 70
Registration, Charges for Late Changes in 54, 65
Registration, Undergraduate, Light-Load 71
Regular Graduate Admissions 62
Regulations, Academic Procedures and Institute 70
Regulations, End-of-Term 73
Regulations, Institute 74
Religious Beliefs, Institute Policy on Student Absence

Due to 74
Religious Organizations 21
REMERGENCE Laboratory 139
Requirement, Calculus 41
Requirement. Chemistry 40
Requirement in the Humanities, Arts, and Social

Sciences 42
Requirement, Laboratory 47
Requirement, Physical Education 47
Requirement, Physics 41
Requirement, Science 40
Requirement, Science Distribution 46
Requirement, Writing 41
Requirements for Advanced Degrees,

Undergraduate 62
Requirements for Graduate Degrees, General 59
Requirements, General Institute 40
Requirements, Residence 59
Research and Teaching Assistantships 67
Research Development, Office of the Dean, School

of Architecture and Planning 97
Research Facilities, Interdepartmental Organizations

and 80
Research Institute, Mining and Mineral Resources

94, 141
Research Laboratory of Electronics 97
Research Room, Women's Studies 35, 100
Research Staff Members, Graduate Student Status

for 63
Residence/Orientation Week 24
Residence Requirements 59
Resources, Educational 12
Resources Research Institute, Mining and Mineral

94, 141
Retention of Student Status at MIT, Procedure

for 70
Review of Student Records 76
Room and Board 23, 53, 64
ROTC Programs 36
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Russian. See Subjects in Foreign Languages and
Literatures

Russian Studies 178

S.8. - M.C.P. Option, Five-Year 114
School of Architecture and Planning 104
School of Architecture and Planning, Research

Development, Office of the Dean, 97
School of Chemical Engineering Practice 131
School of Engineering 117
School of Humanities and Social Science 176
School of Management, Sloan 207
School of Science 215
School-Wide Electives in Engineering 119, 228D
Science and Technology Program, MIT-Japan 94
Science Distribution Requirement 46
Science/Engineering, Programs for Double

Competence in Humanities/Social Science
and 97

Science Requirement 40
Science, Schon' of 215
Science, School of, Interdepartmental Laboratories in

the 216
Science, Technology, and Society, Bachelor of

Science in 206
Science, Technology, and Society, Minor Program

In 205
Science, Technology, and Society, Program in 98,

204
Science, Technology, and Society, Subjects in

223D
Sciences, Biomedical 82, 249
Sea Grant College Program 97
Secondary School Preparation 50
Selection of Major Course of Study 32
Seminars, Lectures, and Films 21
Seminars, Undergraduate Seminars and Freshman

Advisor 34, 100
Senior Executives, MIT Program for 214
Services, Student 26
Settlement Design, Housing and 110
Shakespeare Ensemble, MIT 22
Simultaneous Award of Bachelor's and Master's

Degrees 60
Simultaneous Master's Degrees in City Planning and

Architecture 116
Simultaneous Master's Degrees in City Planning and

Real Estate Development 116
Simultaneous Master's Degrees in City Planning and

Transportation 116
Simultaneous Registration for Two Master's

Degrees 59
Single Student Housing, Graduate 25
Single Student Housing, Undergraduate 23
Sloan Automotive Laboratory 160
Sloan Fellows Program, Alfred P. 214
Sloan School of Management, Alfred P. 207
Social Committee 20
Sdl Science, School of Humanities and 176
Social Sciences, Humanities, and Arts

Requirement 42
Sionw, and Independent Living Groups,

Fragmities, 24
Spame Asearch, Center for 87
Spawh. See Subjects in Foreign Languages and

Liter1iuses
Spanih Qibon, Bachelor of Science in Foreign

Langige and Literatures 186
Specal O ste Students 63
eal* ad Interdisciplinary Programs In Humanities
and Sae041clnoes 177

apecial I Groups 21

Special Loan Funds, Graduate 67
Special Program for Urban and Regional

Studies 116
Special Programs, Subjects in 220D
Special Student Admissions 53, 63
Spectroscopy Laboratory 98
Sports. See Athletics
Statement of Disciplinary Committee Procedures 75
Statistics Center 98
Structures Laboratory 139
Structures and Materials 139
Structures, Materials, and Aeroelasticity 125
Student Absence Due to Religious Beliefs, Institute

Policy on 74
Student Activities, Association of 20
Student Center Committee 20
Student Committee on Educational Policy 20
Student Directory, Privacy of Information 77
Student Employment 54, 63, 67
Student Government, Graduate 20
Student Government, Undergraduate 20
Student Health Program 27
Student House, MIT 24
Student Information Processing Board 20
Student Publications 21
Student Records, Privacy of 76
Student Records, Review of 76
Student Services 26
Student Status at MIT, Procedure for Retention

of 70
Study at Other Universities 38, 61
Subject Credits and Designations 70
Subjects, Distribution 43
Subjects, Elective 45
Subjects in Aeronautics and Astronautics 140D
Subjects in Aerospace Studies 234D
Subjects in Anthropology/Archaeology 190D
Subjects in Applied Biological Sciences 172D
Subjects in Architecture 32D
Subjects in Biology 63D
Subjects in Brain and Cognitive Sciences 75D
Subjects in Chemical Engineering 80D
Subjects in Chemistry 44D
Subjects in Civil Engineering 2D
Subjects in Earth. Atmospheric, and Planetary

Sciences 98D
Subjects in Economics 11 D
Subjects in Electrical Engineering and Computer

Science 48D
Subjects in Engineering School-Wide Electives

228D
Subjects in Foreign Languages and Literatures

177D
Subjects in Health Sciences and Technology 215D
Subjects in History 1850
Subjects in Humanities 173D
Subjects in Linguistics and Philosophy 209D
Subjects in Literature 173D
Subjects In Management 1230
Subjects in Materials Science and Engineering 250
Subjects in Mathematics 1600
Subjects in Mechanical Engineering 15 D
Subjects in Milltary Science 236D
Subjects in Music 1930
Subjects in Naval Science 237D
Subjects in Nuclear Engineering 202D
Subjects In Ocean Engineering 108D
Subjects In Physics 680
Subjects in PolitIcal Science 1490
Subjects in Science, Technology, and Society 223D
Subjects in Special Programs 2200
Subjects In Technology and Policy 2320

Subjects in Theater and Dance 197D
Subjects in The Writing Program 198D
Subjects In Toxicology 230D
Subjects in Urban Studies and Planning 880
Surface Laboratory 160
Surface Science and Microelectronics 131
Systems and Computation, Engineering 136
Systems and Control Science 91
Systems, Computers, and Control 159
Systems Engineering 123
Systems Research, Center for Information 85

Talbot House 22
Tang Residence Hall, Ping Yuan 25
Teaching and Research Assistantships 67
Teaching Certification 35
Technology, Accreditation Board for Engineering and

118, 123, 129, 136. 145, 152, 160, 162, 172, 173
Technology and Development Program 99
Technology and Policy 99
Technology and Policy, Master of Science In 99,
126,132, 141, 155, 169, 175

Tethnology, and Society, Program in Science, 98,
208

Technology and Policy, Subjects in 232D
Technology Children's Center 27
Technology Community Association 21
Technology Community Women 21
Technology, Health Sciences and 90
Technology, Policy, and Industrial Development,

Center for 87
Technology Program, MIT-Japan Science and 94
Technology Review 17
Test of English as a Foreign Language

(TOEFL) 51, 63
Theater 22
Theater and Dance, Subjects in 197D
Theater Arts and Dance 191
Theoretical Mathematics 232
Theoretical Physics, Center for 238
Thermodynamics, Transport Processes and 131
Thesis 59, 60
Toroidal Confinement Experiments 96
Tours of the Institute 15
Toxicology, Doctoral Program 243
Toxicology, Subjects in 230D
Traineeships, Fellowships, and Scholarships 66
Transcripts and Grade Reports 71
Transfer Admissions, College 52
Transport Processes and Thermodynamics 131
Transportation 159
Transportation, Master of Science in 87, 140, 175
Transportation Planning 115
Transportation, Simultaneous Master's Degrees in

City Planning and 116
Transportation Studies, Center for 87, 140
Transportation Systems Division 139
Tufts University 61
Tuition and Fees 53, 64
Tuition and Other Charges, Payment of 54, 65
Two Bachelor's Degrees, Program for 34
Two Master's Degrees, Simultaneous Registration

for 59

Undergraduate Academic Standards 71
Undergraduate Admissions, Foreign. See

Intemational Undergraduate Admissions
Undergraduate Association 20
Undergraduate Education at MIT 29
Undergraduate Education, Dean for 17
Undergraduate Interdepartmental Opportunities 80
Undergraduate Projects Laboratory 122
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Undergraduate Requirements for Advanced
Degrees 62

Undergraduate Research Opportunities Program
(UROP) 34, 100

Undergraduate Seminars and Freshmen Advisor
Seminars 34, 100

Undergraduate Single Student Housing 23
Undergraduate Student Government 20
Undergraduate Students, Costs for 53
Unified Engineering 122
Unspecified Degree Programs for Interdisciplinary

Study 100
Urban and Regional Planning in Developing

Countries 114
Urban Management, and the Law, Public

Policy 113
Urban Studies and Planning, Department of 111
Urban Studies and Planning, Doctor of Philosophy

in 116
Urban Studies and Planning, Master of Science

In 116
Urban Studies and Planning, Subjects in 88D
Urban Studies, Bachelor of Science in. See Planning,

Bachelor of Science in
Urban Studies, Fieldwork and Internships in 115
UROP (Undergraduate Research Opportunities

Program) 34, 100

Vehicle Dynamics Laboratory 160
Vibrations Laboratory, Acoustics and 160
Visiting Committees 17
Visual Arts Center, Albert and Vera List 22
Visual Arts. Committee on the 22
Visual Studies, Master of Science in 110

Wallace Astrophysical Observatory 81
Wallace Geophysical Observatory 100
Water Resources and Environmental Engineering

Division 140
Water Resources and Hydrodynamics, Ralph M.

Parsons Laboratory for 140
Water Resources Systems, Hydrology and 140
Wellesley-MIT Exchange Program 39, 61
Westgate 25
Whitaker College of Health Sciences and

Technology 241
Whitehead Institute for Biomedical Research 100
Women's Independent Living Group 24
Women's Studies, Minor Program in 179
Women's Studies Program 35, 100, 179
Women's Studies Research Room 35, 100
Woods Hole Oceanographic Institution 61, 95, 250
Woods Hole Oceanographic Institution, Joint

Program In Oceanography and Oceanographic
EngIneering with 61,95,132,141, 148, 175, 220,
227.250

Work Study, College 55
Writing, Bachelor of Science in 192
Writing Center 193
Writing, Minor Program 192
Writing Program 192
Writing Program, Subjects in The 198D
Writing Requirement 41
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