
Massachusetts Institute of Technology
Bulletin

Report of the President and the Chancellor Issue
1972-1973





Massachusetts Institute of Technology
Bulletin

Report of the President and the
1972-1973

Chancellor Issue



Massachusetts Institute of Technology Bulletin
Volume 109, Number 4, November, 1973

Published by the
Massachusetts Institute of Technology

77 Massachusetts Avenue, Cambridge, Massachusetts 02139,
five times yearly in August, September, October, November, and February.

Second class postage paid at Boston, Massachusetts.

Issues of the Bulletin include
COURSES AND DEGREE PROGRAMS

GENERAL CATALOGUE
REPORT OF THE TREASURER

REPORT OF THE PRESIDENT AND THE CHANCELLOR
SUMMER SESSION CATALOGUE

Send undeliverable copies and changes of address to
Massachusetts Institute of Technology, Room 7-111

Cambridge, Massachusetts 02139.



Corporation

Honorary Chairman: James R. Killian, Jr.
Chairman: Howard W. Johnson
President: Jerome B. Wiesner

Chancellor: Paul E. Gray
Vice President and Treasurer: Joseph J. Snyder

Secretary: John J. Wilson

LIFE MEMBERS

Bradley Dewey, Vannevar Bush, James M. Barker, Marshall B. Dalton,
Donald F. Carpenter, Crawford H. Greenewalt, Lloyd D. Brace,

William A. Coolidge, Robert C. Sprague, Charles A. Thomas,
David A. Shepard, George J. Leness, Edward J. Hanley, Cecil H. Green,

John J. Wilson, James B. Fisk, George P. Gardner, Jr., Robert C. Gunness,
Russell DeYoung, William B. Murphy, Laurance S. Rockefeller,

Uncas A. Whitaker, Julius A. Stratton, Luis A. Ferre, Semon E. Knudsen,
Robert B. Semple, Irenee du Pont, Jr., Eugene McDermott, James R. Killian, Jr.

MEMBERS

James A. Champy, Elisha Gray II, William R. Hawthorne,
Jerome H. Holland, Breene M. Kerr, Carl M. Mueller,

Harold E. Thayer, Jeptha H. Wade, Virgilio Barco, William S. Brewster,
Ralph M. Davison, John C. Haas, Philip H. Peters, Mary F. Wagley,

D. Reid Weedon, Jr., Paul M. Cook, William S. Edgerly,
J. Kenneth Jamieson, Kenneth H. Olsen, George W. Thorn, W. Gerald Austen,

W. Van Alan Clark, Jr., W. H. Krome George, Paul V. Keyser,
Ralph Landau, Clint W. Murchison, Jr., I. M. Pei, H. I. Romnes,

Paul P. Shepherd, Angus N. MacDonald, Charles B. McCoy, Frank R. Milliken,
Ellmore C. Patterson, Gregory Smith, James E. Turner, Edward O. Vetter.

REPRESENTATIVES FROM RECENT CLASSES

Christina H. Jansen, Sekazi Kauze Mtingwa, Pamela T. Whitman,
Rebecca A. Donnellan, Laurence Storch.

PRESIDENT OF THE ALUMNI ASSOCIATION

William S. Edgerly

REPRESENTATIVES OF THE COMMONWEALTH

Governor: His Excellency, Francis W. Sargent
Chief Justice of the Supreme Judicial Court: The Honorable G. Joseph Tauro

Commissioner of Education: Gregory Anrig

LIFE MEMBERS, EMERITI

Alfred L. Loomis, Walter J. Beadle, Irving W. Wilson, Thomas D. Cabot,
Ralph Lowell, Gwilym A. Price, James H. Doolittle,

Robert A. Lovett, Horace W. McCurdy.



Contents

PRESIDENT AND CHANCELLOR 1
Statistics for the Year 14
Personnel Changes 19

DEAN FOR STUDENT AFFAIRS 35
Freshman Advisory Council 37
Undergraduate Seminar Program 38
Women's Program 39
Minority Students 40
Project Interphase 41
Student Center, Kresge Auditorium, and Talbot House 42
Student Self-Governance, Participation in Institute Governance.

and Student Activities 43
Counseling 44
The Living Environment 46
Lobby 7 Committee 48
Foreign Study Office 48
Department of Athletics 50

PROVOST 59
Artificial Intelligence Laboratory 60
Cambridge Project 61
Center for Advanced Visual Studies 61
Center for Cancer Research 63
Center for International Studies 64
Committee on the Visual Arts 66
Environmental Research and Education 68
Harvard-M.I.T. Program in Health Sciences and Technology 69
Independent Activities Period 73
Joint Center for Urban Studies 74
Libraries 79
Lowell Institute School 86
Northeast Radio Observatory Corporation (NEROC) 86
Operations Research Center 88
Project MAC 89
R.O.T.C. Programs 90
Sea Grant Program 91
Summer Session 92
Teaching Intern Program 93
Upward Bound Program 94
Urban Systems Laboratory 96
Wellesley-M.I.T. Exchange Program 101

SCHOOL OF ARCHITECTURE AND PLANNING 103
Department of Architecture 106
Department of Urban Studies and Planning 110



SCHOOL OF ENGINEERING 117
Department of Aeronautics and Astronautics 123

Department of Chemical Engineering 126

Department of Civil Engineering 129

Department of Electrical Engineering 135

Department of Mechanical Engineering 139

Department of Metallurgy and Materials Science 145

Department of Nuclear Engineering 152

Department of Ocean Engineering 155

Center for Advanced Engineering Study 159

Center for Policy Alternatives 162

Center for Transportation Studies 165

SCHOOL OF HUMANITIES AND SOCIAL SCIENCE 171

Department of Economics 176
Department of Foreign Literatures and Linguistics 178
Department of Humanities 179

Department of Philosophy 192
Department of Political Science 193

Department of Psychology 195

SCHOOL OF MANAGEMENT 201

Teaching Programs 201

Research in the Sloan School of Management 207

International Visitors 219
Staff Changes and Promotions 219

SCHOOL OF SCIENCE 223
Department of Biology 225
Department of Chemistry 226

Department of Earth and Planetary Sciences 230

Department of Mathematics 233

Department of Meteorology 235

Department of Nutrition and Food Science 237

Department of Physics 241

Spectroscopy Laboratory 246

George R. Wallace, Jr. Astrophysical Observatory 248

GRADUATE SCHOOL 251

VICE PRESIDENT, ADMINISTRATION AND PERSONNEL 261

Office of Admissions 264

Office of the Advisor to Foreign Students 265

Educational Council 266

Office of Student Financial Aid 267

Career Planning and Placement Office 269

Planning Office 270

Child Care Office 273

Office of Personnel Relations 274

Office of Personnel Services 274

Office of Personnel Development 275



VICE PRESIDENT FOR RESEARCH 277
Center for Materials Science and Engineering 278
Center for Space Research 281
Energy Laboratory 284
Francis Bitter National Magnet Laboratory 286
Laboratory for Nuclear Science 287
Lincoln Laboratory 291
Research Laboratory of Electronics 292
Division of Sponsored Research 296

VICE PRESIDENT AND TREASURER 301

VICE PRESIDENT, OPERATIONS 323
Physical Plant 323
Housing and Food Services 326
Campus Patrol 326
Safety Office 327
Graphic Arts and Audio-Visual Service 328

VICE PRESIDENT 329
Medical Department 336
Registrar 347

VICE PRESIDENT AND SECRETARY OF THE INSTITUTE 377
Corporation Membership 377
Corporation Joint Advisory Committee on Institute-wide Affairs 378
Dedications 379
Corporation Visiting Committees 379
Registry of Guests 380
M.I.T. Endicott House 381

VICE PRESIDENT FOR RESOURCE DEVELOPMENT 383
Industrial Liaison Program 388
M.I.T. Associates Program 389

OTHER OFFICES 391
Alumni Association 391
Council for the Arts 395
Institute Information Services 399
Information Processing Services 401
The M.I.T. Press 407



President and Chancellor

Last fall we described our first year in the stewardship of M. I. T. as simultaneously a period

of taking stock, of getting acquainted with new responsibilities, of gathering momentum for

the ongoing activities of the Institute, and of seeking new directions. Those new directions,

largely new syntheses of ongoing activities such as work in energy technology or economic

modeling, are intimately related to the major challenges so urgently facing our nation -- the

necessity of using technology with greater prudence and insight; the necessity of getting

more of our technical manpower into some of the mature industries; the necessity of finding

ways in which increasingly complex and interlocking bureaucracies can work together on be-

half of people; and the necessity of redressing inequities in opportunity for women and minor-

ities. Today's challenges to the nation are challenges to M. I. T., if it is to continue to set

the style and pace of technical and scientific education. Moreover, during the past year, as

we have thought more deeply about these problems and have worked toward their solutions,

we see more and more that they are not unexpected new cliffs to be scaled with one mighty

effort, but are related to old problems whose solutions we know something about, and are,

therefore, more like gradual slopes, attainable bits at a time through sustained and purpose-

ful work.

In some respects, the most newsworthy report about the past year should be that it was, after

all, a regular year. There were, as in any year, moments of concern, of crisis, and even

of exhilaration, but, by and large, we were not subject to the dramatic swings of mood of

the late 1960's or to the tentativeness which must dominate the first year of a new adminis-

tration. This year the daily tasks of the Institute, mundane in many respects and quite or-

dinary when viewed at the end of each day, added up, we like to think, to a year of significant

achievements. The familiar bustle of the M. I. T. campus gave evidence that students and

faculty alike were engaged in activities that challenged them, stretched them perhaps just a

little more than they had expected, and gave them the opportunity to share with each other

triumphs, disappointments, frustrations, and hopes. If there is any pervasive problem on

our campus today, it is that all of us, faculty, students, and administration alike, are ex-

tending ourselves too far; but this is hardly a new problem for M. I. T.

Much like the several years which preceded it, the past year was one in which financial as-

pects of the Institute's present and future educational operations demanded a major portion

of our energies and efforts. The press of inflation on operating costs continued and even

increased during the year, therefore making more difficult the twin tasks of controlling

ongoing costs and reallocating resources in accordance with the changing complexion of the

academic enterprise. The outlook for the near-term future suggests that unrestricted income,

particularly unrestricted gift income, will continue to play a crucial role in the support of

educational programs. Clearly we must continue to give high-priority attention to cost reduc-

tion efforts and to the development of new research and academic programs which will gener-

ate additional operating revenues.

While the year had a welcome normalcy about it that many recent years have lacked, there

were many new activities, shifts of emphasis, and changes of process which made this year

simultaneously unlike earlier ones, as well as a continuation of the familiar history of this

remarkable institution. The annual reports of our colleagues, the Provost, the Deans and

department chairmen, the vice presidents, and the laboratory and center directors, review
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the year's events and accomplishments in detail. We can trace in them the growth of fami-
liar and new activities, growth that is extracted from an ever tighter budget. Exciting and
responsive to perceived needs, these activities represent not a revolution or an overnight
transformation of the Institute into something entirely new, but, as already indicated, the
gradual absorption of concerns and fruition of hopes which have been building for several
years. It comes down to a myriad of small details -- teaching a subject just a little bit
differently than before or creating a new one, discussing just a bit more seriously some new
activity on the horizon, doing the long and arduous work of turning an idea into a reality.
Faculty and students in allparts of the Institute are caught up in these tasks, thereby creating
a climate in which M. I. T. will be able to meet the unique and changing challenges of the
present and of the years to come.

M. I. T. has always been an institution intimately connected with the fabric of the larger
society -- with its problems, its achievements, and its challenges. At a time when our
country was rapidly industrializing, the Institute, even in its infancy, was a major source
of industrial and technological strength and of a new breed of professionals to work in the
new industries. M. I. T. today retains strong links to industry, through its management
programs, its research into new industrial processes, and its collaboration on the solution
of a variety of special technical problems. In fact, the nature of today's problems is bringing
many new links to industry.

During and after World War II, when pushing back the frontiers of scientific knowledge and
applying these advances was an increasingly important goal of our nation, M. I. T. was one
of the leaders in that endeavor and has remained one of the most important national and inter-
national contributors to the advancement of scientific knowledge. Efforts, begun years ago,
to explore the structure of the atomic nucleus, to understand and expand the theoretical
framework for the physical properties of materials, and to order the structure and processing
of information are continuing with vigor, contributing major components of the ongoing intel-
lectual activity of the Institute. Now, when astrophysics, the earth sciences, the biological
substrates of life, the battle against disease, and the concern for increasing the nutritional
value of the earth's agricultural production take their places alongside older scientific chal-
lenges, M. I. T. 's faculty and students find themselves adding those issues to their list of
interests and helping to develop the related sciences which will enable us to better understand
the world in which we live.

Therefore, it is probably less accurate to say today that we see a radically changing M. I. T.
than to say that we see the same M. I. T. addressing and dedicating itself to the changing
issues of the times. These issues continue to involve newly visible and often extremely
complex threats to the human environment and the society of which we are a part. We contin-
ue to believe the point we stressed last year: that if in the 1970's M. I. T. is to continue to
serve a world highly dependent on science and technology, our goals must be to enhance our
traditional scientific and engineering disciplines and to provide the research settings and
learning opportunities which can effectively meld the technical, the scientific, the social,
and the humane. We must do this, not at the expense of our scientific and technical work,
but in addition to it. In a report such as this, we are tempted to concentrate on change --
on the new. Partly, there is so much continuing activity that it is impossible to do it justice
in so brief a space. Any impression that all is in flux at M. I. T. should be quickly denied.
It is the stability of the departments and laboratories which provides a steady momentum for
the Institute, which sustains it and supplies the vitality on which we draw when beginning new
activities.

Research and Education - Internal Coherence
As we examine the activities of M. I. T. in the past year, a striking feature is the growing
permeability of the boundaries between departments and Schools. This is perhaps a response
out of necessity, both intellectual and financial. More than ever, the intellectual questions
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which most stimulate members of our faculty and students are ones which require the colla-

boration of scholars from more than one discipline. The temptation is to hire all of the needed

expertise in each department, for example hiring physicists in Electrical Engineering, econ-

omists in Mechanical Engineering, etc. Some of this is necessary in order to provide ade-

quate intellectual support within departments, but we cannot afford much such duplication,
and we work hard to avoid it. In both research activities and educational programs, groups
of people already here form around mutual interests, creating a network of activities which

cuts across traditional departmental and School organizations. Although often puzzling to new-

comers or to those who have been away from the Institute for a time, these interdepartmental

ad hoc groups which spring up resonate with each other, with the departments and Schools,
and with corresponding groups outside the Institute. Through these working relations, they

invent new ways for the Institute to address particularly complex and changing intellectual
issues. Some fear that such coalitions provide only superficial ties; however, we have
found that they are often conducive to fundamental regrouping among disciplines. Such
intellectual syntheses can generate truly new and powerful perspectives, which can drive
future collaborative work and also feed important new paradigms back into the component
disciplines. Interdisciplinary collaboration and integration is as important in the basic

sciences as in applied fields. One need only recount the great discoveries in biochemistry,
biophysics, astrophysics, and neurophysiology to recognize the validity of this point.

These processes, in which new coalitions of faculty and student activity emerge out of the

press of new problems that transcend or confound disciplinary and prior organizational
boundaries and form new entitites, have been evident at the Institute for many years. More

than 25 years ago the Research Laboratory of Electronics set the style for this process.
More recently the Center for Materials Science and Engineering, the Sea Grant Program,
the joint Harvard-M. I. T. Program in Health Sciences and Technology, and the Center for
Policy Alternatives have provided additional examples of the role of interdisciplinary academic
research enterprise at M.I. T.

Several additional areas of interdisciplinary research, each pursued by diverse faculty and
student groups for a number of years, have gradually been coalescing. This year we note
the evolution of some of these to formal research organizations at the Institute. Especially
important at this time is a new special laboratory, which was formally established in Febru-
ary, 1973, to address energy related issues. The Energy Laboratory will draw together
existing energy research programs with a total annual volume of $5 million and will augment
these programs with long-term interdisciplinary projects of considerable magnitude. A
significant number of faculty members, research staff, and graduate students are involved
for at least a part of their time, representing work done in each of the five Schools -- the
several disciplines in engineering, science, the social sciences, management, and planning.
Professor David C. White of the Department of Electrical Engineering is the Laboratory's
first Director. We are currently engaged in seeking new funds to support this activity. We
want to see it become a major M. I. T. center.

On a somewhat smaller scale, the Center for Transportation Studies, newly established
within the School of Engineering, is comprised of an equally broad spectrum of disciplines
and is dedicated to research on transportation and systems' planning and operation. The
Center provides a focal point for the Institute's various transportation research programs
and will help coordinate this work with related efforts undertaken by other agencies in the
Greater Boston area.

Growing out of M. I. T. 's distinguished research in molecular biology, a Center for Cancer
Research directed by Professor Salvador E. Luria was established this year. In December,
1972, we received substantial grants from the National Cancer Institute for support of the
Center's research program and from the Seeley G. Mudd Fund for construction of a new
building to house the Center. A number of other grants are being pursued to augment
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the existing support. We are in the process of assembling a distinguished group of biologists
and cancer researchers to work with Dr. Luria, as well as building necessary facilities;
and we expect that, with scientific work commencing during the next year, the Center will
be in full operation by the fall of 1975. This continues the emergence of M. I. T. as a signi-
ficant participant in the health sciences, adding to our work in fundamental biology, nutrition,
neurophysiology, the many aspects of bioengineering, and the joint Harvard-M. I. T. Program
in Health Sciences and Technology.

The several new organizations mentioned above provide the institutional settings for more
fully supporting and facilitating research activities carried on for some time by many mem-
bers of our faculty and for augmenting these activities in a variety of ways. Similarly,
during the past year an interdisciplinary faculty Steering Committee has been meeting to
plan and to put into operation a Division for Study and Research in Education. For a number
of years there has been much interest in better understanding the nature of undergraduate
education at M. I. T., as well as a number of inquiries on the part of several distinct groups
of faculty members into more general aspects of the educational process -- learning theory,
mid-career education, the potential of educational technology, curriculum development for
schools, etc. The Steering Committee has proposed an organizational entity which would pro-
vide the opportunity for specialized and professional research in education, for augmenting
and giving focus to our discussion of our own educational processes here at M. I. T., for
utilizing components of earlier activities such as those of the Education Research Center,
and for students to pursue their interests in this field. The Division will ultimately have
several intellectual focal points. The first, which is already the driving force behind several
graduate and undergraduate subjects, is a variant of learning theory which will explore the
hypothesis that the learning process proceeds through successive model-building. The Divi-
sion began its formal existence on a modest scale on July 1, 1973, with Professor William
T. Martin as its Director. Those curriculum development programs and other activities of
the Education Research Center which were not incorporated into the new Division either
have been made part of other groups or have been phased out.

A major change in the research scene at M. I. T. is the change in status of the Draper Labor-
atory to a fully independent organization dedicated to scientific, engineering, and educational
activities. On July 1, 1973, the Charles Stark Draper Laboratory, Inc. was formally estab-
lished, after nearly 40 years as an integral part of M. I. T. Three years ago, as we antici-
pated this separation, M. I. T. appointed an independent Board of Directors for the Laboratory
to guide its transitional phases. That the divestment has been accomplished so successfully
and the laboratory begins with a solid footing is a tribute to the efforts and interests of many
people, but is notably due to the perceptive and energetic work of those who served on this
Board, many of whom continue on the Laboratory's Board of Directors: Dr. Albert G. Hill,
Chairman; Dr. Robert Charpie; Dr. C. Stark Draper; Gen. Robert A. Duffy (Ret.); Adm.
John T. Hayward (Ret.); Dr. Carl Kaysen; Gen. James McCormack (Ret.); Prof. Charles
L. Miller; Mr. Alan Pifer; Dr. Emanuel Piore; Dr. Robert C. Seamans; Mr. David W.
Skinner; Mr. Robert C. Sprague; Dr. Julius A. Stratton; and Mr. Mark C. Wheeler.
Formal arrangements assure continued close ties between M. I. T. and the Laboratory, and
we expect that its work in its traditional areas of inertial guidance, and navigation and
control systems, as well as new activities in other areas such as industrial automation, med-
ical instrumentation, etc., will continue to enrich the intellectual life of both faculty and
students at the Institute.

As growing numbers of the faculty collaborate in research projects throughout the Institute,
their activities act as incubators for new educational ventures which flourish both within and
across departmental boundaries. Undergraduate education, or, more precisely, the presence
of undergraduate students, has been, since the inception of the Institute, the strong unifying
influence that brings together diverse interests and intellectual activities. This year has
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been no exception, and the pulse of the undergraduate academic calendar can be said to set

the rhythm for almost all who study and work at the Institute.

Over the past several years the faculty has initiated a number of innovations in undergraduate

education -- some affecting undergraduate education in general, others relating specifically
to the freshman year. During this past year, several of these experiments came to the facul-

ty for evaluation and for decisions regarding their future. The faculty voted to continue the

January Independent Activities Period as a regular feature of the academic calendar. In a

spring Faculty Meeting there was a decision to continue the Wellesley-M. I. T. Exchange

Program, which expands the educational and cultural opportunities available to students at

both colleges. In doing so, the faculty acknowledged that the Program has highlighted certain

questions relating to the education of women at the Institute and resolved that increased

efforts should be made to recruit more women students and faculty and to portray M. I. T.
and its educational programs as open and suitable for both women and men. With regard to

the first-year program, the policy of grading all first-year students on a pass/fail basis was

approved for continuation, with the understanding that outstanding performance would be

identified clearly in the evaluation of students' work, that failing grades would be kept on the

internal record only, and that there would be a limit on the number of credit units taken by

freshmen. Two of the special freshman programs were continued for a period of three years.

Concourse and the Experimental Study Group were recognized as providing both valuable
opportunities for freshmen to select curricular options and educational styles suited to their

interests and needs and important foci of activity and support for those people interested in

educational innovation in the freshman year.

Throughout the year consideration of these issues was guided by the work of the faculty Com-
mittee on Educational Policy, chaired by Professor Hartley Rogers, Jr. As Chairman of

the faculty, as well as of the Committee on Educational Policy, Professor Rogers brought a
special measure of commitment and thoughtfulness to matters bearing on the nature and
quality of education at the Institute. In the coming year the Committee, with Professor Elias

Gyftopoulos as Chairman, expects to consider further the definition of the unique features
of an M. I. T. education -- a task of increasing importance at a time when students and their
families question, understandably, whether the programs of private colleges and universities
are worth the high tuition costs.

To date, the numbers of students who are attracted by our programs, together with their
enthusiasm, is a continuous demonstration of the intellectual vitality that characterizes the
faculty's involvement with undergraduate education. This is especially obvious in the fall

when a new entering class registers for the freshman subjects in the basic sciences and the
humanities or for one of the special programs. The success of these programs -- whether

they represent a means to integrate and package the freshman year's studies or to provide
a rich array of choices in electives -- continues to make it easier for faculty to address the

diverse interests and needs of students within a first-year curriculum, which attempts to

maintain the logic and coherence of its more monolithic predecessors. The multiple choices

in introductory physics, mathematics, and chemistry, discussed in previous years, illustrate

this point.

In the upperclass years there are equally varied options for study within departments and

Schools and in programs which combine the disciplines in more than one School. In addition

to the departmental programs there are the multidimensional opportunities which include:
the interdisciplinary major in the School of Science, the Undergraduate Research Opportuni-
ties Program, the Program in Health Sciences and Technology, the many programs linking

technology and social policy, and the diverse selections in environmental studies, education,
and law. Of particular note is the very large increase of student interest in the life sciences,

including biology and the various health related activities. The versatility of a scientific or

technical education is demonstrated by the growth of student interest in such fields.
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In the field of law, for example, roughly 260 students were enrolled last year in 15 law-
centered graduate and undergraduate subjects offered by 11 different departments. Enroll-
ment in these subjects has more than doubled in the last five years, and an equal number of
students has also been involved in individual research projects or field work. This wide-
spread and diverse interest has sparked a response in the form of an Advisory Group on
Law-Related Studies which has met during the year to assess the nature of student interest,
to investigate the best ways for M. I. T. to respond to that interest, and to explore the profes-
sional interface between the study and practice of the law and a wide variety of technical
fields, with an eye to contributing to the Institute's efforts to provide a more multidimensional
education for the technical professional.

The number of interdepartmental and multi-School educational programs is too large to
enumerate all of them here. Many of them such as the Undergraduate Research Opportunities
Program, the several cooperative programs, and an increasing number of research activities
are seeking closer links with industry. One particularly novel approach is the five-year
funding at a level of $1. 1 million by the National Science Foundation for a series of subjects
to foster the invention, development, and distribution of new products. Students who produce
working models of new devices will have those products licensed out to industry. Professor
Y. T. Li originated the idea, and during the next few years the program will be conducted
jointly by the School of Engineering and the Sloan School of Management. The program is
intended to be income-producing, with the hope that it can be self-supporting after the initial
five years. As an organized training ground for innovators and entrepreneurs, the program
will be a supplementary cross-disciplinary educational system with an emphasis on learning-
by-doing.

We have tried to show that in both research and educational programs the cross-disciplinary
work which many serious problems of our time demand can be fostered at M. I. T. Students
and faculty alike want to find ways to join together and to bring into the academy itself the
issues and problems that most puzzle and concern all of us as we work and live in America
in the 1970's. Interest in adding to man's store of knowledge and interest in applying such
knowledge for useful purposes thrive side by side and challenge equal numbers of faculty
and students. The response of the Institute has been in part -- and remains -- the invention
of new ways to combine talents in research groups, centers, laboratories, and divisions.
This response is one which has emphasized the unity rather than the diversity of M. I. T.;
for the most part we have found strength rather than divisiveness in the variety of intellectual
resources available here. The most encouraging news that we can report for this year is
that a large portion, if not all, of M. I. T. is involved in both the emergence of dynamic com-
binations of people around challenging ideas and the invention of organizational forms to
nurture them. In this way we hope that M. I. T. will remain a vital intellectual resource for
our nation.

Research and Education - External Collaboration
While much of the recent effort in response to engineering and socio-technical challenges has
the characteristic of transcending traditional disciplinary boundaries within the Institute to
create a flexible working environment, it also seeks to a considerable degree, to disregard
boundaries between the Institute and other groups in our society. This is appropriately so,
for the Institute has traditionally demonstrated its willingness and ability to address issues
presented by outside "clients, " or collaborators, as the case may be. The sharing of prob-
lems and perspectives among many kinds of institutions, the university among them, is
particularly necessary in an era whenvery large organizations in all sectors -- private
enterprise, government, and academia -- must make decisions which will affect the quality
of life for all of us. It is no longer possible for each to operate unilaterally in its own realm,
passing on to another or just ignoring the pieces of a problem which seem not to fit its tra-
ditional jurisdiction. The system in which we live and function is too large, too complex,
and too interconnected for this to be a safe mode of behavior. Each organization must stretch
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its own definition of what it is competent to do, so that among us we can accept the respon-
sibility for directly meeting major and extremely elusive problems of our time.

Among universities, M. I. T. is in a particularly good position to do this. With its long tra-
dition of pursuing knowledge which is "useful, " and with its many relevant competences
including those in the social sciences and the communication and computer sciences, M. I. T.
is joining other groups in our society in the search for solutions of problems which depend
on new kinds -- or at least new mixtures -- of knowledge. Of equal importance is our
leadership in the training of new professionals who can work on these problems as they
exist in the world.

While a commitment to the larger society motivates the work of many people at M. I. T.,
arranging effective couplings to appropriate groups outside the Institute turns out to be a
difficult task about which we still have much to learn. However, the work of a group of
faculty, conducted under Energy Laboratory auspices, on modeling natural gas supplies
had a major effect on national policy. A Sea Grant program examining the economic and
ecological consequences of Atlantic off-shore drilling may be similarly effective. Another
such effort, reported last year, was the chartering of the M. I. T. Development Foundation,
Inc. to stimulate the process of innovation and to quicken the transfer of technological ad-
vances from laboratory to general public use. This organizational experiment has had an
intensive first year during which a core staff has been brought together. In addition, the
many complicated policy issues, arising in the areas of patent licensing and new enterprise
development where M. I. T. is involved, have been faced. As the year ended, three separate
areas of new technology capitalizing on technical advancements in, respectively, magnetic
separation of materials, long-wearing cutting tools, and the die-casting of non-ferrous
alloys, seemed well on the way toward embodiment in new or reorganized companies.

Another new project which will begin in the fall of 1973 is a prototype program for university
based research and development organizations designed to serve specific industries. With
a grant from the National Science Foundation, Dr. Nam P. Suh of the Department of Mechanical
Engineering will be directing a special program to collaborate on R & D with several com-
panies in the plastics processing industry -- an industry consisting of many small companies
whose size makes it difficult to support expensive research and development processes. The
research and development work done in this prototype program and others which might follow
it should be of help not only to the cooperating industries but also in the training of graduate
and undergraduate students at M. I. T. for careers in related professions.

Similar instances of M. I. T. 's collaboration with "outside" groups, to the mutual advantage
of all, are occurring at an increasing rate throughout the Institute. For example, those
groups that will make up the Division of Health Sciences, Technology, Management and
Planning (which is in the process of formation) are collaborating not only with the Harvard
Medical School but also increasingly with the Harvard teaching and otherwise affiliated
hospitals. Out of this cooperation are emerging rehabilitation centers and, hopefully, hos-
pital departments of medical engineering.

Furthermore, many students have been participating in a variety of field work programs which
add the dimension of "real world" problems to their studies, simultaneously providing much
needed staff assistance to financially constrained local governmental agencies -- members of
the Massachusetts Legislature, members of the Cambridge City Council, and advocacy groups
working on behalf of the elderly, the handicapped, or the poor. Most such efforts have
multiple goals -- providing opportunities for students to integrate "book learning" with the
fuzzy multi-dimensional questions which face most professionals and providing a host of
connections from the Institute to the society in which it lives. Many of these connections
have been developed through the initiative of individuals, very often students, each inventing
his or her own way to combine responsibilities to the Institute with responsibilities of citizenship.
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A major project, just nearing successful completion, represents a very large institutional
commitment to the Cambridge community in which the Institute is set. That project has
involved building, for sale to the Cambridge Housing Authority, 684 units of public housing
for low-income elderly people. The completion of this housing on three different sites in
Cambridge caps a four-year $17. 1 million program M. I. T. initiated to help ease the acute
housing problem for the elderly in Cambridge. This housing has been developed and built
under the Turnkey mode, through which a private developer independently acquires land,
plans and constructs the buildings, then conveys them to the local housing authority. Once
they are conveyed, M. I. T. will have no continuing operational or financial interest in the
properties.

This M. I. T. development is believed to be the largest Federal Turnkey program in the
country. Each of the three complexes was designed specifically for its neighborhood after
extensive consultation with neighborhood residents and with representatives of the elderly
themselves. The opportunity of working in close cooperation with residents of three different
neighborhoods and with a city-wide committee of elderly people on the planning of these
developments has involved M. I. T. more intimately with the citizens of Cambridge than has
any other project the Institute has ever undertaken. One result, as a by-product, has been
improved relations with the city.

In addition to apartments, each of the new buildings contains extensive common facilities for
use by the residents (and, in some cases, the neighborhood) for extended living, for activities,
for health and other services. From the beginning of its planning, the Institute recognized
that good housing alone does not solve the problems of low-income elderly people. Therefore,
M. I. T. has made every effort to mobilize community resources so that supportive services
will be available to the tenants when the buildings are occupied.

The purpose of these efforts has been to develop a comprehensive and integrated plan of
supportive services that will help sustain the elderly in independent living as long as possible.
This goal has led to a number of associated projects -- some involving faculty and students
in field-linked activities -- in areas of health, employment, transportation, and the like.
One student, for example, helped establish a sheltered workshop for the elderly that may be
unique in the country. Other students developed a share-the-ride taxi experiment for the
elderly, in which they took total responsibility for the design of the experiment and its imple-
mentation. All told, we view the accomplishment of this total program with utmost satisfaction.

Environment for Living and Learning
During the past year considerable national attention has focused on the grisly details of the
Watergate and related events -- events caused basically by an arrogant use of power. Being
foremost in so many aspects of Western civilization is an awesome responsibility for our
nation -- a responsibility which often has been discharged with compassion, a stance of
genuine responsiveness, and a deep hope for the alleviation of plagues and troubles. Unfor-
tunately, it is sometimes the case that responsibility is discharged with false humility,
self-aggrandizement, and the single-minded certainty that might makes right. Each genera-
tion must earn its right to the benefits of a free society -- nature does not ensure either our
democratic freedoms or our social progress. We have seen how fast a society can lose its
momentum and idealism when they are taken for granted.

As an institution of international reputation, a source of both scientific and technical knowl-
edge and of experts in related fields, M.I. T. faces a challenge similar to that of our nation
as a whole. We must responsibly manage the influence which we irrevocably have on nation-
al affairs, on the local community in which we reside, on those who spend much of their
working lives here, and, above all, on those who are educated here. The responsibility is
inescapable, but we can choose the ways in which it will be discharged. Our activities as
educators, researchers, and citizens can be expedient and self-protective, or they can
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demonstrate ultimate respect for the values and priorities of individuals -- enhancing rather

than restricting their opportunities for self-development and growth. Now is the moment to

try a little harder, to care a little more, to charge our intellectual and professional develop-

ment, and that of our students, with an understanding and concern for the underlying ques-

tions of human values. At M. I. T. we are assuming this responsibility in a number of ways.

We teach some of the science and engineering subjects with an historical perspective. We

have subjects that examine the moral and legal implications of what we do. We have programs

in which people from engineering, science, and the arts explore together the aesthetic pos-

sibilities and social implications of these various disciplines. However, it is not enough to

confine this responsibility to the classroom. None of us has the answer, but we are working

together -- trying to create an environment for living and learning which is forged from the

deepest commitment to human dignity, from a sense of beauty, a sense of humor, and a

thoughtful and compassionate perspective on the world in which we live.

Among those engaged in this work are many members of the School of Humanities and Social

Science. The first few months in the Deanship of Harold J. Hanham has been a period of

Institute-wide discussion on a wide range of issues, among them the social interfaces of

science and technology, the existing state and possible future shape of the undergraduate

humanities requirements, and the possibility of pioneering a new type of social history of

modern technology. Such discussions have pointed up the School's two complementary mis-

sions: 1) to study the human condition and the values which define our social institutions

and artifacts by exploring history, art, literature, music, and philosophy; and 2) to describe

human artifacts, social institutions, brain and intellect by using the tools of economics,

social science, psychology, neurophysiology, and linguistics. Each in its own way provides

additional insights into our hopes, fears, and attempts to build a satisfactory society. To-

gether with the scientific and technical skills which M.I. T. students develop, these insights

can uniquely prepare M. I. T. 's graduates to provide leadership, and perhaps even wisdom,

in today's complex and confusing world.

Last year we reported the establishment of a Corporation Visiting Committee on the Arts and

a Council for the Arts at M. I. T., both to foster interaction between the extraordinary range

of artistic activities housed in the departments and Schools and to develop a constituency

among alumni and friends for activities in the arts. An increased visibility for the arts at

M. I. T. provides not only important recognition for the serious creative efforts of many

people here but also raises more directly into the consciousness of all of us the visions the

artist provides. For among the activities in which human beings engage -- conceptualizing,

forming organizations, forging complex tools, analyzing problems -- it is perhaps in the

arts that a uniquely human vision appears; and the best of that art often contains the most

piercing statement of the human dilemma. Through art in its various forms we can, some-

times obliquely, sometimes incisively, provide a counterpoint to the analytic, the mission-

oriented, the problem-solving set of mind and create a context in which all dimensions of

the human spirit can grow in harmony.

A modest but notable achievement of the Council for the Arts was this year's national tour

by the 97-member M. I. T. Symphony Orchestra. Performing in Philadelphia, Dallas, San

Francisco, Los Angeles, and Chicago during the spring vacation, the orchestra's perfor-

mances were acclaimed a great success by music critics, who most often were taken aback

at the realization that a performance of professional quality was offered by musicians who

were "really" potential electrical and mechanical engineers, physicists, and mathematicians.
As Daniel Webster of The Philadelphia Inquirer put it, "It was apparent from the kind of

musicianship in this orchestra that the Council for the Arts at M. I. T. is working with a true

Renaissance spirit in which science and art were not disciplines to be separated or under-

stood singly."

A very different and equally important contributor to the institutional climate of M. I. T. are
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those efforts toward increasing the employment opportunities for minorities and women and
enhancing the mobility available to those who already work here. As we stated in last year's
Report and reiterated in the Institute Affirmative Action Plan, we must join with other insti-
tutions in this society to ensure that considerations of race, sex, and national origin are ir-
relevant as determinants of the access an individual has to opportunities for education, for
employment, for achievement, and for personal fulfillment. Rather, the controlling factors
in all such matters must be individual ability, interest, and merit.

The Affirmative Action requirements of the Federal government spurred us last spring to
make explicit the procedures by which each of the more than 80 employing units of the Insti-
tute would make good this commitment during the next few years. The Affirmative Action
Plan, submitted on April 6, 1973, was accepted by the Department of Health, Education, and
Welfare, and we now continue with the task of implementing it. While the thinking through
of future staffing needs, the computation of likely numbers of female and minority applicants,
and the determination of reasonable goals for the next few years took extraordinary effort
and commitment on the part of every department and administrative unit, in a fundamental
sense the accomplishment is only a pro forma one if we cannot maintain the energy and
purposefulness required to make our promises into fact -- to change the composition of the
Institute's staff. Non-discrimination has been and continues to be the policy and long-range
goal of the Institute. Affirmative Action programs are necessary short-range steps to achieve
this goal. They are predicated on what we know to have been years, decades, perhaps cen-
turies of practice that has tolerated bias, discrimination, and a treatment of people on the
basis of stereotyped views and misguided convictions of what they want and what they are
entitled to. Any community with the complexity and durability of M. I. T. has of necessity
developed informal traditions, consensual images which provide coherence over time, and
shared priorities regarding what kind of work is relevant and interesting. These attitudes
were developed in us as we grew up in a society dominated by white, usually middle-class,
men, were educated in their universities, worked in professions dominated by them, and
found M. I. T. capable of supporting us in our continuing activities. Attitudes developed
from such a history will not go away by virtue of a faculty vote or the forging of guidelines.
We have ingrown institutional challenges that require much deeper understanding and
commitment.

Of considerable help in encouraging us to face the pervasiveness of these problems has been
Dr. Mary P. Rowe, appointed last winter as Assistant to the President and Chancellor for
Women and Work. Her open door policy, providing a focal point to which complaints, sug-
gestions, and frustrations can be addressed, has resulted in hundreds of women and men
voicing their concerns about the conditions under which they study and work. The very exis-
tence of a sympathetic ear has shown us the depth and breadth of our troubles.

During the spring, the Commission on Minority Education -- a group of faculty, students,
and staff who worked during the previous nine months under the chairmanship of Professor
Albert G. Hill -- reported to the community concerning their view of the special problems
which face minority students at M. I. T. They recommended that efforts be made to strengthen
the sense of community among minority students and to facilitate access to the full range of
educational and counseling resources that exist at the Institute. Efforts have now begun to
bring into existence the Office of Minority Education which was recommended by the Commis-
sion.

Through the work of the Office of Minority Education, Dr. Rowe, and many others, we hope
to gain a clearer image of what it means to create a truly human environment in which all
people -- students, faculty , and staff -- can thrive as individuals, can take responsibility
for their own lives, and can fully participate in the life of an educational organization which
takes them seriously as individuals and not solely as the fillers of job slots or as "represen-
tatives" of "the women's issue" or "the black issue. "
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Allof these enrichments of the institutional climate -- creating settings in which social and

technical values can be explicitly discussed and interrelated, creating an atmosphere in

which the creative arts can flourish and contribute their special aspect to education, creating

the opportunities for self-fulfillment and advancement for every member of our community

even if that means subtly changing deeply ingrained attitudes -- are ways of supplementing

the analytical and investigatory skills so highly developed by students and faculty at M. I. T.

A thorough infusion of such concerns into the lives of each one of us should allow us to pro-

ceed with our scientific and technical work buttressed with a sense of personal confidence,

a firm sense of integrity, a respect for others, and the courage to pioneer and lead. We

cannot take our scientific and technical prowess for granted -- it needs close attention if

M. I. T. is to contribute significantly to the solution of the pressing socio-technical problems

of the post-industrial society. But such prowess will leave us on a shaky and narrow pin-

nacle if not combined in individuals with personal characteristics equal to the moral dilemmas

of our time.

In Special Recognition
As in the past, the individual efforts and distinctions on the part of the faculty at M. I. T. are

too numerous to list here. In the past year, five members of the faculty were elected to

membership in the National Academy of Science; three members were elected to the National

Academy of Engineering; and six were elected to membership in the American Academy of

Arts and Sciences. Of special note during the year was the appointment of Gordon S. Brown,

Dugald Caleb Jackson Professor of Electrical Engineering, to the distinguished rank of

Institute Professor. Also of special note was the first presentation of the James R. Killian,

Jr., Faculty Achievement Award to Professor Nevin S. Scrimshaw of the Department of

Nutrition and Food Science.

The past year saw several appointments to senior posts that should receive special mention.

Dr. Harold J. Hanham, an eminent historian, was appointed Dean of the School of Humanities

and Social Science, beginning in April of 1973. Three new department heads were appointed

during the year. They include Professor James W. Harris, Department of Foreign Litera-

tures and Linguistics; Professor Walter S. Owen, formerly of Northwestern University,

Department of Metallurgy and Materials Science; and Professor Herman Feshbach, Depart-

ment of Physics. Professor John L. Buttrick was appointed Director of Music in the Depart-

ment of Humanities.

In addition, several laboratories and centers at the Institute came under new leadership during

1972-73. The newly founded Energy Laboratory is headed by Professor David C. White of

the Department of Electrical Engineering; Professor Salvador E. Luria of the Department

of Biology was named Director of the Center for Cancer Research, also established this past

year. Professor Peter T. Demos of the Department of Physics assumed the directorship of

the Bates Linear Accelerator, and Professor Martin Deutsch of Physics was named Director

of the Laboratory for Nuclear Science.

Of special note are three appointments of members of our faculty to distinguished posts in

other institutions. Robert S. Freeman, Professor of Music in the Department of Humanities,

was appointed Director of the Eastman School of Music in Rochester, New York; Henry A.

Millon, Professor of the History of Architecture, during his sabbatical is serving as Direc-

tor of the American Academy in Rome; and Emily L. Wick, Professor of Food Chemistry

and former Associate Dean for Student Affairs, became Dean of the Faculty at Mt. Holyoke

College. These appointments represent a special recognition of the high quality work of our

three colleagues, and we wish them continuing success in their new duties.

Several new appointments to senior administrative positions also should receive special

mention. General James B. Lampert, recently retired from a distinguished career in the

United States Army, was named Vice President for Resource Development. Mr. Joseph J.
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Snyder, who has served the Institute for 22 years as Vice President and Treasurer, was
named Treasurer of the Corporation and, in the resulting reorganization of the Institute's
financial administration, Paul V. Cusick was named Vice President for Fiscal Relations,
and Stuart H. Cowen became Vice President for Financial Operations. Natalie N. Nichols on,
former Associate Director of the M. I. T. Libraries, succeeded Professor William N. Locke,
as Director of the Libraries. Peter H. Richardson, former Associate Director of Admis-
sions, became the new Director of Admissions, upon the retirement of Professor Roland
B. Greeley, who served in the post for eleven years.

The past year also marked the retirement of eighteen members of the faculty. Their long
and dedicated service to M. I. T. will be remembered by their students and colleagues alike.

Of particular sadness to us during the year were the untimely deaths of two of our most
honored friends and colleagues. Donald G. Marquis, Professor of Organizational Psychol-
ogy and Management, died suddenly in February, 1973. At the time of his death, he held
the David Sarnoff Chair of Management of Technology, an esteemed professorship of which
he was the first recipient.

Edwin R. Gilliland, Warren K. Lewis Professor of Chemical Engineering, died in the spring
of 1973. Professor Gilliland served M. I. T. in the Department of Chemical Engineering for
nearly 40 years and his professional work had earned him a national reputation. His career
at M. I. T. was marked by outstanding services as a Department Head, Chairman of the
Faculty, Deputy Dean of Engineering, and by other numerous awards and honors, notably
appointment in 1971 to Institute Professor.

These men have been outstanding examples of strength and dedication to our educational
programs. They will be long remembered and honored by generations of their students,
friends, and associates.

In these days when science and technology are much blamed for the troubles in which we
find ourselves, the task of maintaining and enhancing a prestigious institution dedicated to
education in those fields seems a quixotic one to many. We regard it an important part of
our role to try to understand, explain, and perhaps defend the role of technology. In our
view the general disenchantment with science and technology would be more appropriately
directed toward our society's decision-making processes for their slowness in recognizing
the need for appropriate new technologies, than to science or technology itself. For exam-
ple, we seem to be totally besieged by the many technology related problems, energy, trans-
portation, pollution, etc. which seemed to descend on us simultaneously. However, this
should not be so astonishing because we began to apply technology in a systematic and
meaningful way not so many decades ago. The successful application of almost all of our
technologies has followed an exponential growth curve; their effects are seemingly invisible
one day and overwhelming the next. But that the growth curve was an exponential one has
been known for many years. Foresighted people -- Lewis Mumford, for example -- had
seen the potential problems of the cities, of pollution, of transportation failure, of over-
crowding, etc. Some of us had anticipated the consequences of an open-ended arms race
and recognized the obvious fact that we could not long afford a military budget which doubled
every five years while the GNP doubled only every fourteen. The error signals were there,
so to speak, but a decentralized democratic society like our own responds only when those
signals get very large, big enough to be discerned clearly through the noise created by a
constant competition for governmental attention and resources from many quarters.

We who are in the business of educating should see the whole society, as well as the Institute,
as essentially a learning system. Each of us individually, and collectively through our
various roles in private organizations and in government, is trying to learn how to make
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life just a little bit better. That is what society and government should be all about. In
most learning processes, although we may not like to admit it, progress is made by trial
and error. That is why we have engineering laboratories and build pilot plants. There is
no instructor with the correct answer, and often there is not even any obviously "correct"
answer. We, therefore, proceed through an iterative process of successive approxima-
tions seeking those activities and programs which will make life better for all of us.

If, as we maintain, many of our current difficulties are the result of not responding to
error signals that were present -- of not perceiving their importance early enough -- then

the remedy is to come to grips with that problem rather than resenting our achievements
in science and technology. Continuing to provide the best technological solutions possible
for society's problems must remain a major goal, and M. I. T. 's contribution must be the
best possible scientific and technical education. We must continue to provide our society
with both the expertise to invent its technological future, including remedies where appro-
priate, and a cadre of professionals in relevant fields who have come to fully appreciate
the fact that social progress, like that in the sciences, is inevitably the result of many
experiments. To the extent that, in the education of its students, M. I. T. can help them
couple a scientific or engineering set of mind, committed to solving problems, with com-
passion and a sense of involvement in human affairs, our task is by no means quixotic.

The importance of these issues for the health of our nation only points up more vividly the
fact that the student is the central focus of our entire effort. The young men and women on
our campus represent an exceedingly capable, scarce, and precious national resource,
and they are a principal source of the continuing greatness of M. I. T. Their desire to come
here is perhaps the best measure of the effectiveness of our educational program. It is in
response to their changing needs and desires that we have developed collaborative approaches
to teaching, research apprenticeships, and stylistically diverse alternatives to regular
subjects and courses of study. The students, through their career interests, through the
attractive force they exert on the faculty, and through the new ideas and capabilities they
bring, are the critical variable in the future of the Institute.

A major item on our agenda for the coming years is to preserve our attractiveness to the
ablest students. This challenge is twofold: to continue the development and evolution of
superior educational programs and facilities; and to help students offset the costs of at-
tending M. I. T. through scholarship, loan, fellowship, and assistantship programs. The
role of costs in a student's decision to matriculate at a selective, private -- and thus ex-
pensive -- university is not entirely clear. It is clear that we cannot assume that all of the
ablest students would be willing or able to meet our costs. The importance of student aid
in shaping our future leads us to continue to assign top priority to this need as a fund-
raising objective.

No single task is more crucial to our future than the preservation in generations to come of
a first-rate student body withwhom we can participate in the intensely human and personal
process, not of teaching them our knowledge, but of helping them to explore the thresholds
of their own minds, to develop their full intellectual power, and to become strong, indepen-
dent, self-reliant adults. In a world as dependent on science and technology as ours, in
a world of growing complexity, in a world with increasing power, it remains true that, in
the end, the shape of the future still ultimately must depend on the achievements of individuals.

JEROME B. WIESNER, President
PAUL E. GRAY, Chancellor

October 5, 1973
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Statistics for the Year

The following paragraphs report briefly on the various aspects of the Institute's activities
and operations during 1972-73.

Registration

In 1972-73 student enrollment was 7, 850, an increase of 133 over the 7, 717 enrolled in 1971-
72. This total was comprised of 4, 183 undergraduate and 3, 667 graduate students.

Graduate students who entered M.I. T. last year held degrees from 344 colleges and univer-
sities, 203 American and 141 foreign. The foreign student population was 1, 405, representing
18 percent of the total enrolled. The foreign students were citizens of 97 different countries.

Degrees awarded by the Institute in 1972-73 included 1, 038 Bachelor's degrees, 820 Master's
degrees, 125 Engineer's degrees, and 396 Doctoral degrees -- a total of 2, 379.

The number of women at M. I. T., both graduate and undergraduate, has increased continu-
ously. In 1972-73, 816 women students were at the Institute, compared with 698 in 1971-72.
In September, 1972, 118 first-year women entered M. I. T. In 1972-73, 134 degrees were
awarded to women.

Student Financial Aid

During 1972-73 the student financial aid program was again characterized by increases in
total awards, in loans made, and in the amount of scholarship assistance. There was again
a decrease in the number of individuals assisted.

A total of 1, 973 undergraduates who demonstrated the need for assistance (48 percent of the
enrollment) received $2, 962, 081 in scholarship aid and $1, 876, 211 in loans. The total
$4, 838, 292 represented a substantial increase in direct aid over last year.

Scholarship assistance was provided by the scholarship endowment in the amount of $1, 967, 801,
by outside gifts for scholarships in the amount of $398, 890, and by direct grants to needy
students totaling $516, 940. Scholarship assistance from M. I. T. 's own operating funds was
not used during the year. The special program of scholarship aid to minority group students
represented an additional $78, 450 from specially designated funds. An additional 350 students
received direct grants from outside agencies, irrespective of need, in the amount of $567, 367.
Outside scholarship support thus totaled $1, 483, 197, a decrease from last year's total. The
undergraduate scholarship endowment was aided by the addition of new funds which represented
an increase of $772, 658 and which raised the principal of the endowment to $20, 574, 245.

Loans totaling $1, 876, 211 were made to needy undergraduates. Of this amount $433, 966
came from the Technology Loan Fund, $1, 442, 245 from the National Defense Loan Fund,
and the remainder from other M. I. T. loan funds. An additional $433, 921 was obtained by
undergraduates from state-administered Guaranteed Loan Programs and other outside
sources.

Graduate students obtained $751, 355 from the Technology Loan Fund. Of this total, $299, 690
was loaned under the Guaranteed Loan Program and qualified for Federal interest subsidies
and guarantees. The total loaned by M. I. T. to 2, 267 graduate and undergraduate students
was $2, 633, 216, an increase of $169, 852 over last year's total.

Career Planning and Placement
During 1972-73, job opportunities for new graduates increased markedly after two relatively
lean years. Prospects were especially bright for graduates in engineering, whether at the
Bachelor's, Master's or Doctoral level. There was a 15 percent increase in companies and
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FIGURE 1

FINANCIAL AID TO UNDERGRADUATE STUDENTS
FROM ALL SOURCES, 1963-1973
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FIGURE 2

FINANCIAL AID TO GRADUATE STUDENTS
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government agencies recruiting at the Institute; starting salaries rose an average of 5 per-

cent after holding at a stable level for three years.

The improved economic climate was also visible in alumni placement. The number of

alumni registering with the Office dropped to about 420 from 710 who registered last year and

972 who registered the year before, a sign that alumni were less worried about their jobs

or their chances in the job market.

Students consulted the Career Planning and Placement Office throughout the year for advice

on options available to them in their particular fields of interest. Those seeking advice

ranged from freshmen selecting majors to doctoral and post-doctoral candidates newly in

the job market. The Office was especially busy this year working with women and minority

students.

Finances
As reported by the Treasurer, the total financial operations of the Institute, including

sponsored research, increased beyond the level of 1971-72. Educational and general ex-

penses -- excluding the direct expenses of departmental and interdepartmental research,

the Lincoln Laboratory, and the Charles Stark Draper Laboratory -- amounted to

$75, 297, 000 during 1972-73, compared to $72, 512, 000 in 1971-72. Reflected in the finances

of the Institute was the decrease in the use in operations of unrestricted funds to $757, 000,

compared with $1, 593, 000 in the preceding year.

The direct expenses of general departmental and interdepartmental sponsored research

increased from $56, 467, 000 to $58, 704, 000, and the direct expenses of major laboratories

and special departmental research increased from $101, 143, 000 to $129, 613, 000.

The construction program of the Institute continued to make progress in 1972-73, with the

book value of educational plant facilities increasing from $157, 651, 000 to $182, 063, 000.

At the end of the fiscal year, the Institute's investments, excluding retirement funds, had

a book value of $339, 333, 000 and a market value of $440, 924, 000. This compares to book

and market totals of $332, 752, 000 and $445, 866, 000 last year.

Gifts
Gifts, grants, and bequests to M. I. T. from private donors decreased from $22, 049, 000 for

fiscal year 1971-72, to $21, 664, 000 for fiscal year 1972-73. The latter figure includes

unrestricted direct gifts to the Alumni Fund of $833, 000, which made up a part of the total

of $3, 184, 000 reported by the Alumni Fund in 1972-73.

Physical Plant and Campus Environment
In the fall of 1972, the Tang Residence Hall, located on the west end of the campus, was

completed and occupied by 401 graduate students. Tang Hall was dedicated, following the

1973 Commencement exercises, to the memory of Mr. P. Y. Tang, an M. I. T. alumnus of

the Class of 1923.

Also completed during the year was the electrical engineering and communications research

facility, the largest single building project at M. I. T. since the present campus was built

in 1916. This facility, named the Sherman Fairchild Electrical Engineering and Electronics

Complex, will be dedicated in October, 1973. It will be occupied by the Department of

Electrical Engineering and the Research Laboratory of Electronics.

Major construction was initiated during the year on two other academic and research projects --

the Chemical Engineering Building, an architecturally reinforced concrete structure of five

floors located to the east of the Whitaker Building, and the Seeley G. Mudd Building adjacent
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FIGURE 3
THE GROWTH OF M.I.T.'S FUNDS AND PLANT ASSETS, 1963 -1973
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Personnel Changes

to the Ford Building. The latter involves complete renovation of a former Institute invest-

ment property to accommodate health related research, including a cancer research facil-

ity, a cellular tissue laboratory, and an addition to the M. I. T. Clinical Research Center.

In the area of housing, major renovation of Ashdown House was begun in February, 1973,

with completion scheduled in two phases -- fall, 1973, and summer, 1974. Planning studies

are under way for additional student housing for the West Campus.

Baker House was closed during the summer for the first time since it was first opened in

1948. During the closing, a number of projects were completed in the building, including

the replacement of all windows on the side of the building facing Memorial Drive.

Throughout the year, the Committe on Research and Space Planning, under the chairman-

ship of the Provost, carried out the responsibility of assessing departmental requests for

space -- judging priorities and determining actual space allocations. The area vacated

as a result of the completion of the Fairchild Complex and the movement of central telephone

operations from the Maclaurin Building to the Ford Building was the most significant block

of space to become available at the Institute in a number of years; extensive efforts by the

Committee on Research and Space Planning have been undertaken to optimize the use of

this space to relieve crowding in growing activities, to provide more coherent space for

scattered activities, and to facilitate the shifts in new directions of research and teaching.

Personnel Changes from October 1, 1972, to September 30, 1973

Corporation
DEATHS Frank R. Milliken

Member
Thomas C. Desmond
Life Member

Eugene McDermott
Life Member

Gilbert M. Roddy
Life Member

Harlow Shapley
Life Member Emeritus

ELECTIONS

William S. Edgerly
President of Alumni

Association

Angus N. MacDonald
Member

Charles B. McCoy
Member

Ellmore C. Patterson
Member

Gregory Smith
Member

Laurence Storch
Representative from Recent

Classes

James E. Turner
Member

Edward O. Vetter
Member

EX OFFICIO MEMBERS

Gregory Anrig
Commissioner of Education
Representative of the

Commonwealth

TERMS EXPIRED

Thomas J. Curtin
Commissioner of Education
Representative of the

Commonwealth

William E. Hartmann
Member

James A. Hester, Jr.
Representative from Recent
Classes

Henry E. Singleton
Member

Thornton A. Wilson
Member

Breene M. Keer
President of the Alumni
Association



President and Chancellor

Faculty George G. Harvey
Professor of Physics
Academic Officer of the

DEATHS Department
Associate Director of the

Lan J. Chu Research Laboratory of
Edwin Sibley Webster Professor Electronics

of Electrical Engineering

Edwin R. Gilliland
Institute Professor
Warren K. Lewis Professor

of Chemical Engineering

Donald G. Marquis
David Sarnoff Professor of

Management of Technology

RETIREMENTS

Manson Benedict
Institute Professor
Professor of Nuclear

Engineering

Gordon S. Brown
Institute Professor
Dugald Caleb Jackson Professoi

of Electrical Engineering

Prescott D. Crout
Professor of Mathematics

Albert G. H. Dietz
Professor of Building

Engineering

David Durand
Professor of Management

Carl F. Floe
Professor of Metallurgy

Roland B. Greeley
Professor of Regional Planning,

Emeritus
Director of Admissions,

Emeritus

August L. Hesselschwerdt, Jr.
Professor of Mechanical

Engineering

John T. Howard
Professor of City Planning

Arthur T. Ippen
Institute Professor

Delbar P. Keily
Associate Professor of

Meteorology

Roy Lamson
Professor of Literature

Herman P. Meissner
Lammot du Pont Professor

of Chemical Engineering

Robert K. Mueller
Associate Professor of

Aeronautics and Astronautics

William M. Murray
Professor of Mechanical

Engineering
Executive Officer of the

Department

Carl F. J. Overhage
Professor of Engineering
Director, Project Intrex

Laszlo Tisza
Professor of Physics

John G. Trump
Professor of Electrical

Engineering

RESIGNATIONS

Professors:

Raymond L. Bisplinghoff
Aeronautics and Astronautics

Sergio P. Fubini

Physics

Harold S. Mickley
Chemical Engineering

Huston Smith
Philosophy

Emily L. Wick
Nutrition and Food Science

Associate Professors:

Ronald A. Blanken
Nuclear Engineering

John T. Christian
Civil Engineering

James W. Dubrin
Chemistry

Gerald B. Dworkin
Philosophy

Arthur E. Farnham,
Athletic Department

Jr.

Duncan K. Foley
Economics

Robert S. Freeman
Humanities

Jay R. Galbraith
Sloan School of Management

Ira S. Gerstein
Physics

Warren H. Hausman
Sloan School of Management

Edward C. Jones
Physics

David N. Ness
Sloan School of Management

Allan D. Pierce
Mechanical Engineering



Personnel Changes

Gerald A. Pogue
Sloan School of Management

Donald H. Steinbrecher
Electrical Engineering

Keith I. Thomassen
Electriacal Engineering

Robert B. Wilson
Nutrition and Food Science

Assistant Professors:

Martin N. Baily
Economics

Stuart M. Blumin
Humanities

Diane S. Clemens
Humanities

Marshall J. Cohen
Humanities

Ian F. Davenport
Chemical Engineering

Thomas G. Davis
Electrical Engineering

John E. Garlanger
Civil Engineering

Philip J. Greenberg
Mathematics

Hugh H. Heclo
Political Science

Moshe Israeli
Mathematics

Malcolm M. Jones
Sloan School of Management

Paul R. Kleindorfer
Sloan School of Management

James V. Kohl
Humanities

James T. Kneafsey
Civil Engineering

Philippe A. Naert
Sloan School of Management

Herman M. Schneider
Electrical Engineering

David W. Smith
Philosophy

Richard N. Spann
Electrical Engineering

David B. Stickler
Aeronautics and Astronautics

George C. Thomas
Architecture

Arthur P. L. Turner
Mechanical Engineering

Jarrod W. Wilcox
Sloan School of Management

Jan Willems
Electrical Engineering

PROMOTIONS

To Professor:

John P. Appleton
Mechanical Engineering

Michael Athans
Electrical Engineering

James D. Bruce
Electrical Engineering

Michael L. Dertouzos
Electrical Engineering

John M. Deutch
Chemistry

Alvin W. Drake
Electrical Engineering

Lawrence B. Evans
Chemical Engineering

Victor W. Guillemin
Mathematics

Norman D. Ham
Aeronautics and Astronautics

Daniel S. Kemp
Chemistry

R. Paul Kiparsky
Foreign Literatures and

Linguistics

William A. Litle
Civil Engineering

Sanjoy K. Mitter
Electrical Engineering

Frank E. Perkins
Civil Engineering

Robert O. Preusser
Architecture

John R. Ross
Foreign Literatures and

Linguistics

Nathan Sivin
Humanities

Barry Spacks
Humanities

Rainer Weiss
Physics

George Wolf
Nutrition and Food Science

Sidney Yip
Nuclear Engineering

To Associate Professor:

Arthur B. Baggeroer
Electrical Engineering

Ulrich J. Becker
Physics

Carl M. Bender
Mathematics

Ronald A. Blanken
Nuclear Engineering
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George S. Boolos
Philosophy

David Botstein
Biology

Louis B. D. Braida
Electrical Engineering

Boruch A. Brody
Philosophy

Wit Busza
Physics

Clark K. Colton
Chemical Engineering

Huw G. Davies
Mechanical Engineering

Michael S. Feld
Physics

John C. Graves
Philosophy

Jonathan W. Green
Architecture

Roger E. Kaufman
Mechanical Engineering

Ralph L. Keeney
Sloan School of Management

Jim Au Kong
Electrical Engineering

Robert C. Merton
Sloan School of Management

Richard S. Naylor
Earth and Planetary Sciences

David A. Oliver
Aeronautics and Astronautics

Richard M. Price
Physics

Saul A. Rappaport
Physics

Ronald C. Shank
Nutrition and Food Science

K. Barry Sharpless
Chemistry

Arthur P. Solomon
Urban Studies and Planning

John B. Southard
Earth and Planetary Sciences

Jacques N. Sultan
Civil Engineering

Erik H. Vanmarcke
Civil Engineering

Roy E. Welsch
Sloan School of Management

Richard W. Wertz
Humanities

Nigel H. M. Wilson
Civil Engineering

Patrick H. Winston
Electrical Engineering

Ian T. Young
Electrical Engineering

To Assistant Professor:

Alan V. Berger
Humanities

Peter S. Donaldson
Humanities

Woodie C. Flowers
Mechanical Engineering

Janet R. Horowitz
Humanities

Richard M. Koffler
Humanities

Charles J. Libby
Urban Studies and Planning

Dirk J. Muehlner
Physics

Ruth Perry
Humanities

CHANGES OF APPOINTMENT

Carl S. Apstein
Research Associate
Nutrition and Food Science

Corrado Baglioni
Visiting Associate Professor

of Biology

David Baltimore
American Cancer Society

Professor of Microbiology

Suzanne Berger
William R. Kenan, Jr.

ciate Professor of
Political Science

Asso-

Donald L. M. Blackmer
Associate Dean, School of

Humanities and Social
Science

Professor of Political Science

William F. Bottiglia
Professor of Foreign Litera-
tures and Humanities

Professor of Management

Richard M. Britain
Assistant Professor of

Architecture

Gordon S. Brown
Institute Professor

Whitney Chadwick
Assistant Professor of the

History of Art

Min Chen
Assistant Professor of Physics

Chathan M. Cooke
Assistant Professor of

Electrical Engineering



Personnel Changes

Damon E. Cummings
Visiting Lecturer in Ocean

Engineering

Peter T. Demos
Professor of Physics
Director, Bates Linear

Accelerator

Martin Deutsch
Professor of Physics
Director, Laboratory for

Nuclear Science

Gerald P. Dinneen
Professor in the School of

Engineering
Director, Lincoln Laboratory

Mildred S. Dresselhaus
Abby Rockefeller Mauz6

Professor of Electrical
Engineering

Associate Head for Electrical
Science and Engineering

Nancy Z. Dworsky
Lecturer in Humanities

Ira Dyer
Professor and Head of Depart-

ment of Ocean Engineering
Director, Sea Grant Program

John D. Fernstrom
Assistant Professor of

Nutritional Biochemistry
and Metabolism

Herman Feshbach
Professor and Head of

Department of Physics

Margaret Z. Freeman
Associate Professor of Russian

Lynn W. Gelhar
Visiting Associate Professor

of Civil Engineering

Leon R. Glicksman
Lecturer in Mechanical

Engineering

Julius L. Goldstein
Lecturer in Electrical

Engineering

Ann M. Graybiel
Assistant Professor in-

Psychology

John J. Guinan, Jr.
Research Associate in

Electrical Engineering

Harold J. Hanham
Dean of the School of Humani-

ties and Social Science
Professor in the Departments

of Humanities and Political
Science

Acting Head of the Depart-
ment of Humanities

James W. Harris
Professor of Spanish and

Linguistics
Head of the Department of

Foreign Literatures and
Linguistics

Wesley L. Harris, Sr.
Associate Professor of Ocean

Engineering
Associate Professor of Aero-

nautics and Astronautics

Herman A. Haus
Elihu Thompson Professor

of Electrical Engineering

William L. Henke
Research Associate in

Electrical Engineering

J. Herbert Hollomon
Professor of Engineering
Director, Center for Policy

Alternatives

David G. Holmes
Assistant Professor of

Mechanical Engineering

Nancy H. Hopkins
Assistant Professor of

Biology

Berthold K. P. Horn
Assistant Professor of

Biology

Thomas S. Huang
Lecturer in Electrical

Engineering

Timothy L. Johnson
Esther and Harold E. Edgerton

Assistant Professor of
Electrical Engineering

Judith T. Kildow
Assistant Professor of Ocean

Policy

Vera Kistiakowsky
Professor of Physics

A. Scheffer Lang
Senior Lecturer in Civil

Engineering

Richard Leacock
Professor of Cinema

Architecture

F. James Levinson
Assistant Professor of

Nutrition and Food Science

Salvador E. Luria
Institute Professor
Sedgwick Professor of Biology
Director, Center for Cancer
Research

Margaret L. A. MacVicar
Class of 1922 Assistant

Professor of Physics

Robert W. Mann
Professor in the School of

Engineering
Chairman of the Executive

Committee, Division of
Health Sciences and
Technology

William T. Martin
Professor of Mathematics
Director, Division for Study

and Research in Education
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Gary T. Marx
Associate Professor of

Sociology

Arthur P. Mattuck
Class of 1922 Professor of

Mathematics

Robert Mehrabian
Assistant Professor of

Metallurgy

Philip Morrison
Institute Professor

Walle J. Nauta
Institute Professor

George C. Newton
Professor and Executive

Officer in Electrical
Engineering

James K. Palmer
Lecturer in Nutrition and

Food Science

Ronald R. Parker
Staff Member
Office of Sponsored Programs

Kenneth F. Reinschmidt
Senior Research Associate in

Civil Engineering

Lloyd Rodwin
Ford International Professor

and Head of the Department
of Urban Studies and Planning

John M. Ross
Research Associate in Political

Science

Harvey M. Sapolsky
Associate Professor and Exec-

utive Officer, Political Science

Herbert W. Schnopper
Staff Member
Office of Sponsored Programs

Michael D. Schroeder
Esther and Harold E. Edger-

ton Assistant Professor of
Electrical Engineering

Brian B. Schwartz
Staff Member
Office of Sponsored Programs

Judah L. Schwartz
Professor in the School of

Engineering

Richard S. Sidell
du Pont Assistant Professor

of Mechanical Engineering

Dieter J. Sigmar
Associate Professor of Aero-

nautics and Astronautics
Associate Professor of

Nuclear Engineering

Louis D. Smullin
Dugald Caleb Jackson Profes-

sor and Head of the Depart-
ment of Electrical Engineering

Benson R. Snyder
Professor in the School of

Architecture and Planning
and the Division for Study
and Research in Education

Arthur Steinberg
William R. Kenan, Jr. Asso-

ciate Professor of History
and Archaeology

Robert M. Solow
Institute Professor

Joseph E. Soussou
Research Associate in Civil

Engineering

Nawal K. Taneja
Assistant Professor of Aero-

nautics and Astronautics

John H. Terry
Assistant Professor of

Cinema Architecture

Bonnie M. Tyler
Assistant Professor of

Microbiology

James N. Walpole
Staff Member
Lincoln Laboratory

John S. Waugh
Arthur Amos Noyes

Professor of Chemistry

Robert A. Weinberg
Assistant Professor of

Biology

David C. White
Ford Professor of Electrical

Engineering
Director, Energy Laboratory

James H. Williams, Jr.
Esther and Harold E. Edger-

ton Assistant Professor of
Mechanical Engineering

Gerald L. Wilson
Philip Sporn Associate

Professor of Electrical

Engineering
Director, Electrical Power

Systems Engineering
Laboratory

NEW FACULTY APPOINTMENTS

Professors:

Jack E. Baldwin
Chemistry

Herman N. Eisen
Biology

Henry D. Jacoby
Sloan School of Management

Vincent V. McRae
Civil Engineering

Walter S. Owen
-lead of the Department of

Metallurgy and Materials
Science



Personnel Changes

Associate Professors:

Nicholas Catsimpoolas
Nutrition and Food Science

Herbert H. Einstein
Civil Engineering

Stanley Fischer
Economics

Clark Graham
Ocean Engineering

Jeffrey E. Mandula
Mathematics

Francine F. Rabinovitz
Urban Studies and Planning
Political Science

Jeffrey H. Shapiro
Electrical Engineering

Luther S. Williams
Biology

Assistant Professors:

Robert C. Armstrong
Chemical Engineering

Mohsen M. Baligh
Civil Engineering

Moshe E. Ben-Akiva
Civil Engineering

Robert E. Cohen
Chemical Engineering

Richard A. Cohn
Sloan School of Management

Kent W. Colton
Urban Studies and Planning

Stephen Erdely
Humanities

Marten D. Farren
Humanities

Stamatia Frondistou-Yannas
Civil Engineering

Ira P. Goldstein
Electrical Engineering

James L. Gole
Chemistry

Paul D. Gottlieb
Biology

Madhu S. Gupta
Electrical Engineering

Linda M. Hall
Biology

Jerry A. Hausman
Economics

Dolores Hayden
Architecture

Barbara Herman
Philosophy

Paul Horwich
Philosophy

Chen Ming Hu
Electrical Engineering

Paul C. Joss
Physics

Marc A. Kastner
Physics

Ralph Katz
Sloan School of Management

Peter G. W. Keen
Sloan School of Management

Douglas E. Kenyon
Mechanical Engineering

Norberto L. M. Kerzman
Mathematics

Gary L. Lilien
Sloan School of Management

Peter Lorange
Sloan School of Management

Roy E. Marsten
Sloan School of Management

Kenneth S. Mericle
Sloan School of Management

Izchak Miller
Philosophy

Ernest J. Moniz
Physics

Francois M. M. Morel
Civil Engineering

Bruce R. Patton
Physics

Peter A. Politzer
Nuclear Engineering

Jeffrey L. Pressman
Political Science

Donald A. Preziosi
Architecture

Mary-Lou Sayles
Athletic Department
Director, Women's Athletics

Richard P. Stanley
Mathematics

Gerald J. Sussman
Electrical Engineering

Marcus A. Thompson
Humanities

Charles B. Thorn
Physics

William P. Thurston
Mathematics

Hal R. Varian
Economics

Eric A. von Hipple
Sloan School of Management

Alan S. Willsky
Electrical Engineering
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VISITING FACULTY

Visiting Professors:

James K. Alexander
Biology

Norbert Andel
Sloan School of Management

Anthony B. Atkinson
Economics

Maurice Auslander
Mathematics

Secor D. Browne
Aeronautics and Astronautics

Joseph H. Clarke
Meteorology

Thomas W. Cole
Chemistry

Hall Crannell
Physics

Jose B. Cruz
Electrical Engineering

Joseph G. Debanne
Ocean Engineering

Ezra D. Ehrenkrantz
Architecture

Peter L. Falb
Electrical Engineering

John U. Farley
Sloan School of Management

Paul J. Flory
Chemical Engineering

Eleanor J. Gibson
Psychology

James J. Gibson
Psychology

Morris A. Horowitz
Sloan School of Management

Alexandra Ionescu-Tulcea
Mathematics

James H. Jandl
Biology

Inge Johansen
Electrical Engineering

Robert Karplus
Division for Study and Re-

search in Education

Anne O. Krueger
Economics

PaulR. Lawrence
Sloan School of Management

Harry Levin
Psychology

Wilbur G. Lewellen
Sloan School of Management

William Mangin
Urban Studies and Planning

Sergio Mascarenhas
Electrical Engineering

Ronald E. Mickens
Physics

Rai Y. Okamoto
Architecture

Barrett O'Neill
Mathematics

Kevin J. O'Toole
Head of Naval Science and

Professor of Ocean
Engineering

Otto Piene
Architecture

Peter M. Rentzepis
Chemistry

Thor N. Rhodin
Physics
Metallurgy and Materials

Science

Jack C. Scarborough
Nuclear Engineering

Ramesh D. Sharma
Physics

Preston W. Smith, Jr.
Ocean Engineering

Giuliana C. Tesoro
Mechanical Engineering

James E. Van Ness
Electrical Engineering

Thomas Vietorisz
Urban Studies and Planning

Harvey M. Wagner
Sloan School of Management

Phyllis A. Wallace
Sloan School of Management

Hans H. Weber
Sloan School of Management

Hans S. Witsenhausen
Electrical Engineering

Walter B. Wriston
Sloan School of Management

Donald B. Zilversmit
Nutrition and Food Science

Visiting Associate Professors:

Viktor M. Bryabrin
Electrical Engineering

Paul S. Cohen
Biology

Edward W. Davis
Sloan School of Management

Jennifer J. Dee
Biology

Elisabeth M. Drake
Chemical Engineering

Jurgen F. A. W. Franke
Economics



Personnel Changes

Klaus Johannsen
Nuclear Engineering

Hubert E. Jones
Urban Studies and Planning

Michael W. Kirson
Physics

Lorraine D. Lavelle
Mathematics

Stephen C. Y. Liu
Biology

Charles M. Mohr
Chemical Engineering

Dietrich Naunin
Electrical Engineering

Malcolm R. Parlett
Division for Study and

Research in Education

Gail Pierson
Sloan School of Management

Ralf A. Steudel
Chemistry

John J. Thwaites
Mechanical Engineering

Eiiti Wada
Electrical Engineering

Roger J. Wales
Psychology

Yau Wu
Mechanical Engineering

John A. Young
Meteorology

Visiting Assistant Professors:

Luis J. P. Archer
Biology

Malcolm R. Beasley
Physics

Dietrich Brandt
Physics

Elzbieta E. Chodakowska
Humanities

Stewart D. Hodges
Sloan School of Management

Hans Kaldenhoff
Civil Engineering

Donald R. Lessard
Sloan School of Management

Yury D. Nagornykh
Aeronautics and Astronautics

Eiko Ohtsuka
Biology

Joseph E. Stoy
Electrical Engineering

AWARD:

Victor F. Weisskopf
Killian Award Lecturer for the

Academic Year 1973-74

Administration

DEATHS

Irene M. Ezer
Assistant to the Registrar

John A. Little
Associate Comptroller

RETIREMENTS

Norman S. Sidney
Chief
Campus Patrol

Arthur B. White
Manager
Purchasing Office

RESIGNATIONS

Peter H. Bandmann
Site Planner
Planning Office

Peter J. Bartl
Industrial Liaison Officer

Timothy B. Bird
Special Assistant
Office of the Provost

Dorothy A. Blair
Personnel Officer
Office of Personnel Services

Leslie M. Boring
Special Assistant to the

Secretary of the Institute
and to the Head of the De-
partment of Chemical
Engineering

Barbara A. Burse
Program Assistant
Office of Personnel Development

Kenneth M. Campbell
Assistant to the Director
Office of Sponsored Programs

Carl T. Carey, Jr.
Cashier
Student Accounts Office

Jack W. Christensen
Secretary
M. I. T. Development

Foundations, Inc.

Michael L. Connolly
Editorial Director
M.I.T. Press

Robert H. Cook
Associate Registrar

Grant A. Emrick
Assistant Auditor
Audit Division

Richard Finnagan
Personnel Officer
Office of Personnel Services

James E. Fleischhacker
Industrial Liaison Officer
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Allan C. Franklin
Systems Programmer
Programming Development

Office

James D. Fraser
Systems Analyst
Office of Administrative

Information Systems

Sandra J. Holland
Personnel Representative
Office of Personnel

Development

William C. Hurd
Programmer
Fiscal Planning and Budget

Office

Dean L. Jacoby
Special Assistant for Policy

Review
Office of the Vice President,

Administration and Personnel

Jayne E. Keller
Systems Programmer
Programming Development

Office

Kenneth Kempson
Systems Analyst
Office of Administrative

Information Systems

Donald S. Kirschling
Systems Analyst
Office of Administrative

Information Systems

Leslie A. Kraning
Associate
Analytical Studies and Planning

Group

Janet D. Kreiling
Associate Editor of the

Technology Review
Alumni Association

Barbara K. Levey
Acquisitions Editor
M.I.T. Press

Arthur J. Lidsky
Assistant Director, Campus

Development Planning Office

Karen J. Mathiasen
Administrative Officer
Council for the Arts at M.I.T.

John A. McDonnell
Personnel Officer
Office of Personnel Services

Ronald A. Norelli
Industrial Liaison Officer

Katherine O. Parker
Senior Editor
M.I.T. Press

Marc J. Pokempner
Photojournalist, News Office
Institute Information Services

Thomas E. Pope
Architectural Draftsman
Planning Office

Richard O. Sales
Assitant Production Manager
M.I.T. Press

Michael Seif
Assistant Director, News

Office
Institute Information Services

Karl K. Singer, III
Assistant to the Registrar

Roberta O. Stearns
Assistant to the Director
Office of Sponsored Programs

Donald E. Stone
Group Leader
Office of Administrative

Information Systems

James H. Sussbauer
Programmer
Office of Administrative

Information Systems

Marilyn Swartz Lloyd
Planner
Planning Office

Owen T. Sweeney
Staff Accountant
Comptroller's Payroll Office

David J. Tobin
Special Assistant
Office of the Secretary of the

Institute

Barbara Wagner
Administrative Assistant
Office of the President and

Chancellor

Edward N. West
Representative
Graphic Arts

Jerilea A. Zempel
Administrative Assistant
Committee on the Visual Arts

APPOINTMENTS AND CHANGES

Jerome H. Adler
Manager of Video Operations
Center for Advanced Engineering

Study

Christine Anderson
Architectural Draftswoman
Planning Office

Arthur L. Anger
Supervisor, Applications

Services
Information Processing Center

Barbara H. Ankeny
Editorial Coordinator
Acquisitions Department
M.I.T. Press

Helga S. Babendrier
Application Programmer
Office of Administrative

Information Systems

Charles H. Ball
Assistant Director, News

Office
Institute Information Services

Myra L. Ballison
Application Analyst
Information Processing Center



Personnel Changes

Jurate J. Barnes
Coordinator of Resource EDP

Systems
Resource Planning

Charles E. Barringer
Assistant Dean
School of Engineering

Cora H. Bartholow
Programming Analyst
Information Processing Center

Arthur L. Beals
Associate Director
Housing and Dining Services

Joseph I. Bergstein
Programming Analyst
Information Processing Center

Sheila B. Beyer
Associate Director
Institute Real Estate Office

Himangshu Bhattacharya
Applications Analyst
Information Processing Center

Virginia A. Bishop
Personnel Officer
Office of Personnel Services

Robert D. Blake
Special Assistant to the Secre-

tary of the Institute

Pamela J. Blakely
Employee Instructor
Office of Personnel

Development

Johanna B. Bond
Assistant to the Registrar

Jean Bow
Supervisor, User Services
Information Processing Center

Joyce Bowden
Staff Writer
Resource Planning

Kenneth S. Brock
Director of Resource

Operations
Office of the Vice President

for Resource Development

Peter G. Bronchuk
Staff Accountant
Comptroller's Accounting

Office

Ellen C. Burbank
Associate Director
Council for the Arts at M.I.T.

Rae K. Burns
Systems Programmer
Programming Development

Office

Peter BUttner
Associate Dean
Office of the Dean for

Student Affairs

Antoinette Calavas
Supervisor, Information

Services
Information Processing Center

Francis A. Canali
Systems Programmer
Programming Development

Office

Dennis Capps
Programmer
Programming Development

Office

David M. Carney
Assistant Director
Office of Administrative

Information Systems

Joseph G. Carr
Staff Writer
Development Office

Jordan D. Carter
Assistant Director
M.I.T. Associates

Jacqueline S. Casey
Director of Design Services
Institute Information Services

Frances A. Chandler
Director of Alumni Records
Alumni Association

Suzanne Chen
Applications Analyst
Information Processing Center

E. Tatum Christiansen
Assistant to the Director,

Center for Advanced
Engineering Study

Robert N. Clark
Staff Accountant
Comptroller's Accounting

Offic e

Leslie M. Clift
Assistant to the Dean
Sloan School of Management

John L. Cochrane
Administrative Officer
Department of Nuclear

Engineering

Sandra L. Cohen
Assistant Director
Admissions Office

Deborah J. Colaw
Programmer
Information Processing Center

Robert L. Conrod
Systems Programmer
Programming Development

Office

Stuart H. Cowen
Vice President for Financial

Operations

James J. Culliton
Assistant to the Vice President,

Administration and Personnel
Director of Personnel Services
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Paul V. Cusick
Vice President for Fiscal

Relations

Timothy F. Dempsey
Systems Programmer
Programming Development

Office

Robert C. Di Iorio
Assistant Director, News

Offic e
Institute Information Services

Gary C. Dixon
Systems Programmer
Programming Development

Office

James P. Donohue
Manager of Systems

Programming
Programming Development

Office

Barbara A. Durland
Director of Alumni Data
Alumni Association

Martha N. Fateman
Applications Analyst
Information Processing Center

Laurence M. Feder
Industrial Liaison Officer

Brenda L. Ferriero
Applications Analyst
Information Processing Center

Kenneth T. Finney
Manager of Systems

Development
Office of Administrative

Information Systems

Margaret W. Foote
Photojournalist, News Office
Institute Information Services

Joan Friebely
Editor of Special Projects
Institute Information Services

Vincent A. Fulmer
Secretary of the Institute

Kathleen Gallery
Administrative Officer
Department of Metallurgy and

Materials Science

Patricia Garrison
Assistant to the Equal

Employment Officer
Office of the Vice President,

Administration and Personnel

Margaret Gibson
Staff Accountant
Office of the Dean for Student

Affairs

Judith H. Gimple
Assistant Production Manager
M.I.T. Press

Laura W. Giroux
Administrative Officer
Operations Research Center

Charles J. Gisondi
Assistant Auditor
Audit Division

Jay Goldman
Subsystem Programmer
Programming Development

Office

Anne B. Gordon
Administrative Assistant
School of Architecture and

Planning

Richard M. Guttmacher
Executive Officer
Division for Study and

Research in Education

J. Bradford Haley
Assistant Director
Student Financial Aid Office

Sally H. Hansen
Personnel Officer
Office of Personnel Services

Alan E. Harger
Assistant to the Director
Center for Policy Alternatives

Robert G. Hart
Supervisor, User Accounts
Information Processing Center

David H. Henshaw
Accounting Officer for

Investments
Comptroller's Accounting

Office

Kenneth L. Hewitt
Personnel Assistant
Office of Personnel Services

Richard E. Higham
Personnel Officer
Office of Personnel Services

Mary O. Hope
Assistant Dean
Office of the Dean for Student

A ffair s

John J. Hynes
Operations Coordinator
Office of Sponsored Programs

Peter Jarvis
Employee Instructor
Office of Personnel

Development

Eric C. Johnson
Industrial Liaison Officer

Douglas C. Johnston
Executive Officer
Rehabilitation Engineering
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A role new to the Dean and a Dean new to the Dean for Student Affairs staff made for an inten-

sive, at times overwhelming, but withal exciting year. The previous Dean, Professor J.

Daniel Nyhart, devoted considerable time and energy to a crash course of indoctrination for

the new Dean, Carola B. Eisenberg. Richard A. Sorenson, until his departure to become

Executive Assistant to the Vice President, Operations, facilitated the transition by carrying

major responsibilities until Dean Eisenberg became familiar with the Office. Thanks are

due both.

The new Dean's first task was recruitment and selection. Mary Hope, formerly Resource

Teacher of Academic Skills in Special Education in the New York City school system, joined

the staff as Assistant Dean for Student Affairs, with primary responsibility for M. I. T. 's

minority students. From the beginning, she brought wisdom and sensitivity to a challenging

task. Anne Ellison assumed the position of Assistant Dean for Student Affairs, with primary

responsibility for the women's program, and has demonstrated great vigor in a key section

of the counseling office. The effort to recruit senior faculty for the Dean for Student Affairs

office was rewarded when Professor Robert L. Halfman of the Department of Aeronautics and

Astronautics agreed to join the staff on a half-time basis, making available to students and

staff his understanding of the educational process at the Institute. Good fortune brought Alice

M. Seelinger, formerly administrative assistant to Vice President Kenneth R. Wadleigh when

he was Dean for Student Affairs, to the Office in the role of Administrative Officer; she has

borne major administrative responsibilities with eclat. Lisa Broderick became Dean

Eisenberg's personal secretary, a responsibility she has discharged with unusual skill and

energy.

Currently left unresolved is the decision about the replacement of Mr. Sorenson as Associate

Dean with primary responsibility for the Residence Program and the Housemaster-Tutor

Program. For this past year, Dean Kenneth C. Browning, Ms. Seelinger, and Dean Eisenberg

have carried this role, in order for Dean Eisenberg to get to know the housing system and to

be able to think through the structure of the Office.

The new Dean arrived in the Office with the largest freshman class in Institute history, a

coincidence that created problems for everyone involved because of the strain on the housing

system. Ultimately, the experience led to a strong recommendation for a temporary reduction

in class size -- a recommendation which was accepted by the Academic Council -- despite

common regret at not being able to offer places to more of the splendid applicants in M. I. T. 's

admissions pool.

The recent history of most academic institutions, including M. I. T., has been marked by a

loss of trust between students, on one hand, and faculty, staff, and administration on the

other. In a preliminary effort to learn more about student attitudes and to build bridges

between this Office and them, Dean Eisenberg devoted a good deal of her time to direct

meetings with students. As best as can be determined, some 150 different students had

scheduled appointments, perhaps a like number came in to see Dean Eisenberg at odd moments

without appointments, and more joined her in groups of 10 to 20 at "sherry hours" extended

by invitation to individual houses and fraternities. In addition, the Dean got to know an appre-

ciable number of others at house, fraternity, and other dinner functions. Thus, the Dean has
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had a chance to meet fleetingly or at length better than 10 percent of the undergraduate student
body, most of them in the context of noncrisis situations. These meetings have been invalu-
able to the Dean in getting to understand student life, student problems, and student views.

A recurrent theme in Dean Eisenberg's conversations with students has been the direct expres-
sion of distrust toward the Dean for Student Affairs staff because of the role it has been
required to play in disciplinary actions arising out of mass demonstrations. Staff members,
present at such events in the hope of serving as peacekeepers, inevitably were called upon to
identify student activists (often being the only persons present who could serve as witnesses
when actions exceeded permissible limits). To many students, this seemed a betrayal of the
advocacy role which they expect of this Office. A few attributed malevolent motives to the
staff; most were aware of the necessities of the times, but nonetheless argued forcefully for
a separation of roles. The Dean's Office hopes that disciplinary procedures will be modified
so that it continues to participate in the judicial process for individual violations of Institute
regulations, but will serve no longer in dual roles in other actions, events that hopefully are
a matter of the past.

Dean Eisenberg has offered a few observations about the mood of students, observations which
are at best impressions, subject to cautious evaluation in so heterogeneous a student body.
She is impressed by a bimodal distribution. The majority of students seem more positive,
more able to work toward academic goals, and more open to traditional modes of enjoyment,
as reflected in a burgeoning interest in music and sports and in a renewed zest for social
events. However, a substantial minority are tense, anxious, and depressed, not less political
but more cynical about the possibilities for effective action; some have lost historic perspec-
tive about the social process. Many students have been helped by the formal and informal
counseling services at the Institute, but some fail to make contact with the resources poten-
tially available to them. A major task for the immediate future is facilitating linkages between
students, staff, and faculty for that minority of students who wander through this community
distressed, disconnected, and needing that crucial human interaction which can facilitate
growth.

The Task Force on Minority Education, on which the Dean for Student Affairs served, com-
pleted its work with a set of recommendations for the creation of an Office for Minority
Education (O. M. E. ). This is an effort to respond to major problems at M. I. T.: difficulties
in recruitment, serious problems in retention, and a continued sense of alienation on the part
of many minority students. The Dean's Office supported this proposal, but with the strong
recommendation that O. M. E. be attached to this Office, because of the Dean's Office's con-
tinuing interest in and major role with regard to these students, and to insure close working
relations with the new Office. Details of personnel qualifications, staffing, and budget are
currently under consideration.

By far the most distressing problem of the past year was the occurrence of four suicides.
This incidence is within the "expected range" for universities of comparable size, but exceeds
M. I. T. 's experience over the past decade. With an event as infrequent as suicide, there is
no way of knowing whether this small change in absolute numbers is simply a random fluctua-
tion, or whether it reflects system failure somewhere in the M. I. T. environment. Nonetheless,
the staff of the Dean's Office feels impelled to search for remedies, rather than merely to
ascribe the change to chance and to go back to business as usual.

Each suicide has a devastating impact on the community. Those who knew the victim tend to
hold themselves responsible for not having done more to help him or her. When more than
one such tragedy occurs, there is almost unavoidably a tense expectation that an epidemic is
under way. Some members of the community begin to search for a scapegoat, something or
someone to blame: the academic workload, the housing system, the Office of the Dean for
Student Affairs, the psychiatric service, or the faculty. All members of the community share
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a common concern for those students who are depressed and who may have considered suicide,
a not uncommon preoccupation in adolescence and young adulthood. Confronted by an effected

suicide, they become frightened about their own capacity for self-control. Indeed, some
psychiatrists are convinced, though the evidence is unclear, that suicide in a second person

may be triggered by news of its occurrence in a first, particularly if their situations and

backgrounds are, or seem, similar.

Whether more interaction with faculty, Dean's staff, or other members of the M. I. T. com-

munity would have averted some of these tragedies cannot be known, but clearly the possibility

of help begins with a contact that links the student with concerned others. An elaborate system

of surveillance might identify almost all students in trouble, yet it also might generate a

paternalistic atmosphere that would upset the great majority of students who grow best when

afforded independence. A strictly hands-off policy will work for 95 to 99 percent of students,

but at dire cost to the abandoned few -- and perhaps at no small cost to the rest of the com-

munity, if it grows more indifferent to its fellows. How, then, to fashion a course between

these two extremes ? The Office of the Dean for Student Affairs, over the summer and early

fall, hopes to engage staff, students, housemasters, tutors, and faculty in an ongoing discus-

sion of these issues. The conclusion may be that present policy is, on balance, the best that

can be devised, or alternatives may be formulated. Policy, whether static or changed, may

have no effect on year-to-year fluctuations in the suicide rate. However, the engagement of

this academic community in considering its person-to-person interactions can have a signifi-

cant effect on the quality of its life.

The Dean for Student Affairs is thankful to a loyal and devoted staff, which has carried the

considerable burdens of this Office. The coming year should be marked by reexamination of

existing programs and by the development of new ones, in a continuing effort to respond to

changing needs.

CAROLA B. EISENBERG

Freshman Advisory Council

Approximately 225 faculty and staff members served as advisors to nearly 1, 040 freshmen

this year. Over 150 of the advisors had upperclass men and women working with them in the

capacity of associate advisor. This year's freshman class was the largest in recent years,

and the number of advisors and associates was the largest since the program began. The

advisor-to-student ratio was the most favorable yet attained, although it was necessary to

ask many advisors to take on one or two more freshmen than they preferred.

This was the fourth year that volunteers were sought as advisors. Faculty participation con-

tinued to increase (although only slightly from the previous year) to a point where currently

there are roughly 50 percent more faculty members participating than in the last year that

quotas were assigned to departments. The participation of academic, administrative, and

research staff continued to grow, both in total numbers and in the scope of Institute offices

represented. For several reasons, this year was considered an appropriate time to review

the decision, made several years ago, to broaden the base of the Freshman Advisory Council

(F. A. C.). To this end, numerous discussions were held with freshmen, current advisors,
the F. A. C. Advisory Group, and several members of the administration. In a report to the

Chancellor, the Chairman, Professor Hale V. Bradt, concluded that the staff members who

had volunteered to serve as advisors were a dedicated and effective group of individuals who

were a welcome addition to the F. A. C. Professor Bradt recommended that, in general, the

present qualifications and recruitment practices be continued.

During the year, the Freshman Advisory Council had many discussions with groups of students,
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advisors, and other staff on many topics related to or involving minority students, as well as
on several topics which generally became identified as "racial issues. " Although F. A. C.
did not have the opportunity to discuss any of these matters with members of the Commission
on Minority Education (C. M. E. ), Council members nevertheless feel that they have gained
some understanding of how the F. A. C. might contribute to meeting some of the needs referred
to in the C. M. E. report. The F. A. C. also reviewed and will modify the way in which race
and sex affect the assignment of advisees to advisors. Discussions on these topics will be
continued and perhaps expanded during the coming year.

Student participation, both paid and voluntary, in virtually all F. A. C. activities continues.
Residence/Orientation Week is run almost entirely by students, under the direction of a student
coordinator hired by the F. A. C. William DeCampli, Class of 1973, did an outstanding job
this past September, and voluntary participation on the part of upperclass men and women
continued to increase. Students played a major part in the preparation of the Freshman
Handbook; they engaged in writing, editing, typesetting, composition, and contracting for
the printing. The F. A. C. staff, together with members of the Advisory Group, made many
visits to living groups during the fall to speak with freshmen, and the staff continued its
practice of trying to meet with each advisor and associate in small groups over lunch.

Academically, the freshman year continued to evolve. The faculty considered freshman
pass-fail for the third time in the past two years, and voted as follows: 1) to continue the use
of a single passing grade; 2) to continue the use of fail internally, but to discontinue the
recording of Fs on the permanent record; 3) to provide explicitly for the recording of out-
standing work on the part of freshmen so that, if they choose, they may obtain evidence of
such for up to five years; and 4) to place limits of 60 and 63 on the number of units for which
a freshman may receive credit in the fall and spring terms, respectively. The Department
of Physics continued to make changes in the format of the subjects 8. 01 and 8. 02, Physics I
and Physics II, and probably will go back to more traditional methods of teaching the subjects
in the fall. The number of humanities options increased to nine. Enrollment in seminars and
participation in the Undergraduate Research Opportunities Program on the part of freshmen
continued to increase.

The number of students in academic difficulty at the end of each term remained in the range
of previous years: four percent received warnings from the Committee on Academic Perfor-
mance at the end of the fall, and three percent were warned similarly at the end of the spring
term. Seven students -- one percent of those entering in September -- were asked in June to
withdraw for at least one term.

Professor Hale V. Bradt resigned as Chairman effective June 30, 1973, having served in that
capacity since 1969. He helped to evaluate and to further many changes already under way,
and helped to initiate others in his four-year tenure. During the last two years, he took on
the added responsibility of the Undergraduate Seminar Program, when the administration of
that activity was transferred to the F. A. C. office. Effective July 1, 1973, the two chairman-
ships will be divided. Professor Thomas B. Sheridan of the Department of Mechanical
Engineering will become Chairman of the F.A. C. On June 21, 1973, Nancy J. Wheatley
completed her first full year as Assistant to the Dean for Student Affairs, supporting the Seminar
Program as its executive officer and also providing staff support to the F. A. C.

PETER BUTTNER

Undergraduate Seminar Program

During the first term of the 1972-73 academic year, 64 seminars were offered by 67 members
of the faculty and staff. By Registration Day, September 11, 1972, more than 700 students
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had signed up for one or more seminars. At mid-term, that number had dropped to approx-
imately 650. In the spring, 68 seminars were offered by 84 members of the faculty and staff.
At mid-term, approximately 550 students were registered in one or more seminars.

This has been a record year for the Undergraduate Seminar Program. More seminars were
offered in both the fall and spring terms than during any previous comparable term. More
faculty members and students participated in the Program this past academic year than ever
before. More freshmen were enrolled in seminars than in any previous year; however, there
was also a noteworthy increase in upperclass participation, from one or two students per term
to more than 20 per term.

Finally, Professor Hale V. Bradt has resigned as chairman, effective July 1, 1973. He will
be replaced by Professor Ernest G. Cravalho of the Department of Mechanical Engineering.

NANCY J. WHEATLEY

Women's Program

During this year, the Assistant Dean for Student Affairs with primary responsibility for the
women's program has carried on counseling and other activities which were related directly
to women students. Ms. Ellison estimates that of her formal counseling contacts, approxi-
mately two-thirds of the students were men, and one-third women. Among students whom
she sees informally (who, for example, drop in to say hello and stay to talk), considerably
more were women students.

During this year, there were several issues that seemed of prominent concern to women
students. Among these were the proposed renewal of the M. I. T. -Wellesley Exchange
Program and the recruitment and admission of women students. In the case of the Exchange,
it seemed most important to ascertain the feelings of women students toward the Exchange
and their perceptions of its effects on them, and to aid them in communicating with the Ex-
change Committee. This was done during a number of conversations, lunches, and meetings
held with members of the Committee, students, and others. Along with Jane Sauer, the
Assistant Dean sent out and analyzed a questionnaire which sampled women students' views
and gave credence to their complaints that the Wellesley Exchange did not serve them, and
in fact, led to a feeling of loss of identity as M. I. T. students on their part. Several women
students have given constructive suggestions to increase the usefulness of the Exchange to
M. I. T. women, and have suggested that this office try to encourage interaction between M. I. T.
women and Wellesley women. The Assistant Dean hopes to do so in the fall.

Through the efforts of concerned men and women throughout M. I. T., there has developed a
growing acceptance of the idea that M. I. T. must seek out more women applicants. As part
of this effort, the Assistant Dean worked during spring term with a group of seven or eight
women students in putting together a booklet, entitled "M. I. T. : A Place for Women, " to be
sent to prospective women applicants. This booklet profited greatly from the professional
help of members of M. I. T. 's News Office and Design Services. At this time, it is almost
completed, and will be sent this summer by the Admissions Office to approximately 10, 500
highly qualified high-school women, with a similar mailing to be done next year. It also will
be available to Educational Counselors, guidance counselors, alumni, and others.

The Association for Women Students (A.W.S.), dormant for several years, began meeting
again this year, and provided support and a focus for interested women students. Their
activities included: several meetings at which M. I. T. women faculty members and administra-
tors talked informally about their careers and life-styles; discussion of the M. I. T. -Wellesley
Exchange; support of the booklet described above; writing to all women applicants to M. I. T.;
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and telephoning all accepted women applicants, in an attempt to encourage them to come to
M. I. T. A group of students scheduled themselves to "cover" the Admissions Office during
the peak period of interviewing; during this time, there was always a woman student present
to chat informally with prospective applicants. These activities were carried out in coopera-
tion with the Admissions Office. The students of the A. W. S. currently are planning activities
for the fall. The group suffers somewhat from lack of funds, although they did receive help
from the Graduate Student Council; the Assistant Dean has tried to support them financially
(though this was possible only to a limited extent) as well as with encouragement.

The Assistant Dean was a member of the advisory group for the Workshop on Women in Science
and Technology, held May 21-23, 1973, and was a participant in the Workshop. Two students
worked with her during the second term on surveying the literature on research relevant to
the education and careers of women in science and technology, and also worked as participants
in the Workshop. There is a pressing need to bring information and statistics about M. I. T.
women students up to date. The Assistant Dean began this effort, but other new job pressures
superseded it this year. The Assistant Dean for Student Affairs was also a member of the
Committee on Student Environment and the Placement Committee.

ANNE ELLISON

Minority Students: Improving Their Total Living Experience

The activities for minority students were initiated to increase students' adeptness in using all
the resources available and to enhance their total educational experience. Students and faculty
members were invited individually and in small groups to discuss their experiences. Many
students volunteered information about their living experiences.

The following activities were engaged in as an attempt to alleviate some of the problems and
situations.

Small group meetings, luncheons, and dinners were held purposely for students to meet and
greet each other. Dinners for the Classes of 1973 and 1974 were held to generate class
spirit. Groups of students in each department were encouraged to discuss their progress in
the department. As a result, departmental "rap sessions" and luncheons involving faculty
and students developed. These have met with enthusiastic response from both faculty members
and students, who requested more such opportunities to communicate. Informal meetings
with minority women students were well attended, and plans to become more involved in the
community life of M. I. T. resulted. Black women students in McCormick Hall attended dinners
planned by the housemaster for the first time. They also were involved in planning for the
Women's Centennial and in McCormick's house government.

Student participation in outside educational activities was encouraged by the Dean's Office.
Some of the conferences attended were: the National Black Students Science Association, held
in New York City; the National Black Business Association, in Chicago; National Black
Students Medical Association, in Philadelphia; and, in Boston, the Conference of Black
Medical and Technical Association. A total of 17 students participated. Reports of the con-
ference activities were made available to other interested students.

Efforts to aid minority students in securing information about career possibilities were accom-
plished with the cooperation of industry and business resource persons.

The Career Days held at General Electric plants in Lynn, Massachusetts, and Schenectady,
New York, were experiences which exposed students to industry's diversity and to the oppor-
tunities for black people. Students felt that these events were enlightening and worthwhile.
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Twelve students were hired for summer employment by General Electric.

The Black Conference on Science and Technology provided an opportunity to present success-

ful role models for minority students. The event was possible through the cooperation of

Robert Weatherall, Director of the Career Planning and Placement Office. M. I. T. black

alumni were invited to participate. Forty-five undergraduate students, eight graduate students,

one administrator, and two faculty members were involved in the planning.

Research of the files resulted in identifying 127 black alumni. The Dean's Office received

59 positive responses indicating intent to attend the Conference; 28 actually attended. The

conference has resulted in a request by the alumni for more opportunitites to become involved

with black students. Consequently, at the request of Robert P. Pinckney, Class of 1952, the

Dean's Office has discussed means for greater black alumni involvement.

The organization of the Black Christian Fellowship has provided an opportunity to improve

relations among white, African, and other foreign students. Several fellowship services,
retreats, dinners, and receptions have attracted faculty members and local persons not nor-

mally involved with student extracurricular activities. Students have found these affairs

particularly helpful in unearthing interesting personalities whom they normally would not have

sought out. The Fellowship Holiday Dinners served black students at M. I. T., Boston Univer-

sity, Tufts University, and Wellesley College. The Black Christian Fellowship choir has

given students an opportunity to utilize their special talents. Several local performances

were staged in the Boston and Cambridge communities. The Fellowship is nonsectarian.

Letters of commendation were sent to those black students whose grade point average was

3. 5 or better. Letters of encouragement and offers of assistance were sent to those students

whose grades indicated faltering performance.

To help students develop friendships, they were invited to discuss their interests and ideas

for activities. Resulting from this information were special interest groups, such as the

premedical student group organized by Michael Fant, Class of 1973. The cooperation of the

Financial Aid Office and academic departments of the Institute yielded more jobs than appli-

cants, as a continued effort was made to help students secure summer jobs.

Several letters from parents of black students were received. These parents expressed appre-

ciation for the Dean's Office's concern and the assistance extended to their offspring.

MARY O. HOPE

Project Interphase

During the 1972-73 academic year, the Dean's Office continued its involvement in the planning,
coordination, evaluation, and follow-up of Project Interphase. This seven-week academic

transitional program, which started in 1969 and is described in detail in recent President's

Reports, constitutes an essential element in the Institute's efforts to expand and to enhance

the educational opportunities for minority students.

Except for the humanities component of the 1972 program, its goals and subject offerings

differed very little from the 1970 and 1971 sessions. Until 1972, the humanities subjects

were very similar to the Institute's freshman humanities sequences. While this type of hu-

manities class went well in 1969, such classes held less interest for the Interphase students

of 1970 and 1971. The committee of students, faculty, and staff members who reviewed

earlier Interphase programs and who planned the 1972 session gave considerable attention to

the problem of the humanities classes. The group recommended that the humanities option be
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continued, but that it involve topics which make greater use of students' creative, visual,
oral, and manual skills, as well as their intellectual and emotional attributes. In light of the
available staff and interest (as determined by polling the students invited to Project Interphase),
the humanities classes offered in 1972 were in basic photography and music.

In the photography workshop, students learned fundamental camera and darkroom techniques,
as well as the various aesthetic and technical problems involved in black-and-white photog-
raphy. The workshop was designed to increase the students' awareness of visual sensation,
and their ability to view their work and the work of others with critical intelligence. Film,
chemicals, darkroom facilities, cameras, and light meters were provided by M. I. T.

The music classes catered to the interests and musical backgrounds of the students, and
combined performance and theoretical studies, including the relationships among history,
literature, cultural climates, and music.

The 1972 Project Interphase humanities classes were among the most successful offered in
the four years of the program. The creative workshop approach challenged and interested
the students, and their enthusiasm for the content remained high throughout most of the
summer.

Since the photography and music workshops could not deal adequately with any reading defi-
ciencies, the 1972 program included a set of reading diagnostic examinations and reading
improvement sessions for those students found to have seriously deficient reading skills.

The 23 entering M. I. T. freshmen who participated in Project Interphase-1972 consisted of
14 black males, two Mexican-American males, two males with permanent resident status,
one white male, and five black females. All 23 of these students successfully completed
their first year at M. I. T.

In June, 1973, 18 of the 44 students who attended the first Project Interphase program in 1969
received their Bachelors of Science from M. I. T. Three other students in this group will
complete their degree programs during the summer of 1973, and at least six others expect
to graduate in 1974. Although this record of success is somewhat lower than desirable, it is
considerably above what was predicted for this group in 1969. For succeeding Project
Interphase classes, the percentage of students who graduate should increase and come closer
to that of the entire freshman class.

During the 1973-74 academic year, when the Institute reassesses its four years of experience
with increased numbers of minority students, the impact and the success of Project Interphase
will be evaluated more fully.

JAMES J. BISHOP

Student Center, Kresge Auditorium, and Talbot House

There has been an increase in the volume of student programming by M. I. T. organizations
and activities. While this is a desirable development, it has generated a space problem. To
solve this problem, users of the Student Center and Kresge Auditorium have begun to work
together in scheduling these facilities. The increased communication has been valuable. One
of the more subtle educational experiences which has accrued to student programmers is
learning how to coexist peacefully and imaginatively in extremely limited space conditions.

This past year, students have regained interest in producing large social events. The Black
Student Union presented Mandrill, and the Undergraduate Association sponsored a Sha-Na-Na
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concert in conjunction with Kaleidoscope. Producing concerts like these is an extremely
complicated task, and the students involved were broadened by the experience.

The Talbot House Committee has completed its first year of operation successfully. In the
fall, a proposal for five more years of operational funding was accepted by Laurance Rocke-
feller. The Committee has done a good job of scheduling this well-used facility, and has
managed to devise a system for dual usage over the summer months. Talbot House continues
to provide an environmental alternative to M. I. T. 's urban campus.

JON E. HARTSHORNE

Student Self-Governance, Participation in Institute Governance,
and Student Activities

The Office of the Dean for Student Affairs strongly supports student leadership, whether
elected, appointed, or as it frequently is, self-appointed and voluntary. The governing units
of the Undergraduate Association remain decentralized among approximately 20 major deci-
sion-making units; while communication among them has improved somewhat, the instruments
of sustained communication have not emerged.

The number of students involved in undergraduate governance units varies between 600 and
800, including those students associated with governance mechanisms related to activities,
residences, athletics, and classes. While undergraduate governance is decentralized, the
Graduate Student Council is characterized by centralization, although many of its programs
are decentralized to departmental, residence, and organizational units. This structure
parallels the division of function between activities and governance in the Undergraduate
Association. The Graduate Council's President, James Ziegenmeyer, and Vice President,
Arthur Bass, received William L. Stewart, Jr., Awards this year for contributions to the
Council and to graduate life. This past year saw the establishment of the Graduate Student
Council Awards for Outstanding Graduate Teaching; five of these awards were presented at
the Awards Convocation in May, 1973.

Within the governance spectrum of the Undergraduate Association, the Student Center Commit-
tee and the Association of Student Activities have had productive years. The Student Center
Committee, under the leadership of Steven Wallman, Class of 1975, has initiated and continued
successfully several programs, including operation of the popular 24-Hour Coffee House.
Community recognition of this contribution resulted in a William L. Stewart, Jr., Award
granted jointly to Wallman and the Committee at the Awards Convocation in May. Robert
Dwyer, Class of 1972, and Fred Duncanson, Class of 1974, successive chairmen of the Asso-
ciation of Student Activities executive committee, have moved decisively on the questions of
activity space, its allocation, and its use. The Finance Board also has played a prominent role,
as it endeavored to be equitable in its allocation of funds to the many competing student organ-
izations. The Student Committee on Educational Policy presented three prominent speakers
on educational topics in the spring. There are approximately 60 undergraduates, appointed
by the Nominations Committee, who serve on a variety of faculty committees and on adminis-
tration task forces and boards. A small group of these students which met with Dean Eisenberg
in the winter expressed the feeling that they were listened to, that they had impact, and that
their efforts had been constructive.

Perhaps the continuing problems of undergraduate communication and cooperation can be
solved by social events similar to the Kaleidoscope -Sha-Na-Na concert in May, which
provided a workable matrix for cooperation among the Student Center Committee, the Infor-
mal Dance Committee, and several activity and governance groups (and an enjoyable weekend
for the student body).



Dean for Student Affairs

Within the activity spectrum of the Undergraduate Association, the Black Student Union
provided several cultural programs of interest to the local and wider communities; the
Educational Studies Program experienced a greatly increased enrollment in its high-school
studies program; Technique, the yearbook, increased sales with the 1973 volume; the
International Students Council has elicited enthusiastic support for its forthcoming seminar
on the returning foreign student; the Baker Memorial Committee has been reestablished by
Marko Slusarczuk, Class of 1974; and a variety of religious groups have sponsored programs
of outreach and interest.

In addition to the William L. Stewart, Jr., Awards listed previously, it should be noted that
the remaining recipients of the Award were honored for their contributions to activities:
Maria Ann Bozzuto, Class of 1973, for contributions to women's athletics; Robert M. Elkin,
Class of 1973, for superb attention to The Tech's financial management; Sylvester J. Gates,
Class of 1973, for tutoring in Interphase, Black Student Union, and Concourse; graduate
student Vo Ta Han, for creation of the Classical Guitar Society; and graduate student Lee J.
Scheffler, for implementation of the Department of Electrical Engineering subject survey
program.

The Karl Taylor Compton Prizes were received by: Gregory C. Chisholm, Class of 197.3;
Frederick P. Gross, Class of 1973; Inez Denise Hope, Class of 1973; graduate student
Robert S. Langer, Jr.; Robert J. Longair, Class of 1973; and the M. I. T. Symphony Orches-
tra. All made contributions of substance and merit to M. I. T. and to the wider community.

The citation of individual students in this report somewhat more prominently than in previous
years reflects the present circumstance of student leadership and accomplishment more ac-
curately than does reference to the anonymous structures of the past. Unfortunately, space
does not permit a fuller listing of the major student contributors to student community life.

ROBERT J. HOLDEN

Counseling

This section will offer some general observations, by no means comprehensive, on the
counseling activities of the Dean's Office staff.

It is appropriate to point out that a student's first contact with the Dean's Office is normally
with one of the secretaries. A great deal of what goodwill the Dean's Office may earn is due
to their tact, courtesy, and intelligence. Through their discretion, judgement, and knowledge
of the Dean's Office and of the Institute, they often save a student's time by knowing which
member of the Dean's Office or of some other office is most likely to be able to help. Also,
they usually are as expert as staff members (or more so) in cutting through unnecessary red
tape.

For those readers who may think of student counseling as an activity carried on only or pri-
marily in a counseling "center, " which is administratively independent of any dean's office,
it is important to point out that M. I. T. has chosen (so far at least) not to establish such a
center. Instead, counseling is shared cooperatively by many: freshman faculty advisors
and Dean's Office staff members in the office of the Freshman Advisory Council; departmen-
tal faculty counselors; housemasters and tutors in the Institute Houses; the Student Financial
Aid Office; the Office of the Advisor to Foreign Students; upperclass students; the Prepro-
fessional Advising and Education Office; the Career Planning and Placement Office; the
psychiatric and Medical Department staffs; coaches; the Campus Patrol; the faculty
Committee on Academic Performance; religious counselors; and others whose judgement a
student may have learned to respect. Communication among all those mentioned varies in
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quantity and quality, and it can and should be improved.

There are reservations about the value of statistics in measuring the number of students who
have contact with the Dean's Office. Four staff members are engaged primarily (but by no
means exclusively) in counseling, and there is one additional half-time staff member. From
September, 1972, to June, 1973, the engagement books of the five staff members mentioned
showed a total of 1, 641 student appointments. However, this figure does not include the
large number of students who drop in without appointments and who are seen either immediately
or, if they can wait, as soon as a staff member is free. Furthermore, there is no reliable
method of even estimating the time spent in telephone calls, expected or unexpected, that
intersperse each day. As for time spent in committee meetings, one staff member consulted
his engagement book of 15 years ago and his current engagement book, and found that the
average time per week had increased from approximately one hour to eight. Whether eight
times as much is accomplished by this increase is open to question.

One set of figures can be given with reasonable accuracy. Students who withdrew from the
Institute voluntarily through the Dean's Office between June 1, 1972, and May 31, 1973,
numbered 232. Many students who withdraw simply do not enroll and do not confer with the
Dean's Office or their faculty advisors. Students who were readmitted during the same
period numbered 316. Behind these numbers is a significant factor. Just as Arnold Toynbee
devotes a considerable section of his Study of History to the "withdrawal and return" of famous
historical figures, so (on a somewhat smaller scale) these students drop "into" the life of the
workaday world, to "clear their minds" after a period in the pressure cooker atmosphere at
M. I. T. (As students learn the care and upbringing of parents, they are urged never to use
the phrase "drop out" when talking to their parents. )

There is no way of knowing how many students exist who might profit in some way from using
the Dean's Office, but who for reasons unknown do not do so. Reaching such students is an
unsolved problem which should receive more attention. Similarly, more attention should be
paid to those students who receive "negotiated withdrawals" from the Committee on Academic
Performance at the end of a term, and to those who, while free to register for a succeeding
term, indicate their withdrawal only by failing to register. Some of these students have not
put much thought into their future plans, and perhaps could profit from using one or more of
the offices mentioned earlier.

Valid statistics would not result from an attempt to categorize the reasons for students' visits.
One staff member's categories might not coincide with another member's categories. Fur-
thermore, there is general agreement among the staff that it is much more important to
listen to a student as he or she chooses to express a problem, and to get on with helping as
much as one can, than to waste time and energy deciding in which pigeonhole this student's
"case" belongs.

Two questions, quite different in depth, are asked often. One is, Can and do graduate students
and foreign students visit the Dean's Office? Graduate students can and do make use of the Dean's
Office, but not in large numbers. Some of those who do were undergraduates at M. I. T.
Others who are not M. I. T. graduates either find their own way or are referred by faculty
members who are familiar with the Dean's Office. Foreign students, both undergraduate
and graduate, also use the Dean's Office.

The second question is, What in general are the reasons for students' visits ? No brief answer
is adequate. If any one word must serve, it is the word depression. However, depression
can be slight or severe, transitory or long and painful, caused by circumstances with little
direct connection to M. I. T., or caused (for example) by an inner conflict between the need to
mature in the many ways that nature demands, and the premium that M. I. T. places on the
purely cognitive elements of maturing. Two other reasons for students' visits are confusion
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about their lives and plans, and about M. I. T. practices and policies.

WILLIAM SPEER

The Living Environment

For the student residential program, the 1972-73 academic year was a year of expansion,
strengthening, and looking to the future. All those involved with the program -- faculty and
graduate residents, housing and food services staff and employees, student leaders, and
many other interested individuals -- are due an expression of appreciation for making this
such a good year. This particularly applies to those who are leaving the residence program.

Deep appreciation for many years of devoted service goes to Professor and Mrs. John W.
Irvine of the Department of Chemistry, and to Professor and Mrs. Prescott A. Smith of the
Department of Mechanical Engineering, who retire as Faculty Residents of Ashdown House
and Bexley Hall respectively, having held these positions for the past seven years. The
Institute also is grateful to Professor Jacques N. Sultan of the Department of Civil Engineering,
who served as Graduate Tutor and Junior Faculty Resident in Bexley Hall from July, 1967,
to February, 1973, and to Holly Heine, a graduate student in the Department of Biology,
who with her husband served as Senior Tutor for McCormick Hall from July, 1969, to June,
1973.

Undergraduate Institute Houses
The return rate of upperclass residents to the Institute Houses continues to be extraordinarily
high, contradicting the flight from campus housing which has occurred at most colleges and
universities across the country. These return rates, coupled with the unexpectedly large
freshman class of 1, 041, created the most serious overcrowding experienced to date in the
undergraduate Institute Houses. In order to meet the obligations of its existing housing
policy, the Institute was forced to overcrowd the system by 60 students (with a direct impact
on 160 students), while turning away many college transfer students and readmitted students
who desired campus housing. This alarming situation compelled the Dean for Student Affairs
Office to play an instrumental role in the reduction of the freshman class size to 900 for
September, 1973.

With no new or temporary facilities opening, and with Senior Faculty Residents again present
in all Institute Houses (after a lapse of one year in Burton House and McCormick Hall), this
was a year of stabilization for the undergraduate Institute Houses. Student leadership in the
Houses continued to play an active and effective role in dealing with the administration,
managing House affairs, and in discussing future policy. This year, for the first time, each
House was represented in the housing and food service rate review. The individual students
who participated put in long hours, exhibited great responsibility and judgement, and grew
personally in the process. The issue of permanent male guests in McCormick Hall was raised,
and although it has yet to be resolved, sensitivity to the issue has been increased and the situ-
ation is improving. It was pleasing to note that the new officers of all Institute Houses have
taken the position that the residents of McCormick Hall should be allowed to resolve directly
matters concerning the House (such as coed living and the presence of Wellesley students)
without pressure from students in other living groups.
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Fraternities

The fraternity system continued to be strong, with 388 freshmen opting to live in fraternities
or in the cooperative Student House in September, 1972. The Interfraternity Conference
(I. F. C. ) showed signs of new life, and the officers for this past year and for the coming year
have exhibited a strong sense of direction, both in carrying out the more traditional activities
of the I. F. C. (such as collective buying and rush) and in moving into new areas of service to
the fraternities (such as financial management and rushing assistance). This year saw the
beginning of construction of new houses for Kappa Sigma and Alpha Tau Omega, the two
fraternities remaining in the Fraternities Collaborative. Occupancy is scheduled for January,
1974. This project hopefully will serve as an example to the Institute and to the fraternities
of the feasibility of solving the fraternities' long-standing physical plant and location problems
through new construction with M. I. T. support and cooperation.

This past year, the Frederick Gardiner Fassett, Jr., Award for spirit, dedication, and
service to the M. I. T. fraternity brotherhood, was awarded jointly to two officers of the
I. F. C. who performed above and beyond the call of duty in their respective offices. The
recipients were Steven I. Altchuler, I. F. C. Rush Chairman, and Mark C. Oakes, I. F. C.
Treasurer.

Graduate Residence
A significant improvement in both the quality and quantity of housing resources available to
unmarried graduate students occurred with the opening of the Ping Yuan Tang Residence Hall,
with apartment facilities for 401 unmarried graduate students, in October, 1972. Simultan-
eously, the occupancy of Ashdown House was reduced by one-half to permit the beginning of
a significant restoration-renewal project, which will improve substantially the facilities
available there for unmarried graduate students. Begun in January, 1973, the project's first
phase is expected to be completed in the fall of 1973, with completion of the entire project
anticipated in the fall of 1974. Tang Residence Hall and Ashdown House (when completed)
will provide quality campus housing to approximately one-half of the unmarried graduate
students, or almost all of those who have requested campus housing. Married student
housing remains in short supply, compared to the demand; there is a waiting list of almost
400 families and a waiting period of one year or more for apartment assignments.

New Undergraduate Housing

Giant steps forward were taken toward augmenting the undergraduate housing capacity, with
the release of the report of the Faculty Committee of Student Environment (C. S. E. ) and the
completion of a programming study by Richard A. Sorenson and Lawrence Speck (a graduate
student in the Department of Architecture who is also a tutor in MacGregor House). The
C. S. E. Report is an update and a sequel to the 1963 C. S. E. Report, which has been instru-
mental in guiding the development of the housing program for the past ten years. The new
report represents the culmination of two years of intensive study and discussion by the
Committee. This report and that of Mr. Sorenson and Mr. Speck bring the Institute to the
point of readiness to proceed, upon the availability of sufficient resources, with the construc-
tion of new undergraduate housing which will alleviate overcrowding and begin to accommodate
the existing demand.

KENNETH C. BROWNING
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Lobby 7 Committee

The location of the Dean's Office in Building 7 made this the most convenient office for the
Coordinator of the Lobby 7 Committee. The purpose of this Committee is to bring activity,
entertainment, and information to the lobby of Building 7. During the academic year 1972-73,
a great variety of activities involving "performances" by members of the M. I. T. community
and outsiders took place.

The events during the year included dance concerts, chamber concerts, small musical
theatrical performances, experiments with the sound and resonance of the space, large- and
small-scale slide shows, choral groups, performances with pneumatic sculpture, exercise
classes, fencing exhibitions, weekly folk dancing (during inclement weather), film showings,
jazz concerts, exhibits of photographics and photography, square dancing exhibitions, and
the Christmas Convocation.

During the course of the spring term, the large structure built by the Department of Architec-
ture in the summer and fall of 1971 was removed, and there were exhibits of two temporary
structures from the Department of Architecture -- Mongolian yurts (nomadic dwellings) and
a tensegrity structure.

In an attempt to improve information services, a large map of the campus was installed on
the south wall of the lobby. A smaller map of the lobby area and adjoining areas will be
installed in the fall term; it will describe amenities and services available in that area.
Plans are being made to install permanently the tactual map for the blind, along with the
sound supplement, in the lobby. Also being considered are plans for the installation of a
video player and monitor, to be used for the M. I. T. tours, for normal broadcasts, as a
possible part of the Harvard/M. I. T. cable television network, and as a display for student
video work.

SUZANNE R. WEINBERG

Foreign Study Office

This is the tenth year of the Foreign Study Office. It was founded in 1963 by Professor John
T. Norton. After four years he retired and Dean Harold L. Hazen directed the next five years.
Dean Hazen retired in June, 1972, giving way to the present Director, Professor William N.
Locke.

The Foreign Study Office serves a surprisingly large number of people who come in, call, or
write. Most are M. I. T. students, the majority undergraduates, with smaller numbers of
graduate students, faculty, and staff. The four main areas of interest, in order of number of
inquiries, are: 1) the Junior Year Away, both foreign and domestic; 2) graduate work abroad
under one of the international fellowship programs; 3) teaching or research abroad, mostly
postdoctoral; and 4) study at other institutions during the Independent Activities Period.

There has been a considerable increase in the activity of the Office this year, which bodes
well for the future. The number of interviews increased to 277. The highest number for a
single previous year was 140 in 1970-71; the average for the previous years for which there
are statistics is 88. One explanation for the rise this year may be a greater effort in publi-
city, through two bulletin boards, posters, advertising, announcements in the campus press,
and a series of seminars. Still more should be done along these lines next year, considering
that approximately one-half of those who come for interviews are unaware of such announce-
ments as the deadline for a program for which they might like to apply.
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A second explanation may be that last summer, entering freshmen were asked to return a
tear-out slip with their name and address if they might be interested in a year away during
their undergraduate career; 184 did. Many of them came in during the year. This should
bring more applications again next year, unless the dollar exchange rate is too unfavorable.

The number of those now planning to be away next fall is smaller than this past academic year,
which may reflect the recent uncertainty about the dollar. Another trend which discourages
study abroad is the new emphasis on the practical in education. This is unfortunate, because
a year away often produces unanticipated benefits in the form of job opportunities later on.
A more enduring reason for spending a year among a different people is the gain in cultural
perspective.

Junior Year Abroad
There has been a slow growth over the years in the Junior Year Abroad. This program involves
students who want to spend a year abroad or at another school in the U. S., usually for the
junior, but occasionally for the sophomore or senior year, sometimes for only one term.

Among attempts of this Office to inform adequately prepared and motivated students about the
possibilities open to them is a series of seminars. Last November, the Office helped to
arrange a meeting of former Junior Year Abroad students for those thinking of going to
Germany. The students discussed their experiences of adjusting to life and school in Germany,
and their readjustment to M. I.T. During I. A. P., the Office held four seminars on foreign
countries: Israel, United Kingdom, France, and Germany. Members of the faculty and
students who had taught or studied abroad talked about their experiences. The meetings were
informative and were received well by the 25 to 30 who attended each one.

Domestic Year Away
Since this was the final year of a three-year experiment with a Domestic Year Away program,
the Committee on Educational Policy (C. E. P. ) Subcommittee on Residency, Credit, and
Exchange Programs requested a report evaluating the experience. The program has remained
smaller than the maximum of 20 set by the faculty, but it has been good for the few students
involved. Continuance was recommended. The C. E. P. reported to the faculty on May 16,
1973, "Rather than make a recommendation regarding permanent status for the program at
this time, the C. E. P. will continue the Domestic Year Away as an experiment pending con-
clusion of a more general examination of credit, residence, and exchange issues. "

Graduate Work Abroad
The number of graduate students interviewed by this Office is up; applications are steady;
but cutbacks in Federal support have resulted in the disappearance of Fulbright grants for
graduating seniors, with the remaining money going to support research abroad by advanced
graduate students. There are still a few other awards for graduating seniors, such as the
Churchill and Marshall programs for the United Kingdom, the Deutscher Akademischer
Austauschdienst (DAAD) for Germany, and a new International Telephone and Telegraph pro-
gram, but there have not been enough first-rate applicants for M. I.T. to succeed often in the
very severe competition. Better publicity may help to attract more students, but the positive
attitude of faculty advisors is of key importance.

Teaching and Research Abroad
Telephone calls and personal visits to the Office have increased in the postdoctoral category.
No doubt the improvement of economic conditions in other countries makes work abroad more
attractive, but the number of those who go away is still small. This Office plays only an
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informational role with this group.

It is unfortunate that M. I. T. has no regular way of learning who decides to go abroad, because
these experienced people can be helpful in counseling others. The most effective advice for
someone considering a year at another university here or abroad usually comes from a person
who has been there recently. The Foreign Scholarship Committee could be enlarged by adding
faculty and students with recent foreign experience, who then could operate much as the legal
and medical advisory committees do.

In May, the Foreign Study Office held a workshop for faculty and postdoctoral people interested
in teaching or research abroad. The speakers were faculty members who had been on a Ful-
bright or an exchange program. Approximately 34 people attended. A list of postdoctoral
fellowships had been prepared and was handed out.

Independent Activities Period (I.A.P.)
Since the adoption of the new calendar setting aside January for independent activities, the
Foreign Study Office has been asked to consider requests for student exchanges with other
universities during I. A. P. There has been little activity in previous years, but this year
eight M. I. T. students expressed an interest in going to another school; 31 from elsewhere
wanted to come here. Seven schools wrote, asking if the Institute would enter into tuition-
free exchanges with them. M. I. T. 's position has been that it will waive tuition only if a
bona fide one-for-one exchange can be arranged between schools in a particular year. This
operating principle has now become policy, as it was approved by the faculty on February 21,
1973. Three such exchanges were made this year for the first time, one each with Berea
College, Middlebury College, and Case Western Reserve University.

General
Discussions of common interests have been held this year with other individuals and groups
at the Institute active in counseling and career planning. Meanwhile, communications with
students away on approved programs have been improved substantially by sending them Tech
Talk every week. This keeps them informed of what is happening while they are away, and
should help them make the transition when they return. The reaction has ranged from
favorable to enthusiastic.

During the year, Foreign Study Assistant Paula T. Kelly and Professor Locke have represented
the Institute at professional meetings. Professor Locke went to Europe to look into the programs
of study and the living environment of a number of M. I. T. students who were abroad, to inves-
tigate other foreign study programs, and to discuss possible student exchanges with three for-
eign universities which had expressed interest in exploring the idea.

WILLIAM N. LOCKE

Department of Athletics

The past year will be remembered for two developments of major impact in the future of
athletics at M. I. T. First was the completion of a long-range plan for the development of
athletic facilities to meet program requirements through the 1980s. A second significant
step forward was the progress made during the year in the improvement of the program of
athletics and recreation for women at the Institute.

A Summary Report for the Development of Athletic Facilities was completed in the fall of 1972
by the M. I.T . Planning Office, working in close association with the Department of Athletics
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and the Office of the Dean for Student Affairs. A major objective was the presentation of a
plan which would provide space and facilities for the widest possible range of recreational
and athletic opportunities for the M. I. T. community, within the limits of existing resources.
A second primary consideration was a phased development strategy which could be implemented
1) as funding becomes available, and 2) with minimum interference with continuing activities.

Phase I projects a two-level covered ice rink and indoor field house which will serve as a
special events center to accommodate commencement and other major events of interest to
the entire community.

The women's athletic program came into its own in 1972-73. In May, 1972, the faculty ex-
tended the physical education requirement to all women undergraduates. Christine S. Randall
was appointed the first Director of Women's Athletics at M. I. T., and a Council on Women's
Athletics was established. The locker and dressing facilities for women at the du Pont Ath-
letic Center were enlarged and improved. The undergraduate Athletic Association's recom-
mendation that women's rowing be elevated to varsity status was approved by the Department,
thereby adding women's crew to the women's sailing team as the second women's varsity
sport. The regional and national intercollegiate eligibility rules for athletics were amended
to delete the word male as an eligibility requirement. Additional specifics on the women's
program will follow in Program Highlights.

The Department and the undergraduate leadership have made some progress in attracting
minority students into established channels for student participation in the planning and im-
plementation of the athletic program. Team rosters in the intercollegiate, intramural, and
club programs indicate extensive participation at the activity level. However, the Department
has been slow in attracting minority students to key roles in student management.

Program Highlights for 1972-73

Physical Education

The faculty decision to extend the physical education requirement to undergraduate women
beginning with the fall 1972 term presented an enjoyable challenge to the staff of the Depart-
ment to integrate successfully and to motivate those women who otherwise would not have
elected physical education on a noncredit basis. Much of the increase in the registration
statistics for the past year can be attributed to the faculty ruling. However, it is also rea-
sonable to say that much of the increase in women's participation in team sports and casual
recreation arises directly from their learning experiences in physical education. Newly found
skills and interests often lead to continued in-depth participation consistent with individuals'
interest in extracurricular activities.

There was a total of 5, 408 registrations in 52 subjects offered during 1972-73, including
1, 443 registrations for no credit. The total registration reflects approximately a 10 percent
increase over the previous year. The noncredit registrations include ten Wellesley College
exchange students and two M. I. T. students who transferred credit for subjects taken at
Wellesley.

Four new subjects were offered this past year: Rock Climbing, Bicycling, Self-designed
Fitness, and Yoga. An advanced diver program was made available to those who had com-
pleted the scuba instruction successfully. All new subjects were received favorably. The
Department will continue to enrich the offerings, within limits of resources. Incidentally,
the Department was able to use the nearby Quincy Quarry for the field instruction in rock
climbing.
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Registration Statistics for 1972-73

Swimming
Beginning
Intermediate
Red Cross Water Safety
Red Cross Senior Lifesaving
Scuba

Tennis
Beginning
Intermediate

Development
Sailing
Skating

Beginning
Figure

Volleyball
Fencing
Folk Dance
Archery
Judo
Modern Dance
Golf

Beginning
Intermediate

604
353

66
74
59
52

389
190

268
25

579

506
324
293

222
206
197
188
186
168
161

Rifle
Squash
Gymnastic s

Beginning
Women's
Trampoline

Pistol
Self-designed Fitness
Karate
Touch Football
Badminton
Sculling
Softball
Skiing

Part I
Part II

Rock Climbing
Lacrosse
Yoga
Bicycling
Independent Activities Period

125
36

Noncredit Registrations

Clas sification:
Undergraduate

Freshman
Sophomore
Junior
Senior

Graduate Student
Staff

1
314
229
270
472
157

1,443

Intercollegiate Athletics, Men

Participation in men's intercollegiate athletics was down slightly from the previous year.
Approximately 775 male undergraduates participated in 539 regularly scheduled contests with
colleges and universities in New England and the Eastern College Athletic Conference. By
head count of the rosters of freshman, junior varsity, and varsity squads in 22 intercollegiate
sports, this represents approximately 20 percent of the registered undergraduate men this
past year.

Deborah Stein, Class of 1976, was the first M. I. T. woman to make a position in men's inter-
collegiate athletics at the Institute, as a result of the change in eligibility rules. She per-
formed capably in the cross-country events of the varsity ski team.

Most notable among the team records during the past year is the resurgence of heavyweight

159
158
158

147
146
146
102

96
93
66
49

36
28
10
10

370

5, 408
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crew. The first indication was the largest turnout of students for fall rowing in five years.
In the only race of the fall season, the M. I. T. four-with-coxswain won the Head of the Charles
Regatta in a field which represented the best rowing colleges and clubs in the East. In the
traditional spring racing season, the heavyweight varsity defeated Columbia, Princeton,
Dartmouth, and Syracuse, while losing to Northeastern, Wisconsin, and Harvard. Meanwhile,
the freshman heavyweights were keeping pace, and both crews were the surprise of the Inter-
collegiate Rowing Association Championships at the conclusion of the season. The freshmen
placed second to Wisconsin, the best performance of an M. I. T. freshman crew in the 71-year
history of the college rowing championships. In the same championships, the varsity heavy-
weights defeated Cornell to qualify for the finals, but had to settle for a sixth place finish
behind the college rowing powers.

Other outstanding team records include: M. I. T. 's best skiing team in 10 years, which was
undefeated in New England Division II cross-country events; the soccer team, which lost a
play-off after a tie with Tufts in the Greater Boston College Soccer Conference; the pistol
team, which lost only to Air Force Academy in an 11-1 season which included victories over
the remaining service academies.

For the first time in the history of the New England Tennis Championships, two M. I. T.
students won the singles and doubles titles. William D. Young, Class of 1974, number one
at M. I. T. since his freshman year, defeated his Harvard counterpart in the singles finals
and then teamed with Leroy E. Simpson, Class of 1975, to win the doubles championship.
Both will compete in the National Collegiate Athletic Association (NCAA) College Division
Championships in late June, 1973.

Three members of the track team won College Division All-American honors at the NCAA
championships: David R. Wilson, Class of 1973, in the pole vault; Brian W. Moore, Class
of 1973, and John F. Pearson, Class of 1975, in the hammer throw.

Other outstanding individuals were: Merrick J. Leler, Class of 1974, All-American in pistol;
John Clippinger, Class of 1973, New England Division II All-Events Ski Champion; Daniel
M. Bethencourt, Class of 1975, All-New England Water Polo; and Yuk L. Wong, Class of
1973, New England Sabre Fencing Champion.

It should be noted that 543 undergraduate men earned letter awards in accord with established
minimum criteria in each sport. There were 265 varsity letters awarded, 112 junior varsity
letters, and 166 freshman numerals.

Club Athletics, Men
Club teams, apart from the intercollegiate program, can be characterized as informal, un-
restricted by eligibility rules, and student administered. Graduate students, younger members
of the teaching staff, and undergraduates often band together to organize competition in their
special interest, for which there is usually no counterpart among the 22 varsity sports. The
Department of Athletics makes available facilities, essential equipment, and limited subsidies
for local contests. Club sports statistics for 1972-73 are:

Club Roster Club Roster

Badminton 14 Judo 35
Bicycling 6 Karate -- two clubs 85
Graduate Crew 10 Rugby -- two clubs 45
Graduate Soccer 35 Scuba 35
Ice Hockey -- two clubs 40 White Water 30

335

Cricket and weightlifting were inactive in 1972-73.
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Intercollegiate and Club Athletics, Women

As stated in the introductory comments, women's athletics "came of age" in 1972-73 under
the guidance of: Director Chris Randall; a very active leader of the Women's Athletic
Council, Sandra G. Yulke, Class of 1974; and a dedicated staff of part-time coaches, who
taught and directed the efforts of approximately 105 women who were active in varsity sailing
and seven intercollegiate clubs. The ratio of women students enrolled at M. I. T. to those
participating in women's team sports is the same as the ratio for men's intercollegiate
athletic s.

The old adage that women will not take competitive athletics seriously is being disproved
rapidly by a significant number of M. I. T. undergraduates. The recognition of women's
rowing as a varsity sport (after three consecutive years of daily practices at 7:00 A. M. on
the Charles River in all sorts of weather) is ample evidence of this trend. The limited number
of women at the Institute does restrict team activity in less popular sports. However, the
commitment of the women who do participate regularly has been well established.

The M. I. T. women's teams are competitive in their intercollegiate contests, many of which
have included institutions with long-standing programs in women's athletics. At the conclu-
sion of the past sailing season, the M. I. T. women qualified for the national collegiate women's
championship by winning the New England Women's Intercollegiate Championship. M. I. T. 's
sailors went on to defeat ten other qualifiers in the nationals, duplicating the achievement of
their first national title in 1971. The M. I. T. women's crew was third behind Wisconsin and
Radcliffe in last fall's Head of the Charles event for women's eight-oared shells.

The fact that there were not enough women skiers led Deborah Stein, Class of 1976, to try
out for the men's ski team in the cross-country event. She earned a place on the varsity.

Philosophically, the Department and the Women's Council on Athletics believe that women's
interests are met best by a separate program of women competing against women at the
college level. However, in noncontact sports where there are insufficient numbers of women
to sponsor a separate team, individual women are welcome to try out for the varsity team in
that sport, as did Ms. Stein.

Intramural Athletics
Participation in intramural sports was up approximately six percent over the previous year.
Interest and activity in team sports represented most of the increase, with softball, touch
football, basketball, soccer, volleyball, and hockey (in that order) continuing to lead in
popularity.

The cohesiveness of teams developed in the fraternity and dormitory living groups probably
accounts for the popularity of team sports. A summary of participation statistics reveals
that approximately 6, 050 students participated on 681 teams in 19 sports in the intramural
program. Allowing for duplication among those students participating in more than one sport,
it is estimated that approximately 60 percent of the male undergraduates are active in intra-
mural sports during the year.

Probably the most significant factor in the success of intramural athletics is the effort of those
student leaders responsible for the implementation of the program through the auspices of the
Intramural Council. The Council is composed of the managers of 19 sports plus representa-
tives of the living groups. Its Executive Committee meets weekly with the staff Intramural
Supervisor to ensure the smooth flow of schedules, to maximize use of facilities, to sponsor
officials-training clinics, to rule on protests and eligibility rules, and generally to evaluate
the operation of the program.
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Intramural Participation Statistics for 1972-73

Sport Number of Teams Total Participants

Badminton 34 136
Basketball 102 714
Bowling 54 270
Cross-country -- 60

Cycling 2 9
Football 57 885
Hockey 51 550
Rifle -- 100
Sailing 10 41
Soccer 39 560
Softball 78 1, 014
Squash 27 100

Swimming 17 140
Table Tennis 46 275
Tennis 37 175
Track 20 175
Volleyball 70 560
Water Polo 20 240
Wrestling 17 46

681 6,050

Casual Recreation for Students and the M.I. T. Community

A major objective in the philosophy of athletics at M. I. T. is to provide instruction in the
lifetime sports for all students and opportunities to develop participation habits in those sports
in which they may participate after graduation. Similarly, the Department of Athletics ex-
tends the use of the facilities to M. I. T. 's faculty and staff for their recreation.

The hard fact, however, is that the Institute's athletic facilities are committed entirely to the
formally organized intercollegiate and intramural programs for undergraduates during the
prime hours in the late afternoon. The Department currently is scheduling facilities under
guidelines and priorities established by a student and staff subcommittee of the Athletic
Board. The implementation of Phase I of the Facilities Planning Report will alleviate much
of the pressure for indoor space during the long winter months.

The "casual" M. I. T. athletic enthusiast feels the existing squeeze on facilities most severely.
Although this past year saw considerable improvement in locker and dressing facilities for
women, they, along with graduate students and other casual users within the community, are
hard pressed to find an open squash or tennis court, and find it difficult to take a swim unless
they are able to arrange a workout during the off-peak hours.

A review of the sale of athletic cards is the best index of the amount of interest in athletics
and recreation within the M. I. T. community.
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Athletic Card Sale for 1972-73

Student 5,543
Faculty 360
Staff/Employee 1, 117
Alumni 231

Total 7,251
Sailing Cards 1, 271

Grand Total 8,522

Cambridge and Boston Community Relations

The Department has a policy of extending the use of its facilities to community interests at
times when, in doing so, it will not preempt its primary commitment to M. I. T. students
and staff. It is particularly anxious to meet requests which involve interaction between M. I. T.
students and young people from the surrounding community, as in Tutoring Plus.

In general, these accommodations can be divided into two categories: 1) continuing programs
during periods of off-peak use by M. I. T. students; and 2) short-term commitments, usually
a single date, which do not conflict with Institute commitments.

Typical of the first category is the arrangement with Tutoring Plus, whereby an M. I. T.
student may bring his or her tutee to any of the facilities during open hours at no guest charge.
Another example is a standing arrangement with the track coaches at Rindge Technical and
Cambridge High and Latin Schools whereby they bring small groups of their athletes to Briggs
Field for practice sessions with M. I. T. 's track squad. These are but two of many such
arrangements. There are numerous short-term or one-date commitments over the course
of the year. Professor John G. Barry of this Department works very closely with Special
Assistant to the President Walter L. Milne in scheduling requests for use of athletic facilities
from the surrounding community.

Major Athletic Awards for the Year
The Class of 1948 Award to the Senior Athlete
of the Year

The Admiral Edward L. Cochrane Award to the
senior who best combines qualities of leadership,
humility, and scholarship in the intercollegiate
athletic program

The Eastern College Athletic Conference Merit
Medal to the Scholar-Athlete of the Year

The M. I. T. A.A. Pewter Bowl for outstanding
contributions to women's athletics by a woman student

The Straight T Award, the highest award for athletic
performance at M. I. T.

David R. Wilson '73

Richard A. Charpie '73

Alan G. Spoon '73

Sandra G. Yulke '74

Peter F. Billings '73
Gregory C. Chisholm '73
James E. Clark '74
John Clippinger '73
Stephen J. Cucchiaro '74
Lewis T. Jester III1 '73
Andrew W. Kernohan '74
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The Straight T Award (cont. )

The Burton R. Anderson, Jr., Award to the
Manager of the Year

The Varsity Club Award to the Freshman
Athlete of the Year

The Harold J. Pettegrove Award for outstanding
contributions to intramural athletics

Jere B. Leffler '73
Merrick J. Leler '74
Dustin P. Ordway '74
Ritchie S. Straff '74

Lawrence D. David '75

Shinichiro Yoshida '76

Stephen L. Cochi '73

Personnel

Professor Silvio N. Vitale resigned his position of Coordinator of Women's Athletics and was
reappointed to his former position of Coach of Men's Fencing, effective July 1, 1972.

Eric T. Sollee was appointed Assistant Coach of Fencing with specific coaching duties in
women's fencing, effective July 1, 1972.

Christine S. Randall was promoted from part-time Instructor in Physical Education and Coach
of Women's Athletics to the full-time position of Director of Women's Athletics, effective
July 1, 1972. Ms. Randall's resignation was accepted, with regret, effective June 30, 1973.

Professor Arthur E. Farnham, Jr., resigned his position as Associate Professor in Physical
Education and Coach of Cross-country and Track and Field, effective June 30, 1973.

Professor Gordon V. Kelly was promoted to fill the vacancy of Head Coach of Track and Field.

Peter M. Close, Director of Sports Information, was appointed Head Coach of Cross-country
and Assistant Coach of Track and Field.

ROSS H. SMITH
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The academic year 1972-73 was, as the President and the Chancellor have remarked, a

regular year, i. e. a year in which there was about the normal mix of continuity and change

in the many organic units of the Institute -- Schools, departments, laboratories, centers,

programs, projects, and committees.

The Provost's office is a privileged vantage point with a unique wide-angle Institute-wide lens,
as the following few examples illustrate. The Provost chairs the Educational Program sub-

committee (composed of the deans who are members of the Academic Council) and thereby

has direct contact with the academic issues in the various Schools; almost all research pro-

posals (more than 1,000 per year) for grant and contract support come through the Provost's

office for final (often rather hurried) review; as an ex officio member of the Committee on

Educational Policy, the Provost shares in the deliberations of this premier committee of the

faculty, whose concerns range from academic standards for curricula and educational experi-

mentation to admissions and financial aid, student environment, discipline, and outside profes-

sional activities of the faculty.

In the following pages, those units which for a variety of -- often historical -- reasons relate

most directly to the Provost's office present accounts of varying length on their activities

during the past year. Some of these units report here for the first time, and a few words

of explanation therefore may be in order; likewise, a few words may be in order about those

units whose reports no longer are found here.

This year there is a bare outline of what the activities of the Center for Cancer Research

promise to be. It is anticipated that in the years to come, Professor Luria and his colleagues

will contribute many important discoveries to a field in which society is so badly in need of

fundamental understanding. The report of the Committee on the Visual Arts gives an inven-

tory of the many and variegated activities which fall under the cognizance of this committee,

led so effectively by Professor Wayne Andersen.

Dr. Louis Menand's report on educational activities in the domain of the environment makes

brief mention of the creation of a new Special Laboratory, the Energy Laboratory. A more

detailed account of this important event in M. I. T. 's continued efforts to relate its areas of

technical competence to societal needs will be found elsewhere in this Report.

For the past several years, the annual reports of the Education Research Center have re-

flected many exciting, innovative activities which the dynamic educational reformer, Institute

Professor Jerrold Zacharias, catalyzed and coordinated. Even though Professor Zacharias

entered emeritus status in 1970, he continued for a few years to lead several curriculum

development projects that were particularly close to his heart. He also participated in the

discussions that led to the formation of the Division for Study and Research in Education, which

is mentioned in the Report of the President and the Chancellor.

Professor Zacharias is continuing to initiate and animate educational reforms, partly at

M. I. T. and partly at the EDC. It is hoped that he will take time out to write his memoirs

of the period that started around the first Sputnik and which encompassed the Physical

Sciences Study Committee (PSSC), the ESI, the CCCP, and the ERC.
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This year finds the first report of the Lowell Institute School included in this section. Under
Dr. Wedlock's leadership, the School, which provides evening instruction in technical sub-
jects, is now officially part of M. I. T.

Dean Keil gives an historical account of how the Institute-wide Sea Grant Program was brought
together in order to enhance M. I. T. 's educational opportunities in relation to the use of the seas.

As Drs. Wiesner and Gray said, "It was a regular year. . .

WALTER A. ROSENBLITH

Artificial Intelligence Laboratory

The Artificial Intelligence Laboratory is concerned with understanding the principles and
details underlying the acquisition and exhibition of intellectual skills. Its research on repre-
sentation of knowledge and skill includes work on development of computational models, the-
oretical studies, and human development and education.

During the past year, Professors Marvin Minsky and Seymour Papert directed the general
studies in artificial intelligence and cognitive theory. Professors Terry Winograd and
Vaughan Pratt directed projects on natural language. Professor Carl Hewitt supervised work
on programming semantics and theory of computation. Professors Patrick Winston and
Berthold Horn directed projects with machine vision and automation.

In the past year, a number of workers in the Laboratory have made substantial progress
toward problem-solving procedures that understand their own operations well enough to
make possible a variety of self-extensions, new techniques for learning, and automatic
"debugging" and program-writing processes. It is believed that this is the most promising
current approach to understanding cognitive development. The goal is to find methods for
representing, in symbolic structures, the purposes and intentions associated with statements
and programs. With these structures, a program that fails to achieve a goal can describe
for itself the character of the failure, and then (if enough other problems are solved) can
address itself to the problem of what changes to make in itself. Without such a representation,
only undirected evolutionary schemes are available. Several doctoral theses concerned with
operating models of self-representation are being completed in this area.

In the area of human development and education, the same family of ideas seems to yield
striking insights. The Laboratory is engaged in educational experiments, some at M. I. T.
and some at nearby elementary schools, in which students are provided an environment
containing equipment that makes it easy for them to formulate and "debug" ideas about their
own problem-solving strategies.

Six faculty members, three research associates, 26 research staff, 21 support staff, 23
research assistants, and 16 M.I.T. students were employed in research activities. These
activities were supported by $1, 398, 750 in funding from the Advanced Research Projects
Agency/Office of Naval Research, and $201, 500 from the National Science Foundation, or a
total of $1, 600, 250 during fiscal year 1973. Funding in the amount of $1, 550, 000 is expected
for fiscal year 1974.

MARVIN L. MINSKY
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Cambridge Project

The goal of the Cambridge Project is to make computers more useful in the behavioral sci-
ences and in other sciences that have similar computing needs. Participants in the Project
are behavioral and computer scientists at Harvard University and at M.I.T. During the past
year, approximately 40 members of the faculties of the two universities served on planning
committees or took responsibility for parts of the Project's work.

At present, the work of the Project is divided into two main parts. One is the development
of computing tools that are needed in behavioral science and similar fields -- tools for man-
aging data, for analyzing data, for building and verifying models, and for running experiments
in the laboratory. The results are usually computer programs and supportive documentation.
Less effort is devoted to theoretical studies of statistical techniques, to data-sets of methodo-
logical interest, and to studies of the behavior of on-line users.

The other main thrust of the Project is the development of a Consistent System of programs,
models, and data that a wide range of researchers can use on-line. These tools are intended
to be compatible enough so that the user can combine them in whatever way his research prob-
lem seems to dictate, and can do so without the help of a programmer. This freedom to com-
bine a variety of tools in hovel ways is expected to make such tools much more useful than
they would be in isolation.

The Consistent System now resides in the MULTICS time-sharing system at M. I. T. and is
available to all users of that machine. Although its library of programs still has some con-
spicuous gaps, it is already a powerful facility for the management and analysis of some com-
mon types of data. It is expanding rapidly, partly through the introduction of programs that
have been developed in the other part of the Project's work.

The Project has been supported by the Advanced Research Projects Agency of the Department
of Defense.

DOUWE B. YNTEMA

Center for Advanced Visual Studies

As an interdisciplinary research center, the Center for Advanced Visual Studies aims to
explore new creative ideas in art which go beyond the studio scale of the individual artist
and his subjective interests, and which develop artistic tasks of public scale and environ-
mental dimensions. The scale and nature of these objectives requires the collaboration of
other disciplines at the Institute, as well as cooperation among the artists residing at the
Center. However, artists are invited to the Center not only to be receivers, tapping the
Institute's scientific, technological competence, but also to be givers, members of a cultural
community in which they have both rights and responsibilities. An intimate work relation-
ship among artist-fellows of the Center and architects, city planners, social scientists, and
electronic and computer engineers from the Institute leads to rewarding insights and new
competence for all involved. After six years of existence, the Center for Advanced Visual
Studies, through its unique and pioneering educational role, has contributed to the Institute's
cultural life and gained international acclaim.

During the 1972-73 academic year, two interrelated objectives served as rallying points for
almost all activities at the Center. First, there has been a sustained, focused concern
around the urban environment as a work of art. Foremost in this concern has been an
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extensive and in-depth exploration of the creative potential of the Charles River and its
boundaries. The artist-fellows' imaginative search for environmental values inherent in
this particular area was rewarding and inspired several new proposals, now in the planning
stage, that eventually will become catalysts for future endeavors. The second objective,
related to the first, is the development of a spirit of collaborative action in artistic realms,
which, though slow in forming, now manifests itself as an important force within the Center's
community.

All of these activities were made possible by continued, generous support from two kinds of
sources. One major section came from foundations outside the Institute. The Center re-
ceived the second half of an original grant of $100, 000 from the Kress Foundation, and it was
matched again by a grant of $50, 000 from the National Endowment for the Arts. The other
major source of support was the Institute. Through the Office of the President, $20, 000 has
been given toward general budget expenses, and $7, 000 has been received from William Porter,
Dean of the School of Architecture and Planning, in support of student participation at the
Center.

This year the Center had 16 research fellows, two visiting scholars, and 20 students. Four-
teen fellows received the majority of their support from the Center's funds. Among the out-
side sources providing personal support were the Juan March Foundation, the Guggenheim
Foundation, the Commonwealth Foundation, and the Kennedy Memorial Trust.

An increasing number of students are participating in various investigations under the super-
vision of the Director or some of the Fellows. During 1972-73, 20 students came from the
Departments of Architecture, Urban Studies and Planning, Electrical Engineering, Mechanical
Engineering, and Biology.

The Charles River Project, begun during 1971-72, continued to be one of the focal points of
the collaborative endeavors undertaken by the Fellows at the Center. This year's participants
were Fellows Maryanne Amacher, Juan Navarro Baldeweg, Mauricio Bueno, Lowry Burgess,
Juan Downey, Paul Earls, Michio Ihara, Thomas Kass, Billy Lee, David Morris, Joe Moss,
Alejandro Otero, William Parker, Stanley Resnicoff, Alan Sonfist, Friedrich St. Florian,
Takeshi Yoshizumi, and Visiting Scholar Luis Frangella. During 1972-73, some precise and
detailed propositions were developed. Among these proposals are such larger plans as the
"Reforestation of the Charles River, " a concept for a new park system authored by Lowry
Burgess. Michio Ihara proposed a "Floating Walkway Park, " a network of barges on the
Charles River where pedestrians could wander through a variety of planted green areas and
sculptural bridges or ramp forms.

Other, less ambitious plans include Paul Earls' and Luis Frangella's participatory areas,
designed to offer audio and visual experiences. In collaboration with Bart Johnson, Paul Earls
designed a "Flame-Water Fountain" which would be controlled by a self-generating sound
system. Luis Frangella developed large-scale models for his proposed "Rain and Wind
Drums, " a roof of drums of different sizes which create rhythmic patterns when drops of
rain play on them. Stanley Resnicoff prepared a contour map of major dimension to present
his projected transformation of portions of Magazine Beach into an earthmound/playground
environment. Juan Downey programmed an audio-video tape account of the changing existence
of the Charles River through the four seasons. A new Harvard Bridge across the Charles
River that incorporates some of the features of Ponte Vecchio was proposed by Friedrich St.
Florian in collaboration with Jeffrey Owan Brosk, a graduate student in the Department of
Architecture. Joe Moss continued his work on auditory environments related to the Charles
River. Alan Sonfist proposed a "Timed Landscape" on a marsh waste area of the Charles
River, that would exhibit the natural conditions which existed on that site before urbanization
and landscape planning affected the city.
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Work has been done on several new projects which are in the initial stage. Among them is
the light orchestration of the nightscape of Times Square in New York City. Based upon the
plans developed by Institute Professor Emeritus Gyorgy Kepes, Director of the Center, and
accepted by the Midtown Planning Commission of the New York City Mayor's Office, this
project aims at giving new, rich, and vital artistic focus to the night illumination of the Times
Square area. Another study (which had been projected in the first year of the Center's life)
seeks to provide an embracing artistic scheme for the ongoing reclamation of the Boston
Harbor islands. In connection with these activities, two members of the Center community
serve on Boston 200 task forces. Professor Kepes is a member of the Visual Arts Task
Force, and Friedrich St. Florian is a member of the task force for the Mind-Brain exhibition
at the Museum of Science.

In addition to collaborative tasks, all artist-fellows were active on individual projects. Some
of the individual efforts by the Fellows received important public recognition. Juan Navarro
Baldeweg received a first award in an international competition, The City as a Significant
Environment, sponsored by the Association of Industrial Design in Milan, Italy. Another
entry, by Friedrich St. Florian and Jeffrey Owan Brosk, received an honorary award. Lowry
Burgess is the recipient of a Guggenheim Fellowship for 1973-74. Michio Ihara, a sculptor,
received the National Institute of Arts and Letters Award.

Professor Kepes is working on editing a book on public art, containing essays by the Fellows
and others on the ideology parameters of the Center's objectives; it is under consideration for
publication by The M. I. T. Press during 1973-74.

GYORGY KEPES

Center for Cancer Research

The first (preparatory) year of this project has been spent in planning for the start of opera-
tions on September 1, 1973. Although the construction-renovation work on the Seeley G. Mudd
Building, which is to house the Center for Cancer Research, has been delayed somewhat, so
that only partial occupancy is expected in November, 1973, there will be six faculty members
with their associates and technical personnel working in temporary facilities from September 1,
1973. According to a plan approved by the National Cancer Institute, the Center has concen-
trated in the areas of viral oncology (four faculty members) and cancer immunology (two
faculty members).

In the coming year, the viral oncology group, composed of Professors David Baltimore,
Nancy H. Hopkins, Ronald P. McCaffrey, and Robert A. Weinberg, plans to concentrate its
research on: 1) the relation of RNA tumor viruses to their host cells, particularly on enzymes
elicited by virus infection and their role in reverse transcription and integration; and 2) on the
genetic control of the integration process, utilizing as part of its approach the development
by Professor Hopkins of a method for detecting murine leukemia virus antigens on single living
cells and the finding by Professor McCaffrey of terminal deoxynucleotidyl transferase in leu-
kemic cells. Professor McCaffrey will hold a joint appointment with Harvard Medical School,
a position that will strengthen the Center's connection with the Children's Hospital Research
Foundation.

The cancer immunology group, under Professors Herman N. Eisen and Paul D. Gottlieb, will
develop the study of the abnormal immunoglobulins in mouse myeloma cells and the mechanism
of rejection of some myelomas by immunological reaction to the foreign globulin. Professor
Gottlieb also plans to initiate a long-term study on the differentiation of lymphocytes in
organ cultures of the thymus gland.
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It is expected that work in the cell biology program will begin by September, 1974. Construc-
tion and renovation of the Seeley G. Mudd Building is expected to be complete by May, 1974.

SALVADOR E. LURIA

Center for International Studies

Under the directorship of Professor Eugene B. Skolnikoff, the past year has been one of con-
tinued development of new Center for International Studies programs around the theme of
technology and international relations. This represents a change in emphasis for the Center.
During its first two decades, the Center saw its role at the Institute as helping to build a
strong social science base; its research program reflected priorities as perceived in the
1950s and 1960s. Now a vigorous social science program is a reality at M. I. T., and the in-
ternational problems of the 1970s are different. The Center is redirecting both its style of
operation and the substance of its program to meet these changed conditions.

The Center has remained a social science center. Increasingly, however, it is seeking op-
portunities to collaborate with the science and engineering faculties of the Institute on prob-
lems that have both technological and social science aspects. As this report shows, there
has been progress in this direction, and plans for the future look to increasing the Center's
interaction with the rest of the Institute. The content of the Center's program, however,
also is shaped by the research priorities of the faculty members who have been associated
with the Center. The projects that are described briefly below therefore represent both new
areas of research and a continuity with past programs.

One area of new programs concerns comparative studies of advanced technological societies.
Professors Suzanne Berger of the Department of Political Science, Michael Piore of the De-
partment of Economics, and Lisa Peattie and Martin Rein of the Department of Urban Studies
and Planning are looking at the causes and consequences of "dualism" between modern and
traditional sectors of the economies of advanced states of Europe and North America. The
Center also is collaborating with the M. I. T. Center for Policy Alternatives in a study of the
policies of the U. S. and WVest European governments in supporting technological growth.
The Center is a member of a consortium of European and American universities that is de-
veloping cooperative programs which compare the environmental policies of their governments.
The Center anticipates further expansion of programs on problems of this nature, and hopes
especially to include Japan in the purview of its work.

Another new program area consists of a cluster of projects which examine how changing tech-
nology is affecting international relations and what kinds of policy issues emerge from that
process. During the past year, the Center cosponsored with Harvard University and the Uni-
versity of California at Berkeley a multi-disciplinary faculty seminar on this set of problems.
The seminar focused on international aspects of energy policy; next year the focus will be on
international problems relating to ocean usage. The seminar's energy discussions have gen-
erated several spin-offs. One is a small subgroup of the seminar that will continue to meet
and go more deeply into this set of problems; a second is a pilot study by Professor Murray
Adelman of the Department of Economics and Professor Zenon Zannetos of the Sloan School
of Management on the vulnerability of the West European economy to change in its oil supply;
a third is a study by Ted Greenwood, a graduate student in political science, on U. S. -
Canadian energy relations.

Also related to this general set of issues is the continuing work by Professor Skolnikoff on the
international institutional implications of science and technology, with particular reference to
future demands on the international system and capabilities of existing or contemplated insti-
tutions. Ongoing or recently completed work by Professor Nazli Choucri on the relationships
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among technology, resources, and population, and by Professor Hayward Alker on the
evolving experience of the United Nationswith issues affecting world peace, also is relevant
to this topic. Professors Choucri and Alker are both members of the Department of Political
Science.

During the year 1972-73, the Center has taken the initiative with members of several depart-
ments at the Institute in designing a program of research and analysis on the technology
related aspects of arms control and national security policy. Efforts are being pressed to
obtain fundingfor this program, which includes such questions as the relationship between
military research and development and arms control, problems of policing the fissionable
products of nuclear power plants, and the like. The Center is quite confident that initial
funding can be found. Eventually the Center hopes to expand its program in this field to in-
clude a wide range of other technology related questions and such essentially political-
security questions as MBFR (Mutual Balanced Force Reductions in Europe).

Under the direction of Professors Myron Weiner of the Department of Political Science and
John Harris of the Departments of Economics and Urban Studies and Planning, a faculty-
student seminar met during the fall to explore problems related to the movement of people
across borders, from one section of a country to another, and from rural to urban areas.
Relevant to this seminar was the work being done by Professor Weiner on the political de-
velopment consequences of internal migration in India, by Professor Harris on migrants in
Nigeria and Kenya, by Professor Wayne Cornelius on rural migrants in Mexico, by Professor
Cornelius on a comparative study of migrants in Mexico, Peru, and Japan, and by Professor
Choucri and Research Affiliate Geoffrey Kemp on population pressures and conflict. Under
Professor Weiner's direction, plans are being made for a long-range program of further work
on what he has termed "political demography. " In addition to many of the faculty members
mentioned above, faculty from other parts of the Institute also will be involved.

Several of the Center's new programs fall within a field that might be called technology and
development. The Center and the Department of Nutrition and Food Science are developing
jointly a major new International Nutritional Planning Program, which is directed by Dr. F.
James Levinson. The objective is to develop at the Institute a teaching, advisory, and re-
search capability on developing and implementing nutrition planning programs. Initial funding
has been provided by the Rockefeller Foundation. Although the program is just in its forma-
tive stages, the broad interest it has attracted from all over the world is indicative of its
importance and timeliness.

Communications long has been an area of Center research. At present, in collaboration with
a number of faculty members from around the Institute, the Center is participating in devel-
oping new research programs in this field, looking primarily at the impact of changed commu-
nications technology. Particularly relevant to the Center's interest in questions relating
technology and development is research (already begun on a small scale) on direct satellite
broadcast.

Efforts to develop a program on international business and the multilateral corporation have
been in progress, along with efforts to raise funds for such research. Sufficient initial fund-
ing is in hand to launch the program in the coming year, under the direction of Professor
Everett E. Hagen, Professor Emeritus of the Departments of Political Science and Economics
and former Director of the Center. Related to this set of activities is a research problem on
which the Center is seeking actively to develop work -- the relationship between technology
and trade.

During the past year, work has continued on a number of projects begun in earlier years.
Under the direction of Professor Ithiel de Sola Pool and Stuart McIntosh, the ADMINS project
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to develop social science software for new generations of computers has continued. Special
attention is centered on adapting new high-speed, large-capacity, but small and inexpensive
computers to the needs of less-developed countries and international organizations. Professor
Pool, Professor William E. Griffith, and Research Associate Zev Katz have continued study
of the Soviet society, drawing upon the 1970 Soviet census and the increasing volume of work
published by Soviet sociologists. Professor Roy Feldman has returned from a year in Israel
and Egypt, where he studied the relationship between child-rearing practices and political
socialization. In addition to work (mentioned earlier) on population, Professor Choucri has
continued to work on a number of studies of the interaction of population, resources, and
conflict, and on methodologies of forecasting.

Professor Douglas Hibbs is nearing completion of his research on the effects of a variety of
social and economic changes on the membership of radical political parties in Western Eur-
ope. Professor Pool has continued his work on a variety of studies, in addition to those al-
ready mentioned, concerning systems for analyzing social science constructs. Professor
Hayward Alker's work on modeling complex social systems has progressed, as has work by
Research Associate Rosemarie Rogers on computer systems for indexing political documents,
and by Professor Weiner on Indian election data. Professor Harvey Sapolsky and Research
Associates Howard Margolis and Anne Cahn have continued to examine several aspects of the
manner in which technical advice is utilized in making policy decisions about matters that
have large technological components.

Professor Williard Johnson has been developing what is expected to become a major research
program on the conditions for new businesses in the less-developed countries and in American
black communities. Professor Robert Rotberg's efforts to develop a study on African libera-
tion movements also have continued. Professor Lincoln Bloomfield completed work on a
computer system for storing, retrieving, and analyzing data on conflicts (CASCON), in which
considerable interest has been expressed by the United Nations Institute for Training and
Research (UNITAR).

Professor Lucian Pye completed a study for the United Nations on the recruitment and pro-
motion of civil servants in less-developed countries and on the interaction of public and
private bureaucracies. In addition, he has begun the design of a major new comparative study
of political and social development in Asia, which, it is hoped, will be the focus of a major Cen-
ter activity in the future. Professor Griffith's project on radical and revisionist movements
has continued, with the commissioning of additional studies. Dr. Robin Remington, returning
from a year's research in Yugoslavia, has been carrying on her inquiry into the Yugoslav
federal structure and the problems of multinational states.

EUGENE B. SKOLNIKOFF

Committee on the Visual Arts

The 1972-73 exhibition schedule was as varied as the many categories of interests at M. I. T.
annually require. Ten major shows were installed in Hayden Gallery, and ten smaller shows
in the surrounding hallways. Of these, two were shows originating at other institutions and
the rest were organized by the staff of the Committee on the Visual Arts (C. V. A. ).

Tours

Professor Wayne V. Andersen, Chairman of the Committee on the Visual Arts, hosted two
visiting groups of patrons of the arts this year, the Fellows of the Pasadena Art Museum and
the Friends of the Milwaukee Art Center.

The Fellows of the Pasadena Art Museum took a whirlwind two-and-one-half-day tour of Bos-
ton's art and architecture. Professor Andersen, along with Drew Hyde of the Institute of
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Contemporary Art and Kenworth Moffet of Boston's Museum of Fine Arts, arranged the group's
activities. The Friends of the Milwaukee Art Center spent an entire morning touring the M. I. T.
campus.

Publications
The M. I. T. Art News first was published by the Committee on the Visual Arts and the Office
of Exhibitions in the fall of 1972, as part of their efforts to bring M. I. T. students into close
contact with all areas of the visual arts.

The M. I. T. Art News is published at the opening of each term to alert students to subject
offerings, exhibition plans, new programs, and events that provide them with a broad range
of opportunities for experience and participation in the visual arts. It also is intended as a
vehicle for informing students on the history and development of the Institute as a visual
environment.

Acquisitions
Highlights of new acquisitions to the general collection were Rodin's Grosse Tete d'Iris,
modeled in 1890-91, and Bourdelle's Tragic Mask of Beethoven, modeled in 1901. Fifteen
paintings, including works by John Ferren, John Grillo, and Conrad Marca-Relli, were given
to the M. I. T. Collection by Fred and Florence Olsen. Five nineteenth-century American
landscape paintings by Bierstadt, Cole, Inness, Homer, and Doughty were donated by I. Austin
Kelly III, a New York art and book collector and a member of the M. I. T. Class of 1926. These
new acquisitions signal the expansion of the Institute Collection to include important works
from the nineteenth century.

This year saw the first application of expenditures for works of art based on construction
costs of a new campus building -- the Electrical Engineering building. The task was given
to Professor Andersen, who appointed a selection committee: Professors Louis Smullin and
Judith Wechsler, and Lawrence Anderson, Dean of the School of Architecture and Planning.
Professor Andersen screened the works of some 30 artists and several galleries and offered
the Selection Committee approximately 70 works, from which about 30 preliminary choices
were made. These were submitted to an expanded client committee of Electrical Engineering
people, which was requested to reduce the number to 15 for purchase. Among the final works
were major paintings by Alan d'Arcangelo and Jack Bush, a tapestry by Leger, and other valu-
able works of art. The exhibition staff will install these in the Electrical Engineering building
in the fall of 1973.

The Committee on the Visual Arts is deliberating about a major sculpture for the campus-side
entrance to the Electrical Engineering building. It is expected that planning for this and se-
lection of the artist will be completed in the fall.

The Catherine N. Stratton Collection, a collection of prints by prominent artists available
free to students on a yearly loan basis, was increased by the donation of two sets of eight
prints. The Lee Gallery gave the collection a set of Olympic Posters, including seven litho-
graphs and one silkscreen. Max Wasserman donated a portfolio of eight color serigraphs by
Denise Rene Hans Meyer, titled Color Sounds II or Homage to the Homage to the Square.

Hayden Gallery
Improved Security

The security system in Hayden Gallery was improved during the past year to insure greater
protection. The gallery currently is equipped with an Advisor II ultrasonic security alarm
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system. It monitors all doors into the gallery and basement storage areas in Building 14.
It is sensitive to the opening and closing of these doors and to movement within the gallery.

In addition to the alarm system, new locks were installed on all doors, and "Watch Guard"
glass was installed in the doors and windows facing the corridor up to the first mullion.

These changes were necessitated by an accelerated rise in thefts from small university
museums and galleries.

Temperature and Humidity Control

In addition to improving the security system in the gallery, steps were taken to insure that
the proper temperature and humidity for exhibiting works of art is maintained at all times
in the gallery.

A steam humidification unit was added to the existing air-conditioning system serving the
gallery and surrounding corridors. The windowed west wall was insulated to insure against
condensation and radiant heat transfer. Fitted insulation panels, covered with 3/4" plywood
from floor to ceiling, were inserted behind the glass and between the mullions. Several of
the sections are removable at various windows.

Staff
The staff of the Committe on the Visual Arts consists of: Professor Wayne V. Andersen,
Chairman, Director of Exhibitions; Jerilea Zempel, Administrative Assistant, Registrar of
the Collection; Kay Larson, Administrative Assistant; Robyn Wessner, Exhibitions Assistant;
Stephen Ringle, Gallery Manager; Joanne Sliker, Secretary, Committee on the Visual Arts;
and Susan Hayes, Secretary, Office of Exhibitions.

WAYNE V. ANDERSEN

Environmental Research and Education

During the year 1972-73, the environmental education and research programs at M. I. T.
were strengthened in several significant ways. Through the efforts of a special working
group chaired by Professor Edward Mason of the Department of Nuclear Engineering and
Professor David G. White of the Department of Electrical Engineering, a new Energy Lab-
oratory was created in November, 1972. The Energy Laboratory will enable M. I. T. to con-
centrate its diverse intellectual resources on the complex societal issues and technological
problems involved in the supply, demand, and consumption of energy. At the same time,
the Laboratory will be a focal point for energy related research at the Institute. In February,
1973, the Energy Laboratory's new Director, Professor White, led a three-day conference
entitled Energy: Demand, Conservation, and Institutional Problems, which was sponsored
jointly by the National Science Foundation's Research Applied to National Needs Program,
M. I. T. 's Industrial Liaison Program, and the Energy Laboratory. Over 800 persons from
universities, industry, and state and national governments attended this symposium, which
dealt with a full range of issues in the energy field.

Also in February, 1973, M. I. T. was awarded a grant by the Henry R. Luce Foundation for
a chair in environment and public policy. This chair is a welcome opportunity to make a
major appointment to the M. I. T. faculty in an area of continuing and increasing interest to
faculty and students. The endowment from the Henry R. Luce Foundation is for an initial
five-year period, and under the terms of the grant, an extension for an additional five years
may be considered at a later date.
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Stemming in part from the work of a subcommittee on environmental education of the Institute's
Interdisciplinary Environmental Council (I. E. C. ), the School of Engineering recommended to
the M. I. T. faculty and the Corporation the approval of a new degree, Environmental Engineer.
The new degree was approved in December, 1972, and will be instituted at the start of the
academic year in September, 1973. This degree will provide the flavor of the doctorate in
preparing students going into the growing range of jobs in the environmental field, where deep
knowledge of one area must be coupled with a broad understanding of the spectrum of environ-
mental problems. The committee that made the recommendation for the new degree was ap-
pointed by Dean Alfred A. H. Keil of the School of Engineering. Professor Peter S. Eagleson,
Head of the Department of Civil Engineering, chaired the committee, which included members
of departments in the School of Engineering and a graduate student who is also a member of
the I. E. C. Students will be admitted through regular academic departments into the environ-
mental engineering degree program, which will be monitored by a faculty committee with rep-
resentation from the School of Engineering and the other Schools of the Institute.

M. I. T. continued its association with the New England Consortium on Environmental Protec-
tion (NECEP), and during most of the year Dr. Louis Menand, Assistant to the Provost, was
M. I. T. 's representative on the Board of Directors of the New England Consortium. In July,
1973, Professor William H. Matthews of the Department of Civil Engineering will become
M. I. T. 's new representative to NECEP.

The Office of the Provost sponsored a four-day conference on environmental education which
was held at M. I. T. in June, 1973. The Provost, Walter A. Rosenblith, made opening re-
marks to the many delegates who came from the United States and abroad. The conference
was financed, in part, by the United States Office of Education, and was arranged by the To-
tal Environment foundation of Dobbs Ferry, New York. The conference was devoted to a
consideration of environmental education, primarily at the secondary school level.

Assistant to the Provost Louis Menand continued to develop student intern programs with the
New England Consortium on Environmental Protection, the Massachusetts Audubon Society,
and the Undergraduate Research Opportunities Program at M. I. T. His office prepared a
guide to environmental education and research activities for M. I. T. students and prospective
students.

LOUIS MENAND

Harvard - M.I.T. Program in Health Sciences and Technology

Educational Programs
Curriculum in the Biomedical Sciences

During the past year there has been rapid progress in the further development of this curri-
culum. The establishment of the M. D. Curriculum Committee, chaired by Dr. David W.
Hamilton, and the subcommittees in the basic medical sciences, clinical sciences, physical
sciences, and subject evaluation have led to a significant evolution of the curriculum. These
committees are composed primarily of faculty members actively engaged in teaching in the
Program. In addition, students in the first two classes enrolled in the Program have played
a very active role in the deliberations of these committees. Principal developments may be
summarized briefly as follows.
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The Curriculum Committee reaffirmed the objective of bringing the best of modern science
and technology to bear on human biology and medicine. A deliberate and sustained effort is
being made to promote the penetration of the quantitative physical sciences into the biomedi-
cal sciences. When this effort is successful, biological phenomena are illuminated by the
physical sciences, and deeper understanding is achieved. Yet while putting strong emphasis
on this interface of the physical and life sciences, the Curriculum Committee again expressed
the need for very strong emphasis on molecular biology, cell biology, immunology, and ge-
netics -- biological sciences that occupy a central role in modern medicine.

In seeking to meet these objectives, the Curriculum Committees have worked closely with
faculty members engaged in teaching the subjects offered by the Program. The subject Func-
tional Anatomy of Man has incorporated physical and engineering principles which help to
explain the design of the human body. Human Pathology affords an opportunity for the devel-
opment of a rigorous approach to normal and abnormal cell biology. Various subjects in
pathophysiology are being presented in depth and at an advanced level. An introductory series
of lectures and conferences on quantitative topics in physiology will be offered at the start of
the next academic year, and may serve as the precursor of a subject to be given in the near
future in quantitative physiology.

The Curriculum Committee, reflecting the views of the faculty of the Program, holds that
students should be treated as graduate students and that they should be expected to read the
original literature as well as to obtain information from standard textbooks. Increasingly,
subjects are presented in a seminar fashion, with extensive preparatory reading followed by
vigorous discussion among students and faculty members in the classroom.

The Subcommittee on the Clinical Sciences has recommended the establishment of fields of
concentration which a student must elect prior to entry into the clinical years. Approximately
half of the 16 months of elective time available to students should be devoted to study in one
of the following major fields: 1) neural sciences; 2) musculoskeletal system; 3) cardiovascular,
renal, and respiratory systems; 4) endocrinology and metabolism; or 5) reproductive and
developmental biology. Task forces comprised of experts in these fields from Harvard Uni-
versity and M. I. T. are engaged in the development of coherent curricula in each field. The
Committee has recommended that students in the Program be required to write a thesis which
reflects original, scholarly work, whether in the form of laboratory investigation or some
other scholarly experience that is considered acceptable by the supervising committee. Each
student will have a tutor in his or her field, and students and their tutors will report to the
committee supervising the field of concentration.

To assist in an ongoing assessment of the educational program, a Committee on Course Eval-
uation has been established. It is charged with the development of evaluation mechanisms
that will permit effective monitoring of the educational program and will promote its success-
ful evolution.

New subjects offered in 1972-73 included: HST 130, The Human Nervous System, Professor
Walle J. H. Nauta; HST 150, Biochemical and Physiologic Pharmacology, Dr. Edward Reich;
HST 100, Respiratory Pathophysiology, Drs. Homayoun Kazemi and Alexander Leaf; HST 110,
Renal Pathophysiology, Dr. Norman S. Lichtenstein; HST 040, Mechanisms of Microbial
Pathogenesis, Dr. Harold Amos; HST 200, Introduction to the Clinic, Drs. Eugene Braunwald
and John R. Brooks; and HST 201, Examination of the Patient, Dr. W. Hallowell Churchill.

In order to relate the process of admission of students more closely to the development of the
curriculum in the biomedical sciences, the Admissions Committee is being augmented with
faculty members actively engaged in teaching in the Program. Dr. Walter H. Abelmann,
Professor of Medicine at Harvard Medical School, is assuming the chairmanship of this Com-
mittee, and Professor Herman Eisen of the Department of Biology at M. I. T. is serving as
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cochairman. This Admissions Committee has been made a special subcommittee of the Ad-
missions Committee at Harvard Medical School.

Medical Engineering

The Program in Health Sciences and Technology is focusing its attention on the development
of educational programs in medical engineering and medical physics which require the per-
sonnel and facilities of both universities. The likely development of departments or units of
medical engineering and medical physics in the Harvard teaching hospitals affords excellent
opportunities for the development of educational programs with a strong clinical orientation.
A first step in this direction was the offering of the subject Medical Engineering Practice,
HST 510, a lecture subject combined with tutorial instruction of small groups of students in
hospital settings by medical engineers, physicians, and surgeons. The lecture material was
organized primarily around illustrative problem areas in which technology is being applied
or is needed. Tutorial sessions were of two kinds, one in which engineering students worked
in association with orthopedic surgeons, and the other in which engineering students worked
with medical engineers actively engaged in research and service in the teaching hospital.
This subject was developed by a group of faculty members, with Professor Charles Oman
serving as chairman.

A fuller development of such educational programs in medical engineering and medical physics
will be possible with the establishment of departments of medical engineering and medical
physics in the teaching hospitals. A Rehabilitation Engineering Center is being established
at the Children's Hospital Medical Center and M. I. T., under the leadership of Dr. Melvin
Glimcher and Professor Robert Mann. A bioengineering program also is being developed at
the West Roxbury Veterans Administration, with particular emphasis on the study and treat-
ment of spinal cord injury. This program represents a joint effort of the Veterans Adminis-
tration, Harvard Medical School, and M. I. T.

Research Programs
Interdisciplinary Program in Biomaterials Science

This program is currently in the second year of its five-year grant. It consists of 18 projects
involving 38 faculty members, with a Steering Committee of 11 members under the chairman-
ship of Professor Robert W. Mann of the Department of Mechanical Engineering at M. I. T.
The projects are in four principal areas: 1) nonthrombogenic surfaces; 2) dynamic behavior
of macromolecules, membranes, and cells; 3) transport of blood and its constituents; and
4) relevant techniques in biomaterials science.

A special summer subject entitled Biomedical Physics and Biomaterials Science has been
organized by Professor H. Eugene Stanley of the Department of Physics, with participation
of many members of the research program. This subject has served as the basis for a book
with the same title. Professor George Benedek organized a conference on The Spectrum of
Light Scattered through Biological Molecules, with over 150 participants.

Progress in the first year was reviewed by the Advisory Board, under the chairmanship of
Dr. Alexander Leaf, Jackson Professor of Clinical Medicine at Harvard Medical School.

Development of New Research. Programs

In seeking to address important health problems, task groups have been established in the
areas of cardiovascular and pulmonary research, radiation therapy and radiobiology, diag-
nostic radiology, and nuclear medicine. In addition, symposia were held on the following
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topics: localization and sizing of myocardial infarcts; the scientific basis of ocular disease;
the current status of cardiovascular assist devices; and biomedical applications of the M. I. T.
nuclear research reactor.

Dr. Irving A. Berstein, Program Officer for Research and Development, has been principally
responsible for the organization and initiation of these interdisciplinary and interinstitutional
efforts.

Admninistrative Structure
During the past year, a Planning Committee chaired by Dr. Robert H. Ebert and Professor
Walter A. Rosenblith considered the administrative structure required for the effective de-
velopment of the Program. The Committee reviewed the current content and scope of the
Program in terms of the educational activities and research and development extant and pro-
posed. The Planning Committee recognized the need to afford the Program broad institutional
support, identity, and accountability. As a step toward these objectives, it recommended
the recognition and identification of the participants in the Program as the "Faculty and Staff
of the Harvard-M. I. T. Program in Health Sciences and Technology. " It recommended further
that the Program and its faculty and staff be described and listed in the catalogs of both uni-
versities. The faculty and staff members should have not only their own discipline oriented
titles, but also an equivalent title in the Program in Health Sciences and Technology. It recom-
mended further the formation of a Joint Faculty Committee, to function as a Standing Com-
mittee of the Program within the Faculty of Medicine of Harvard and M. I. T. The Joint Fac-
ulty Committee would report to the Executive Committee of the Program and to the M. I. T.
faculty and the Facultyof Medicine at Harvard.

The Joint Faculty Committee would review appointments in the Program in Health Sciences
and Technology periodically, and would make recommendations to the Executive Committee
on the suitability of new or continuing membership in the Program. It would be the senior
body to which the Curriculum Committee, the Admissions Committee, and the Research and
Development Committee report. It would serve as a liaison to other faculties, and would be
linked (through its membership) to the Curriculum Committee of Harvard Medical School and
the Committee on Educational Policy at M. I. T.

The Planning Committee further recommended the appointment of a Dean's Committee, which
could be a subcommittee of the Executive Committee, serving as a locus in which major health
initiatives in both universities would be discussed and acknowledged. The Planning Committee
proposed procedures for the appointment and promotion of faculty members of the Program
at tenure and nontenure levels. These mechanisms are designed to be in harmony with current
practices at both universities. The Planning Committee recognized that a major Program
responsibility is the development of departments or centers of medical engineering in the Har-
vard teaching hospitals. These units should have educational, research, and service activities,
and should have an organizational structure similar to that of the present clinical departments,
i. e. , multiple units coordinated centrally through an Executive Committee in the Progra.m in
Health Sciences and Technology. Membership in the faculty of the Program should lead to
appropriate membership in the faculties of the two universities. These recommendations of
the Planning Committee were presented to the Executive Committee of the Program in the
spring of 1973, and were accepted by the Executive Committee.

Financial Resources
As of June 30, 1973, endowment funds received or pledged totaled $3, 300, 000, of which
$2, 190, 000 was raised during the year 1972-73. Operating funds received or pledged in
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1972-1973 totaled $93, 000, of which $76, 400 was expended during the year, and $17, 500
remains applicable to the coming year. Dr. Walter L. Koltun, Assistant Director for Re-
sources, is in charge of these activities of the Program.

IRVING M. LONDON

Independent Activities Period

The third experimental Independent Activities Period (I. A. P. ) was completed successfully
in January, 1974, and on February 21, the faculty voted to continue I. A. P. as part of the
regular academic calendar of the Institute. Originally approved three years ago as an experi-
ment in calendar reform, I. A. P. provided an interval between terms -- the month of Janu-
ary -- for study and research at a more independent and leisurely pace, for experiments with
more flexible learning and teaching styles, and for other semi-academic or recreational ac-
tivities. I. A. P. also help to eliminate the January "lame duck" period and to ease the between-
semesters rush to solve academic and administrative problems.

I. A. P. activities are initiated by students, faculty, and other members of the M. I. T. com-
munity. The activities can be as independent of regular departmental structure or established
requirements for academic degrees as the organizers choose. Coordination is achieved
through a loosely structured Planning Committee composed of one representative (usually a
faculty member) from each department, interdepartmental center, or laboratory; administra-
tion is provided by the Provost's Office.

In January, 1973, over 400 activities were offered. Approximately 70 of these, or 17 percent,
were standard academic subjects given in concentrated and experimental forms. Approxi-
mately 280, or 57 percent, were semi-academic, including hands-on shop and studio work and
academic topics presented in mini-course or abbreviated formats. Finally, some 60 activi-
ties, or 16 percent, were nonacademic activities, including auto repair, yoga, wine making,
movies, and dramatic presentations. Announcement of +he activities offered during I. A. P.
is made in two I. A. P. Guides, issued in mid-November and mid-December.

Special care was taken to ensure intensive and careful evaluation of the results of the three
experimental I. A. P. 's. During its first year, I. A. P. was monitored by a subcommittee of
the Committee on Educational Policy, and during the second two years, by a specially ap-
pointed I. A. P. Policy Committee chaired by Professor Kent F. Hansen of the Department
of Nuclear Engineering. Evaluation was based on questionnaires issued to faculty and students
at the end of each I. A. P. These questionnaires focused on the personal satisfaction of the
individual and his or her view of the value of I. A. P. to the Institute as a whole. In addition,
the I. A. P. Policy Committee conducted interviews with a number of individuals and groups
on campus (e. g., Dean for Student Affairs, Medical Department, residence groups, depart-
mental coordinators, etc. ) after the end of each I. A. P. Written comments accompanied
the responses to the questionnaires, and these were reviewed and analyzed.

A. very large majority of faculty and students indicated that they felt I. A. P. was personally
beneficial, and felt that it was a good idea for M. I. T. as a whole. The usual number of
faculty members were on campus, engaged in research, teaching, and committee work, and
over 75 percent of the students reported spending the major part of their time on campus
during January. A total of 338 students took subjects for credit. Because of these statistics
and the very favorable responses in interviews and in written comments, the I. A. P. Policy
Committee recommended that I. A. P. be continued as part of the regular academic calendar
of the Institute.
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As voted by the faculty, I. A. P. will continue to deemphasize subjects for credit and grades,
but will permit credit of up to six units at the discretion of the instructor, and will provide
for the possibility of 12 hours of credit if they are concentrated in one subject and are ap-
proved by the head of the student's department. In voting approval, the faculty amended the
recommendations of the Policy Committee to allow the award of letter grades for regular
subjects offered in an intensive form during I. A. P.

The recommendations of the Policy Committee and the favorable vote of the faculty indicate
that I. A. P. fulfills the purpose of providing a break in the academic routine of requirements,
grades, and established teaching and learning styles. I. A. P. also clearly provides creative
opportunities that are in demand by faculty and students, but that are not easily available
during regular terms. This year, Otto Piene visited for the month of January to conduct an
environmental art workshop; Michael Steinberg, music critic for the Boston Globe, held a
symposium on music criticism with approximately 45 students; over 300 studied and performed
their own automobile repairs; a group of approximately 20 students went to Central America
to study volcanoes; 40 students worked on the theory and practice of soap bubbles; and 60
students studied breeder reactor engineering design. Other offerings included some 36 mov-
ies, and Dramasholps The Importance of Being Earnest, for which, according to Professor
Joseph D. Everingham, Director of Drama, I.A. P. provided a unique opportunity to mount
a practiced, full-scale production without the scheduling restrictions of regular terms.

JOEL ORLEN

Joint Center for Urban Studies

The past year has been one of considerable growth for the Joint Center. It has been an
extremely productive year, with many new projects undertaken, and considerable research
published. Much of the research activity has been in the area of housing, which was selected
as the primary focus for the Joint Center's activities over the last two years. This past
year, however, attention has been given to the development of a second research area involv-
ing the delivery of public services, and the first few projects recently have been initiated in
this area.

The growth of the Center also has been reflected in the appointment at the start of the year
of Professor Arthur Solomon of the Department of Urban Studies and Planning as associate
director of the Center. It also has been reflected, in a very different way, in the acquisition
in February, 1973, of a home for the Center in one of Cambridge's historic frame buildings.
The former offices have been retained, and the Joint Center now can boast expanded and much
improved facilities.

Housing Research
National Housing Needs

This project, begun early in 1972, was well under way during the past academic year. The
study is making separate analyses and forecasts of housing needs for each metropolitan area
in the United States, on the basis of 1970 census data and other sources. Projections of
housing demand are being made on the basis of natural population growth, interregional mi-
gration, and changes in the age and life cycle of the population. The same study is tackling
a separate, though related, social issue: the definition of inadequate housing. Conventional
definitions of "substandard" housing are no longer useful in establishing what proportion of
the population is housed inadequately, and thus in guiding future policy determinations. The
study has established several criteria of inadequacy which deal with structural conditions
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and facilities, overcrowding, and financial burden. Also, the project is examining neighbor-

hood conditions as a further dimension of the problem of housing inadequacy. Estimates al-

ready have been made of the numbers of households inadequately housed in 1970.

A working paper (#19 in the Joint Center series) was issued in the spring of 1973, describing
the methods of analysis used in the projection of future housing requirements. In May, 1973,
a contract was signed with the Department of Housing and Urban Development (HUD) to supply,
over the summer, initial estimates of housing inadequacies across the nation as of 1970 and

forecasts of residential construction through 1980. These analyses presently are being made
for a special task force within HUD which will use the results as a basis for formulating new
Federal housing policy.

Overall direction of the national housing needs study is assumed by David Birch, professor
at the Harvard Business School, with the support of a faculty advisory committee consisting
of: Professor Bernard J. Frieden, Director of the Joint Center; Professor Lloyd Rodwin,
Head of the Department of Urban Studies and Planning; and Professor Jerome Rothenberg of
the Department of Economics.

Low-Income Housing Subsidies

A second important study launched early in 1972 has to do with housing allowances. This
two-and-one-half-year project is assessing the potential benefits and limitations of a direct
form of housing assistance which is in contrast to the established housing subsidy programs.
Housing allowances, in the last few years, have attracted increased attention as a strategy
for reforming the nation's housing subsidy policy. The current study is trying to determine
the conditions under which direct housing assistance can help low-income families, and also
to discover what factors may limit its effectiveness. It is asking three basic questions:
1) Can added income buy good housing? 2) Does the source of income make a difference?
3) How does the administrative design of the program affect the housing people obtain?

In response to a request from a special HUD task force undertaking a reappraisal of current
housing programs and policies during 1973, members of this research team submitted four
position papers to Washington in June, 1973. The first, by Professor Solomon, discussed
the efficiency, effectiveness, and equity effects of a national housing allowance system; the
second, by Leonard Hausman, a professor in the Florence Heller School of Social Welfare
at Brandeis University, evaluated the significant interrelationships between housing allow-
ances and public assistance, and between housing allowances and other income maintenance
programs. The third, by David Austin, a professor in the same department at Brandeis,
summarized the similarities and dissimilarities of shelter payments under welfare assistance
and a housing allowance program; the fourth paper, by David Barrett, an attorney, set forth
the legislative history and administrative issues of housing allowances. An interim report on
the project also was submitted to HUD in February, 1973.

The principal investigator on the project is Professor Solomon.

Computer Based Manpower Information System

Work progressed throughout the year on the design of a computer based manpower information
system for the construction industry. The long-range purpose of this project is to help reduce
unemployment and skill shortages in the industry, by making available more systematic infor-
mation on the operations of the construction industry labor market. In the shorter term, the
project has been focusing on the development of an experimental information system and its
application to one particular construction trade in one specific labor market region. Accord-
ingly, arrangements were made with the state conference of the bricklayers' union in Vermont,
which generously granted access to its information resources. An initial set of computer pro-
grams already has been developed and currently is being field tested. Edward Markowitz,



Provost

a research associate at the Joint Center, is the principal investigator on this project, which
is under the overall direction of Professor Quinn Mills of the Sloan School of Management.
Professor John Dunlop also shared responsibility for the direction of this project until he took
leave from Harvard University to serve as Director of the Cost of Living Council, early in
1973.

Instability in the Housing Industry

Fluctuations in housing demand pose significant problems for building contractors as well as
for manufacturers of building materials; they create an unstable labor market, and are costly
to society. The Joint Center has conducted two studies in this area during the past year. The
first, under the general direction of Professor Mills and conducted by Charles F. Manski and
Kenneth T. Rosen, graduate students in economics at M. I. T., made a preliminary exploration
of the theoretical framework for research, and then analyzed available data, largely from the
Department of Labor, on fluctuations in residential construction. The second study, conducted
by Mr. Rosen, is looking more closely at the issues associated with seasonality in construc-
tion starts. Seasonality is costly, yet generally is considered immutable in such a weather-
conscious industry. This immutability is being challenged in the current project. The study
(due for completion as a doctoral dissertation in 1974) suggests that changes are possible
which could provide incentives for regularizing the pattern of home building and for lessening
the impact of weather and other factors on housing starts.

Two working papers on instability, reflecting the work on the initial phase of the project,
were issued by the Joint Center in February, 1973.

Other Housing Research

Several other housing studies have been undertaken. Two of these have a somewhat different
perspective from those already mentioned; they examine the quality of the residential environ-
ment and the development of environmental standards. Alan B. Dolmatch and Harvey B. Schorr,
both research associates of the Joint Center, have been developing and testing new standards
of residential environmental quality. Professor Kevin Lynch of the Department of Urban
Studies and Planning currently is completing a project that has focused on the preparation of
a research guide for developing environmental standards, with particular emphasis on arterial
streets and public places in new urban developments.

Another project continuing throughout the year, under the direction of Professor Rothenberg,
involved the development of an econometric model of metropolitan housing markets. Among
the most distinctive features of the model is that it uses an index of housing quality based on
a hedonic index of housing characteristics; it explicity handles changes in the quality of the
standing stock of housing; and it can simulate the long-run consequences of many housing
policies. An interim report on this project was submitted to the Department of Housing and
Urban Development in November, 1972.

Several other projects have begun more recently, during the spring of 1973. Two of these
projects analyze suburban development, from rather different perspectives. The first, under-
taken by Professor Michael S. Baram of the Department of Civil Engineering, makes an ex-
ploratory analysis of the conflict between emerging environmental controls and the construc-
tion of subsidized housing in the suburbs. The second, under the guidance of Professor
Francine Rabinovitz of the Departments of Political Science and Urban Studies and Planning,
involves an analysis of the flow of minority populations into the Los Angeles suburbs, and the
impact of their influx on suburban governments and politics.

Two other studies just begun are concerned with housing standards and codes. Both are being
carried out by professors in the Department of Architecture at Harvard. Daniel L. Schodek
is working on the formulation of improved cost control in housing construction through the
design process, building codes, and construction standards. John Zeisel is making an
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exploratory study of the way in which housing standards match the preferences and needs of
different consumer groups, with the expectation that this work could lead to more responsive
building standards.

A final project, under the direction of Professor Langley Keyes of the Department of Urban
Studies and Planning, is studying the critical issues affecting the maintenance and operating
costs of government subsidized rental housing, and is looking specifically at projects under
the management of the nonprofit sponsorship of the Greater Boston Community Development
corporation.

Research in Public Service Delivery
During the past year, the Joint Center has embarked on a second major field of study, that
of the local delivery of public services. Much consideration was given to the viability and
potential for a second research focus before a decision was made; however, interest in this
area has been a natural and developing outgrowth of the focus on housing policy. During the
winter and spring of 1973, a few projects were initiated. One of these studies intends to make
a comparative analysis, as the basis for developing a general theory of municipal service pro-
vision and delivery, of "street-level bureaucrats, " those municipal employees whose jobs bring
them into direct contact with the public. The focus of analysis will be the point at which ser-
vice is provided to the public by, for example, police or social workers. This project is
under the direction of Professor Michael Lipsky of the Department of Political Science.

A second study is looking into the impact of public employee unions on the delivery of urban
services. Concentrating on a few cases, the analysis will focus on the implications for the
provision of services of bargaining over wages, benefits, working conditions, and so on.
Professor Robert Fogelson of the Department of Urban Studies and Planning and Ralph Jones,
professor in the Department of City and Regional Planning at Harvard, are working together
on this study.

A third project, still in the initial stages of development, is intended to look into the impact
of revenue sharing on local government institutions and intergovernmental relations. A team
of four professors from M. I. T. -- Professors Lipsky, Lawrence Susskind of the Department
of Urban Studies and Planning, and Jeffrey Pressman and Lorenzo Morris of the Department
of Political Science-- will be directing this project.

Another study concerned with public service delivery has provided an analysis of the Federal
experience in undertaking and implementing the model cities program. The study, initiated
in 1972, has provided insights into the problems and potential of programs which cut across
departmental boundaries and which attempt to enlist the cooperation of different agencies in
concentrating resources to deal with the problems of urban poverty. The three principal in-
vestigators have been Professor Frieden, Professor Charles Haar of the Harvard Law School,
and Marshall Kaplan, principal partner of Marshall Kaplan, Gans and Kahn of San Francisco.
This project was completed at the end of June, 1973, with a report to the Ford Foundation.

Other Research Activities
Some projects at the Joint Center have been concerned with a variety of issues other than
housing and public service delivery. The most extensive of these studies has concentrated
on changing social structure and living standards. This research is under the direction of
Professor Lee Rainwater of the Department of Sociology at Harvard, and Dr. Richard Coleman,
a senior research associate of the Joint Center. It has three interrelated parts. The first has
concentrated on exploring the social meaning of low income and poverty, discovering public atti-
tudes toward poverty and examining people's conceptions of the amount of inequality of income
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that is thought to exist or thought to be proper in society. This study has drawn on interviews
with a cross-section of the population in Boston and Kansas City, Missouri, and has made
comparisons with the findings of several national opinion polls over the last 40 years. A sec-
ond focus has been an exploration of the significance of class and status imagery in present-
day Boston and Kansas City. Examination has been made of the importance of various status
factors such as occupation, income, education, and ethnicity in determining people's concep-
tions of class and status, and comparisons have been made with previous studies going back
to the 1930s in order to see how imagery and the significance of certain factors have changed.

A third focus of this research has important bearings on the studies of housing policy. This
component has concentrated on public imagery of housing and neighborhood desirability. In-
depth interviews have been held in Boston and Kansas City in which individuals have been
asked to express their aspirations, their views on the size and quality of housing they consider
acceptable, and the type of neighborhood they desire. The results so far have been most re-
vealing, as they give strong indications of the size of house desired at different class levels,
what people accept as adequate for their standard of living, and what they expect of their
neighborhood. The results suggest the directions that housing demand may take in the future
if the population has some hope of realizing its aspirations. The findings, therefore, could
have important implications for the future structure of cities and the growth of suburbs, as
well as for the solution of racial and other minority issues. A working paper (#20 in the Joint
Center series) was issued on this aspect of the research in June, 1973. Dr. Coleman also
published in June, 1973, a report titled "The Index of Urban Status"; Professor Rainwater has
completed the draft of a book (to be published in 1974) entitled What Money Buys, as an out-
come of his research on the social meaning of income and poverty.

Fellowship Program
Each year the Joint Center offers fellowships to graduate students at Harvard and M. I. T. who
have completed their course requirements and have started to write a doctoral dissertation on
an urban related subject. A special effort is made to recruit students whose research is con-
cerned with housing issues. There were nine fellows during the past year, four of whom were
engaged specifically in housing research. The other research covered a variety of issues, in-
cluding police unions, community organization, and city government.

Survey Research Program
This program, run in conjunction with the University of Massachusetts and carried on at the
state university's Boston campus, provides the staff and expertise needed to carry out sample
surveys for individual research projects. The demand on its services has remained high dur-
ing the past year, and a wide variety of projects have been undertaken, some for university
groups, others for state and local agencies. A survey was made of new construction in Bos-
ton, both for apartments and offices, and interviews were held with tenants of both to elicit
some sense of the impact of these buildings on the future population of Boston. Another study
focused on the purchasers of condominiums in order to discover who they were and what their
motives were in purchasing such properties, as the basis for projecting the market for, and
likely impact of, this form of tenancy. A further study focused on subsidized housing in Bos-
ton to gain insights into economic problems, building services, and management issues.
Other projects have involved the criminal justice system and the use of health services.

Publications

During the past year, the Joint Center has maintained an extensive program of publications.
The series of working papers initiated during the previous year remained an important pro-
duct of the Joint Center's work. Twelve of these working papers were issued during the
year.
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Professor Martin Rein, together with Sar Levitan and David Marwick, published a book
through the Johns Hopkins University Press, Work and Welfare Go Together (1972).

A new venture begun during the year was the publication of a Research Report. Scheduled
for publication three or four times a year, this report describes ongoing research projects
and provides updates on other activities of the Center. Three issues have been published
to date, the first in December, 1972. The Research Report is distributed to a mailing list
which currently includes 750 people in industry, city, state, and Federal government, com-
munity agencies, urban planning, and university faculties.

BERNARD J. FRIEDEN

Libraries

Change -- rapid change -- was characteristic of developments in the M. I. T. Libraries dur-
ing the past year. Though changes do not necessarily indicate progress, recent ones have
brought some improvements in procedures and have established directions for the future.

Changes in personnel and organization began with the retirement on May 31, 1972, of Pro-
fessor William N. Locke from the position of Director of Libraries. He had given 16 years
of devoted energy to building up the M. I. T. Library System. Under his leadership, holdings
increased from 500, 000 volumes to 1. 5 million; staff increased more than threefold; new
libraries were built, and old ones renovated. As a permanent tribute to his accomplishments,
I. Austin Kelly, III, Class of 1926, presented the Libraries with 30 rare volumes in honor of
Professor Locke. At the same time, Mr. Kelly was named M. I. T. 's first Curator of Rare
Books.

Upon Professor Locke's retirement, the Associate Director, Natalie N. Nicholson, was
asked to serve as acting director, and in March, 1973, she was named Director.

Administrative Structure
Four major changes in the administrative structure of the Libraries have been implemented.
First, in line with the recognition that large academic libraries are also large business en-
terprises, the technical services area has been divided between the new Assistant Director
for Business Operations, William J. Duggan, and the Assistant Director for Library Ser-
vices, Margaret A. Otto. Mr. Duggan has overall responsibility for fiscal, plant, and pur-
chasing activities, including the Acquisitions, or Order, Department. The Catalog and Se-
rials Departments, which provide the data base for information and circulation activities,
have been joined with the Divisional Libraries as the responsibility of the Assistant Director
for Library Services. It is too early to know whether this organizational change will bring
greater efficiency, but the library administration is optimistic after nine months of experi-
ence.

The second change is the creation of the new position of personnel assistant. No activity of
an enterprise pays better dividends than sensitive attention to personnel programs, but this
activity is time-consuming, and new areas into which the Institute and the Libraries are
entering, such as affirmative action, add to the load. Miss Otto has been in charge of the
personnel program in addition to her other responsibilities; a personnel assistant is being
recruited to allow her time for planning and operational problems.

A third change concerns the planning and implementation of computer systems. As compu-
ters have been applied to libraries during the past six years or so, it has become increas-
ingly evident that they are complicated systems requiring expertise in several fields -- li-
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brarianship, information science, systems analysis and design, and computer technology.
At midyear it was decided no longer to maintain within the M. I. T. Libraries all of the tal-
ents that had been provided previously by the T. I. P. (Technical Information Project) group.
In the future the Libraries expect to maintain a staff for analysis and design, but will pur-
chase programming and development from the Institute's computer facilities or from outside,
as seems best for the system in question.

The emerging technical machine-readable data bases, exemplified by the Decennial Census,
will require the joint efforts of computer centers and libraries to establish them as efficient
retrieval tools. On March 19, 1973, Dr. Myer M. Kessler, who had been Associate Direc-
tor of Libraries, was appointed Coordinator of Technical Data Systems in the Information
Processing Services (of which Robert H. Scott is Director). With Mr. Scott's enthusiastic
cooperation, the Libraries look forward to the development of information systems for the
M. I. T. community.

A fourth organizational change is the reincorporation of the Engineering Libraries into the
Library System. This important move had been recommended by the Ad Hoc Committee on
the M. I. T. Library System, as well as by the Library Visiting Committee; the successful
conclusion of the INTREX and Model Library experiments made the timing appropriate.
Since February, 1966, the Engineering Libraries had been operated under the administra-
tion of Project INTREX (of which Professor Carl F. J. Overhage is Director). James M.
Kyed, who was appointed Head of Engineering Libraries on March 1, 1973, has given out-
standing cooperation in making the transition smooth.

Technical Services
In order to provide bibliographic, physical, and intellectual access to recorded knowledge
and information consistent with teaching and research needs, librarians must select, ac-
quire, and organize materials, interpret resources to users, and provide access to informa-
tion within the library or outside, in a satisfying physical environment. Recorded below are
some of the areas in which the Libraries have worked to improve performance of these tasks.

Book selection policy has been a concern recorded for many years in annual reports on the
M. I. T. Libraries. Difficulties of a decentralized system are compounded by the multiply-
ing interdisciplinary areas of the Institute's educational and research programs, which cut
across all Schools and departments, around which the libraries are organized. Through
regular discussions, the Divisional Librarians have made progress in delineating selection
policies and in coordinating collections. An example is the definition of collection areas in
the ocean sciences among the Barker Engineering Library, the Marine Resources Informa-
tion Center, and the Lindgren Library. Cooperation of librarians in Barker, Dewey, Hu-
manities, and Rotch produced a very successful "Guide to Law-Related Materials in the
M. I. T. Libraries, " which may well be a model for future efforts in other areas. Collabo-
ration with a number of Harvard University libraries in the selection and weeding of mate-
rials has increased. Consulting on specific titles are librarians of Lindgren and Harvard's
Geological Sciences Library, Dewey and Baker Library at the Harvard Business School,
Barker and Harvard's Gordon McKay Library.

Harvard University has been most generous in giving access to its resources. More than
400 registered members of the M. I. T. community, for example, used the Countway Library
this past year. In addition, more than one-quarter of the material the M.I. T. Libraries
borrow from other libraries comes from Harvard.

As part of the Wellesley College-M. I. T. Exchange, a small group of librarians from the
two campuses have met several times to explore methods of increased cooperation. Already
it has been agreed that a limited amount of interlibrary loan photocopying will be free of
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charge, that Wellesley's holdings will be included in the next edition of Serials and Journals
in the M. I. T. Libraries, and that subscriptions to new journal titles of marginal use will
be discussed.

The exploration of all avenues of interlibrary cooperation on the M. I. T. campus and in the
Boston area will continue. It is clear, however, that libraries must have, near at hand or
on quick recall, adequate collections for current areas of teaching and research, and that
only less-used materials can be shared. Further information and views on library coopera-
tive programs are expected when Miss Otto submits her report under the fellowship grant
she received from the Council on Library Resources.

Inventory control of library acquisitions and fiscal management data has been hampered se-
verely this past year and a half. Essential information on book, serial, and journal commit-
ments has been unavailable. A computer acquisitions system was just becoming operational
in the fall of 1971. About then it was learned that the Compatible Time-Sharing System
(C. T. S. S. ) would not be retained beyond 1972; so reprogramming for the IBM/370 was
started. It was projected at first that the conversion would be completed in September, 1972.
When the project had not been finished by June, 1973, it was apparent that it would be im-
possible to recover distribution of the year's data, or to start up for 1973-74. At this
point it was realized that the system needed review in any case, and an end-of-the-year de-
cision was made to abandon it entirely. With regard to computer applications, the year
seems a kaleidoscope of meetings, wasted efforts, and dashed expectations. However, ex-
perience is a valuable teacher. Now high priority must be given to starting anew on systems
planning.

No computer system was needed to demonstrate that more speed is required in delivery of
cataloging. Users have made that clears and the Faculty Committee on the Library System,
under the energetic chairmanship of Professor Stanley Backer, focused especially on this
topic. Examination of procedures, even without a complete systems analysis, has brought
results. The February backlog of 2, 300 monographic titles in the Catalog Department has
been reduced to less than 100. The Serials Department reports that most of the backlog of
uncataloged materials has been eliminated with the help of extra personnel. The speed-up
of monographs was accomplished by omitting review of the class number as it appears on
Library of Congress copy, by assigning the typing of charge cards and pockets to a differ-
ent section, and, to the great delight of Divisional Librarians, by sending volumes awaiting
Library of Congress copy to the libraries instead of holding them for up to three months in
the Catalog Department. Such volumes will be allowed to circulate and will be recalled for
complete cataloging when copy is available.

With more cataloging data becoming available on MARC tapes -- 70 percent of the Libraries'
monograph receipts -- and the implementation of regional shared-cataloging systems, it may
be advantageous to investigate joining the Ohio College Library Center system via NELINET
(New England Library Information Network). However, its impact on traditional cataloging
procedures and its costs/ benefits must be analyzed.

Nonprint materials pose special difficulties in processing and servicing. Microfilm and
microfiche may be considered standard by now, but videotapes, audio cassettes, cartridge
loop films, and sound films are newer. The Barker Library has assigned a librarian to the
newly established Nonprint Media Area. Dewey Library has created a microform room.
This is the first full year of official publication of M. I. T. theses on microfiche. Holdings
in microfiche have grown from 137, 000 in 1967 to an estimated 397, 000 in 1973, and will
continue to increase as more material becomes available in this format, as fiche readers
improve in quality and portability, and as their potential for space saving is examined.

The Libraries are fortunate to have excellent facilities for the production of film and fiche
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in the Microreproduction Laboratory, and to have available the interest and knowledge of
its head, Peter R. Scott. In addition to supplying copies of M. I. T. theses and journal ar-
ticles from library volumes, the Laboratory does considerable work for the Institute. It has
reproduced multiple copies of the master fiche of the Student Directory, filmed payroll and
other business records, and produced a microfiche publishing venture for The M. I. T. Press.
There was concern at the beginning of the year that the volume of business would fall, but it
has been sustained; some price increases, however, were necessary to meet inflation of ma-
terial and labor costs.

The Laboratory also provides assiduous maintenance on the 11 SCM rapid-copy machines in
reading rooms. They are heavily used -- 980, 000 sheets were made in 1972-73, an increase
of 182 percent in six years. User comments still indicate a desire for better copy, so ef-
forts must continue to pursue possibilities of improvement.

Readers in the Dewey Library this year shared an experiment in extending the loan period
from two weeks to four. Results have been favorable: transactions at the circulation desk
were reduced by 13, 000, overdue notices by 1, 000, and there were no complaints from us-
ers. This policy will be continued permanently in Dewey, and a four-week loan period will
be adopted experimentally by Barker next year.

All of the libraries have made efforts to increase ease of use by improving signs, director-
ies, and guides. New signs and map directories in the Hayden basement are especially ef-
fective, and the area has been made attractive with carpeting and bright colors on walls and
columns. Guides to collections and regulations for library use have been developed by the
Barker, Dewey, Music, Rotch, and Science Libraries. Jutta R. Reed, of the Humanities
Library staff, wrote an effective, five-minute audio explanation of the Institute Library Cata-
log to aid users in exploiting library resources.

Two new leisure reading collections, one in the Student Center Library and one in the Hu-
manities Library, were established; this development stemmed from the success of the In-
dependent Activities Period Browse and Borrow Library, which, for the second year, dis-
played and circulated new books of the libraries in a main corridor room of Building 7.

Special library services for the blind were set up in the Student Center Library by a hard-
working committee chaired by Helen Mitchell, Cataloger in the Serials Department. They
include equipment for recording and playback, a braille typewriter, a braille catalog of
multi-media materials, and a file of persons who will read to blind students. This commit-
tee instigated the recording of the Guide to the M. I. T. Libraries and the braille edition of
the Boston area section of HoToGAMIT. The latter has been placed in the major academic
libraries in the area. The committee members are cooperating with similar groups in
other universities.

Library Pathfinders are reference aids that were developed as part of the activities of the
Model Library Project of Project INTREX, under a grant from the Council on Library Re-
sources. Each Pathfinder is a checklist of references to basic sources in a variety of forms
on a specific topic. With the conclusion of the Model Library Program on June 30, 1973, the
contractual agreement with the Addison-Wesley Publishing Company for publication of Path-
finders becomes the responsibility of the M. I. T. Libraries. Under the agreement, the Li-
braries have editorial responsibility for content, while Addison-Wesley publishes and distrib-
utes. More than 200 titles have been published so far in three general disciplines: humani-
ties, social science, and science/technology.

Current Concerns
Some problems and programs of the Libraries have just begun to receive attention, and will
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be carried forward next year. One relates to lost and missing books. An increase in this
reader-frustrating phenomenon has been noticed in many academic libraries. No hard sta-
tistics are available on losses in the M. I. T. Libraries, and staff complements do not allow
time for complete inventories. Irma Y. Johnson, Science Librarian, with the advice of
Professor Richard M. Dudley of the Department of Mathematics, worked out a methodology
for a sample inventory, and librarians will apply it to their collections this summer. In the
meantime, consideration of complaints from Dewey Library users about their inability to
retrieve books led to the request for funds to establish a bookchecker/guard there.

Space is a continuing concern. The major improvement of the year has been at Dewey Li-
brary. As originally planned, the library now occupies the entire second floor of the Her-
mann Building with the exception of one seminar room, and occupies additional space in the
basement. Remodeling of these areas and plans for moving into them have taken practically
the full-time attention of Edgar W. Davy, Dewey Librarian, and some members of his
staff. In order to take maximum advantage of the new space, almost every book and journal
will have been moved by August, 1973. The joy of no longer having crowded quarters is
tempered, as Mr. Davy notes, by

. . . the realization that all our work is merely another temporary palliative,
since the new space gained will only be sufficient to accommodate three years'
additional growth. These continuing readjustments in library space are waste-
ful and inefficient, but under the circumstances, considering the traditional or-
ganization and present physical locations of the M. I. T. Libraries, are appar-
ently inevitable.

As has been stressed in several annual reports, the Rotch Library is crowded and continues
to grow at a faster rate than the other libraries. Possible areas for expansion have been
considered carefully; no solution has been found. Space for the library is an integral part
of the entire space problem of the School of Architecture and Planning. The Rotch Library
Committee, the School Visiting Committee, and the Planning Office all have examined the
situation. The library administration is grateful for Dean William L. Porter's interest,
and hopes to improve its participation in researching the problem.

Frances B. B. Sumner, Humanities Librarian, notes that "a new evaluation must be made
of our rare books, both of their physical situation and of their role at M. I. T. " In January,
1973, the malfunction of a humidifier in the Rare Book Room dramatically demonstrated
that books no longer should be kept in such an environment. All books in the room have been
cleaned and inventoried and soon will be moved to the Boston Public Library, which gener-
ously has agreed to store them for two years while the M. I. T. Libraries plan suitable facili-
ties.

Archives and Technology Studies

Formation of the Technology Studies Steering Committee and the arrival of Harold J. Han-
ham as Dean of the School of Humanities and Social Science have produced discussion on
what the role of humanistic studies of science and engineering should be at M. I. T. Any de-
cision on teaching or research in this area will have a considerable effect on rare-book-
collecting policy and on withdrawal and storage policies for older scientific and technical mate-
rial. The proposed research documents collection of the Technology Studies group seems
"proper grist for the university's general archives, " according to Professor E. Neal Hart-
ley, Institute Archivist. An endeavor parallel to the Archives is the M. I. T. Historical Col-
lections, of which Warren A. Seamans is Curator. The two have cooperated effectively,
but better definition of areas of responsibility is needed. As Professor Hartley has written:

Indeed the whole range of activities focusing on M. I. T. 's past and on M. I. T.
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related developments in technology needs to get rationalized. Otherwise
there will be duplications, competition for resources and materials, and
complications for users of the various kinds of research tools. While all
such need not logically be part of the Library System, it would seem to have
the largest concern in the matter. It could well take the lead in promoting
structures to minimize tensions between those interested in rare books, in
old books on science and technology, in holdings of unpublished papers in
these fields, in audio-visual materials, and in models and artifacts with a
corresponding main focus.

Information Systems

The Libraries soon will make a modest beginning in offering users information from the
many machine-readable data bases now available. The census information system, offered
in an experimental mode by UNITEL (University Information Technology Corporation) for
the past few years, will be continued. The service will emanate from the Information Pro-
cessing Services, but librarians will be trained as liaisons between new users and the cen-
sus information specialists. A MEDLINE terminal will be installed in the Science Library.
Also, the Libraries will be active participants in M. I. T. 's subcontract of the NASIC (North-
east Academic Science Information Center) project, directed by Professor J. Francis
Reintjes of the Electronic Systems Laboratory. The objectives of NASIC, funded by a grant
from the National Science Foundation to the New England Board of Higher Education, include
the promotion of more effective utilization of existing computer based information resources,
and assistance to librarians in expanding their role as mediators between their research con-
stituencies and machine based information services.

Thanks are due the entire library staff, including student assistants, for heartening cooper-
ation and understanding. Department heads and Divisional Librarians have been ever respon-
sive and responsible. Assistant Directors William Duggan and Margaret Otto have mani-
fested extraordinary support and enthusiasm. None of the year's work could have gone for-
ward without the much-appreciated, substantial support of Professor Walter A. Rosenblith,
Provost, and Joel Orlen, Assistant to the Provost.

Professional Staff Activities
Laura M. Carchia acted as Secretary of the Alumni Association of the Simmons College
Graduate School of Library Science.

Jacqueline Z. Colby served as President of the New England Technical Services Librarians.

Edgar W. Davy served as a Library Consultant to the newly created Korea Development In-
stitute. He was an M. I. T. Freshman Advisor.

Margaret DePopolo was Codirector of Housing Community Workshops and served as a mem-
ber of the NELINET Government Documents Task Group.

Reay H. Freve continued as a member of the Boston Architectural Center Library Commit-
tee.

Professor E. Neal Hartley served as a member of the Concord Town Records and Archives
Committee and as historian to the Concord 1975 Celebrations Committee.

James M. Kyed participated in the M. I. T. Administrative Development Program.
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Aleksander Leyfell continued research on a project on the recent social history of Russia.

Sylvia A. McDowell participated in the M. I. T. Administrative Development Program. She
was an M. I. T. Freshman Advisor and a member of the Planning Committee for Project In-
terphase's 1973 session.

Helen Mitchell worked with the M. I. T. Committee for Handicapped Students.

Frances R. L. Needleman was Chairman of the Nominating Committee for the Cataloging
and Classification Section of the Resources and Technical Services Division, American Li-
brary Association.

Natalie N. Nicholson continued as a member of the ACRL Committee on Standards and Ac-
creditation and the Urban Universities Library Committee of the American Library Associ-
ation. She spoke on academic library administration to the Student Group of the Boston
Chapter, Special Libraries Association.

Margaret A. Otto served as Vice President/President Elect of the Simmons College Grad-
uate School of Library Science Alumni Association. She was Chairman of the Special Li-
braries Association Sci-Tech Committee and a group leader in an SLA discussion on library
cooperation. She was a member of the American Library Association Library Administra-
tion Division Committee on Public Relations to Libraries, and a group leader in an ALA
discussion on public relations in large academic libraries. She served on the Common-
wealth of Massachusetts Advisory Committee on Certification for Librarians.

Alicia Prata was an M. I. T. Freshman Advisor.

Carole Schildhauer was the author of a bibliography entitled Sources of Information on the
Environment; Engineering and Industrial Applications.

Peter R. Scott continued his activities with the American National Standards Institute; he
was Chairman of Committee PH5-2 on Microfiche and Micro-Opaques, member of Com-
mittee PH5, Document Reproduction, and member of Committee PH5-1, Microtransparen-
cies. He served on the Executive Board of the New England Microfilm Association. He was
Chairman of the Information Retrieval Committee of the National Microfilm Association,
and a member of the Company of Fellows of that association.

Linda I. Solow was active in the Music Library Association as Program Chairman for the
summer, 1974 meeting, member of the Editorial Staff of the MLA Newsletter, member of
the Editorial Committee of the Manual of Music Librarianship, and Editor of Checklist of
Music Bibliographies.

Staff Changes
Appointments

The following appointments were made during the year: Clara-Mae Chittum, Head, Serials
Acquisitions Section; William J. Duggan, Assistant Director for Business Operations; Pa-
tricia T. Gordon, Assistant Science Librarian; Alice W. Hall, Department of Transporta-
tion Librarian; I. Austin Kelly, III, Curator of Rare Books; Hilary A. Murray, Circulation
Librarian; Linda I. Solow, Music Librarian; Craig L. Thiersch, Cataloger; Lenis H. Wil-
liams, Slide Librarian; and Susan E. Woodford, Assistant Science Librarian.
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Promotions, Leaves, Transfers, and Retirements

The following staff changes were effected during the year: Katharine G. Cipolla, Media Ser-
vices Librarian; Timothy F. Dempsey, Jr., Systems Designer; Myer M. Kessler, Associ-
ate Director; James M. Kyed, Head, Engineering Libraries; William D. Mathews, Assis-
tant Director, Project TIP; Natalie N. Nicholson, Acting Director; Natalie N. Nicholson,
Director; Walter I. Nissen, Systems Designer; Patricia M. Sheehan, Systems Designer;
and Sibyl E. Warren, Cataloger, retired.

Resignations

The following resignations were received during the year: Ann M. DeVilliers, Assistant
Science Librarian; Randolph E. Hock, Assistant Science Librarian; Patricia B. Pier, Gifts
and Exchange Librarian; Susan R. Stevick, Assistant Humanities Librarian; Craig L.
Thiersch, Cataloger; Mary L. Utz, Circulation Librarian; and David C. Van Hoy, Cataloger.

NATALIE N. NICHOLSON

Lowell Institute School

The Lowell Institute School (L. I. S. ), established in 1903, has provided evening instruction
in technical subjects at M. I. T. for residents of the Boston area. With the retirement of
Dr. F. Leroy Foster as Director of the School on June 30, 1973, and the appointment of
Dr. Bruce D. Wedlock as his successor, the School officially has become a part of M. I. T.,
reporting for administrative purposes to the Provost. Previously, M. I. T. had allowed the
School to utilize its physical facilities at no cost, while all direct expenses were borne by
the Lowell Institute, and its Director reported only to the Lowell Institute Trustee.

Programs for the 1973-74 terms will be designed to expand the vocational capabilities of
industrial technicians. Rather than duplicating programs available at other institutions,
L. I. S. exploits M. I. T. 's position in the forefront of technology to present subjects at the
technician level which are unavailable elsewhere. This capability is enhanced by M. I. T. 's
active development of instructional materials for new technologies, and by the fact that many
L. I. S. instructors are drawn from M. I. T. 's teaching ranks.

Examples of subject offerings for 1973-74 include Optical Systems Technology, Introduction
to FORTRAN Programming, Digital Electronics, Fundamentals of Television Systems,
High-Speed Strobe Photography, Machine Tool Fundamentals, and Principles of Metal Join-
ing. All subjects are weighted heavily toward practical applications, and all involve a sub-
stantial amount of laboratory work.

BRUCE D. WEDLOCK

Northeast Radio Observatory Corporation (NEROC)

M. I.T. is a leading member of NEROC, a consortium of 13 educational and research insti-
tutions formed to promote radio and radar astronomy research. The primary current respon-
sibility of NEROC is the operation of the Haystack Observatory, located at the Millstone
Hill field station of M. I. T., near Tyngsboro, Massachusetts. Through a NEROC-M. I. T.
agreement, the administrative services of M. I. T. are used by NEROC in the conduct of its
business.

The main instrument at Haystack is a 120-foot antenna, operable over a wavelength region
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from 21 to less than 0. 8 cm, which is used, with National Science Foundation (NSF) support,
for radio astronomy observations. Radar studies of the moon, Mars, Venus, and Mercury,
using Haystack's high-power 3. 8-cm radar, are sponsored by the National Aeronautics and
Space Administration (NASA).

The development of Haystack Observatory first was proposed formally by Lincoln Labora-
tory early in 1958, soon after the Millstone radar operations began, as a significant next
step in the development of the technology of high-performance microwave systems. Its de-
sign, originally centered around the requirements of a high-performance ground terminal
for satellite communications research, provided also for use as a high-resolution radio tele-
scope and as a very-long-range measurements radar. These latter roles assumed in-
creasing importance as advances in space technology shifted more of the elements of the typ-
ical communications link into the satellite itself, reducing the need for large, sophisticated
ground terminals. Today, at a time of few new additions to the U. S. roster of major astro-
nomy instruments, Haystack Observatory is an important scientific resource, comprising
an advanced computer centered radio telescope which can operate effectively from 1, 300
MHz to beyond 35, 000 MHz.

The Northeast Radio Observatory Corporation was brought into being on June 22, 1967, for
the purpose of designing and building a very large (440-foot diameter) fully steerable radio/
radar antenna as a regional facility for the Northeast. With substantial support from NSF,
it developed a unique design for an antenna enclosed in a radome. A proposal to build this
new instrument at a cost of just under $40 million was submitted to NSF in June, 1970, just
when limitations in funding led to the postponement of many capital projects. During this
period, faculty from member institutions and NEROC, at the invitation of M. I. T. 's Lincoln
Laboratory, had begun using the Haystack antenna for their own research. In 1969, NEROC
was given part-time access to the Haystack facility, and in 1970 NEROC began operating
this antenna full-time as a regional university facility.

As of January, 1973, 24 radio observing programs and four radar projects were in progress,
with 12 students and 32 faculty members from 16 institutions involved in the work. Early in
1973, over 40 proposals for research resulted from the experimental installation and opera-
tion of a quiet, sensitive radiometer in the 13-mm wavelength region. This radiometer is
based on a helium cooled maser developed cooperatively by the University of Massachusetts
(a NEROC member) and Haystack Observatory. Interest is focused on observations at am-
monia and water vapor wavelengths.

Haystack remains a leading participant in very long baseline interferometry (VLBI), a tech-
nique based on precise frequency-time standards which makes possible interferometer base-
lines of thousands of kilometers. The Advanced Research Projects Agency (ARPA) has con-
tinued to sponsor a NEROC program for the development of VLBI as a precise geodetic mea-
suring technique. Additionally, under a joint research agreement between the U. S. and
Brazil, NSF and its Brazilian counterpart are sponsoring development of a 13-mm wave-
length VLBI program between Haystack and the Itapetinga Observatory of the Centro de
Radio Astronomica e Astrofisica, Sao Paulo.

Although spectral-line research involving both molecular and recombination lines has tended
to dominate the observing schedule at Haystack, regular continuum observations of some 70
known variable radio sources also are continuing.

In addition to the continuing planetary radar astronomy work, Haystack has continued to pro-
vide Lincoln Laboratory with observations of distant satellites beyond the range of other ra-
dars. NEROC recently made a long-term agreement with Lincoln Laboratory under which
the Haystack antenna will be used in the development of a high-resolution radar-imaging
capability for observation of satellites at synchronous altitude (25, 000 miles) and beyond.
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Demands for antenna time will be acceptable to NEROC users, and Lincoln Laboratory (by
defraying all costs involved in their program) will assist in maintaining the entire facility.

In hope of providing the astronomy community with a large millimeter-wave instrument at
modest cost, NEROC has submitted to NSF a proposal requesting just under $2 million for
upgrading Haystack for operation at wavelengths as short as three millimeters (100 GHz).
The largest such instrument today is the Kitt Peak 36-foot telescope.

PAUL B. SEBRING

Operations Research Center

The Operations Research Center brings together faculty and students from a variety of
M. I. T. departments to conduct an academic program and research on the methods and ap-
plications of operations research.

The interdepartmental Doctor of Philosophy and Master of Science programs continue to
provide M. I.T.-wide coordination for graduate education in the field. Currently, approxi-
mately 20 students are in various stages of the doctoral program and a similar number are
in the master's program. The students come from many M. I. T. departments, and a sub-
stantial number apply directly to the program from outside the Institute.

The research activity of the Center has increased significantly during the past year. The
largest change has been the start of a project on urban safety systems, under the sponsor-
ship of the National Science Foundation. The focus of the research is on innovative methods
for resource planning and their application to police and emergency medical services. The
research is concerned with performance measures, analytic tools, and the impact of the
methods on the systems under study.

Another new project has been concerned with the computer control of traffic signals in an
urban street network. The principle control variables are the green and red times at each
signal, the relative timing of the various signals, and the overall period. The goal of the
research is to develop a model of traffic and a method of optimization, so as to minimize
driver delay. Special emphasis is placed on the signal period as a control variable.

A third project deals with multilevel logistical systems. The objective is to provide a meth-
odology for the design of a hierarchical system of decision making for multilevel logistics
organizations. The work seeks effective ways to accomplish the partitioning, linkage, ag-
gregation, and disaggregation of the decision process and to measure its overall perfor-
mance.

Ongoing research into the methods of operations research has continued. In mathematical
programming, further progress has been made in understanding and resolving mathematical
issues raised by computation, particularly in the areas of integer and mixed-integer pro-
gramming and the solution of large-scale systems. Research in multi-attribute utility the-
ory is moving into the problem of assessing utilities for groups. Bayesian econometric
studies continue.

Applications of operations research methods to particular areas by faculty and students of
the Center have included work on such diverse topics as air pollution, natural gas supplies,
seaport operations, airline crew scheduling, housing analysis, water resource planning,
and the potential usefulness of frozen blood in the blood collection and distribution system.
More detail on these studies is available in the Center's Annual Report and reports on spe-
cific projects.
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Support for the Center's research has come from varied sources, including the National
Science Foundation, the Public Health Service, the Office of Naval Research, the Army Re-
search Office-Durham, the General Motors Corporation, and the Mobil Oil Corporation.

JOHN D. C. LITTLE

Project MAC
Project MAC is an interdepartmental laboratory for computer science. The laboratory in-
cludes four separate but interacting Divisions, which are staffed by approximately 320 fac-
ulty members, staff, and students. The four Divisions and their respective leaders are:
Fundamental Studies, Professor Jack B. Dennis; Systems Research, Professors Jerome H.
Saltzer and Fernando J. Corbato; Programming Technology, Professor J. C. R. Licklider;
and Automatic Programming, Professors William A. Martin and Corbato. Academic mem-
bers of Project MAC are primarily from the Departments of Electrical Engineering, Mathe-
matics, and Architecture, and the Sloan School of Management.

Project MAC was begun in 1963, with the support of the Advanced Research Projects Agency
for research in computer science. The name MAC was derived from its early goal, machine
aided cognition, and a tool for working toward that goal, multiple-access computers. The
major thrust of the early research at Project MAC was in pioneering work on time-sharing.
Work on the Compatible Time-Sharing System (CTSS), which was already in progress at
M. I. T. , was undertaken and completed at Project MAC with a clear demonstration of the
feasibility and convenience of time-sharing. CTSS was the first major time-sharing system
built; it had significant impact on the community of computer users. In 1964, Project MAC
began work on Multics (Multiplex Information and Computation Service), in a serious effort
to transform the computer system into a public utility (as the telephone system).

Multics evolved and tested many pioneering ideas, including an integrated file system, con-
trolled access, segmentation, paging, virtual memory, and multi-processing. Theoretical
research and implementation of the system proceeded simultaneously, and in 1969, Multics
was made available to the entire M. I. T. community on a regular basis through the Informa-
tion Processing Center (I. P. C. ). Multics has been in continuous operation since, and has
grown substantially, both in number of users and in the size of the machine. Multics pres-
ently is operated on a Honeywell 6180 computer specifically designed for it, which is also
available as a commercial product.

The activity of Project MAC became more diverse as other areas of research gained in
strength, and the character of Project MAC changed from a project orientation to that of a
laboratory conducting research on many aspects of computer science. In December, 1970,
the Artificial Intelligence Group, which had grown substantially, separated from Project
MAC and became the M. I. T. Artificial Intelligence Laboratory.

Project MAC presently is engaged in a new major effort aimed at automatic programming.
The purpose of automatic programming is to make computers easier for laymen to use.
Progress is being made toward the development of techniques that will allow communication
with computer systems in the form of desires and goals, stated in a "natural" language, rath-
er than the present method of specifying the solution to the problem in terms of algorithms.
If the system does not have good methods for dealing with problems, the user should be able
to introduce, test, and verify algorithms which would be added to the system's repertoire of
expertise. Communication difficulties with the computer would be eased because the comput-
er system, having expert knowledge of the field under discussion, would exhibit common
sense in communicating with the user. A first prototype automatic programming system,
incorporating many new ideas, has been designed, and a good portion of it implemented.
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Work on automatic programming has derived much benefit from work on such other systems
as MACSYMA, PLANNER, CONNIVER, and LISP, done at Project MAC and the Artificial
Intelligence Laboratory. The MACSYMA system, which has expert knowledge in specialized
areas of mathematics and can perform symbolically such tasks as the factorization of poly-
nomials or integration of algebraic expression, recently has become an important aid to re-
search in plasma physics.

The Systems Research Division, which had the experience of developing Multics into a se-
cure time-sharing system, is focusing attention on the issues of security and certification
of systems. This Division has developed a Multics LISP, so that MACSYMA and other sys-
tems programmed in Artificial Intelligence LISP can be transferred to Multics. The Systems
Research Division helped to incorporate hardware features into the Honeywell 6180 comput-
er which are essential for the construction of secure systems.

The research of the Programming Technology Division is focused on four distinct but re-
lated areas: automatic programming -- the development of programs that write programs
with little or no help from human beings; computer aided programming -- the development
of programs to aid humans in the composition, documentation, and debugging of programs;
computer networking -- experimentation and implementation of protocols and programs to
facilitate communication between programs resident at geographically distributed computers
connected via a store and forward communication network; and graphics -- the development
of a system for the visual presentation of computer models of programs and of physical and
behavioral phenomena.

The Fundamental Studies Division is engaged in research in fundamental issues in computer
science concerning complexity of computation, structured programming and base language,
and abstract schemes for the representation and analysis of systems. The complexity of an
algorithm is the minimum amount of computation that must be expended to carry out the
functional transformation specified, and research in this field has established bounds on the
complexity of many algorithms. The research in structured programming and base language
is aimed at improving the structured framework in which programs are written, and re-
search in abstract representation schemes for systems seeks to discover properties of concur-
rent systems, deadlocks, and the flow of control in systems.

During the academic year 1972-73, Professors Michael Rabin, John McCarthy, and Victor
Briabin were visiting professors at the Institute and participated in the research activities
at Project MAC. Professor Suhas S. Patil of the Department of Electrical Engineering was
appointed Assistant Director of Project MAC.

The major financial support for Project MAC this past year came from the Information Pro-
cessing Techniques Directorate of the Advanced Research Projects Agency, and from the Na-
tional Science Foundation, which supported the research in the Fundamental Studies Division.
Several projects at Project MAC were funded by other agencies, notably by the Office of Na-
val Research and by International Business Machines, Incorporated.

EDWARD FREDKIN

R.O.T.C. Programs

At the close of the academic year 1972-73, three factors dominate the R. O. T. C. situation
at the Institute, two positive and one troublesome. The first positive factor is the increasing
level of scholarship support being obtained by M. I. T. students who are R. O. T. C. enrollees.
The following table shows the number of students who have benefit ed from such scholarships
in the past year, and the number expected to benefit in the coming year.
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1972-73 (Actual) 1973-74 (Estimated)

Army 27 39
Navy 5 22
Air Force 27 24

Total 59 85

These scholarships are obtained in national competition, and M . I. T. students perform very
well. The net result is that an unusually high proportion of the total R. O. T. C. enrollment
is scholarship supported, an accomplishment which is doubly valuable in these times of in-
creasing educational costs and diminishing resources.

A second dominant factor in the status of R. O. T. C. at M. I. T. is the very high calibre of
military personnel, both officers and enlisted men, who operate the three units here. One
illustration is their successful effort to increase the number of scholarship students in their
units, both through recruiting and through negotiations with educational programs personnel
in their respective services. The R. O. T. C. Committee has maintained good liaison with
the national commanders of the three services, to promote a continuation of this superior
assignment practice and to ensure a congruency of educational goals and practices.

The third, troublesome factor is the low overall enrollment in R. O. T. C. In the academic
year 1972-73, 126 students were in the three programs. A significant factor contributing to
the decline from recent figures was the termination of the draft and the conversion to the all-
volunteer military. This has produced enrollment reductions in M. I. T. 's program to levels
which threaten the viability of some of the units. M. I. T. 's production of commissioned offi-
cers in 1972-73 was not large (Army -- 10, Navy -- 7, and Air Force -- 11), and must be
increased somewhat to render the activity more attractive to the services. A variety of ef-
forts toward this end are being considered by the R. O. T. C. Committee.

FREDERICK J. MCGARRY

Sea Grant Program

In June, 1970, M. I. T. established its Institute-wide Sea Grant Program (M. I. T. S. G. ), which
was supported by the National Sea Grant Office as a Coherent Area Project (CAP) for ocean
utilization and coastal zone development. In July, 1970, Professor Alfred A. H. Keil was
appointed Program Director; Dean A. Horn joined the Program as Executive Officer in Sep-
tember of that year. The Sea Grant Program, in support of the Federal goals, seeks to con-
centrate its resources and to bring its experience to bear on efforts leading to greater ocean
utilization and wise development of the coastal zone, with responsible recognition of any re-
sultant ecological changes.

In July, 1972, the Sea Grant Program received Institutional Grant status from the National
Sea Grant Office in recognition of the increasing strength, quality, and diversity of the pro-
gram elements in research, teaching, and advisory services. Under institutional designation,
support for M. I. T. S. G. has reached over $1 million this year, one-third of which was from
private sources and two-thirds from the national program. Achieving institutional status is
a significant milestone; it means that M. I. T. S. G. can anticipate continued annual support
from the National Sea Grant Office, as long as the Program maintains a viable, productive
effort with the necessary matching fund support. During the academic year 1972-73, the
Program was involved in 23 projects and supported the research of 30 graduate students.
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The growth of this research program was largely due to a three-year grant from the Henry
L. and Grace Doherty Charitable Foundation, Inc. This support is acknowledged gratefully.

The importance of the Sea Grant Program lies in its basic objectives: to encourage educational
opportunities at M. I. T. related to the use of the seas, through teaching and research; to de-
velop relevant research results aimed at wise utilization of the resources of the
oceans and the coastal zone, by sponsoring selected research efforts which draw on a wide
spectrum of capabilities at M. I. T. in the marine and other related fields; and to provide pub-
lic service, by transferring research results to state and local governments, industry, and
private citizenry. The rapid growth of the Program is proof that thus far it has succeeded in
mobilizing the M. I. T. community toward the goals of ocean utilization, coastal zone devel-
opment, and public service.

A major focal point for the year 1972-73 was the greater Massachusetts Bay, which was
studied with the objective of understanding the natural environment in the Bay -- the mixing
processes in the waters, their exchange with the open ocean, and the influence of tides, winds,
currents, and discharges from the shore on the waters of the Bay. These studies could aid
determinations of the location of power plants and sewage treatment plants, the extraction
of sand and gravel, and (in general) the planning of future uses of the coastal zone. In exe-
cuting this project, M. I. T. is working closely with state and regional organizations, the
Woods Hole Oceanographic Institution, other academic and research institutions, and with
industry.

Another important and most timely project, which was sponsored partially by the New England
Regional Commission and the New England River Basins Commission, dealt with the potential
economic and environmental impact on New England of petroleum exploration and development
on Georges Bank. The third focus of work involved particular studies on ocean utilization and
coastal zone development.

Many examples could be cited which would illustrate the Sea Grant Program's role as a cat-
alyst in developing and executing broad projects aimed at practical solutions. Listing a few
project topics may give a clear indication of the extent and flavor of these efforts: the future
of ocean transportation and Atlantic ports; development potential for the Panama Canal; and
the development of squid as a resource for New England fisheries. Through such projects,
the Institute also has succeeded in fostering strong interaction among faculty members from
a wide range of departments. Student participation has increased substantially, first at the
graduate level, and more recently at the undergraduate level. The student summer labora-
tory, under the direction of Professor A. Douglas Carmichael, is an example of a most
effective new teaching program.

Of particular significance to the Sea Grant Program this year was the expansion of M. I. T. 's
advisory services division, with the appointment of Ernst R. Pariser as Advisory Services
Officer. The aim of this expansion is to create a set of advisory services for decision makers
in government, industry, and private life. Included in the advisory activities are specialized
symposia, reports, public courses, and the Marine Resources Information Center. (MARIC).
MARIC coordinates its regional activities and cooperates with the Woods Hole Oceanographic
Institution and the University of Rhode Island in the dissemination of teaching and research
results.

ALFRED A. H. KEIL

Summer Session

Two encouraging changes from the 1971 to the 1972 Summer Session were an increase in the
average enrollment in the Special Summer Programs, and an increase in the number of
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regular academic subjects. Both changes were small, but they are in the direction of an
expansion in the utilization of academic capabilities in the summer term.

Special Programs
Of the 44 programs planned for the 1972 session, four had to be cancelled because of pro-
jected low enrollments. There was a total registration of 1, 376 in the 40 programs, com-
pared with a 1971 registration of 1, 220 in 42 programs. The average registration per
program showed a modest increase over the 1971 attendance.

After five years of declining registrations in the Special Summer Programs, it appears that
in 1972, modest progress upward was made from the low point of 1970 and 1971. In last
year's report, it was noted that the decline resulted chiefly from three causes -- a less
favorable overall economic climate, a greater selectivity of professional interest, and a
reduction of research and development support for some engineering and applied science
fields. It is recognized that these three factors are correlated. The selectivity of profes-
sional interest again was demonstrated in the 1972 Session. Programs in nuclear power
reactor safety and in the area of environmental engineering and science were among the
most popular of the entire series.

Regular Subjects
Graduate students now comprise over 85 percent of the student body in the summer. The
1972 registration of 2, 121 students represents a small decrease from the 2, 197 of 1971, de-
spite the scheduling of a few additional regular academic subjects.

Conferences
Approximately 500 people attended the International Switching Symposium sponsored by the
Institute of Electrical and Electronics Engineers during June 6-9. Professors Peter Elias
and Francis J. Reintjes of the Department of Electrical Engineering were co-hosts.

A large and successful meeting of the Student International Meditation Society was held in
Kresge Auditorium during July 14-19. Over 200 of those attending were housed on campus.

Professors Sow-Hsin Chen and Sidney Yip of the Department of Nuclear Engineering con-
ducted an Institute on the Application of Neutron Spectroscopy in Chemical Physics and Bio-
physics, from July 31 through August 4. The Institute was under the sponsorship of the
Atomic Energy Commission and had 55 registrants.

During August 6-11, a workshop was held for members of the Association of Physical Plant
Administrators. Ninety-two individuals attended the workshop, representing 53 colleges
from 18 states and Canada. Howard Miller of the Department of Physical Plant was the
coordinator.

In addition, there were special activities conducted by the Center for Advanced Engineering
Study, the Education Research Center, the Department of Ocean Engineering, and the Sloan
School of Management.

JAMES M. AUSTIN

Teaching Intern Program

The Teaching Intern Program, formally known as Institute Seminar 211, completed its fifth
very successful year in June, 1973. Twenty-nine students from M. I. T. and Wellesley Col-
lege participated in this program, which involves up to five hours of actual teaching per week
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in one of the Cambridge schools and a weekly seminar in which faculty of the various high
schools participate. The high-school faculty members have shown a keen interest in the
teaching program, and the interaction between Cambridge school personnel and people and
resources at the Institute continues to be strengthened. While there have been high-level
changes in the school administration in Cambridge, the Teaching Intern Program has con-
tinued to receive strong endorsement from the Superintendent of Schools and from the prin-
cipal and assistant principal of the schools cooperating in the Program. Several students
who have participated in the teaching program also have been involved in the M. I. T. -
Wellesley Upward Bound Program. A large number of students subsequently go on to the
Harvard Graduate School of Education or to other graduate schools of education to pursue
further professional training; others have entered directly into the teaching profession upon
graduation from M. I. T. or Wellesley College. The Teaching Intern Program is under the
supervision of Dr. Louis Menand, III, Assistant to the Provost, and is directed by John P.
Terry and Michael Efron.

LOUIS MENAND

Upward Bound Program

The M. I. T. -Wellesley Upward Bound Program is a coeducational, multi-racial, multi-ethnic
educational program for Cambridge youth of high-school age. Now in its eighth year, the
Program serves 70 academically promising young women and men who have low achievement
aspiration and who come from low-income families. The goal of the Program is to motivate
these youths to attend college, and additionally to provide them with the necessary academic
and social skills needed to succeed in college. To a very large extent, the Program is influ-
enced by the research done by Kurt Lewin and his associates, particularly in the area of goal
setting or "level of aspiration. " The Program has operated on the assumption that ego
growth and academic performance are related closely, and has met with considerable success.
A developing ego needs to experience success, and it will develop more strongly, in both a
personal and a social sense, in a warm, personal, but structured environment. This develop-
ment can be manipulated through intervention outside of the family and the school.

Upward Bound represents such a controlled field intervention. It has established that the
effects of failure can be reversed by presenting a young person with real success, and that
further success leads to an increase in his or her level of aspiration. In this process, the
people around the student play a crucial role -- fellow students, teachers, and other program
staff -- because what the student thinks he or she can do is dependent on what they think he or
she can do. Consequently, the student's perception of his or her abilities, and therefore
what he or she will try to accomplish, is determined to a large extent by the program staff,
who are often the first and only people to see real academic promise in the youngster.

Summer Program
The Summer Program, conducted in residence on the Wellesley College campus for six weeks,
is designed to provide the student with an intense academic and social experience. Classes are
team taught by experienced Cambridge high-school teachers, Wellesley College and M. I. T.
students, and Upward Bound alumni now attending college. Each Upward Bound student car-
ries three classes five days per week during the six-week Summer Program. Classes are
small and of a seminar nature. Each student is required to take one mathematics and one
humanities subject, and to select a third subject. Humanities offerings include reading and
writing, black history, teenagers and the law, drama, the urban scene, utopias, the American
Indian, and the fifties. Science subjects which students may choose include Biology, Chemistry,
Astronomy, and Man and His Environment. The mathematics program includes: an enrichment
section for students who are preparing to take algebra II, geometry, or mathematics IV; a
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review section for students who have done poorly in algebra II, geometry, or mathematics
IV; and computer mathematics and computer programming subjects sponsored by International
Business Machines, Inc.

Academic Year
The academic year program, while ostensibly less intense and dramatic, is at least as im-
portant as the Summer Program. Building on the motivation and enthusiasm developed over
the summer, the academic year program is designed to help the student cope with the myriad
academic, social, and family problems that confront him or her in Cambridge. To achieve
this, the following programs, staffed primarily by M. I. T. and Wellesley College undergrad-
uates, have been developed and implemented.

Study Skills The M. I. T. Upward Bound offices are open four evenings per week from 7:00
to 9:30 for study. Students are asked to spend at least one evening per week at one of these
study sessions. Each session is manned by a team consisting of two leaders who are part-
time staff and about four undergraduate volunteers. They work individually or in small groups
with students on school related problems.

Tutoring Whenever requested or needed, tutors are assigned to individual students. Tutors
typically are M. I. T. or Wellesley College undergraduates who arrange to meet on a mutually
convenient, regular basis with the Upward Bound student, and who then report back to project
staff.

Saturday Program
The goal of the Saturday program is to furnish a miniature replication of the Wellesley sum-
mer experience. Students attend regularly during the fall, winter, and spring on Saturdays
from 10:30 A. M. to 4:30 P. M. The Saturday program includes an arts and crafts class,
drama, and a mathematics class, plus the use of the pool and gymnasium.

College Counseling

This year's graduating class included 19 seniors. All of them will be continuing their educa-
tion in the fall. One student will be attending a thirteenth-year program in a local prepara-
tory school. Another student is undecided about which school he will attend. Twelve of these
students will attend four-year colleges. Four students will be going to two-year colleges with
the intention of transferring to four-year colleges, and one student will be attending a two-
year technical training program.

College Enrollment -- Fall 1973

School Number Attending

Boston College 1

Boston State 1

Bradford College 1

Dean Junior College 2

Earlham College 1

Harvard College 1

New England College 1 continued
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College Enrollment (continued)

School Number Attending

New Hampshire College 2

Northeastern University 1

North Shore Community College 1

Pine Manor Junior College 1

Simmons College 1

Smith College 1

Southeastern Massachusetts University 1

Wentworth Institute (Technical) 1

TOTAL 17

Other

Huntington Preparatory School -- 13th Year 1

Undecided 1

2

JOHN TERRY

Urban Systems Laboratory

The interdepartmental Urban Systems Laboratory provides a framework and facility for con-
ducting research projects in the various disciplines of engineering, management, architecture,
planning, and the social sciences. While the principal focus is on urban problems, the work
of the Laboratory has encompassed a variety of societal problems.

The working unit of the Laboratory is the individual sponsored research project, conducted
under the supervision of a faculty member. The activities of the Laboratory consist of the
set of projects active at any point in time; they reflect a matching of faculty and sponsor in-
terests. The Laboratory also serves as the administrative unit for a number of interdepart-
mental research and training grant programs.

A small but essential part of the Institute's response to the urban problem has been the direct
participation of faculty and staff in urban agencies. Staff affiliates of the Laboratory are
called upon from time to time to assist individuals and community agencies. Staff members
have worked with citizen groups on the general problem of how technology can be made appli-
cable to their needs. These efforts have been carried out in cooperation with other formal
and informal groups at M. I. T., and in direct relation with citizen groups. While the Labora-
tory has relied heavily on faculty and students to staff the research projects, a small core
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of professional and technical staff members have been associated with the Laboratory during
this past year, who give full-time attention to the operations and projects of the Laboratory.

The following research efforts were carried out at the Laboratory during the academic year
1972-73.

Work with Local and Regional Organizations
The Institute, through the Urban Systems Laboratory, continued to work with the Boston
School Department on the Flexible Campus Program, coordinated by James T. King of the
Department of Civil Engineering. This program broadened its operation, as students parti-
cipated in graphic arts, biology, and office procedures instruction. A special reading course
led by Mrs. A. Singleton, a professional staff member of the Evelyn Wood Reading Dynamics
Institute, was held at the Laboratory. Students participating in these classes were from the
Jeremiah E. Burke High School of Dorchester and East Boston High School.

The Medical Foundation, Inc. of Boston, having provided funds to assist in the development
of a proposal entitled "Effective and Affordable Medication Delivery, " made a second grant
to help continue this important work while the search for funding progressed. The proposal
recently has been assured of partial funding by a grant from Program Impact, Community
Service-Continuing Education, Title I of the Higher Education Act of 1965 through the Com-
monwealth of Massachusetts Board of Higher Education. These funds are augmented by a
grant from the Committee of the Permanent Charity Fund, Inc., with additional support
from M. I. T.

Under the sponsorship of the Massachusetts Departments of Corrections and Education, Proj-
ect Alpha was conducted by H. Emerson Pressey. Project Alpha is a pragmatic prison
based research and demonstration program for inmates handicapped by functional speech
disorders and other communication disabilities. This project's concept and procedures have
been modified, expanded, and applied to new and different problem areas at sites and with
subjects not reached in previous efforts. Favorable results are being noted with a wide vari-
ety of problems in the areas of speech, remedial reading, and language problems.

Melvin H. King of the Department of Urban Studies and Planning and the Urban Systems Lab-
oratory was involved in three major projects during the year. The first was a project in
"grime" (solid waste) fighting, which organized community residents to deal with issues re-
lated to grime. In developing a comprehensive process for solving this problem, a survey
of the services provided by the Boston Departments of Housing Inspection and Sanitation was
made. In Mr. King's second project, he worked on advancing legislation for a community
development bank to assist a poor and minority community development corporation. Mr.
King also continued writing his book, Chain of Change, which is a compilation of data and the
development of a matrix of events in Boston's black community over the past 12 years.

The Urban Systems Laboratory's involvement in the greater Boston community also was man-
ifested in the area of housing. Project Technology, Race, and Poverty (T. R. P. ), under the
direction of Professor Frank S. Jones of the Departments of Civil Engineering and of Urban
Studies and Planning, made progress on both of its housing projects. The Columbus Avenue
Tenants Association (CATA) project, under the guidance of David L. Judelson, expects to
have an initial closing before August 15, 1973. That event will climax more than a year of
working through the intricate details involved in: 1) syndicating the depreciation, so that the
tenants collectively will share $200, 000, minimally as a buffer against cost increases and
maximally as a means of further investment; 2) helping a black general contractor to obtain
the necessary instruments needed to assure completion of his contract; and 3) juggling skill-
fully a mortgage commitment for a group which had no equity funding other than that to be
provided eventually by syndication proceeds.
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The Roxbury Action Program (RAP) has been curtailed severely as a result of the Federal
moratorium on subsidy programs. The project, under the guidance of George J. Morrison,
was directed toward the construction of approximately 100 units of housing. Prior to its cur-
tailment in January, 1973, members of the project had completed a phase of their work with
the Neighborhood Planning Group on determining what their household and neighborhood ecol-
ogies should be, and had begun negotiations with Federal and state authorities for construction
and mortgage funds.

T.R. P. will terminate as of July, 1973. However, the CATA project should become a reality,
and so perhaps may the RAP project.

With the sponsorship of the National Science Foundation, H. Forbes Little of the Urban Sys-
tems Laboratory and John B. Suomala of the Charles Stark Draper Laboratory conducted a
study of the New England fishing industry. The purpose of the study was to determine what
barriers exist to the use of new technology in this traditional industry. The study identified
some 38 barriers to innovation, and concluded that most of the problems were organizational
and economic rather than technical in character. The study also developed guidelines for
university-government -industry working relationships, and postulated a three-year program
to develop and test means for overcoming some of the barriers identified.

Transportation Research
Transportation remained a major area of research for the Urban Systems Laboratory. John
R. Lawson of the Charles Stark Draper Laboratory was engaged in two projects during the
year. Supported by the Boston Redevelopment Authority, Mr. Lawson continued the U. S. Bi-
centennial Transportation Definition Project, which had been initiated in the previous academic
year. The goal of this project was to define in general the transportation problems, possible
solutions, and opportunities associated with the 1975-76 bicentennial period. Prescribed acti-
vity level increases were presumed; representative general capacity levels of available trans-
portation resources were identified; probable and possible problem areas were defined; possi-
ble conventional and innovative solutions were suggested; and specific recommendations were
discussed.

Mr. Lawson's second project, Boston Automated Guideway Preliminary Definition Program,
was performed in conjunction with the Boston Transportation Planning Review and was spon-
sored by the Urban Systems Laboratory. The objective of this project was to pursue possible
applications of new automated guideway transportation systems (such as personal rapid transit)
within the Boston metropolitan area, partially in conjunction with the action oriented oppor-
tunity of the Boston Transportation Planning Review. To facilitate this effort, a library on
the present state of the art of these new systems has been assembled and is being updated
continually. Considerable insight has been gained into the strengths, weaknesses, and devel-
opment needs of these new systems in several real-world application studies. At the conclu-
sion of these studies, Governor Francis W. Sargent included the general concept of an auto-
mated circumferential transit service and downtown secondary distribution in his decisions.
Subsequent design and trade-off studies are expected to begin within the next year.

Transportation Information Systems, under the direction of Henry W. Bruck, is a U. S. De-
partment of Transportation sponsored project which is nearing the completion of its third year.
A converter for national geographic coding systems with a county-level mapping capability has
been designed and is operational. An evaluation of the Census of Transportation was com-
pleted, and recommendations for changes were made. A review of the state of the art in
urban goods movement planning was prepared. The current principal emphasis is on the
development of better service measures for passenger and freight rail operations. In addition,
a very general structure of service measures within which the performances of all modes
can be compared is being developed.
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Mr. Bruck's other project is entitled Evaluation of Techniques for Long-Range Forecasting
and Planning. Under a grant from the U. S. Environmental Protection Agency (EPA), a re-
view and evaluation of techniques for long-range forecasting and strategic assessment is being
performed. The objective of the study is to provide EPA with a basis for selecting long-
range forecasting and planning methodologies that would be useful for applications related to
environmental problems.

The Transportation and Community Values Project, under the direction of Professor Marvin
L. Manheim of the Department of Civil Engineering, was initiated in 1968. It has developed
new approaches to the planning and design of transportation systems and facilities in urban
and other areas having sensitive social, environmental, and economic considerations. Spon-
sors of the research include the American Association of State Highway Officials, the U. S.
Department of Transportation (Federal Highway Administration) and the state of California.
The Project has concluded that appreciably greater emphasis must be given to the process by
which decisions are reached, if transportation agencies are to regain widespread public con-
fidence. Changes are required not only in the technical procedures used for project location
and design, but also in system planning and programming procedures, institutional arrange-
ments, decision-making responsibilities, personal attitudes, agency missions, and the rela-
tionship of technical transportation studies to other community and environmental consider-
ations.

Team members of the Transportation and Community Values Project recently have concluded
field tests in California, Georgia, and Michigan, where graduate students, faculty, and staff
worked on a day-to-day basis with state personnel in applying recommendations in the devel-
opment of actual projects in these states. An important activity during the past academic year
was the development of Environmental Guidelines for the U. S. Department of Transportation,
as required by recently passed Federal-Aid Highway legislation. These guidelines were pro-
mulgated by the Federal Highway A.dministration on September 21, 1972, as official Depart-
mental policy, and all state highway agencies now must operate in accordance with the stated
provisions regarding such process activities as alternative courses of action to be considered,
treatment of nonhighway modes and no-build choices, and public involvement.

Urban Dynamics
The following projects have been under the supervision of Professor Jay W. Forrester of the
Sloan School of Management.

The U. S. Department of Housing and Urban Development awarded a $210, 000, 18-month
contract to the System Dynamics Group, effective October, 1972, for the extension and re-
finement of the Urban Dynamics model developed by Professors Forrester and John F. Collins
of the Sloan School of Management in 1969. The objective of the contract is to increase the
usefulness of the model for assisting urban administrators in the selection of policies by which
to manage their cities more effectively. The city of Lowell, Massachusetts, is being used as
a laboratory for this project. Principal investigators in addition to Professors Collins and
Forrester are Louis E. Alfeld and Walter Schroeder III.

A group of 15 Boston business and banking organizations have joined to form a nonprofit ad-
visory and fund-raising group which will support an urban dynamics training program for
members of the Boston business, banking, and government community. The training pro-
gram represents the first stage of a program to apply the urban dynamics approach to metro-
politan Boston.

The town of Concord, Massachusetts, has approved a small project to support dynamic models
of issues related to suburban growth.
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Boston Model City Administration

For the fourth year, the Urban Systems Laboratory has worked with the Boston Model City
Administration to provide technical cooperation on problems for which expertise exists at
M. I. T. The main activities of this project, under the supervision of Professor Ithiel de Sola
Pool of the Department of Political Science, were:

1. The continued provision of computer facilities and assistance in computerization
for the research and analysis activities of the Boston Model City Administration.

2. Working with the city on the matter of communication facilities for meeting
community needs, in particular, on the potential of cable television to provide
new modalities of communication. Seminars were held on various aspects of
urban cable communication, and a working group of M. I. T. faculty, staff, and
students and Model City staff members provided consultation to the city of
Boston on community antenna television (CATV).

3. Providing technical assistance and facilities at the M. I. T. Film Laboratory
in the development of a documentary film entitled The Boston Model City
Program: An Urban Experience.

Program in Industrialization of the Housing Sector

The Program in Industrialization of the Housing Sector, initiated in 1970 by Professor Arthur
Bernhardt of the Department of Architecture, presently is focused on two projects. Project
Mobile Home Industry, funded by the U. S. Department of Housing and Urban Development,
will assess the potential of this industry for improving its performance substantially, and
aims to develop politically feasible strategies for implementation at the national level. The
State Building Code Regulation Study, funded by the U. S. Department of Commerce, will
identify and evaluate the present status of state building code regulation for a selected number
of states, with the emphasis on state factory-built housing legislation. International recogni-
tion of the Program as a front-edge effort in industrialization of the building industry has been
achieved through the presentation of invited papers by Professor Bernhardt in the United States,
Japan, and Europe. The Program presently has a staff of 35 researchers, whose backgrounds
encompass architecture, computer science, economics, engineering, finance, law, manage-
ment, mathematics, philosophy, planning, and sociology; some are recognized authorities
from other parts of the country.

Urban Geometrics Project
In May, 1973, the Urban Geometrics Project, under the supervision of Betsy Schumacker,
completed the development and testing of a computer system for the storage, retrieval, and
analysis of geometrically based land information. This system (Urban COGO) includes the
capability to display such data graphically on a variety of devices. At present, various ap-
plications of this system -- such as tax mapping -- are being explored further.

Cooperation with M.I.T. Departments
The Urban Systems Laboratory continues to work with other M. I. T. departments on projects
not based physically in the Laboratory.

In September, 1971, the Department of Urban Studies and Planning undertook the Boston De-
velopment Strategy Research Project with the assistance of the Urban Systems Laboratory.
The multi-disciplinary project was designed to assist key decision makers in state and local



Wellesley - M. I. T. Exchange Program

government in formulating alternative development strategies for the Boston region. The
Boston Development Strategy study team, headed by Professors Lloyd Rodwin and Lawrence
Susskind, has produced a two-volume study entitled Boston Development Strategy Research
Project. The research group is seeking sponsorship for a larger, more detailed research
effort that will link these studies to national urban growth policy issues and legislation.

The Sloan School of Management supported several professors in a variety of areas during
the past year. Professor Phyllis Wallace was provided with some start-up funds for her
research in the area of equal opportunities for women. Professor John Van Maanen was
given additional support to continue his study of the Seattle Police Department. Professor
Glen Urban continued his research study in the area of health management organizations.
The sixth Program for Urban Executives was held in June, 1973. Professor John D. C. Little
and his colleagues developed their earlier work on public decision making; the umbrella title
"decision support systems" describes the end products of this work well.

Three faculty members in the Department of Economics have been working on projects admin-
istered by the Urban Systems Laboratory. Professor Jerome Rothenberg has been working
on a microeconomic housing model, and is about to publish (either alone or jointly with junior
coworkers)three articles based on this investigation. Professor Robert Hall is working on
two projects in the category of social issues. One is a continuation of his earlier studies of
the economics of public assistance, and the other is an examination of issues related to the
experience of young male workers. Professor William Wheaton has begun a project on simu-
lating the urban land market.

Student Competitions on Relevant Engineering

During the past year, the Urban Systems Laboratory again provided space and assistance to
the Student Competitions on Relevant Engineering, Inc. (SCORE). SCORE completed its spon-
sorship of the 1971-72 Urban Vehicle Design Competition in August, 1972. A final report on
this program was published in February, 1973. The report included emissions, safety, and
other details of the student built vehicles from 60 different universities, as well as the results
of a survey taken by SCORE in four major U. S. cities to determine public response to trans-
portation measures to be taken by 1975 under the Clean Air Act. SCORE also instituted its
next intercollegiate program, entitled Students Against Fires (SAF), in September, 1972.
This project will involve the design and construction of hardware for the prevention, detection,
and suppression of fires of every description, and will be coordinated by a student committee
at the Georgia Institute of Technology (while the SCORE main offices will remain in Massachu-
setts). Presently, 50 universities are involved in the SAF program, which will culminate in
a national testing event in March, 1974.

CHARLES L. MILLER

Wellesley - M.I.T. Exchange Program

Since the academic year 1972-73 was the last year of the five-year experimental Wellesley-
M. I. T. Exchange Program, it was a time of program evaluation and report writing. A ques-
tionnaire was distributed to all M. I. T. undergraduates, and 895 students (22 percent of the
total undergraduate student body) responded. Later, a similar questionnaire was sent to all
M. I. T. undergraduate women students, 150 of whom (or 35 percent) responded. The results
of both questionnaires indicated that a sizable number of M. I. T. students already have bene-
fited from the Exchange, planned to take Wellesley College subjects, or felt that M. I. T. had
benefited from the Exchange, although the second survey made it clear that most women stu-
dents had not benefited from the Exchange and that efforts should be made to increase the use-
fulness of the Exchange to M. I. T. women students.
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A study of the Class of 1972 showed that 195 students in that class had completed a total of
427 Wellesley subjects during their years at M. I. T. Almost every Wellesley department
was represented among the subjects taken, with the highest concentrations being in English
(79), psychology (67), history (43), political science (40), sociology and anthropology (37),
education (34), and art (26). During the five years of the experimental Program, an average
of 216 Wellesley students each term took a total of 2, 751 M. I. T. subjects, while an average
of 161 M. I. T. students took a total of 2, 062 Wellesley subjects.

In March, 1973, the Joint Committee of the Wellesley-M. I. T. Exchange Program submitted
a report to the faculties of both schools. Introduced by Presidents Barbara Newell and
Jerome B. Wiesner, this document outlined the history of the Exchange, reported on enroll-
ment in the Program, described its impact on the students and faculties of both schools,
pointed to possible future directions for the Program, and recommended the continuation
of the cross-registration program as a regular part of the programs of both institutions and
the development of new joint activities in the future.

On April 18, 1973, the Committee on Educational Policy recommended to the M. I. T. faculty
that: 1) the cross-registration program be continued as a regular program of both institu-
tions, 2) the Residence Exchange not be continued at this time, and 3) faculty, students, and
administration explore new joint activities. The motion was passed by the faculty, and the
operation of the Exchange will become the responsibility of the Provost.

ROBERTA. ALBERTY
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As growth has begun to level off in the School of Architecture and Planning, the evidence of

recent accomplishments is becoming clear.

The School's regular teaching programs are much in demand. The graduate professional
programs in the Departments of Architecture and Urban Studies and Planning, which
number, respectively, 126 and 65 students, have roughly 12 times as many students applying
as there are openings available. Further, 75 percent of those to whom admission is granted
actually accept. The existing Ph. D. program in Urban Studies and Planning is even more in
demand. With approximately 44 students registered in the program, only 10 to 15 can be
admitted each year, but applications run over 200 annually. The proposed Ph. D. program
in art, architecture, and urban form has had for some time a long and growing queue of
students anticipating its inception.

Each year the Special Program for Urban and Regional Studies in Developing Countries and
the Community Fellows Program have brought to M. I. T. about two dozen outstanding individ-
uals from diverse backgrounds and life situations. In the arts, the Fellows at the Center for
Advanced Visual Studies and special students in photography and film have highlighted parts
of the School's educational offerings for which there are not yet organized programs or de-
grees. Finally, the undergraduate programs, which have grown rapidly over the last few
years, seem to have leveled off with approximately 200 students in the School. These pro-
grams are attracting outstanding M. I. T. undergraduates in spite of competition from other,
more traditional undergraduate major fields at M. I. T.

To strengthen their teaching programs, the Departments have been revising their past sub-
ject offerings in the "core" areas of architectural design and urban planning and opening up
selected new areas. Notable among these are public environmental art, study of the pro-
fessions, and health planning. Public environmental art is flourishing because of the continuing
efforts of Professer Emeritus Gyorgy Kepes, Director of the Center for Advanced Visual
Studies, and Professors Robert O. Preusser, Otto Piene, and others in the regular teaching
program to formulate attitudes which have favorable consequences for the educational pro-
grams. Study of the professions, including professional behavior and the nature of profes-
sional practice, is moving forward under the guidance of Professors Donald A. Schon and
Benson R. Snyder, both affiliated with the School and the Institute's new Division for Study
and Research in Education. Finally, in health planning, several new subjects are being
offered by Urban Studies and Planning, and a number of subjects in health management
offered by the Sloan School of Management are geared to the needs of planning students.
Further deliberations among this School, the Sloan School, and the M. I. T. Medical Depart-
ment are being held to continue building strength in the fields of health planning and
management.

Teaching activities that cross departmental lines include urban economics, offered jointly by
the Departments of Urban Studies and Planning and Economics, which lists 7-8 subject offer-
ings and 4-5 affiliated faculty members, and building construction, offered jointly by the Sloan
School, the Department of Civil Engineering, and the Departments of Architecture and Urban
Studies and Planning. Several other areas feature joint departmental activity either in research,
teaching, or both. These include transportation, energy, communications, law, operations
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research, and the arts.

In addition, some educational activities of the School are linked to organizations and groups
outside the Institute. Among these are the Boston Opera Company, the Roxbury Photo-
graphers, the Somerville City Hall, the Cambridge City Council, the East Boston Recreation
Advisory Council, and the Cape Cod Planning and Economic Development Commission.
Students are encouraged to work with organizations and groups like these, under the super-
vision of at least one faculty member, to complement their academic pursuits.

The School recently has met with some success in recruiting outstanding minority students
and faculty members. In Urban Studies and Planning 27 out of 99 graduate students, and in
Architecture 11 out of 126 graduate students are from minority groups including Puerto
Ricans, blacks, Chicanos, and American Indians. Minority students thus represent 16. 8
percent of the total graduate student population, an increase of 3 percent for the School
over the last year. Women graduate students, who number 23 in Urban Studies and Planning
and 36 in Architecture, represent 26. 2 percent of the total graduate student population, an
increase of 6. 6 percent over last year. On the faculty of Urban Studies and Planning there
are 5 minority and 3 women faculty members, compared with 2 minority and 2 women faculty
members last year. In Architecture, although there are still only 2 minority members of
the regular faculty, there are currently 2 women on the faculty, compared with only 1 last
year.

This spring, Professor John T. Howard retired after 24 years of service in the School of
Architecture and Planning. Professor Howard received two degrees from M. I. T., his
Bachelor of Architecture in 1935 and his Master in City Planning in 1936. Having served
the Institute as a lecturer in planning for a number of years, he became Associate Professor
of City Planning in 1949 and Professor in 1957. From 1957-70, he served with distinction as
Head of the Department of City and Regional Planning. When he resigned as Head in 1970,
he remained as Professor and Graduate Registration Officer of the Department for another
three years. In addition to his work at M. I. T., Professor Howard was a partner in the
well-known planning firm of Adams, Howard and Greeley for many years; his professional
career has been distinguished by such honors as the presidency of the American Institute of
Planners. The School of Architecture and Planning is extremely fortunate to have had
Professor Howard as a teacher and administrator.

The administration of the Departments, reflecting the increased diversity and size of both,
has become more open to the participation of students and faculty and more decentralized
than in the past. One objective of these changes is to make the teaching and research pro-
grams more responsive to the students' and faculty's sense of what is currently important.
Another is to make the School as an organization (or microcosm of the larger society) more
"ideal," in that each individual is cared about, responded to, and able to effect changes when
change is warranted, without threatening the deep - even esoteric - interests of the faculty
essential to the long-term development of the field.

Research has grown in amount and in importance to the teaching programs. Having had very
little funded research in the early 1960s, the School now houses more than $1 million in
research per year, offering an extremely important set of new educational opportunities for
students. Areas of research include the analysis of urban public service systems and the
development of a large computer based model for informing regional development policy
choices (with Professors Stanford Anderson, Bennett Harrison, Nicholas Negroponte, Karen
Polenske, and Research Associate Sandra Howell, among those faculty and staff members
involved). Of course, there is still a substantial amount of unfunded research which does
not require facilities or service by others, but which is the product of individual researchers
for example, the recently published work of Kevin Lynch, What Time is This Place? Other
examples include the book being written by Professor Robert Fogelson on the changes in
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structure, personnel, and functions of big city police departments in America from 1890 to
1970 and the impact of these changes on the distribution of wealth, power, and prestige in
American cities, and the research being done by Professor Wayne Andersen on "environmental

symbolism" and on "non-directional thinking, " as well as his upcoming book on visual symbol-
ism, The Luncheon on the Grass.

In much of the School's funded research, modeling, quite often computer based, is an essen-
tial part of the work. This modeling requires specialized software and some technical
personnel, both of which are relatively new additions to the resources required by the School
for its proper functioning.

Also important is the emergence of research on the educational process. Research on pro-
fessional education has focused in its early phases on attempting to understand what takes
place educationally in field linked education --that is, education which depends on the student's
direct involvement with activities outside M. I. T., activities which are part of the regular
business of society. Research on field linked education includes the examination of several
questions: What are students learning in their field experiences? What are the conditions
that facilitate or constrain this learning? What is the relationship between these field experi-
ences and the bodies of theory and information conveyed in academic course work? These
questions will be used as a guide in evaluating present field linked educational activities and

their future direction.

Another type of research on field linked education attempts to describe important or typical
situations and to recreate them in a laboratory (nonreal world) to provide an environment
for the kinds of learning which might take place in the actual situation. Moreover, the
laboratory setting can permit altering the situation or rerunning it with different participants.
The School is also undertaking a program to develop measures of educational effectiveness.
This will depend heavily on maintaining data about the educational processes and on invent-
ing and using models of the educational process to compare with empirical measures.

This year the School has formed the Laboratory of Architecture and Planning, whose mission
is to create appropriate settings for the several types of research referred to above. It will
secure and maintain software and hardware necessary for computer modeling and simulation
activities, and will offer a range of other services intended to stimulate research in these
areas.

The School of Architecture and Planning, after experiencing rapid growth over the last decade,
is entering a period during which it must continue to increase the quality of its offerings and
continue to strengthen the unifying core programs. It does so, however, in a period of severe
financial stringency, for the Institute will have to overcome a deficit projected for the next
several years. Moreover, because of low expenditures in space remodeling over the last few
years, the School faces a space problem which could undermine its educational effectiveness.
The Rotch Library, which is integral to the educational programs of the School, shares its
fate in this regard.

Overall, the developments in the School's curricula and research in the last ten years are an
impressive demonstration of the effort and ability of all members of this School, and of the
Institute's belief in the importance of these developments (as evidenced by its financial con-
tributions to new programs and curriculum development). During the next few years, the
School of Architecture and Planning and the Institute will face the crucial challenge of provid-
ing support adequate to maintain the School's morale and its current high national reputation.

WILLIAM L. PORTER
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Department of Architecture

The Department of Architecture in 1973 encompassed many programs that are not immediately
evident from its title. Various programs in the arts, for instance, account for approximately
one-third of the faculty and for more than two-fifths of the enrollment as measured in student
credit hours. Subjects in film, creative photography, visual design, and art history are im-
portant elements of the Department's educational program and attract a large audience from
throughout the Institute. The design and implementation of new capabilities in computer sketch
recognition, documentation, and analysis of the form and use of urban communal space and
the development and use of a cheaper and more easily transported documentary film system
are instances of a research program that reaches beyond traditional limits of the field.

Enrollment
Enrollment of undergraduate majors in the Department has now leveled off to approximately
135 after several years of rapid increase. Many of these students, working towards a Bachelor
of Science in Art and Design, look to the Department as a home for a broad-reaching under-
graduate education. Their programs are centered in the study of the interaction between
sensory environments and the men and women who use and shape them. Much of their educa-
tion is based in action, photographing, drawing and building, wiring circuits, editing film,
or working with local community groups. Of the 45 seniors graduating in 1973 only ten will
continue at M. I. T. in the graduate professional degree programs in architecture. Some will
continue their professional architectural education at other schools, while others will go on
to graduate work in city planning, art history, civil engineering, management, and fine arts.
Many will go directly into the field before continuing their education.

Pressure for admission to the graduate professional program in architecture remains very
intense, with over 400 applications for 52 openings. The academic qualifications of these
applicants are so uniformly high that selection is now guided by the Department's interest in
bringing together students who have diverse social, academic, and work backgrounds and who
are likely to be stimulating to each other and to the program. The greatest diversity of back-
grounds comes through the applicants to the Master of Architecture program who have previously
studied in another field and, often, worked for some time before entering. The group of such
graduate students who joined the program in 1972-73 included students with undergraduate back-
grounds in history, history of art and architecture, fine arts, English, philosophy, political
science, economics, psychology- anthropology, and physics and prior work experiences in
community design workshops, architecture, law, photography, computer programming,
carpentry, and teaching.

Although its total graduate enrollment quota has remained constant at 126, the Department's
continuing commitment to increase the number of women and minority graduate students has
resulted in an increase from 23 women and six minority graduate students in 1971 to 36 women
and 11 minority graduate students in September, 1972, and an expected enrollment in September,
1973, of 41 women and 14 minority graduate students.

Program Changes
Developments within the curriculum have accompanied these overall enrollment trends, reflect-
ing both the expanded interests and mission of the Department and a quest for more concrete
information within the professional programs.

One of the most popular subjects given this year was a new offering prepared by Professor
Judith Wechsler under the heading Topics in Art, Science, and Technology. In this subject
Professor Wechsler, with the generous help of faculty from other departments, encouraged
students to examine the aesthetics of concepts, processes, and materials used in science and
technology. Other new subjects taught by members of the art history faculty included an
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Introduction to Pictorial Symbolism by Professor Wayne V. Andersen concentrating on the

theme "Women in Arts" and a seminar on surrealism given by Visiting Lecturer Whitney
Chadwick. During the spring term Ms. Chadwick organized a Festival of the Surreal, bring-
ing together the faculty from other fields at M. I. T. concerned with the various forms of sur-

realist art. Films, photography, and poetry, as well as painting and sculpture, were discussed

in a series of seven lectures.

Recognizing their common interest in a greater awareness of the range of visual studies, a
team of faculty organized for the fall term a subject titled Creative Seeing that introduced

students successively to workshops in photography, visual design, film making, and art his-

tory. At more advanced levels, Professor Minor White also conducted a pilot program for

special graduate level students, designed to integrate creative photography with an expanded

understanding of design, film viewing, criticism, and audience participation. Also in the spring,
Visiting Professor Richard Leacock arranged for the subject Introduction to Film Making to
include work with four distinguished film critics, Laurence Alloway, Midge MacKenzie,
Pauline Kael, and Stan Brakhage.

There also were important new opportunities in the field of visual design. Visiting Professor

Otto Piene joined the faculty in January to initiate new subjects in environmental arts. Pro-
fessor Piene conducted a workshop during the January Independent Activities Period and offered
an advanced visual design subject in the spring, as well as a freshman seminar. The projects
involved staging events and creating temporary environments in the Institute and surrounding areas.

Lecturer GUnter Nitschke opened new areas of study in the history of architecture, offering
introductory and advanced studies of the role that ceremony and ritual play in determining the
fundamental patterns of Japanese buildings. Evidence of basic cultural patterns was studied
in both religious architecture and temporary festival structures.

A symposium titled Art and Architecture in the Service of Politics was organized by Professor
Henry A. Millon and conducted in early December. Attendants from a number of universities
presented preliminary papers that will become the basis for a second conference in 1973-74
and a subsequent publication. These and other studies reflected a continuing interest in recon-
sideration of the methods and subject matter of architectural history. The proposal for a
Ph. D. program in History, Theory, and Criticism of Art, Architecture, and Urban Form has
cleared the Department and has been submitted to the Institute Committee on Graduate School
Policy for approval.

The implementation of a Master of Science program is still being studied in the Department;
the problem is how such a program would affect existing programs and degree structure.
However, there is general agreement on the need for providing opportunities for advanced
study in the rapidly developing areas within the Department for which a professional archi-
tecture degree would not be appropriate.

In the professional curriculum in architecture, faculty continue to explore various forms of
field linked education. Three design studios offered jointly with faculty from the Department
of Urban Studies and Planning included actual involvement with community programs. Visiting
Professor Julian Beinart and Professor Tunney Lee of the Department of Urban Studies and
Planning conducted workshops that were linked closely with East Boston community groups.
Professors John A. Steffian and Philip B. Herr of the Department of Urban Studies and Plan-
ning worked with students on a study for Cape Cod, and Visiting Professor Rai Y. Okamoto's
advanced environment design class made studies forthe city of Boulder, Colorado, examining
the potential impact of a zero growth development policy.

With a grant from the M. I. T. /Agency for International Development (AID) Technology Adap-
tation Program, Professor Horacio Caminos took four students and an instructor to Nairobi
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during the summer to assemble material on housing there and to provide planning assistance
through continued work in the program on Urban Settlement Design in Developing Countries.

Professors Stanford O. Anderson and Donlyn Lyndon directed student field research teams
in the analysis of urban communal space under the generous sponsorship of the Ernest A.
Grunsfeld Memorial Fund. During the Independent Activities Period a team of 19 students
and five staff traveled to Paris to continue the mapping studies initiated last year. They were
provided working quarters this year by the Ecole Speciale d'Architecture. Study teams also
worked in Washington, D. C. and Brooklyn Heights, New York. With the assistance of Re-
search Associate Betsy Schumacker of the Urban Systems Laboratory these analyses are being
programmed for use with the Urban COGO computer mapping system.

Perhaps the most significant development in the Department's teaching pattern has been an
expansion in seminar and lecture subjects that examine the context in which design decisions
are made, or provide specific information that may be used in the design of environments.
Professor ieinart offered a lecture subject titled The Analysis of Precedent that studied the
professional and intellectual setting for changes in architectural style and practice during
the last several decades. Dean Benson R. Snyder took time from his duties as Dean for
Institute Relations to review in seminar a number of case studies presented by faculty in
architecture and urban design and to consider the models of professional behavior and human
purpose that were inherent in the design procedures used. Professor Chester L. Sprague
taught a seminar in the spring term entitled Environmental Barriers and User Vulnerability
which explored ways in which the environment now inhibits but could enhance the lives of
users with unique functional capacities - the elderly, the physically handicapped, the emo-
tionally disturbed.

Professor Maurice K. Smith offered the subject Built Form Observations during both terms.
This subject introduces students to the study and enjoyment of specific environmental condi-
tions in buildings and natural landscapes and indicates the role of careful observation
providing information for design.

In response to strong student demand Professor William H. Brown developed a subject this
spring that studied the drawing types used in the construction of buildings, with special atten-
tion to the content and organization of drawings that become a part of the contract documents
for building. With the aid of the Bemis Fund the Department was very fortunate to have
Visiting Professor Ezra Ehrenkrantz teach a seminar entitled A Systems Approach to Build-
ing which considered the measures (cost, time, and performance) that can be used in control-
ling the building process. This subject was followed in the spring term by a studio subject
wherein students developed an industrialized housing system.

The most popular subject in the professional program this year was one offered jointly with
the Departments of Civil Engineering and Urban Studies and Planning and the Sloan School of
Management. This subject, The Construction of Buildings, was coordinated by Professor
William A. Litle of Civil Engineering, with participation from the Department by Professor
Albert G. H. Dietz. The unprecedented popularity of this subject indicates the Department's
students' new determination to learn about the whole of the building process and to understand
its dependence on skills and disciplines found in other fields.

Within the Department's own building process subjects there was increased attention to prob-
lems of environmental control and the uses of energy in buildings. Faculty are interested in
the opportunities both for alternative sources of supply and for reduction in the energy consumed
in the production and use of buildings. Visiting Professor Sean Wellesley-Miller initiated a
long-needed subject in Environmental Control Systems for buildings, and together with Pro-
fessor Edward B. Allen organized a conference attended by leading practitioners from the
U. S. and Canada to reassess the methods and standards of illumination in buildings.
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Professor Dietz and Professor Timothy E. Johnson received continuing support from the
National Science Foundation for their research in computer aided architectural design.
Professor Nicholas Negroponte's further development of the Architecture Machine has re-
ceived support from the Air Force, the Office of Naval Research, and International Business
Machines (IBM).

A great many undergraduate students have participated in these projects through the Under-
graduate Research Opportunities Program, which has opened up new possibilities for study
that have considerably enriched the Department's program. A $10, 000 grant from The
Graham Foundation has been of similar importance in providing special opportunities to
graduate students, especially in augmenting the scope of thesis studies and special projects.

Personnel
Students continue to play a significant role in the conduct of the Department. Michael Harris,
Charles Styron, Ann Beha, Mary Murtagh, Alan Bromley, and Randall Imai served as mem-
bers of the Department's Educational Council, as did Karen Wheeler in her capacity as
Secretary of the Council and as assistant to the Department Head. Faculty members included
Professor Wayne V. Andersen; Dean Lawrence B. Anderson, Emeritus* (spring); Visiting
Professor Julian Beinart; Professor Jonathan W. Green; Professor Leon B. Groisser*;
Visiting Professor Imre Halasz; Professor Donlyn Lyndon* (fall); Professor Henry A.
Millon; Professor Maurice K. Smith; Dean Benson R. Snyder** (fall); Professor Chester
L. Sprague (spring); Professor Judith Wechsler (fall); and Professor Waclaw P. Zalewski.

Michael Harris, Ann Beha, and Anne Rossbach also organized and ran the most successful social
program in recent history. Their group "Baked Form" cooked and served a weekly lunch
in the New Exhibition Room that was enthusiastically attended by the Department and served
to remind all that pleasant surroundings and good food are powerful aids to communica-
tion. Adrienne Albert scheduled and hosted this year's busy outside lecture program.

Professor Lyndon, Professor Eduardo F. Catalano, Professor Edward B. Allen, Professor
Edward Pincus, Professor Sprague, Professor Richard C. Tremaglio, and Professor
Wechsler were on leave part or all of 1972-73. There were a number of new appointments,
including Bemis Visiting Professors Ezra Ehrenkrantz and Rai Y. Okamoto; Visiting Profes-
sors Donald R. Blumberg and Otto Piene; Visiting Assistant Professor Sean Wellesley-Miller;
Lecturers Myron Guran and Giinter Nitschke; Visiting Lecturer Whitney Chadwick; and
Instructors Jeffrey D. Gutcheon, David Lee, Michael J. Underhill, Maria Ogrydziak,
Yanni Pyriotis, Leon Shiman, and Lawrence Speck.

Professors Robert Goodman and Rosalind E. Krauss resigned from the faculty in 1972.
Their teaching had been important to the Department's recent developments and their
stimulus has been missed.

In 1973-74 Professor Millon will begin an extended leave to become Director of the American
Academy in Rome. His leadership has been of central importance to the Department and it
looks forward to the development of cooperative programs in Italy during his stay there.

Professor Jan Wampler also will be on leave in the 1973 fall term as recipient of Harvard's
Wheelwright Fellowship. In January, 1973, Professor Wampler received a Progressive Archi-
tecture Design Award for his plan to rehabilitate a portion of the Columbia Point housing project.

Visiting Professor Beinart will be on partial leave to prepare for his duties as Program Chair-
man of the 1974 Internation Design Conference in Aspen, Colorado.

Ex Officio

Special
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Professor Albert G. H. Dietz begins an active retirement in 1973-74, spending the fall term
with the East-West Center in Hawaii and returning in the spring to teach in the Department
as Senior Lecturer. Professor Dietz has been on the faculty of the Institute since 1936,
first in the Department of Building Construction, then as a joint appointment in the Depart-
ments of Civil Engineering and Architecture, and recently as the senior member of the
Building Process Program in the Department of Architecture. He has been generally recog-
nized as a leading figure in his field and has served actively in a great many national advi-
sory roles.

Dean Lawrence B. Anderson, Emeritus, served this spring as Acting Head of the Depart-
ment during Professor Lyndon's sabbatical, bringing to bear once again his extraordinary
capacities for gentle but definitive guidance in the conduct of Departmental affairs.

DONLYN LYNDON

Department of Urban Studies and Planning
During 1972-73, the Department of Urban Studies and Planning reassessed many aspects of
its program, including degree requirements, financial aid policy, educational focus, and
general curriculum. With the help of numerous student-faculty committees, the Department
is transforming its undergraduate, professional, and doctoral degrees, and in a few care-
fully selected areas, is charting new directions.

Program groups, organized for the first time last year, assumed additional importance in
the academic life of the Department. The arrival of several new faculty members - each
with substantial project support from outside sources - brought the Department closer to
its long-standing goal of building a major research facility in the School of Architecture and
Planning. Whatever problems may lie ahead, the Department faces the future with confidence
because of the spirit of cooperation and support that prevails among students, faculty, the
new Dean, and the M. I. T. administration.

Consolidation and Reassessment
Undergraduate Urban Studies Program Undergraduate enrollment continued to climb.
The number of majors increased to 65 while the level of cross-registration jumped sharply.
After much discussion, the Department implemented a Bachelor of Science-Master in City
Planning (S. B. - M. C. P. ) program which will serve undergraduate students who wish to
pursue a preprofessional course of study. Although enrollment will be limited, this new
professional track reflects growing student interest in public policy and planning careers,
while maintaining a balance between general and professional education.

A student task force working with Professor Lawrence E. Susskind, the Undergraduate Pro-
gram Director, identified foreign exchange programs and yearlong public service internships
as educational innovations worthy of further study. The appointments of Professor William A.
Davis, Jr., Professor Bennett Harrison, Professor Gary T. Marx, Professor Robert K. Yin,
and Professor Thomas R. Willemain enabled the undergraduate program to deepen its offerings
in urban sociology, environmental design, and quantitative methods for urban analysis while
branching off into new areas such as urban law and health planning. In addition, the M. I. T.
Undergraduate Research Opportunities Program provided tutorial and community based
learning experiences for almost half the Department's students, and a small grant from the
American Institute of Planners enabled the Department to place eight minority students in
work-study settings and to continue its relationship with the Newark Institute Program.

The Professional Degree Program Under the direction of Professor Langley C. Keyes, a
student-faculty committee completed a thorough review of degree requirements for the Master
in City Planning. Their proposals to develop core requirements for the program and to
reformulate the teaching approach to the environmental design and social policy areas received
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encouragement from the Department's Policy Committee. Over the next five years, these
innovations are expected to enhance the synthetic and problem-solving skills vital to the
professional careers of the Department's students. This June, 22 students received M. C. P.
degrees - the Department's largest graduating class ever. Another five students are
expected to graduate before classes resume in September.

The Ph. D. Program There were 45 students enrolled in the Doctor of Philosophy program
this year (37 men and 8 women); of these, four were minority students and 12 were citizens
of other countries. Five students received their doctorates during the school year and four
more are expected to graduate over the summer. The Ph. D. Committee, chaired by Pro-
fessor Aaron Fleisher, prepared revised examination and guidance procedures. In addition,
a new seminar for first year students will seek more effective integration of teaching and
research. Although there is still much that remains to be done, the Committee's delibera-
tions and the general discussions precipitated by its efforts are spurring innovations which
are likely to sharpen the intellectual focus at the doctoral level. A 25 percent increase in
the number of applications to the Department's Ph. D. program (perhaps the most popular
in the country) suggests that the Department and the field of planning in general have achieved
significant recognition in many quarters.

Field Linked Activities The School-wide Committee on Practice Related Education, headed
by Professor Donald A. Schon, evaluated the formal and informal field linked experiences of
the Department's students. The Committee also undertook a nationwide survey to deepen
understanding of the changing demands of the profession. The work of the Committee should
help to design possible core field work requirements and to develop new diagnostic procedures
to assist faculty and students in evaluating the educational contributions of practice related
experiences. New degree and certificate-granting programs may also emerge from these
efforts. Meanwhile, some of these ideas have already found expression in ongoing field
action programs within the Department, including the Department of Housing and Urban
Development (HUD) Minority Internship Program, the Cambridge City Council Project, and
the Community Fellows Program. The HUD Program, now in its second year, places 20
minority graduate students in state, local, and private agencies involved in community devel-
opment. The director of the program, Professor Davis, and his associate, Instructor
Phillip Clay, have supervised a combination of field work and classroom experiences for the
interns. The Cambridge City Council Project, headed by Lecturer Justin Gray, provided a
unique opportunity for six students to serve as technical assistants to members of the
Cambridge City Council. The students have already influenced some aspects of urban policy
in the city. Finally, the Community Fellows Program, also in its second year, opened up
the resources of the Institute to outstanding professionals from the Boston area and elsewhere
who are concerned about the problems of community development and institutional reform
for minorities.

Financial Aid Policy A student-faculty committee spent the better part of the spring term
wrestling with the issue of student aid. During the past two years the Department has come
close to providing 90 percent aid for its students. However, the Department may be in a
worse position than Lewis Carroll's Red Queen - for it now has to run even faster and is still
likely to fall behind. Resources for graduate student support are dwindling as Federal grants
are slashed. Faced with increasing student needs and diminishing resources, the Depart-
ment has opted for a policy of equality: to the extent that it is possible to do so, it will
distribute all funds evenly among its students. While the short-run result of this one- or
two-year experiment may be an atmosphere of greater trust and openness, the Department
recognizes the danger that this policy could prove inconsequential if the total disbursement
to each student becomes trivial. Therefore, the concern about finding new sources of support
for the future becomes even greater.
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New Initiatives

Environmental Design Professor Gary A. Hack and Professor Tunney Lee worked with
students and faculty members in both the Department of Architecture and the Department of
Urban Studies and Planning to implement a new joint degree program in environmental design.
Land use planning at the local, regional, and national levels has reemerged as a critical com-
ponent of environmental design and is receiving special attention. The Task Force on Land
Use Planning, headed by Professor Philip B. Herr, identified urban geography, natural systems,
land resource analysis, development law, project management, and interdisciplinary planning
methods as areas in which the Department needs to strengthen its resources. Collaborative
arrangements have been worked out with the Departments of Civil Engineering and Ocean
Engineering, the Sloan School of Management, and the Laboratory for Computer Graphics at
Harvard University to fill some of these gaps.

Moreover, the Department offered a number of new subjects aimed at addressing these needs:
Large Scale Project Management, Lecturer John Stainton; Development Law, Lecturer
Hilbert Fefferman; New Communities and National Urban Growth Strategies, Professor Suss-
kind; Urban Field Research Methods, Professor Yin; and Urban Management Techniques,
Professor Kent Colton. A joint studio run by Mark Waltch and Professor Rai Okamoto of
the Department of Architecture focused on the analysis and design of growth strategies for
the Boulder, Colorado area; Professor Herr and Professor John Steffian of the Department
of Architecture worked on regional planning systems for Cape Cod, Massachusetts. In both
instances technical mini-courses were added to back up the studio experience. One, offered
by Visiting Lecturer Grady Clay during the Independent Activities Period, introduced students
to various techniques for reading environments and observing urban regions. A special study
group is also working this summer to design new introductory studios to serve the needs of
incoming graduate students with limited experience in the design field.

Health Planning Although the Department's students may often function in the specialized
role of community or regional health planners, the main emphasis of the emerging curriculum
in health planning is on a broader social policy context. At the same time, strong efforts have
been made this year to integrate the Department's activities in health planning with programs
developing in the Sloan School of Management, the Department of Architecture, and the M. I. T.
Medical Department. In addition, the Department of Urban Studies and Planning attempted
this year to link its work in the health field with the undergraduate premedical program at the
Institute and plans to consider still other constituencies (such as mid-career professionals)
who might benefit from specialized work in health planning and management.

The Department's work with the Health Advocates of Somerville continued for a third year
under the direction of Dr. Robert Buxbaum, Lecturer. A grant from the Medical Foundation
allowed Dr. Buxbaum and Professor Robert Hollister to work with a cluster of neighborhood
groups on a number of environmental health questions including lead paint poisoning and solid
waste disposal. Professor Hollister substantially reorganized his subject entitled Policies
and Politics of Health Planning, and Lecturer Michael Joroff expanded Fundamentals of
Community Health Planning to a full year subject. Two new members of the faculty added
dimensions to the Department's health planning curriculum. Lecturer Hubert Jones' class
titled Community Services and Facilities focused on the administration of neighborhood health
programs in minority communities, and Professor Willemain's Quantitative Methods in Health
Planning covered mathematical techniques for programming of health facilities and included
a special unit on telemedicine.

Plans for next year include a new yearlong undergraduate seminar called The Human Life
Cycle and Health Needs which Dr. Buxbaum will teach; a graduate seminar entitled Client
Analysis and Consumerism which will be taught by Charlotte Schwartz, a medical sociologist
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in the M. I. T. Medical Department; and a new seminar which will be offered by Lecturer
Jones titled Community Mental Health. The Department is also planning a joint studio with
the Department of Architecture under the direction of Professor Ezra Ehrenkrantz (of the
Department of Architecture) which will focus on the design and programming of hospital
facilities. Next year will be a difficult year for the health planning group because of limited
resources. Given the necessary funding, however, this group has the potential of becoming
one of the most significant client and social policy oriented health programs in the country.

Social Policy Under the leadership of Professor Schon and Professor Martin Rein, students
and faculty interested in questions of social equity, stratification, and income redistribution
are in the process of creating a focus and have begun to organize portions of the curriculum
dealing with social service systems and strategies for social intervention. This group spent
much of its time this year exploring areas of common interest with other faculty members in
the Departments of Economics and Political Science at M. I. T. and the Kennedy School of
Government and the School of Education at Harvard University.

An emerging focus on public service bureaucracies and the way they handle the delivery of
social services will be developed by Professor Francine Rabinovitz. A recent joint appointee
with the Department of Political Science, she will also assume responsibility for the adminis-
tration of the National Institute of Mental Health Training Grant which this Department holds
with the Department of Political Science. This year the program, which was led by Professor
Robert Fogelson and Professor Michael Lipsky of the Department of Political Science, intro-
duced a joint seminar entitled Bureaucracy and Mental Health. The activities of Professor
Marx and Lecturers Marion and Peter Edelman further strengthen the Department's resources
in the areas of social policy analysis and institutional change. In addition, a team of students
and faculty will be working throughout the summer and next fall to design an experimental
studio-type experience for social policy majors. By next year, the social policy group should
be well on its way to sorting out priorities for further curriculum development and firming up
relationships with other groups in the Department and the Institute.

Developing Areas Now in its sixth year, the Special Program for Urban and Regional Studies
of Developing Areas (SPURS) brought together once again an outstanding group of mid-career
professionals from developing countries all over the world. The problems which beset the
program last year were minimized. Morale and the participants' level of satisfaction were
high, and SPURS is being successfully integrated as a regular program of the Department,
as agreed upon in the recent terminal grant received from the Ford Foundation. (For further
detail, see the SPURS Annual Report, available from the Department of Urban Studies and Plan-
ning. ) Since Professor John Harris, the Associate Director, will be on leave next year, Pro-
fessor Ralph A. Gakenheimer and Professor Karen Polenske will serve as Associate Directors.
Professor Gakenheimer has already begun to develop a series of background papers that will
be used by the SPURS fellows to focus their comparative studies of urbanization. Professor
Polenske is in the process of organizing various technical assistance packages for SPURS
fellows and others in the Department who want to strengthen their capacity to use the most
sophisticated econometric-mathematical tools for regional analysis.

Under the direction of Professor I. Donald Terner and Lecturer John Turner, the Department
carried out a study supported by the Agency for International Development (AID) of technology
and transfer and appropriate housing technologies for developing countries. This work will
continue next year along with a new focus on the environmental consequences of urban growth.
Professor Lloyd Rodwin, as Director of SPURS, will endeavor next spring to bring together
an outstanding group of professionals from around the world to deal with issues of urbaniza-
tion and environmental impact.

Another major effort this year brought together social policy and developing area specialists
around the study of economic dualism in developing countries and sources of inequality in
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advanced industrial states. Professor Lisa R. Peattie, who will be on sabbatical leave next
year, and Professor Rein participated in a joint seminar with their colleagues in the Depart-
ments of Political Science and Economics. Their Ford-funded study of dual economies -
under the auspices of the Center for International Studies - will launch a series of individual
research projects.

The Department expects still other international projects to materialize in the coming year.
Professors Rodwin, Fleisher, and Harris made exploratory trips to Iran, Indonesia, Korea,
and Brazil - any one of which could result in a large-scale development effort paralleling
the Guayana project of a decade ago. Although Lecturer Turner as well as Professor Harris
and Professor Peattie will be on leave next year, the addition of Professor Tomas Vietorisz,
Professor Peter Marris, and Professor William Mangin should fill the gaps.

Analysis and Design of Public Systems The public systems group spent a great deal of its
time this year exploring ways of linking more effectively with other groups in the Department
and the Institute. Professor Alvin Drake of the Department of Electrical Engineering and
Professor Joseph Ferreira developed a new introductory graduate seminar called Formal
Models and Quantitative Methods, while Professor Michael O'Hare and Professor Richard
Larson expanded their introductory subject Decision Theory and Policy Analysis into a year-
long subject. Professor Larson received a grant from the National Science Foundation that
will involve a half-dozen faculty members over the next several years in a study of innovative
public service systems (especially those concerned with criminal justice and emergency
services). The School-wide office of Computer Services once again expanded its program
as Instructor Charles Libby and Lecturer Wren M. McMains developed a variety of tutorials
for students interested in computer applications in urban studies and planning. Professor
Fleisher offered a new advanced modeling seminar, and under Professor Larson's leader-
ship the public systems group refined their subject offerings and built an effective student-
faculty working relationship.

Housing and Community Development The addition of Professor Harrison and Professor
Davis to the faculty substantially augmented the Department's capabilities in the area of
community development. Professors Harrison and Davis, in conjunction with Professor
Frank S. Jones and Melvin King, have been working with members of the faculty in the
Department of Political Science to sort out various strands of research and teaching on
community development. Under the direction of Professor Bernard Frieden and Professor
Arthur Solomon, the Joint Center for Urban Studies of M. I. T. and Harvard University moved
ahead with an intensive series of studies on housing need and demand, housing production issues,
and national housing policy alternatives. The housing and community development area con-
tinues to be one of the most popular in the Department. The Center is also considering
seriously the investigation of bureaucracy and the delivery of public services as an additional
focus for its research efforts. (For more information see the report of the Joint Center,
available from this Department. )

Urban and Regional Economics With the addition of Professors Polenske and Harrison and
Professor William Wheaton, a new urban and regional economics cluster was formed in the
Department. In conjunction with Professors Harris and Solomon, this group mapped out a new
sequence of subjects for undergraduate, masters, and doctoral students. Since the aim is to
take advantage of offerings in the Department of Economics, the principal focus of this sequence
is on techniques for urban and regional analysis and on issues of special interest to planners,
such as income distribution, economic development, environmental impact, energy use, land
use patterns, regional growth, and manpower programs. Although the group has developed
a service orientation much like that of the public systems group, the substantive issues ad-
dressed by the urban and regional economics cluster are of great importance to the Department.
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Other Activities

For the third straight year the January Independent Activities Period (I.A. P. ) was highly
successful. Almost 300 students participated in the Department's mini-courses dealing with
grantsmanship, industrial development, ecology and environmental planning, telecommuni-
cations, input-output analysis, state land use planning, municipal finance and formal models.
I. A. P. also provided a unique opportunity for students to pursue their own personal interests,
and for undergraduates to sample various career settings.

The faculty of the Department of Urban Studies and Planning produced dozens of articles,
reports, monographs, and books this year, so many that it is feasible to list only a fraction
of them in this report. The partial list of books published this year includes: Bennett
Harrison, Education, Training, and the Urban Ghetto; Richard Larson, Urban Police Patrol
Analysis; Kevin Lynch, What Time is This Place?; Gary Marx, Muckraking Sociology;
Francine Rabinovitz, On the City's Rim; Martin Rein, Dilemmas of Social Reform (revised
edition); Lloyd Rodwin, Nations and Cities (French and Spanish editions); Donald Schon,
Beyond the Stable State; John Turner, Freedom to Build; Robert Yin, The City in the
Seventies; and Robert Yin (Ed.), Race, Creed, Color or National Origin.

The Department was honored this year to host a visit from Lewis Mumford. Mr. Mumford
led four faculty luncheon discussion groups, presented two public lectures (one entitled Tech-
nology and Culture, and the other Teacher and Student) and participated in a variety of De-
partmental seminars over a period of several weeks. Some of his observations reflected
perspectives now being summed up in his autobiography; because of his somber expectations
for the future prospects of man, they aroused lively discussions.

Faculty and staff members in the Department, as might be expected, served as advisers to
local, state, and national agencies and organizations, both in this country and abroad; in
addition, most members of the Department (including many students) served on at least two
committees -- either Institute-wide or Departmental.

A few members of the faculty and staff with term appointments left to assume positions in
private practice, research institutes, or other universities. Lecturer Herrington Bryce
resumes full-time employment with the Urban Institute; Lecturer Stephen Carr is shifting
to full-time private practice in a distinguished architectural and planning firm; Lecturer
William Wright is spending a year at Stanford University; and Administrative Assistant Jay
Ostrower has been appointed Acting Director of the Urban Affairs Department at Boston
University. Also, Lecturer Robert Weiss will be the Head of the Department of Sociology at
the University of Massachusetts. The presence of these men enriched the activities of the
Department, and it regrets their departure.

Future Needs and Prospects Over the past few years the Department has substantially
augmented its faculty and reorganized its curricula. It has introduced new areas of teaching
and research and built solid bridges to other departments. While diversifying its activities,
the Department has attracted first-rate women and minority faculty members and many
capable minority students. Pride is justly taken in these accomplishments; however, certain
problems remain. Five basic issues will face the Department during the coming year,
including the challenges of: 1) establishing the laboratory of the School of Architecture and
Planning and the School's Research Center on the Environment; 2) coping with inadequate
space and physical facilities; 3) reassessing the Department's relationships with the Depart-
ment of Architecture and the Dean's Office in the changing organization of the School of
Architecture and Planning; 4) decentralizing budget and decision-making responsibilities in
the Department; and 5) maintaining and extending the record of progress with regard to the
Department's Affirmative Action program.

LLOYD RODWIN
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In the report of the School of Engineering for the 1971-72 academic year, it was reasoned that
the increasing complexity of our society and its dependence upon the application of technology
make it apparent that applying technology wisely for the true benefit of society requires a
multidisciplinary approach, and that engineering education must undergo further changes to
meet these new needs. A prerequisite to any such change is the careful identification of the
type of engineering needed for the future, since the education of engineers must aim at
meeting the demands of the future, not those of today or yesterday.

One of the demands for the future requires that the value structure of the engineer include
not only technical feasibility and product cost, but the cost of the entire system in which the
product is used, including all the implied social costs. Also, as indicated in last year's
report, many engineers of the future must be schooled in needs analysis -- the process of
identifying and clarifying the real needs -- and impact analysis -- the process of determining
the impact of technologically feasible solutions on the environment, the economy, and on
society. In making changes in engineering education we must recognize that its engineering/
science base remains a mandatory, but not sufficient, component. To this base we must
add a synthesis capability, and we must develop a familiarity with current technology and
the ability to work at the applications interface between society and technology.

This summary of last year's report can be taken as a statement of the School's aspirations
for the past year as well as the next few years. It is a backdrop against which the activities
of this year can be seen. The year's activities divide naturally into three general categories:
education, research, and resource development and management.

Education
One of the highlights of the educational activities of the School has been the work of Professor
J. Herbert Hollomon's Task Force on Engineering Education. This task force was established
early in the year and is expected to report on its activities late this summer. In addition to
representation from M. I. T., members of the task force came from three other educational
institutions (Case Western Reserve University, the University of Michigan, Swarthmore
College) and industry. The task force is expected to identify the need for engineers at the
several degree levels for the next decade, the sectors of society from which the demand for
engineers comes, the changing constraints on an engineer's work, and the typical career
pattern of a graduate engineer.

Further, this group is considering the effects of the changing base of research support --
from basic science to problem oriented projects -- particularly as it relates to the type of
research programs for which support can now be found. The attitudes of students and faculty
in this regard are also being considered; a further charge to the task force is to identify the
elements which should be contained within an undergraduate engineering education, and to
make recommendations concerning a model curriculum.

Support for the work of this task force was made possible with funds from the School of En-
gineering Development Fund. This fund was established late in 1972 through a gift to the Insti-
tute to support the further development of undergraduate engineering education. Of particular
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concern are curriculum changes which take advantage of the more advanced background of
the entering students, accommodate an engineering base which is broadening rapidly, and
expose the student to the interaction of technology and society. The grant provides funds
for the support of undergraduate students, junior faculty, and the development of new subjects,
programs, laboratories, and curricula paths -- all geared to the enhancement of the quality
of undergraduate engineering education.

In addition to supporting the work of the task force, this grant is supporting the development
of: an introductory subject in systems analysis; a series of self-paced subjects on structural
analysis and design; a subject concerned with computer oriented computational techniques;
a subject concerning chemical process engineering and chemistry; a subject in marine
resources illustrating the ways in which the different aspects of technology, public policy,
and economics combine to effect the development of that particular area; and a new subject
addressing the broad aspects of energy problems, including the relation to technological
development and international, national, and societal effects. Additionally, this fund is
supporting a basic revision in the mechanical engineering core curriculum.

As can be seen from these short descriptions of the subjects supported by the Development
Fund, several involve issues at the interface between engineering and society. This year
has seen significant interest from the School's faculty in this area, as demonstrated by the
large number of subjects and seminars taught (in some cases jointly with faculty from the
Department of Humanities) on such topics, and by participation in two experimental freshman
programs: the Freshman Project Year and Concourse.

One further educational highlight of the year was the appointment of Dr. Judah L. Schwartz
as Professor of Engineering Science and Education. Professor Schwartz has for the past
few years successfully taught the reform of undergraduate education and has introduced sub-
stantial improvements in teaching programs. As a member of the School's faculty he will
contribute to the teaching aspects of the undergraduate engineering education program.

This year saw further expansion of the Undergraduate Research Opportunities Program
(U. R. O. P. ) within the School. Via this program, approximately 254 students were engaged
on a one-to-one basis with members of the School's faculty on research projects of mutual
interest. Student interest in cooperative programs also increased during the year. The
Department of Electrical Engineering's cooperative program, Course VI-A, had far more
applicants than positions available at the participating companies. The Department of Ocean
Engineering inaugurated a cooperative program during the year, and it too is off to a success-
ful start.

The year also saw significant curricular revisions in several of the departmental curricula.
These revisions are discussed in the departmental sections of this report, together with
departmental participation in interdepartmental programs such as acoustics, bioengineering,
and transportation.

Research

The reports of the individual departments and centers present highlights and some details of
their respective research projects. However, it is here appropriate to comment on four or-
ganizational changes which relate to and should greatly facilitate programs that transcend
departmental boundaries.

The School's Center for Policy Alternatives was established in the spring of 1972. Since then,
its vigorous growth and development have illustrated the good effect that the provision of this
focal point and its director's leadership have had. This effect has been seen in expansion
into new program areas as well as in the identification of new sources of funds. The Center's
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activities increased the Institute's sponsored research volume by approximately $330, 000
for the 1973 fiscal year. Also, the foundations for a much larger research volume for the
1973-74 academic year have been laid. In addition, the Center provided substantial help in
planning and establishing several new departmental research programs.

The newly formed Energy Laboratory (established in February, 1973, as a special laboratory
of the Institute) is focusing on broader energy related issues. This laboratory developed out
of the initiative of the School of Engineering, as it realized that its ongoing research volume in
energy related projects amounted to over $4, 000, 000, and that these activities could provide
a foundation for broader efforts. In turn, such broader efforts were recognized as providing
better perspectives for important areas requiring further research. Many faculty members
from the School of Engineering have participated actively in outlining objectives and proposed
research programs for this laboratory, and continued, increasing interactions are anticipated
as it develops. In combining a public service and an educational role, the Energy Laboratory
has three broad goals: to identify and work towards short-term and long-range solutions to
energy related problems requiring broad, interdisciplinary capabilities; to provide comprehen-
sive and objective assessments, which can become the basis for public policy, of current and
future resources and technologies involved in the supply, conversion, and consumption of energy;
and to strengthen research and educational opportunities in energy related areas at M. I. T.

A third major development within the School concerned the establishment of a focus for its
transportation efforts. Over the past decade major transportation systems efforts have
developed in the Departments of Civil Engineering, Ocean Engineering, and Aeronautics
and Astronautics. In addition, there have been extensive developments of transportation
related technology in other departments of the School of Engineering. This general interest
in transportation has extended through the Institute to the Departments of Architecture,
Urban Studies and Planning, Economics, Political Science, and the Sloan School of Manage-
ment. During the past three years, faculty members of the School of Engineering engaged
in transportation research have cooperated closely, as they realized that transportation
problems can only be resolved by close interdisciplinary interaction which takes into account
the intermodal aspects as well as the political, social, and economic constraints, leverages,
and new technological opportunities. The Center for Transportation Studies in the School of
Engineering was established in April, 1973, to provide a focal point for the School's trans-
portation efforts, and to facilitate interaction with related efforts in other schools at M. I. T.
and with other organizations in the greater Boston area.

The objectives of this center are:

1. To facilitate research on transportation matters across a broad spectrum,
ranging from conceptual planning to operation and management of transpor-
tation systems;

2. To facilitate research on interdisciplinary and intermodal problems in
transportation and to address the broader aspects of mobility, including
the movement of people and the transportation of raw materials and
processed goods, the assessment of the impact of transportation, and the
development of appropriate public policy; and

3. To provide a focal point for development of a graduate program in transportation
studies within the School of Engineering.

This year also saw the formation of the School of Engineering Materials Council under the
chairmanship of Professor Walter S. Owen. The council's purposes are:

1. To provide a forum for the exchange of ideas about teaching and research in
materials;



School of Engineering

2. To collate and review all subject offerings in the science and engineering of
materials, to propose ways in which the total program can be rationalized
and strengthened;

3. To explore effective responses to current opportunities for the development
of programmatic research projects in materials, and to help faculty members
who wish to exploit these opportunities; and

4. When requested to do so, to advise the dean and the Engineering Council
about the relative strengths and weaknesses of departmental programs in
materials.

The participation of many departments of the School in Institute-wide programs such as the
M. I. T. Sea Grant Program and the Joint M. I. T. -Harvard Health Sciences and Technology
Program has grown substantially.

During the past year, the Electric Power Systems Engineering Laboratory (E. P. S. E. L. ) of
the School of Engineering continued its expansion of research pertinent to the supply of
electric energy. Of particular interest are the increased participation of undergraduates
through project laboratories and theses, and the 20 percent increase in graduate students,
all of whom are supported on industrially sponsored projects. This growth has required the
addition of two assistant professors, one during the academic year and one to be added at
the beginning of the next academic year.

The following brief description of projects of E. P. S. E. L. illustrates the diversity and scope
of its research. The first scaled physical model of an 800 milliwatt plant was completed
and tested; it is the smallest and one of the most accurate models of its type ever made.
Work on an improved model of transmission systems has led to significant improvements in
the prediction of switching surge overvoltages. A system to measure the electron and
vapor densities in vacuum breakers was successfully tested, yielding new data useful for the
design of these devices. Studies relating to the sources of acoustic noise from ultrahigh
voltage overhead transmission lines have yielded a detailed understanding of the transduction
process. A new model for the propagation of arcs across polluted insulator surfaces has
been developed which should lead to quantification of insulator performance under adverse
field conditions, in terms of the basic physical processes that occur. Finally, a 2, 000 kilo-
volt-ampere superconducting alternator, designed and built jointly with the Cryogenic Engin-
eering Laboratory, has been completed and tested under low-level open and short-circuited
conditions.

Resource Development and Management
The financial constraints under which the Institute now operates have resulted in substantial
reductions in the School of Engineering's budget. This pressure, combined with the need to
expand substantially the scope of the School's operation, has forced the School into a tighter
pattern of management. This, in turn, has required intense activities on the part of the
Engineering Council leading to a greater understanding among all of the School's department
heads and center directors, of its assets, aspirations, and constraints.

During the course of the year, the School introduced a number of new administrative proce-
dures. Three of these which are of particular interest are:

1. The development of an experimental special early retirement plan enabling
faculty members to leave the Institute to pursue second careers. Eight of
the School's faculty members have elected retirement under this plan -- on
the average, four years prior to their normal retirement date.
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2. A revised review process for tenure decisions. Under this process, the
departments, as well as the Engineering Council, review not only those can-
didates which the departments would have normally brought forward for
review, but also all associate and assistant professors whose tenure review
is mandatory within the next four years. This review process provides
the department with the perspective of the School by showing it the needs
and plans of other departments. At the same time, it helps to identify
relatively early those faculty members who may not be reappointed.

3. The development of a more sophisticated budget review process. This
process, when coupled with the use of the Departmental Information System,
provides a more complete analysis capability leading to a better under-
standing of the use of the School's fiscal resources.

In addition, the responsibility for the allocation of space to the various operating units within
the School has been given to the office of the Dean of Engineering. Accepting this responsi-
bility, the dean's office is undertaking a thorough utilization analysis of the space assigned
to the School. This analysis will provide the framework for future space reallocations
within the School.

This year also saw within the School the most comprehensive review of its faculty members
within the last decade. As a result of the review, a number of faculty were awarded special
salary increases in recognition of their accomplishments and contributions to the School.

Two major facility developments are of special significance for the School of Engineering.
The new Sherman Fairchild Building for the Department of Electrical Engineering and Elec-
tronic Systems Laboratory was completed during the academic year, and ground was broken
for a new Chemical Engineering building after a short and very successful fund-raising
campaign.

Current Trends
It is pleasing to report that, as indicated in Table 1, the demographic descriptors of the
School remain relatively constant. The number of faculty in the School is down slightly from
the 1971-72 count, reflecting the budgetary pressures discussed earlier. Undergraduate en-
rollment was up slightly (+2 percent) while graduate enrollment was down slightly (-3 percent)
for the year. These figures are encouraging in view of nationwide trends showing decreases
at both the undergraduate (-8 percent) and graduate (-4 percent) levels.

This table also shows that the number of degrees awarded by the School has remained essen-
tially constant over the last five years. Only in doctoral degrees awarded can one see a
definite slightly downward trend. Research volume, as shown by the table, remains healthy.
The projected increase of $1. 2 million (8.1 percent) in this year's departmental volume
(from $14. 7 million last year to $15. 9 million) is only slightly better than the inflationary
trend. When the departmental figures are augmented to include the effect of research done
by School of Engineering faculty working in the Institute's interdepartmental laboratories, an
increase of $1. 9 million (6. 7 percent) is seen. Thus, the School's total research (in devalued
dollars) has remained relatively constant over the past two years.

These numerical descriptors present a rather encouraging picture of the School. There are,
however, two problem areas that must be discussed in this context. The first of these is
the support of graduate students. As is well known, the Federal government is phasing out
its support of graduate students via fellowship and traineeship programs. The Institute as
a whole experienced a loss of 128 Federal fellowships and traineeships in the transition from
1971-72 to 1972-73. At the same time the number of research assistantships increased by
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only 72. A further loss of approximately 150 Federal fellowships and traineeships in the
transition from 1972-73 to 1973-74 is anticipated. This will create even further pressure to
provide more research assistantships. In order to provide these additional research assis-
tantships, an increased research volume is required -- approximately $15, 000 per research
assistant for stipend, tuition, and materials and services.

TABLE 1

SCHOOL OF ENGINEERING -- PROFILE

1972-73 1971-72 1970-71 1969-70 1968-69

Number of faculty 335 343 361 366 342

Number of students
Undergraduate 1, 169 1, 141 1, 187 1,214 1, 308
Graduate 1, 522 1,560 1 534 1,555 1,541

Total 2,691 2,701 2, 721 2,769 2,849

Degrees awarded
S.B. 381 407 387 355 368
S.M. 425 397 421 429 472
Engineer 122 117 113 132 126
Doctoral 166 162 176 189 180

Total 1,094 1,083 1,097 1,105 1,146

Credit units taught 241, 736 249,515 251, 689 256, 925 249, 030

Volume of sponsored
research (millions)
Departmental volume $15. 9* $14. 7 $13. 7 $14. 5 $12.4

Departmental volume
plus interdepartmental
allocation $28. 7* $26. 9* $22. 0* $21. 2*:-  $20. 8*

Budgeted figures

Thus, faculty members find themselves under greater pressure to support more students on
their contracts and grants at the same time that they are experiencing problems in obtaining
research support. Faculty currently are finding that more effort on their part is required to
obtain a smaller contract or grant from the problem oriented agencies than had been required
several years ago by the basic science agencies. They also find that the percentage of pro-
posals accepted is decreasing. These two effects combine to place substantial increased
demands on faculty time. To many faculty this change substantially decreases the "quality
of life" they experience at the Institute.

Personnel
Early in the 1972-73 academic year, Professor Thomas B. King requested that he be relieved
of his responsibilities as head of the Department of Metallurgy and Materials Science in order
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to return to teaching and research. Professor King had been department head for ten years.
Professor Walter S. Owen, currently Vice President for Research at Northwestern Univer-
sity, has accepted an appointment as Professor of Materials Engineering and head of the
Department and will assume these responsibilities on July 1, 1973. Further details on his
appointment will be found in the report of the Department of Metallurgy and Materials
Science.

In May, 1973, Professor Louis D. Smullin announced to the faculty that he desired to return
to teaching and research, relinquishing his position as head of the Department of Electrical
Engineering not later than June, 1974. A committee has been formed to assist in the search
for Professor Smullin's successor.

The School of Engineering is extremely pleased that three members of its faculty -- Profes-
sor Robert M. Fano, Ford Professor of Engineering and associate head of the Department
of Electrical Engineering for Computer Science and Engineering; Professor Robert W. Mann,
Professor of Engineering and chairman of the Executive Committee, Division of Health
Science and Technology; and Professor Walter A. Rosenblith, Provost and Professor of
Communications Biophysics -- were elected to membership in the National Academy of
Engineering. Equal pleasure is derived from the fact that two of its faculty -- Professor
John W. Cahn, Professor of Metallurgy, and Professor Marvin L. Minsky, Professor of
Electrical Engineering and co-director of the Artificial Intelligence Laboratory -- were
elected to membership in the National Academy of Sciences.

Three of the School's four Institute Professors, all giants in engineering, reached the man-
datory age of retirement and retire at the end of this academic year: Professor Manson
Benedict, Institute Professor; Professor Gordon S. Brown, Institute Professor and Dugald
Caleb Jackson Professor of Electrical Engineering; and Professor Arthur T. Ippen, Insti-
tute Professor. Death claimed the fourth Institute Professor, Edwin R. Gilliland, Warren
K. Lewis Professor of Chemical Engineering, late in the academic year. All four of these
distinguished colleagues have made their mark on M. I. T. 's School of Engineering, greatly
increasing its stature.

ALFRED H. KEIL

Department of Aeronautics and Astronautics

The year 1972 marked a period of innovation and expansion for the Department of Aeronautics
and Astronautics in several areas. The trend of dropping enrollments was reversed as 24
sophomores selected Course XVI this year compared to 12 in each of the previous two years.
Sponsored research support increased and is projected to increase even more as new programs
currently being negotiated by the Department in transportation research, energy conversion,
and innovative engineering are implemented. The Department has cooperated actively in
the Institute's new and continuing interdisciplinary programs, contributing research support
to these programs as well as the wide range of skills associated with the high technology of
aerospace engineering.

One concern of this Department was the drop nationwide in the number of undergraduates in
aerospace engineering, which was expected to result in an appreciable reduction in graduate
school enrollment. However, this drop did not materialize, although it may yet come in
later years. The 150 graduate registrations represent only a 6 percent decrease in the grad-
uate school enrollment from the previous year.

The Department's graduates continue to find professional positions without any difficulty,
and there are signs that supply is again becoming much less than demand.
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The Department has initiated a fundamental review of the undergraduate curriculum under
the chairmanship of Professor Jack L. Kerrebrock. Because the aerospace engineer must
be familiar with and competent in a wide spectrum of disciplines, the first two years of
instruction in the Department -- sophomore and junior -- have concentrated heavily on in-
struction in these disciplines. Applications usually were taught in the senior and graduate
years. It is hoped that, without reducing the coverage of the disciplines, applications rnay
be introduced earlier in the sophomore year by covering first the basics in fluid mechanics,
thermodynamics, strength of materials, and dynamics, proceeding on to illustrative exam-
ples and their application, and then offering more advanced treatment in the disciplines as
student interest may dictate. The Department's hope is that the student will gain a broader
understanding of the profession of engineering, and in particular will see more clearly its
strong interaction with the needs of society.

Another highlight of departmental activities has been the initiation of the socio-technological
innovation seminar, organized by Professor Yao T. Li for the purpose of introducing students
to the more creative and innovative aspects of engineering. Growing from this seminar series
is a program now funded by the National Science Foundation (NSF) for the further support of
these seminars, and for the establishment of an Innovation Co-op whose purpose will be to
give students practical expe rience in the creation and implementation of new technological
concepts through the marketing phase. It is hoped that this program will attract wide inter-
departmental participation from both faculty and students, and will lead to an important new
divisional activity at the Institute.

The Department's active participation in interdisciplinary programs at the Institute stems
both from a deep conviction that professional engineering activities must be broadened beyond
the narrow base of specialized disciplines if the potential of the engineer for improving the
quality of life is to be realized, and from an equally deep conviction that this can best be
done by the intensive application of the highest available level of technology. The Department
is in an excellent position to contribute because of its broad base in research, the breadth
of the disciplines covered, and wide experience with the conception and implementation of
complex operating systems. The brief description of departmental activity which follows
illustrates the interdisciplinary flavor of many of the Department's activities.

The Systems Division is concerned with integration of the basic departmental disciplines and
with the design and analysis of operating systems. A new program in flight transportation
for graduate students in aeronautics and astronautics was announced in December. A com-
plementary program of advanced study in air transportation was announced in January, to be
jointly sponsored by the Flight Transportation Laboratory and the Center for Advanced
Engineering Study. The creation of the new Center for Transportation Studies, of which the
Flight Transportation Laboratory will be an integral part, will increase administrative and
curriculum interaction in the associated departments. It is expected that the emergence of
this center as a focus of all transportation system studies at M. I. T. will considerably
increase the breadth, and hence usefulness, of these studies. A contract shortly to be imple-
mented with NSF will provide the basis for a fundamental study of transportation problems,
and may well lead to a more rational approach to transportation planning in the future --
planning to which it is hoped the Institute will make a major contribution.

The Division of Energy Conversion and Propulsion assumes responsibility for teaching and
research on a broad range of subjects related to the general topic of thermal energy conver-
sion, including both propulsion and ground based power. An important feature of the Gas
Turbine and Space Propulsion Laboratories of this division over the last two years has been
the development of interdisciplinary, interdepai tmental assessment and research programs
on thermal energy conversion for ground based power. This effort involves four professors
from the Department of Aeronautics and Astronautics, one from the Department of Mechanical
Engineering, four from the Department of Metallurgy and Materials Science, and three from



Department of Aeronautics and Astronautics

the Department of Chemical Engineering. It has led to a continuing advisory relationship
with the Office of Coal Research and to an interdepartmental research program on coal
fired magnetohydrodynamics. A second assessment involving many of these same personnel
was begun this year under the auspices of the M. I. T. Energy Laboratory, the subject being
gas turbine combined cycles for central power stations.

In the Division of Mechanics and Physics of Fluids, the main interest in the area of gas
surface interaction has been in converting to the study of mass, momentum, and energy ex-
change among inert gas, water vapor, other beams, and clean single ice crystals in order
to shed light on the upper atmosphere physics. At the low speed end of the spectrum, work
continued on the analysis of aerodynamic loads on rotor blades interacting with vortices and
the associated noise generation mechanisms.

The Division of Structures, Materials and Aeroelasticity continued to expand its teaching
activities to include design aspects of fatigue, sensitivity to flaws, and the propagation
of cracks, in addition to continuing basic instruction in materials and in shells. The weekly
Structural Mechanics Research Conferences provided a stimulating focus, attracting many
distinguished speakers from outside the Institute.

The Division of Instrumentation, Guidance and Control covers a wide variety of activities,
including classic air traffic control, modern control theory, the problems of man-vehicle
interactions, and advanced measurement systems. It is the largest single division in the
Department, with over 40 percent of the Department's graduate students.

Research is conducted in the Charles Stark Draper Laboratory, which supports the largest
single group of graduate students in the Department, in the Measurement Systems Labora-
tory, in the Man/Vehicle Laboratory, and the Laser Technology Laboratory. In the Mea-
surement Systems Laboratory, topics covered included: the development of new navigation
methods that make feasible the long-term control of orbiting spacecraft in the presence of
unknown disturbing forces; the application of optimal control theory to the design of ride-
smoothing autopilots for supersonic transport (SST) and short takeoff and landing (STOL)
aircraft; and a study of hazardous conditions which may arise in flight through the trailing
vortices generated by a previous aircraft. A test program is being conducted to determine
the skill degradation of private and commercial pilots with respect to the passage of time.

Faculty associated with the Man/Vehicle Laboratory conducted research primarily on human
spatial orientation and its associated aerospace and medical problems, and contributed to
the Harvard-M. I. T. Health Science and Technology educational program.

The Laser Technology Laboratory achieved the highest reported stability for an argon laser
(and probably for any laser), and also achieved some of the highest resolution in the visible
spectrum, using molecular beam techniques with argon and dye lasers. A laser doppler
velocimeter was developed and used to probe the core of vortex rings and the wake from a
helicopter without interfering with the flow mechanisms.

Miscellaneous Departmental Activities
Professor Raymond L. Bisplinghoff continued on leave from the Department to serve as
deputy director of the National Science Foundation. Professor Eugene E. Covert served as
chief scientist of the U.S. Air Force. Professors Laurence R. Young and James E. McCune
were on sabbatical. Professors Walter McKay and Joseph Bicknell took early retirement
at the beginning of the academic year. Professors David A. Oliver and Louis L. Bucciarelli
continued participation in the highly successful Concourse experiment, and Professor Robert
L. Halfman participated actively in the Experimental Study Group for the fourth year.
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Professor Judson R. Baron continued as chairman of the Graduate Committee and Graduate
Registration Officer. Professor Norman D. Ham chaired the doctoral degree program and
Professor H. Philip Whitaker supervised the engineer's degree program.

Professor John F. McCarthy served as chairman of the Department's general seminars,
organizing a distinguished panel of some 20 speakers. Professor John Dugundji participated
in the Freshman Project Year and taught a seven-week concentrated subject on structures,
together with Professor Edward Allen of the Department of Architecture.

Professor Leon Trilling served on the Corporation Joint Advisory Committee and chaired
both the Committee on Undergraduate Admissions and Financial Aid and the Equal Oppor-
tunity Committee. An innovation was his participation with Professor Roy Lamson in the
teaching of a humanities senior-year subject entitled Technology, Power and Values.

Professor David B. Stickler continued to conduct the Experimental Projects Laboratory.
Professor Sheila E. Widnall received the American Institute of Aeronautics and Astronautics

(AIAA) Lawrence Sperry Award and was selected for a Carnegie Fellowship for Distinguished

Women Faculty.

The Department welcomed D. Vincent Roach, John R. Wiley, Wesley L. Harris, and Olaf
Peters as Visiting Professors, Yury Nagornykh as a Research Fellow, and Kjell Kolberg as
Visiting Engineer. Jean F. Louis was promoted to the rank of Professor and Shaoul Ezekiel
to Associate Professor.

The Lester Gardner Lecture was presented by Dr. Nicholas Hoff, who gave an outstanding
review of the structural development of aircraft, to which he has contributed much.

The Department, in cooperation with the student chapter of the AIAA, held a spring carnival
at the Draper Flight Facility, to which all undergraduates and interested freshmen were in-
vited. Highlights included a static display of the M. I. T. "BURD, " the man powered aircraft
rapidly nearing completion which has been a highlight of undergraduate activity this year. It
is expected that the aircraft will fly shortly in an attempt to win the Cramer competition (in
which a prize of 50, 000 pounds has been offered for the first man powered aircraft to com-
plete a figure eight course of one mile length).

The Department, in cooperation with the M. I. T. Soaring Association, sponsored a highly
successful symposium entitled The Technology and Science of Motorless Flight, which
attracted a worldwide audience of over 100 participants. The symposium resulted in the
publication of a National Aeronautics and Space Administration (NASA) report covering associ-
ated workshops on meteorology, instrumentation, structures, and performance, which were
sponsored by NASA.

RENE H. MILLER

Department of Chemical Engineering

A highlight of the past year was the start of construction in April of a new chemical engineering
building. The new facility, costing a total of $13. 1 million, will enable the Department of
Chemical Engineering and the School of Engineering to strengthen teaching and research in
chemical engineering, including the related interdisciplines of energy resources, environ-
mental quality, biochemical and biomedical engineering, and management. The facility is
scheduled to be completed in the spring of 1975.
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A National Sponsoring Committee was formed to assist M. I. T. in planning and funding the
new building. It is composed of a group of distinguished alumni and leaders in the petroleum,
chemical, and allied products industries, and is headed by J. Kenneth Jamieson,
chairman and chief executive officer of Exxon Corporation. Professor Warren K. Lewis is
honorary chairman.

The entire capital amount required for the building will come from private sources. On the
date construction began, $11. 7 million had been committed. All this was raised in a capital
drive which began 14 months earlier. It has represented one of the fastest and most success-
ful fund-raising campaigns of its type in the history of the Institute. An anonymous gift of $7
million was received from an alumnus, of which $5 million is to be applied to the new building.
This gift is one of the largest ever given M. I. T. by an individual at one time.

The new building will provide 125, 000 gross square feet of space for classrooms, laboratories,
and offices in five stories above ground and two basement floors. Its location is convenient
to the Departments of Chemistry, Biology, Nutrition and Food Science, and the earth sciences.
It will consolidate most of the Department's activities, now spread over seven sites. The
new facility will provide both additional space and modern facilities essential to advanced
research in emerging fields in chemical engineering.

This new building is part of a program to strengthen and expand the chemical engineering
field at M. I. T. Before undertaking the program a careful analysis was made of the future
demand for highly trained chemical engineers. The sponsoring committee was convinced of
the long-term need because of anticipated competitive growth of industry and technology,
because of the widely projected growth of the chemical industry based upon new and traditional
fields of chemical engineering, and because of the leading role the chemical engineer will
play in solving problems of magnitude and importance, such as energy and environmental
quality.

The single most important reason for the significantly increasing commitment to chemical
engineering by undergraduates and graduate students is a renewed interest in those activities
on which the chemical engineer concentrates: fuel and energy, environmental problems,
fertilizers and foods, pharmaceuticals, synthetic fibers, new building materials, applications
of biological developments, and other problems of high social importance.

Education
Undergraduate enrollment in the Department showed a slight increase over the previous year,
from 115 to 117. The graduate enrollment of 140 was identical to that of the year before.
Application for graduate admission from U.S. and Canadian students increased from 90 to
123.

The development of new subjects in the Department reflected the increased importance of
applying chemical process technology to the solution of new problems. Professor Jack B.
Howard presented a new subject, 10. 39, Energy Technology.. Visiting Professor Dewey D.
Y. R.yu developed 10. 79J, Enzyme Technology, jointly with the Department of Nutrition and
Food Science. Professor Robert C. Reid introduced the subject 10. 42, Advanced Thermo-
dynamics. Visiting Lecturer Samuel W. Bodman presented 10. 77, Commercial Development
of Technology, for the first time as a regular subject.

Professor Gary J. Powers introduced a new subject, 10. 10, Process Synthesis, to freshmen
and sophomores interested in chemical engineering. The subject seeks to convey the excite-
ment of synthesizing new processes to solve current problems in energy production, waste
processing, food preparation, polymer manufacture, and mining. Response to the subject
was good, with 21 freshmen and 22 sophomores enrolled.
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The Department continued an active involvement in the Undergraduate Research Opportunities
Program, and sponsored a total of eight undergraduate seminars directed primarily at
freshmen. The diversity of topics covered in these seminars may be seen from the list of
titles: Applied Digital Computation; Clean Energy Sources; Chemical Engineering in Medi-
cine and Biology; The Chemistry of Formation and Destruction of Pollutants in Flames;
How to Start Your Own Company and Make It Grow; and Introduction to Enzyme Technology.

The Department hosted a number of outstanding chemical engineers from other universities
who were invited to give seminars. These included Professor Andreas Acrivos of Stanford
University, Professor William R. Schowalter of Princeton University, and Professor James
Wei of the University of Delaware.

Professor J. R. Anthony Pearson of Imperial College was appointed Distinguished Visiting
Lecturer for a two-week visit in the spring. He delivered a series of six lectures on poly-
mer processing.

Research
The volume of sponsored research in the Department reached a record high level of $1, 025, 000
for fiscal year 1973. This was over twice the volume for 1969.

Research on kinetics, heat transfer, and flow in combustion has continued in the Fuels Research
Laboratory under the direction of Professors Howard, Hoyt C. Hottel, Glen C. Williams,
and Adel F. Sarofim. An increasing fraction of the laboratory's activities have been direc-
ted to combustion related environmental problems. These include studies on the formation
of nitric oxide and soot, the burnout of carbon monoxide, and the pyrolysis and incineration
of solid wastes.

Professors Kenneth A. Smith and Clark K. Colton have continued their studies dealing with
mass transfer in biologically related systems. Applications range from the transfer of
oxygen in blood to the causes of atherosclerosis.

Multidisciplinary research in enzyme technology and engineering is being initiated under the
sponsorship of the Research Applied to National Needs program of the National Science
Foundation and involves Professors Colton, Raymond F. Baddour, and Herman P. Meissner
and Research Associate Dr. Colin Gardner, as well as a number of faculty from the Depart-
ments of Chemistry and Nutrition and Food Science.

Several areas of research in polymers have been under investigation by Professor Edward
W. Merrill and his students in collaboration with Visiting Scientist Leighton H. Peebles, Jr.
Additional work in the biomedical field by Professor Merrill includes the rheology of blood
from patients with sickle cell anemia and the use of ultrasonics to disintegrate kidney and
bladder stones in situ.

Professors Baddour and Michael Modell have continued their studies of fundamental surface
phenomena which occur in catalysis by metals. Professors Reid and Smith have carried out
several research projects related to the storage and transport of liquified natural gas. Pro-
fessors Lawrence B. Evans and Edwin R. Gilliland continued their investigation of cyclic
operation of plate columns for gas-liquid contacting. Professors Sarofim and Smith have
been studying the freezing process for desalination of water under a grant from the Office of
Saline Water.

Professor Powers is continuing research in the area of process synthesis, including develop-
ment of a mathematical approach to the generation and evaluation of chemical reaction paths,
study of the safety analysis of chemical processes, and determination of optimal separation
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sequences with energy integration.

Professor Charles N. Satterfield, in partial collaboration with Professors Colton and Modell,
is conducting research related broadly to the role of mass transfer in catalysis. A study of
the factors that affect the rates of diffusion and counterdiffusion in the pores of molecular

sieves was completed; the performance characteristics of trickle bed reactors was investi-

gated; studies of simultaneous catalytic desulfurization and denitrogenation were continued.

The projects cited briefly here are only examples of extensive research under way in the
Department, which ranges from gas absorption to process control and from desalination to
enzyme technology.

A note of sadness during the past year was the death on March 10, 1973, of Professor Edwin
R. Gilliland, Institute Professor and Warren K. Lewis Professor of Chemical Engineering,
at the age of 63. Professor Gilliland's accomplishments are too numerous to list here. He
had an international reputation with demonstrated leadership in industry, government, and
educ ation.

RAYMOND F. BADDOUR

Department of Civil Engineering

The Department of Civil Engineering has continued this year to sharpen its focus on the ac-
commodation of man and his environment through what man builds. This objective is being
pursued in four new areas:

1. The management of constructed facility projects, where concern includes the
owner's and contractor's obligations relative to environmental impact;

2. Forecasting the impact of constructed facilities upon the natural physical
environment;

3. Forecasting the impact of constructed facilities upon the social environment
(the collection of individual values, standards, and preferences); and

4. Management of the environment, in which the Department deals with the
physical, economic, legal, and social constraints upon growth and development.

Specific activities in these areas will be described in the context of the following report.

Research

State and Regional Transportation Planning

For several years Professor Marvin L. Manheim has directed the transportation and com-
munity values research, under a contract with the Federal Highway Administration to develop
and test procedural guidelines for transportation planning which incorporate social and
physical environmental impact analysis. As part of the Department's effort to increase the
clinical experience of both faculty and students, it has undertaken an extension of this
research, under the direction of Professor Wayne M. Pecknold, which will assist the new
California Department of Transportation's statewide planning.

In a similar vein, Professor Daniel Roos is heading a team of faculty and students which
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assists the Commonwealth of Massachusetts in implementing current techniques for state-
wide transportation planning. Professor Roos, along with Professor Nigel H. M. Wilson
and students, is working with the Rochester/Genesee Regional Transportation Authority on
the implementation of a Dial-A-Bus system.

Professor Manheim has received a contract under the U. S. Department of Transportation's
new University Research Program to study the modeling of travel demand. This work involves
quantification of societal preferences and reactions, and is a pioneering effort at modeling
the interaction between transportation systerrs and the society they serve.

Physical Environmental Impact

The number of investigations dealing with the physical environmental impacts of constructed
facilities has increased significantly during the year. A Waste Heat Management group has
been formed within the new M. I. T. Energy Laboratory to coordinate heretofore separate
efforts. The objectives of the group are to facilitate the development of combinations of
heat disposal techniques, and to develop new methods of environmental monitoring and eco-
nomic assessment. Department faculty and the R. M. Parsons Laboratory form a major
component of this group, which also includes research on wet and dry cooling towers under
way in the Department of Mechanical Engineering.

An active basic and applied research program on waste heat disposal in coastal waters has
continued under the direction of Professor Donald R. F. ,Harleman. Periodic measurements
of the thermal plume at the Pilgrim Nuclear Station in Cape Cod Bay have provided an unusual
opportunity to compare field observations with earlier analytical and model predictions made
for this station. Research was expanded into the design of cooling ponds, and to the predic-
tion of their performance under varying meteorological and heat loading conditions.

Professor Stephen F. Moore completed a study on the environmental consequences of off-
shore oil development and the construction of supertanker ports on the East Coast. Professor
David H. Marks has worked on the economic aspects of the regional expansion of electric
generation capacity subject to environmental and reliability constraints. Professor Michael
S. Baram and Professor William H. Matthews are active in the development of international
environmental control programs.

Professor T. William Lambe and his associates in the Geotechnical Division of the Depart-
ment have embarked on a preliminary study of environmental impact statements prepared by
outside consultants for the Massachusetts Department of Public Works, in an attempt to iden-
tify those specific problems in the geotechnical area where further research can improve
impact predictions.

Hazard Engineering

The Department is becoming increasingly involved in engineering decision analysis related
to natural and man-made hazards such as flood, earthquake, landslide, drought, fire in tall
buildings, etc. The cornerstone of this effort for years has been the work in earthquake
engineering directed by Professor Robert V. Whitman. With the support of the National
Science Foundation, Professor Whitman, Professor C. Allin Cornell, Professor John M.
Biggs, Professor Erik H. Vanmarcke and Dr. Sheu-Tien Hong have been developing a sys-
tematic design decision procedure concerning earthquake resistance of buildings, which
balances the greater cost of increased resistance against the expected benefits of decreased
future losses. To facilitate this, Professor Whitman and Dr. Hong have gathered data from
the San Fernando earthquake relating damage to building characteristics and local quake
intensity. Professors Cornell and Vanmarcke are developing earthquake site intensity-
frequency relationships using probabilistic models of quake timing, location, and magnitude.
Also, Professor Whitman, Professor Jose M. Roesset, and Professor John T. Christian are
studying the effect of local soil conditions on the amplification of earthquake motions and
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hence building response; and Professor Cornell and Professor Richard L. de Neufville are
evaluating the human and social losses (such as injuries, deaths, and out-of-service periods)
in terms that can be compared with initial building cost increments.

In the area of flood hazard, Professor Peter S. Eagleson has completed, with the support of
the Office of Water Resources Research, a theoretical development of flood frequency based
upon statistics of local precipitation and upon physical characteristics of the stream channel
and the runoff-producing surface. This method allows flood frequency estimation under con-
ditions of rapidly changing land use.

Resource Management

Professors John C. Schaake, Jr. and Ignacio Rodriguez-Iturbe are developing, with the
support of the Office of Water Resources Research, a methodology to allow estimation of
hydrologic or other engineering decision variables as a function of the economic considerations
involved in resource management projects.

Management of Constructed Facility Projects

The Department has had continuing difficulty in generating a base of research support for its
new educational program in project management. The major proposal to develop simulation
models of the constructed facility-project development process remains unfunded for the
second year, but prospects continue to be bright. A long-term association with a utility
company is in the offing, through which a faculty-student research team will study and at-
tempt to improve the management methods for implementing both fossil and nuclear fueled
power plants.

The Undergraduate Program

Undergraduate enrollment declined slightly this year to a total of 110 students (including 10
women) after reaching a 13-year high of 116 last year. This is believed to be a natural vari-
ation, since interest in the Department's subjects remains high among the total M. I. T.
undergraduate body, and since the number of freshmen designating civil engineering was
higher this spring than in the recent past.

The general popularity of the Department's undergraduate core subjects is worthy of special
note as it presents a problem.

Enrollment in Civil Engineering Core Subjects

Subject Civil Engineers Others Total

1. 07 Principles of Uncertainty 32 8 40
1. 11 Civil Engineering Systems 68 43 111
1. 12 Civil Engineering 42 14 56
1. 13 Behavior of Physical Systems 45 8 53
1. 14 Economics for Engineers 48 16 64

With such large total enrollments, the Department must now consider offering more than one
section in some of these subjects.

The Undergraduate Committee consists of the three class registration officers, the Depart-
ment head, an upperclass student, a graduate student, and the chairman, who this year was
Professor Fred Moavenzadeh. The committee conducted a detailed review of the five core
subjects as well as two popular electives, 1. 00, Information Systems and 1.10, Civil Engineering
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Laboratory. Out of this review came an assurance that the core subjects continue to be con-
sistent with the objectives of the Department's undergraduate program, but that the subject
Civil Engineering Laboratory is trying, unsuccessfully, to serve conflicting objectives. As
a result, the undergraduate laboratory experience is being reorganized for next year into a
set of six unit subjects, one in each of the disciplinary areas.

The Graduate Programs
The Department's Committee on Graduate Students, composed of representatives of each major
interest area, three graduate students, and the Department head, is chaired this year by
Professor Robert D. Logcher.

Residency Program

With the continued decrease in the availability of research funding in certain areas, the
financial support of the Department's graduate students has become more and more difficult.
During the past year it has organized, on an experimental basis, a new type of graduate
student support called a "residency, " based upon the unique professional civil engineering
community in the Boston area. The Residency Program differs from the research assistant-
ship in that the resident works with practicing engineers on the formulation and solution of
design and construction problems, while the research assistant is occupied primarily with
advancing knowledge in a specialized area.

Two forms of arrangements are being used. In both, the host firm provides a full-time
position over the summer. The forms differ during the academic year, either by alternating
full-time academic work for a term with full-time residency, or continued part-time activity
equivalent to the research assistantship. The evaluation of these forms in terms of their
utility for the host, the resident, and M. I. T. will be determined from this initial group.

For the coming year, eight new graduate students have been placed in temporary positions
with local firms. All but one are structural engineering students; the other is studying
project management.

Special Student Enrollment

To fill vacant seats in certain advanced subjects which are important to a vital but declining
fraction of its students, the Department is soliciting registrants as special graduate students
from among the practicing professionals in the greater Boston area. In contrast with regu-
lar students, these special students are likely to have diverse backgrounds, experience, and
objectives. Their presence in significant numbers has the potential to alter the pace and
content of the M. I. T. educational experience; therefore the Department is proceeding with
care. To handle these larger numbers of special students, more explicit evaluation proce-
dures have been instituted this year. These include evaluation of admissibility as regular
students, instructor evaluations of performance and participation in class (to be submitted
with grades), and instructor approval for subject admittance prior to acceptance, for those
not admissible as regular students.

The Professional Degree

This year saw the start of the new Civil Engineer degree program, emphasizing greater depth
and breadth in academic studies than is required for the Master of Science (S. M. ) degree
and oriented to the acquisition and application of skills and knowledge needed for professional
practice. This degree is increasingly popular as an alternative to the research oriented
doctorate, and modifications have been proposed aimed at increasing the distinction between
the Civil Engineer degree and the doctorate.

Graduate students from this Department have shown great interest in the new School of En-
gineering interdisciplinary graduate program leading to the Environmental Engineer degree,
and faculty of the Department are playing a key role in program development and administration.
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The Project Management Program

This program, described in last year's annual report, was formally initiated this year with
the admission of eight students in an S. M. program. Four subjects were offered; two of
them jointly with the Departments of Architecture, Urban Studies and Planning, and the Sloan
School of Management. Enrollment was consistently high in these subjects, illustrating
broad student interest in this area. Three additional subjects are planned for next year.

Enrollment

Graduate student enrollment for the fall term totaled 195, including 53 foreign, 14 women,
and 9 minority students.

Admissions

Under the chairmanship of Professor Jerome J. Connor, the Graduate Admissions Committee
has been unusually active this year. Completion of the committee's work on incoming stu-
dents reveals the following encouraging facts:

1. The number of U. S. applicants has risen 25 percent above the level of the last
three years.

2. The percentage of admitted U. S. students who accepted the Department's offer
has risen to 67 percent from 62 percent last year.

3. The percentage of foreign students (including Canadians) for the coming year
will be about 25 percent as opposed to the current 28. 5 percent.

4. Total enrollment should be close to the Department's quota of 200.
The incoming group will contain three women and three minority students.

The Department has initiated a study program for junior U. S. naval officers who are trans-
ferring into the Navy's Civil Engineer Corps and who do not have a degree in civil engineering.
The program is of two-year duration and leads to an S. M. in civil engineering. One officer
will begin study in September, 1973, and a regular flow of two per year is anticipated.

Graduate Student Support

Changing national needs and priorities are having their effect on support for graduate students
as well as on the type of educational experience these students are seeking. The following
table shows the source of student support this year:

Funding Source U. S. Students Foreign Students Total

Fellowships and traineeships
(U. S. government) 20 0
(M.I.T., state government, etc.) 7 2
(Industry) 6 1
(Foreign) 0 10

46
Research assistantships

(U. S. government) 65 20
(State and local agencies, etc.) 19 4
(Industry) 3 2
(Foreign) 0 1

114
Teaching assistantships 13 5 18

Self-support 8 9 17
141 54 195
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Over the past three years, Federal fellowship aid has decreased dramatically. Continuation
of this trend is expected to lower the total of fellowships from 46 to 34 for the next year.
Basic research funds have also declined, but monies for applied research and for implemen-
tation of basic research have increased sharply, particularly in areas such as earthquake
engineering, underground construction, and energy related problems. Through the extra
efforts of its faculty, the Department has increased its level of annual research support to
$2, 400, 000 for the current year, and projects the same number of research assistantships
for next year.

All indications point to continued Federal emphasis upon the application or implementation
of research developed techniques; therefore, the continued development of industry-university
cooperation is most desirable. The Residency Program developed this year is one response
to this trend.

Faculty Changes

After 28 years of outstanding service to M. I. T., Institute Professor Arthur T. Ippen retires
this year. Professor Ippen, an internationally known authority on a broad range of hydraulic
engineering problems, has led the development of staff, facilities, and educational programs
in the Water Resources Division to a position of international leadership. The Institute will
benefit from his continued association with the Department as a senior lecturer.

Resignations have been received from: Professor A. Scheffer Lang, who returns to the
railroad industry; Professor Ronald C. Hirschfeld, who will devote his time to his profes-
sional practice of geotechnical engineering; Professor John T. Christian, who goes into
industry; Professor Kenneth F. Reinschmidt, who becomes a senior research associate at
M. I. T.; Professor John E. Garlanger, who goes into industry; and Professors James T.
Kneafsey and Joseph E. Soussou.

Frank S. Jones, Ford Professor of Urban Affairs, has transferred his departmental affilia-
tion to the Department of Urban Studies and Planning.

New appointments include Professor Herbert H. Einstein from the Eidgenosche Technische
Hochschule (ETH) in Lausanne, Switzerland. Professor Einstein is working in the areas of
rock mechanics and underground construction. Professor Charles H. Dowding joins the
Department following a year with the Norwegian Geotechnical Institute. He is working in the
areas of engineering geology and underground construction. Professor Paul O. Roberts
rejoins the Department faculty, this time as head of its Transportation Systems Division.
Professor Roberts was named the first director of the Center for Transportation Studies
within the School of Engineering.

Professor Frank E. Perkins has become associate head of the Water Resources and Hydro-
dynamic s Division.

Honors and Awards
The Department's faculty members have been singled out for an unusually large number of
professional honors this year.

Professor Harleman was given both the J. C. Stevens Award and the Karl Emil Hilgard Prize
by the American Society of Civil Engineers (ASCE). Professor Charles C. Ladd was awarded
the J. James R. Croes Medal by the ASCE. Professor William A. Litle received ASCE's
Moisseiff Award. Professor Eagleson was named a fellow by the American Geophysical
Union. Professor de Neufville was awarded a Guggenheim Fellowship for advanced study in
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the area of engineering systems. Professor Chiang C. Mei received the Department's annual
Conspicuously Effective Teaching Award.

PETER S. EAGLESON

Department of Electrical Engineering

The biggest news in the Department of Electrical Engineering this year is the Department's
move to the new Electrical Engineering/Research Laboratory of Electronics building complex.
This marks the first major relocation of the Department of Electrical Engineering since the
original move of M. I. T. from Boston to Cambridge in 1916. The Department headquarters
and all of the instructional laboratories have been moved to the new building, leaving only a
few research activities in the main building complex. Major locations of the Department will
be: Building 10, Engineering Power Systems Laboratory (E. P. S. E. L. ); Building 13, Center
for Materials Science; Building 35 (Electronic Systems Laboratory); Building 26 (the Research
Laboratory of Electronics, or R. L. E. ); Tech Square (computer science); and the new
buildings 36 and 38. Aside from having new air-conditioned space and a more efficient space
organization, the most important features of the new complex are the two large undergraduate
labs occupying the entire fifth and sixth floors of Building 38, with their very efficient layout.

In an advance celebration of the move, and because of the serious efforts going into the revi-
sion of the Department's VI-i and VI-3 curricula (electrical science and engineering, and
computer science and engineering), the Advisory Committee of the Department sponsored a
special colloquium series. A number of distinguished speakers, mainly from industry,
presented their views on the future of electrical engineering. In addition to the formal evening
lectures, informal meetings and dinners were organized to allow faculty members to exchange
ideas with these men. The speakers were:

1. B. O. Evans, president, Systems Development Division, International Business
Machines;

2. Bernand M. Oliver, vice-president of research and development, Hewlett-Packard
Company;

3. Marvin Minsky, Professor of Electrical Engineering, co-director of Artificial
Intelligence Laboratory;

4. K. Teer, managing director, Electronics Systems Division, Philips Research;

5. Robert N. Noyce, president and director, Intel Corporation; and

6. Mike McCormack, United States House of Representatives.

There has been considerable effort spent in trying to revise the two undergraduate curricula,
to prepare the Department's graduates to be effective engineers in the rapidly changing and
multifaceted industries they will serve. The Undergraduate Educational Policy Committee
(U. E. P. C. ) and its two subcommittees for Courses VI-1 and VI-3 have worked all year on
this effort, and will contipue next year. In Course VI-1, a major problem is deciding how to
keep the core curriculum strong in physics, mathematics, and related engineering topics,
while making place for computer science ideas and the fundamentals of systems theory. In
Course VI-3, the Department is finishing six years of its first undergraduate computer science
curriculum. Many problems have arisen -- some conceptual and theoretical, others relating
to the "mix" of students, some of whom are very practically oriented and uninterested in the
more abstract theoretical subjects in the core, while others are excited by these ideas. The
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objective here is to allow enough flexibility in the core to satisfy both groups.

The undergraduate teaching laboratories play a major role in the Department's educational
program. The subject 6. 701, Introductory Electronics Laboratory, has gone through a
major revision, to outstanding student response. The focus is on "analog" electronics,
centered on the operational amplifier. Student projects this year required the design and
construction of all the elements of an AM receiver and transmitter, and their ultimate opera-
tion as a system.

A new laboratory facility has been created for the introductory computer science subject
6. 252, Structure and Interpretation of Computer Languages. The apparatus consists of a
PDP-11/45 computer with 104, 000 words of primary storage. The operating system, de-
signed here at M. I. T., now supports eight on-line users and will support 16 next year.
Ninety students were enrolled during the spring of 1973, and 170 are anticipated next year.
The educational objective of this subject is to gain a basic understanding of the structure of
computer languages and systems. The special system "Delphi" permits the student to work
with PDP-11 assembly language, LISP, and various text editing and auxiliary programs.

During fall terms, the Department plans to use the PDP-11/45 computer facility as a "soft-
ware" lab for Course VI-3 students. This will be an important innovation in the curriculum,
and it represents an economical way of giving substantial machine time to students. Economics
and logistics are important considerations when a department must accommodate approximately
100 students per term.

The "computerization" of the practice of electrical engineering is nearly complete, in the use
of computers for analysis or design optimization, and in the inclusion of mini- (or micro-)
computers in a wide variety of instruments, control systems, etc. This pattern is evident in
this Department. Undergraduate student enrollment in computer science is now 40 percent of
the total of undergraduates in the Department. Nearly every graduate experimental research
area now uses its' own mini-computers, and there is extensive use of computer modeling and
simulation. In the undergraduate laboratories the Department now has four mini-computers
and associated input/output equipment, in addition to the considerable array of integrated cir-
cuit modules for the digital logic project labs and for Bachelor of Science (B. S. ) thesis work.

In keeping with past practice, Departmental Teaching Awards of $500 each were given to the
following persons on May 20, 1973: Professor Barry Blesser -- Young Faculty Award for his
renovation of laboratory subjects; Teaching Assistant James F. Hoburg, Teaching Assistant
Gary K. Montress, Teaching Assistant Judy Piggins, Teaching Assistant Joseph E. Qualitz,
Teaching Assistant Elliot Singer, and Teaching Assistant Robert F. Turek.

The student-faculty undergraduate electrical engineering society was especially active this
past year. Its major accomplishments were the annual subject and teaching evaluation survey,
the preparation of a guide to the Department of Electrical Engineering for freshmen, and the
production of a Departmental open house for freshmen.

The subject evaluation survey is extensive, and has proven valuable to faculty and to the De-
partment's administration. Undergraduate Lee Scheffler was given a William A. Stewart
Award by the Institute for his leadership in organizing and running this project.

Members of the Department faculty who won honors during the past year were:

1. Professor David Adler, elected fellow of the American Physical Society and senior
member of the American Vacuum Society;

2. Professor Michael Athans, elected president of the Institute of Electrical and



Department of Electrical Engineering

Electronics Engineers (IEEE) Control Systems Society, and also fellow of the
IEEE;

3. Professor Jack B. Dennis, elected fellow of the IEEE;

4. Professor Mildred S. Dresselhaus, received the Radcliffe Graduate Society Medal,
elected fellow of the American Physical Society;

5. Professor Murray S. Eden, elected fellow of the IEEE;

6. Professor Robert M. Fano, elected to the National Academy of Engineering;

7. Professor Marvin L. Minsky, elected to the National Academy of Science;

8. Professor Walter A. Rosenblith, elected to the National Academy of Engineering,
also elected fellow of the IEEE; and

9. Professor Jack P. Ruina, elected outstanding alumnus, City College of New York.

In cooperation with the Center for Advanced Engineering Study (C. A. E. S. ), a number of elec-
trical engineering subject lectures are being videotaped. The intention is to use these tapes
for experiments in "self-paced" study. Ultimately it is intended to make the entire computer
science core curriculum available in this format. This will enable the Department to experi-
ment with a group of students who will have little or no formal faculty contact in these subjects,
but correspondingly more faculty contact in project laboratories, seminars, and theses, where
the content of various subjects is resynthesized in the solution of real problems.

Noteworthy Research Results
Research on the air pollution estimation algorithm is concerned with estimation and prediction
of air pollutants emitted from multiple stacks in a metropolitan region. Applications include
determining the "best" location of air pollution monitoring stations to provide maps of pollutant
distribution, and assisting in the development of control strategies for electric power systems,
when environmental constraints limit the allowable downwind pollutant concentrations associ-
ated with the stack emissions from power plants. Professors Leonard A. Gould and Fred C.
Schweppe have developed a simple, effective "steady-state" algorithm which uses the data from
an array of air pollution monitoring stations to estimate actual pollutant concentration and in-
tensity of emissions from multiple sources in the region. Simulations have demonstrated the
utility of the algorithm for aiding in the design of the monitoring station array, as well as
assisting in locating the dominant polluters in the region.

The Multiplex Information and Computation Service (MULTICS) time-shared computer system
developed at Project MAC has been in operation at the M. I. T. Information Processing Center
since 1971. This year, it was made commercially available as a product line of the Honeywell
Company. Its many innovative features in machine and system organization are being adopted
by the industry generally, especially its techniques for controlling access to private files and
data of the various users.

The use of computers for analytical (symbolic) mathematics, as distinct from numerical
methods, is exemplified best by the Project MAC Symbol Manipulator (MACSYMA), the most
powerful system of its kind. Developed by Professors Joel Moses and William A. Martin, it
has an extensive repertory of abilities, including indefinite integration, rationalization of ex-
pressions, factorization, differentiation, etc. It runs on a dedicated PDP-10 with 512, 000
words of fast memory. A version of MACSYMA has been put onto the MULTICS system. During
this past year, system time has become available for outside users, and there is a growing
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list of interesting problem applications. Some of these applications originate in other parts
of M. I. T., but other on-line users from as far off as the Jet Propulsion Laboratory in
Pasadena, California have access to the system via the Advanced Research Projects Agency
Network (ARPANET).

A new laser scanned system for high-quality wirephoto transmission and reproduction has
been developed by Professor William F. Schreiber, working in the Research Laboratory of
Electronics, under a contract from the Associated Press. It is entering commercial produc-
tion, and is scheduled to replace all existing transmitters and receivers. Professor Donald
E. Troxel is developing an electronic system for on-line picture processing and editing, to
be used in conjunction with the above system. Professor Troxel's system will also be used
by M. I. T. optical astronomers in processing their photographs.

A 2000 kilovolt-ampere (KVA) superconducting field synchronous alternator has been built
and tested by Professors Joseph Smith (of the Department of Mechanical Engineering) and
James L. Kirtley. The same principles of design are now being employed in the design of a
larger machine that will permit the assessment of transition to central station sized equip-
ment of 106 KVA capacity.

A cooperative effort between Professors Abraham Bers of the electrical engineering plasma
group in the R. L. E. and Professor Moses of Project MAC has generated the first implemen-
tation of a symbolic computation system for plasma dynamics problems. This computer use
is designed to obtain analytic solutions to problems, in contrast to the conventional use of
computers for numerical analysis. A complete formulation of the nonlinear coupling among
waves for a fluid model of a plasma in a magnetic field has been implemented, and used for
studying the possible parametric excitation of waves that may lead to heating of the ions.

Department of Electrical Engineering faculty working in the Center for Materials Science
and Engineering have made a number of important contributions in the area of optoelectronics.
Professor George W. Pratt has developed the first "blue"-light-emitting diode (LED) to op-
erate by minority carrier injection. A heterogeneous injection scheme is now being worked
on in order to achieve increased efficiency. Research Associate Arthur Linz and his colleagues
have developed a solid-state laser which employs trivalent terbium as the active ion in a
lithium yttrium fluoride laser crystal. The emission at 5445 angstroms is the shortest wave-
length thus far attained in a solid-state laser. This particular wavelength appears promising
for application to underwater communication and gated viewing systems. Professor Clifford
G. Fonstad, who has been working on diode lasers, has developed techniques forthe fabrica-
tion of higher-efficiency and better-defined mode structure than is now available.

Research in the bioelectrical engineering area has led to a highly efficient representation of
human chromosomes in terms of features that have been used successfully in classifying both
normal and abnormal chromosome karyotypes. This work is led by Professor Eden, who was
assisted this year by Visiting Professor G. H. Granlund.

Research by Professor Campbell L. Searle and his associates on auditory localization has
shown that, for humans, the pinna or auricle plays a dominant role in localization of sound
sources in the vertical median plane. Measurements show that the pinna substantially modi-
fies the spectrum of the incident sound, and that the detailed nature of the spectrum changes
as a function of elevation angle. Experiments are continuing to determine in detail just how
the human auditory system uses this information to determine median plane location. This
work should lead to improvements in such diverse products as hearing aids and high-fidelity
sound systems.

LOUIS D. SMULLIN
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This has been a quiet but very productive year for the Department of Mechanical Engineering.
New directions are being charted, and the broad-ranging complexes of departmental activities
are being put on a more coherent base. There is a new sense of seriousness among students
reminiscent of the atmosphere prevailing a decade ago. The faculty are working very hard
and with highly purposeful senses of direction in both teaching and research.

The administrative mechanism of the Steering Committee is proving most effective as a means
of developing departmental policy, reaching decisions on tenure, promotions, and appointments,
and in the equalization of teaching and other responsibilities among different working groups.
Similarly, the Undergraduate Executive Committee in its first full year of operation has pro-
vided an excellent means for managing the undergraduate curriculum and for developing long-
range curricular goals.

An ad hoc committee has made a long-range study of the Department's space arrangements
and needs, and has recommended to the administration a package of changes which rationalize
the space arrangements and should make for more effective collaboration among the different
working groups. The major changes involve a range of activities connected with biomedical
engineering, on one hand, and on the other a conglomeration of research activities related to
combustion, chemical kinetics, combustion engines, and processes involving combustion as
a major element.

With major contributions from Professors Richard S. Sidell and Daniel E. Whitney, the new
joint computer facility of the Departments of Civil Engineering and Mechanical Engineering
has been brought into operation. It is at once more economical, more versatile, and more
powerful than the older facility. In a peak month this spring, the facility serviced over 470
registered users. Several new services for academic and research users are provided, such
as hybrid computation, remote job entry to the Information Processing Center computers,
and on-line instrumentation and computation capability.

Undergraduate Programs

Enrollment

For the second year in a row, the number of sophomores entering the Department has increased,
and there are preliminary indications of a further increase for September, 1973. The number
of incoming sophomores in September, 1972, was 60 percent higher than in September, 1971.

The number of students in Course II-A, primarily juniors and seniors, was approximately
30 percent of the total. This appears to be a steady figure. It is noteworthy that the academic
records of students in Course II-A are somewhat better than those of students in Course II;
thus, although Course II-A awards an undesignated degree and provides greater flexibility to
students, it does not serve as a catchall for students seeking the easy way out, but rather
serves those students who pursue their own purposes.

The incoming sophomore class contained about 10 percent blacks and 10 percent women; the
latter figure is remarkable, in that previously the annual intake of women has been on the
scale of 1 percent to 2 percent.

These trends in enrollment, both in respect to total numbers and in respect to blacks and
women, reflect the steady efforts made throughout the past several years -- directed mainly
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by Professor Borivoje B. Mikic as coordinator of undergraduate enrollment -- to provide
more revealing information to undergraduates about what the profession of mechanical en-
gineering entails and the exciting opportunities to be found within that profession.

Undergraduate Executive Committee

In its first year of operation, the Undergraduate Executive Committee spent part of its time
managing the current curriculum and part in laying plans for the future.

In the first category, there was a detailed subject-by-subject evaluation of the present under-
graduate program by the series professors and by the Undergraduate Executive Committee
as a body. The individual series professors worked to provide additional coherence and
contacts within each series. The Undergraduate Executive Committee also took an active
role in the assignment of teaching responsibilities for the required subjects of the undergrad-
uate curriculum, with the objective of providing the strongest teaching talent in the Depart-
ment in subjects required for the degree.

In the second category, the Undergraduate Executive Committee considered the current
required curriculum in relation to current needs, bearing in mind that it has been more than
a decade since there has been a total and unconstrained examination of the curriculum. The
conclusion was that the curriculum is basically sound in scope, objectives, and general
approach, and that the individual subjects are strong entities. However, several aspects of
the program were considered to be in need of change. Subjects of an engineering science
nature, it was judged, could be scaled in analytical power to make them more useful to the
range of undergraduate purposes. New elective subjects of intermediate level, governed
by the Department rather than by individual professors, could provide greater depth and
professional style in the senior year. A more efficient structuring of the core of the under-
graduate program could provide a more coherent educational experience. Design and labor-
atory subjects could draw more broadly on the range of professional skills embodied by the
faculty of the Department.

A prospectus for change was developed by the Undergraduate Executive Committee and con-
sidered by the Undergraduate Committee. The latter recommended this prospectus to the
faculty of the Department, which approved a curriculum workshop to work out the reorganiza-
tion of the required curriculum for the degree of Bachelor of Science in Mechanical Engineering
along the general lines proposed by the Undergraduate Executive Committee. The budget for
this workshop has been approved by the administration, and the workshop has been conducted
during June, 1973, on an intensive scale by some ten faculty members.

Undergraduate Committee

Much of the responsibility for the curriculum previously borne by the Undergraduate Committee
has been assumed by the Undergraduate Executive Committee. Accordingly, for next year
the Undergraduate Committee has been restructured as a broad policy forum, as a coordina-
ting body, and to provide faculty contact with student attitudes.

Subjects of Instruction

Among the new subjects of instruction was Measurement and Instrumentation, supervised by
Professors Nathan H. Cook, Ernest Rabinowicz, and Peter Griffith. This subject is part of
the required laboratory series, and has the objective of providing an understanding of methods,
devices, and problems involved in the measurement of force, acceleration, flow, temperature,
displacement, etc., with emphasis on dynamics, statistics, and electric readout.

Three new subjects in human physiology are being developed for engineering undergraduates
interested in medical school, a career in biomedical engineering, or, more generally, in
aspects of health care. They are Quantitative Physiology: Cells and Tissues; Quantitative
Physiology: Organ Transport Systems; and Quantitative Physiology: Sensory and Motor Systems.
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These subjects will use the mathematical and physical modeling and analytical techniques
characteristic of engineering subjects. Through this approach, and also because the subjects
will be developed and given by engineers who have become appropriately versed in biology
and medicine, it is hoped that novel educational material will emerge with a potentially large
impact on physiology in medical schools. During the Independent Activities Period of January,
1973, about 15 faculty members from the Departments of Electrical Engineering, Mechanical
Engineering, and Aeronautics and Astronautics laid out the structure of the three-subject
series. The administration has provided budgetary support for an intensive workshop during
June, 1973, so that syllabi and teaching materials can be developed in detail in preparation
for the presentation of these subjects during the academic year 1973-74.

Professor Stanley Backer offered two new subjects, Clothing: Design and Comfort, and
Industrial Technology. Among the new undergraduate seminars offered were: Employment
Opportunities for Engineers for the Next Five Years (Professor Griffith), Graph Theory and
Its Applications (Professor Henry M. Paynter), Suspended Animation: the Cold Facts (Pro-
fessor Ernest G. Cravalho), Group Meetings, Community Dialogue, and Media (Professor
Thomas B. Sheridan), Scaling Laws in Nature and Engineering (Professor Ain A. Sonin),
and Ship's Navigation and Control Systems (Professor David N. Wormley).

Engineering Projects Laboratory

With the changing times, the circumstances that made the E. P. L. with its organizational
structure advantageous have all but disappeared. Accordingly, the E. P. L. as a distinct
organizational entity has been disbanded. Those parts of its activities which related to the
required undergraduate laboratory subjects will be placed in the charge of a new Undergradu-
ate Laboratory Steering Committee, which will have responsibility for all undergraduate
laboratory subjects of the Department.

Student Life

The Department, which has always been noted for the quality of its personal contact with
students, emphasized this aspect of its educational program even more heavily this year.
The feelings of undergraduates toward the Department are strikingly positive, as noted by
the Visiting Committee of the Department in its review of March, 1973. The Department has
taken many initiatives toward constructive relationships with students, and the two under-
graduate organizations have been equally constructive. The members of Pi Tau Sigma, under
the chairmanship of Lewis Erwin, found various ways to increase contacts between students
and faculty. They conducted and managed an open house to provide freshmen with information
about the Department, and under the leadership of Mario A. Guerrero and Mitchell J. Szyman-
ski, Jr., conducted once again the evaluations of departmental subjects and instructors which
have earned a well-deserved reputation throughout the Institute.

Quality of Teaching

The Pi Tau Sigma evaluations just mentioned are a reflection of the high emphasis placed by
the Department on the importance of teaching quality. Professor James H. Williams, Jr.,
was the only faculty member in the School of Engineering to receive one of the Everett Moore
Baker Teaching Awards, presented annually to outstanding nontenured faculty members who
not only excel as instructors but also take interest in students outside the classroom.

Graduate Program

Enrollment

In September, 1972, the graduate enrollment was 221, slightly less than in the previous year.
Over the past five years the annual number of applications for graduate study in the Department
has decreased by about 35 percent, a figure far less than that of most graduate schools. In
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that same period the Department's graduate enrollment has decreased only about 12 percent.
A number of factors taken together, including a projected shortage in engineers, suggest
that the bottom has been reached and that applications either will remain constant or will in-
crease.

About 30 percent of the Department's graduate students are foreign; they come from many
different countries throughout the world. In round figures, one-third of the current graduate
students did their undergraduate work at M. I. T., one-third at other universities and colleges
in the United States, and one-third at foreign universities.

During the academic year 69 Master of Science degrees were awarded, 20 Mechanical Engin-
eer degrees, and 16 doctorates.

Although the research volume of the Department continues to rise (even when measured in
real dollars), it has become increasingly difficult to support graduate students. The cost of a
research assistant has increased faster than the cost of living, and fellowships from various
government sources are disappearing. There is a trend toward using research funds for
postdoctoral research associates rather than research assistants, because the former turn
out more useful work per dollar. This trend, effective though it may be in producing research
results, is inimical to the concept of research as an important element of graduate education.

The revised and strengthened program for the Mechanical Engineer's degree has been placed
in operation under the guidance of a subcommittee of the Graduate Committee, and now has
approximately eight students enrolled.

Subjects of Instruction

Among the new subjects of graduate instruction was Modeling and Analysis of Systems Pertaining
to National Development, offered by Professor Robert E. Stickney in collaboration with Profes-
sor Richard L. de Neufville of the Department of Civil Engineering and Professor Nevin S.
Scrimshaw of the Department of Nutrition and Food Science. The objective of this subject was
to provide an introduction to the application of concepts and techniques of systems analysis to
problems pertaining to regional and national development (e. g., problems of nutrition and
population, transportation and communication, energy and power, and the utilization and con-
servation of natural resources). Case studies by guest lecturers illustrated concepts and
techniques which were then applied in term projects.

Professor Ali S. Argon offered a new two-term sequence entitled Physics of Deformation and
Fracture of Solids (I, II). A new two-term sequence, Equilibrium Statistical Mechanics and
Nonequilibrium Statistical Mechanics, was offered by Professor John P. Appleton.

Under the direction of Professor R-obert W. Mann in collaboration with Professor Igor Paul
and Dr. Eric L. Radin, Lecturer, the subject Biomechanics Research Seminar was operated
as a research seminar using authorities from the Boston area to provide an overview of cur-
rent research and future directions in the understanding of the normal and pathological human
neuromuscular-skeletal system. Under the aegis of the Center for Advanced Engineering
Study, Professor Rabinowicz developed a self-study subject, Introduction to Experimentation,
using filmed lectures and self-study guides.

Quality of Teaching

In the past two years the Pi Tau Sigma evaluation of subjects of instruction and of instructors
has been extended to graduate subjects, almost all of which are electives. This extension has
provided the instructors of graduate subjects with a clearer understanding of how their perfor-
mance is viewed by students.

The Graduate Student Council of M. I. T. initiated this year awards for dedicated graduate
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teaching. Professor Sonin received one of these awards, the only one presented to a faculty
member in the School of Engineering.

Research

As of this writing the expected dollar volume of research for 1972-73 will be $2, 750, 000, com-
pared with $2, 655, 240 for 1971-72, a rate of increase about the same as that of the cost of
living.

The Cryogenics Laboratory (Professors Joseph L. Smith, Jr., and Philip Thullen) is contin-
uing a cooperative effort with the Electric Power Systems Engineering Laboratory directed
toward the application of superconductors in electrical power generating machinery. The
results of the program indicate a significant industrial potential for superconducting machines,
and the promise of higher efficiency with better electrical characteristics has stimulated
considerable interest.

Improved noninvasive diagnostic techniques for human tumors (Professor Mikic), arterio-
sclerosis (Professors C. Forbes Dewey, Jr., and Michel Y. Jaffrin), and cardiovascular
problems (Professor Jaffrin) are among the concerns of the extensive biomedical engineering
program of the Department. Other ongoing biomedical efforts include internal and external
prosthetic devices (Professors Woodie C. Flowers, Mann, and Paul, Dr. Radin), human
reproductive physiology (Professors Thomas J. Lardner and William J. Shack), cryogenic
techniques for the preservation of human blood (Professor Cravalho), artificial skin (Profes-
sor loannis V. Yannas), and applications of ultrasound for diagnosis and therapy (Professor
Padmakar P. Lele).

Environmental concerns form the basis for another group of research projects. Studies are
currently being made of the dispersion of pollutants in automobile wakes (Professors James
A. Fay and David P. Hoult), as well as in-depth investigations of the formation of nitric oxides
in the burning of fuels (Professors Appleton, John B. Heywood, and James C. Keck) used in
automobiles, aircraft, and power generation, and their detection (Professor Dewey). A
program of research in desalination is under way to enable the development of high flux mem-
branes for water demineralization and purification (Professors Ronald F. Probstein and
Sonin). A collaboratiye effort with members of the Department of Electrical Engineering is
being undertaken to develop improved techniques for solid waste reclamation (Professor
David G. Wilson).

Investigations into acoustics and environmental noise control continue to progress (Professors
Stephen H. Crandall, Huw G. Davies, and Richard L. Lyon). Studies are in progress of
propagation of vehicular traffic noise in city streets, sound insulation characteristics of walls,
and noise propagation in large urban areas.

Research in high-speed ground transportation (Professors Herbert H. Richardson and Wormley)
is presently concerned with the development of design methods for tracked, levitated vehicle
guideways. A number of projects are concerned with improvement of the environmental and
economic characteristics of cooling towers (Professor Griffith). Investigations into methods
for improving the life of tungsten carbide tools continue, along with other studies of wear
mechanisms in metals (Professors Cook and Nam P. Suh).

A new research area initiated by the Department is the application of mini-computers to auto-
mated numerical control tape generation, hybrid computation, and the development of a digital
simulation package for distributed systems (Professor Sidell).

Professors Arthur P. L. Turner and Williams jointly held the du Pont Young Faculty grant
and collaborated on research related to stiffening of structures by graphic composites.
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Professors Backer and Tau Yi Toong surveyed for the National Bureau of Standards their
programs related to fabric flammability. The Department has a growing program in fire
research, investigating on one hand the production of toxic gases which account for most
deaths (Professor Appleton), and on the other, a study of how smoldering fires break into
flame (Professor Toong).

Professor Backer has brought to completion a monumental effort in information retrieval,
comprising the development of a structured collection of technological terms suitable for
identifying, storing, and retrieving data and documents in the technology of textiles. A
thesaurus of such terminology has been formulated and published. The concluding phase of
this program has been devoted to the translation of these special concepts into nine west
European languages and Japanese, as a basis for development of international textile infor-
mation systems.

A project on community dialog (Professor Sheridan) has as its objective the development and
evaluation of means by which technology can augment dialog and decision-making in group
meetings. An important application relates to citizen participation in resource allocation
(energy, transportation, etc.).

Staff
The regular faculty numbered 54 during 1972-73, 28 full professors, 16 associate professors,
and 10 assistant professors. As noted earlier there has been a growth in the use of postdoc-
toral research associates for conducting research. A decade ago this was a rare rank; in
1972-73, 10 persons occupied this rank.

The Department continues a vigorous Affirmative Action program notwithstanding the fact
that the reservoirs of potential qualified women and blacks are both very small. The number
of such candidates receiving doctorates in the United States per year is about 2 and 4 respec-
tively. The Department's first faculty appointment for 1973-74, of Dr. Giuliana C. Tesoro
as visiting professor part-time, is an important step.

Quality of Life

M. I. T. has never been an ivory tower for its faculty, but the life of a faculty member appears
to be more difficult now than in the past. For nontenured faculty, the anxieties of tenure
reach deeply, and morale is further exacerbated by relatively low salaries in a period of
alarming inflation, at a time of life when personal and financial responsibilities grow rapidly,
and consulting opportunities have all but disappeared. Senior faculty members share the
anxieties of their younger colleagues, and in addition shoulder the increasingly difficult bur-
den of providing one of the mainstays of the Institute budget, through the procurement of
research funds. The senior faculty have responded magnificently to the financial responsi-
bilities they implicitly carry, but not without toll in energy, psychic expense, and time avail-
able for teaching, advising, research, and research supervision. The Institute is deeply
indebted to junior and senior faculty alike for their spirited response to these conditions,
which regrettably add to the stress of their primary functions of teaching and research.

Notable Professional Activities and A wards

Professor Backer was honored with the unusual distinction of receiving the first Stanley
Backer Award, presented by the Textile Information Users Council for "contributions to the
U.S. efforts to expand and improve the flow of textile information. " He also was awarded
honorary life membership in the European Group of Textile Research Directors, and honorary
membership in both the Textured Yarn Association of America and the American Society
for Testing and Materials.

Professor Crandall was an exchange lecturer under the Inter-Academy Exchange Program
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with the Academies of Science of Romania, Poland, and the Soviet Union, and also served as
chairman of the U.S. National Committee of Theoretical and Applied Mechanics.

To his many other honors, Professor Emeritus Jacob P. Den Hartog, former head of the
Department, added the Timoshenko Medal of the American Society of Mechanical Engineers
(ASME) "in recognition of his contribution to the theory and practice of applied mechanics
as author, teacher and consultant. "

Professor Fay continued as chairman of the Massachusetts Port Authority, served as a
member of the Committee on Motor Vehicle Emissions of the National Academy of Sciences,
and was the Sigma Xi national lecturer for the southeastern United States.

Professor Heywood, with coauthors R. J. Tabaczynski and Professor Keck, received the
Arch T. Colwell Merit Award of the Society of Automotive Engineers for a paper of outstanding
technical and professional merit. He was also the chairman of the panel on automotive emis-
sion control systems for the National Academy of Sciences Committee on Motor Vehicle
Emissions.

Professor Keck was elected a fellow of the American Academy of Arts and Sciences. Profes-
sor Mann was elected a member of the National Academy of Engineering; he served on many
committees and gave many lectures related to the furthering of medicine by engineers.

Professor William M. Murray occupied the office of honorary president of the Society for
Experimental Stress Analysis. Professor Paynter was honored by a special issue in 1972
of the ASME publication Transactions: Journal of Dynamic Systems, Measurement and
Control, which was devoted exclusively to bond graph modeling for engineering systems.

Professor Richardson received the Medal and Award for Meritorious Achievement from the
U. S. Secretary of Transportation, for technical contributions to the research and development
program of the Department of Transportation, and for development of a program of univer-
sity research in transportation. Professor Wilson was a member of the panel on alternative
engines for automobiles of the National Academy of Sciences.

ASCHER H. SHAPIRO

Department of Metallurgy and Materials Science

Professor Thomas B. King, who has been head of the Department of Metallurgy and Materials
Science for ten years, gave up these duties in September, 1972, to devote full time to his
teaching and research programs. His successor, who will assume his duties on July 1, 1973,
is a distinguished metallurgist, Dr. Walter S. Owen, presently vice-president for science and
research at Northwestern University.

Dr. Owen's long and outstanding career has been highlighted by service at the University of
Liverpool as professor and head of the Department of Metallurgy, at Cornell University as
director of the Department of Materials Science and Engineering, and at Northwestern
University. M. I. T. is fortunate to have a man of Dr. Owen's exceptional qualifications be-
come head of this Department. The Department is particularly fortunate that Dr. Owen
wanted to return to the fields of metallurgy and materials science, which have always been
his primary interest.

The Department at this time faces several critical problems. The number of undergraduate
majors continues to be too small, and several subjects at both the graduate and undergraduate
levels are not attracting sufficient students. Funding for research in some areas has declined,
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and as a result several members of the faculty are inadequately supported or no longer sup-
ported at all. These problems are under critical review. A committee under the chairman-
ship of Professor Bernhardt J. Wuensch is reviewing all service courses, with the objective
of responding to the needs of the undergraduate and graduate students throughout the Institute
in the most effective way possible. The Department's graduate programs are being scrutinized
both by the Graduate Curriculum Committee, chaired by Professor Kenneth C. Russell, and
an ad hoc Committee on Doctoral Programs in Materials chaired by Professor Morris Cohen.
The problem of increased support or a possible change in the direction of research for several
members of the Department's faculty will also be of great concern to Dr. Owen during the
coming year.

Teaching and research in materials science and engineering is of great interest to all depart-
ments in the School of Engineering. In order to bring greater coordination to the total effort
in the School, Dean Keil has formed a Materials Council under the chairmanship of Dr. Owen.
This council is expected to be very active during the coming year.

Research
It is impossible in the space available to give more than a brief, incomplete description of
the many varied research programs being carried out in the Department. A more complete
report may be found in the Annual Report of Research in Materials Science and Engineering
prepared by the Center for Materials Science* and Engineering.

Physics of Solids

Professors Benjamin L. Averbach, Keith H. Johnson, and Roy Kaplow are involved in research
in this area. An extensive study of the atomic arrangements and optical properties in amor-
phous selenium-arsenic alloys has been completed. Utilization was made of a unique combin-
ation of an electron diffraction unit fitted with an energy selection system in the diffracted
beam, along with a Monte Carlo simulation of the three-dimensional atomic configurations
to solve the structural problem. It was shown that the semiconducting and photoconducting
properties of these materials were directly connected with the structure. This work indicates
several directions for the development of new materials.

This method of determining amorphous structures was developed here at M. I. T. and is now
being applied to a wide variety of problems. One of these new problems is the determination
of the structure of chitosan, which is a marine polymer derived from lobster and crab shells.
This material has a wide variety of potential uses in the paper industry and as a packaging
material, and there is considerable interest in the relationship between structure and properties.

Research has continued to develop and apply the "X-alpha scattered-wave method, " a new tech-
nique for calculating, from first quantum-mechanical principles, the electronic structure and
related properties of complex molecules and solids. A wide range of applications has been
carried out, including investigations of transition-metal coordination complexes, metal oxides,
semiconductor materials, alloys, catalytic materials, minerals, surfaces, and biological
enzymes. Some of these applications have been carried out in collaboration with colleagues
in the Departments of Chemistry, Electrical Engineering, and Earth and Planetary Sciences
at M. I. T. The X-alpha scattered-wave computer programs have also been made available
to over 25 academic institutions and research laboratories in the United States and Europe,
where they are being applied to a broad range of problems in molecular and solid-state physics,
inorganic and organic chemistry, and materials science.

The continued application of M*'ssbauer spectroscopy to the study of high-carbon Fe-C (iron-
carbon) alloys has further clarified the decomposition of martensite and austenite at low tem-
peratures. At room temperature, partial agglomeration of the carbon atoms in martensite
occurs. Regions of higher carbon content are formed, which are believed to have the composition
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Fe 4 C and a nearly Face Centered Cubic structure. At higher temperatures (80 degrees cen-
tigrade) the aged martensite decomposes into alpha-iron and a second ferromagnetic phase
which is identified with epsilon-carbide. Decomposition of retained austenite has been clearly
seen at 140 degrees centigrade and proceeds rapidly at 160 degrees centigrade, with the

decomposition product again being alpha-iron and epsilon-carbide (so designated).

The refinement of the Teacher-Interactive Computer System (TICS) has continued for authoring
on-line, interactive, and, especially, instructional computer programs. Full graphics capa-
bilities have been developed which allow the author to include x-y type graphical displays and
histograms. The full-fledged Multiplex Information and Computation Service (MULTICS) line-
drawing facility has also been included, which allows pictures to be developed and edited in a
straightforward way. Transference of the system to the new MULTICS follow-on hardware
has been accomplished.

The shapes of the interaction energy potentials between the atoms in selenium have been de-
duced by theoretical fitting of experimental atomic radial distribution results (from X-ray
diffraction) and intramolecular vibrational frequencies (derived from infrared transmission
and Raman experiments). The method involves solving numerically the dynamic differential
equations of motion, while establishing a trial-and-error fit to the details of the atomic pair
distribution and the vibrational frequencies.

Physical Metallurgy

Professors Michael B. Bever, John W. Cahn, Cohen, Russell, and John B. Vander Sande
are researchers in this area. Work has been completed on the deformation behavior of
ordered alloys, and on the thermodynamics, kinetics, and structure of certain crystalline
and amorphous phases. Research has been continued on the properties of materials having
gradients and on the structural characteristics of polymers.

In the field of martensite nucleation, a mechanism has been devised and tested for strain
induced nucleation based on intersecting shear systems. Embryos of martensite are generated
in the doubly sheared region of such intersections. This mechanism may also account for the
autocatalytic nucleation which occurs during regular martensitic transformations, and which
is responsible for most of the hardening reaction in steel.

It has also been shown that the strength-differential effect in hardened steel (greater flow
stress in uniaxial compression than in uniaxial tension) is comprised of two components: a
temperature-insensitive contribution due to nonlinear elasticity, and a temperature-sensitive
contribution due to thermally activated dislocation movements. As a result of the latter
phenomenon, an ultrahigh-strength steel may be some 50, 000 psi stronger in compression
than in tension at subzero temperatures.

In phase transformations, homogeneous nucleation theory places an upper limit on the amount
of undercooling that can be achieved before nucleation occurs. In classical usage of the
theory, this limit is calculated entirely from thermodynamic measurements. In most systems
heterogeneities prevent the attainment of even this limit. All pertinent parameters have been
measured; they confirm that this limit is exceeded by a factor of three in the binary critical
point system perfluoro methyl cyclohexane-methyl cyclohexane near the critical point. No
plausible explanation exists for any increase in undercooling over the limit set by nucleation
theory.

The discovery in 1967 of neutron irradiation induced voids (and an associated swelling of
several percent) in stainless steel breeder reactor cladding launched a vigorous and exciting
experimental and theoretical investigation having implications far beyond the original problem.
The theoretical aspect is especially important, because the irradiation experiments are so
difficult to perform and control that an empirical solution is not possible. A first principles
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calculation of the void nucleation rate as a function of the concentrations of vacancies, self-
interstitials, and gaseous or nongaseous impurities into voids has now been formulated
successfully. The void nucleation frequency is found to depend very strongly on the vapor
pressure of the gas or surface activity of the nongas, as the case may be. These equations
will now allow the nuclear metallurgist to calculate the effects of a particular alloy addition,
a change in irradiation conditions, or a concentration of transmuted gas on void nucleation
and the associated swelling. The equations promise to be even more important in fusion
power generation, where the concentrations of dissolved helium are extremely high, and
capable of inducing a disastrous amount of swelling.

High resolution electron microscopy has been facilitated by the installation of a Siemens 101,
120 kilovolt electron microscope. After a number of minor changes, the instrument is now
capable of high resolution electron microscopy in either the diffraction contrast mode (weak-
beam microscopy) or the interference study of the amorphous-to-crystalline transformation
in initially amorphous materials, to the investigation of micro-precipitates, and to the inves-
tigation of defects in solids. This technique allows for the investigation of materials on an
atomic plane-by-atomic plane scale. The technique has been applied to ceramics as well as
metals, with resolutions better than 2 angstroms. Weak-beam microscopy allows for the
investigation of defects in solids, with an increase in practical resolution by one order of
magnitude over standard bright field microscopy. The weak-beam technique is being applied
to the study of the early stages of precipitation and to the investigation of dense defect arrays.

High Temperature Metallurgy

Professors Nicholas J. Grant and Regis M. N. Pelloux have been working in this area of
research. For the first time a fully metallic system (copper-zirconium) has been rapidly
quenched to produce a fully amorphous metallic structure. This work confirmed the struc-
ture by a lattice imaging technique, utilizing an electron microscopy technique at magnifica-
tions of 3. 5 million.

A new cobalt base superalloy designed for powder metallurgy processing has been developed,
and a patent sought for it. The alloy exhibits excellent low temperature properties, structure
stability to very high temperatures, high mechanical impact properties at liquid nitrogen
temperatures, and superior oxidation resistance. The alloy offers potential for gas turbine
use at temperatures above 2000 degrees Fahrenheit.

Rapidly quenched atomized alloys (at rates up to 106 degrees centigrade/second) have been
produced in significant quantities and converted into bar and sheet forms. Previously con-
sidered to be nonforgeable (hot or cold), these rapidly quenched (splat cooled) alloys are
highly ductile, and even superplastic; excellent low and intermediate temperature properties
have been obtained. This work will lead to the development of many new highly and complexly
alloyed materials of interesting properties.

The fatigue properties of structural materials such as maraging steels, high-strength alum-
inum alloys, and unstable austenitic steels were investigated over a wide range of cyclic
stresses and in different environments. The poor fatigue strength of a high-strength steel
maraging 300 was found to be related to the extensive cyclic softening which results from the
rearrangement of the dislocation network, and from the breakup of the strengthening precipi-
tates. This work shows that it is necessary to determine the cyclic stress-strain curve of
an alloy in order to predict its fatigue behavior in the presence of notches or defects which
create local sites of strain concentrations.

The influence of different corrosive environments (distilled water, seawater) on the fatigue
crack growth rates of high-strength aluminum alloys was investigated to determine an optimum
alloy chemistry and a compatible heat treatment which will improve the fatigue behavior of
these alloys.
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There is currently a need for higher-strength austenitic steels with excellent corrosion resis-
tance, to be used in numerous structural applications. The fatigue properties of these steels
depend upon the stability of the austenitic structure. It has been found that the transformation
of the austenite to martensite at the tip of a fatigue crack leads to a marked improvement in
the resistance to fatigue crack growth. This phenomenon was investigated by systematic low
cycle fatigue and crack propagation tests of a series of unstable austenitic steels. The results
show that some new austenitic steels can combine excellent corrosion resistance with good
fatigue properties.

Chemical and Process Metallurgy

Professors John F. Elliott, Thomas B. King, and J. Bruce See are involved in research in
this area. Part of the research in chemical metallurgy has dealt with factors affecting the
static and dynamic shape of liquid metal pools on solid substrates, a problem of importance
in soldering and welding. It has been found that the dynamic shape differs very little from
the static shape if wetting does not occur. Thus inertial and viscous forces are, in most
cases, not significant. In wetting systems, the role of fluxes in promoting chemical reactions
between the joining metal, for example a lead-tin solder, and the substrate have been inves-
tigated. Both chemical and electrochemical reactions contribute to wetting with chloride
fluxes. Some experiments have also been done in which the substrate is of the same materials
as the liquid metal. It is found that melting is confined to a region very near the point of
entry of the liquid metal, substantiating the view that the flow mechanism under dynamic con-
ditions is predominantly one in which the liquid metal penetrates into the existing pool and
forces it outwards in plug flow.

A beginning has been made in studying interactions between mold-coating materials and liquid
metals. This is part of a much larger study aimed at developing techniques for machine
casting of ferrous alloys. Work has also been started on submerged gas injection processes
which have been developed recently for steel-making. In essence, the processes consist of
injecting oxygen through submerged tuyeres which are protected by an annular blanket of gas
such as methane or carbon dioxide. It is hoped that the conditions for optimum gas utilization
can be better delineated.

Research has been continued on the formation of liquid metal droplets and the flow and spreading
behavior of liquid metals on solid substrates. More detailed information has been obtained
on the mechanism of disintegration of a liquid metal stream by gas jets. Another study on
the rate of evolution of sulfur dioxide from a liquid blast furnace slag exposed to different
oxygen potentials has been completed, and the rate-determining step in the process is con-
sidered to be a slow chemical reaction on the slag surface. This study will contribute signi-
ficantly to an understanding of ways to prevent atmospheric pollution during tapping of iron
blast furnaces. Another pollution study is being made on magnetic separation of iron-bearing
solids from steel plant effluents.

Metals Processing

Professors Walter A. Backofen, Merton C. Flemings, and Robert Mehrabian are researchers
in this area. Significant work is being carried out concerned with the failure of biaxially
stretched sheets. The focus is on the development of localized plastic instabilities under
practical conditions which formal continuum plasticity analysis is not yet able to handle. This
study was begun about ten years ago; in the time since, research findings have had an extra-
ordinary impact on sheet steel production and fabrication wherever these technologies are
practiced. Perhaps the most important single outgrowth of this work is the so-called
"forming limit diagram" which is now a basic industrial tool for use in stamping design, fail-
ure analysis, and material specification.

A joint M. I. T. -industry research contract on innovation of the steel casting process was
initiated during this academic year. The program is expected to extend for three to four years,
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and is funded at a total of approximately $4. 5 million. Faculty and staff members involved
at M. I. T. include Professors Flemings, King, and Mehrabian of this Department, Professor
James Melcher of the Department of Electrical Engineering, and Dr. Henry Kolm of the
Francis Bitter National Magnet Laboratory. Industrial participants are Abex, General Electric,
and Hitchiner.

Electronic Materials

Professors Harry C. Gatos, Robert M. Rose, and August F. Witt have worked in this area
of research, where three significant developments are noted. Employing "time markers"
(current pulses across the solid melt interface), they established for the first time direct
time correspondence between crystal growth behavior and the thermal characteristics of the
melt. Under destabilizing gradients it was found that as solidification progressed, the melt
exhibited successively turbulent convection, oscillatory thermal instability, and finally ther-
mal stability. The observed segregation in the crystals reflected precisely the thermohydro-
dynamic patterns of the melt. By employing a spreading resistance probe, the micro-segre-
gation (solute concentration) in the crystals was determined quantitatively. These results,
together with microscopic growth rate data and differential etching, provided an experimental
framework for investigating on a micro-scale the prevailing theoretical models of solid melt
interfaces. Finally, the researchers developed a crystal growth method which employs
Peltier cooling at the crystal melt interface to initiate and sustain liquid phase epitaxial
growth while the temperature of the overall growth system is maintained constant. This
method has unique features in preparing epitaxial junctions for electroluminescent and other
types of electronic devices.

Superconducting niobiurn-aluminum-germanium ribbons were fabricated which had technologi-
cally useful properties at 16 degrees Kelvin. These ribbons are the first superconducting
materials which promise to be practically useful above 10 degrees Kelvin. By careful and
difficult tunneling experiments, it was proven that there is no second energy gap or energy
gap anisotropy in superconducting niobium; this finding has had major impact on the status
of the theory of transition metal superconductivity.

Professor Rose has also been active in biomedical research. The cause of the onset of de-
generative arthritis has been explained in terms of mechanical property changes in the sub-
chondral bone in the joint. The mechanical properties were found to change because of con-
nectivity changes in the trabecular structure of the subchondral bone, which were measured
and characterized by quantitative metallographic techniques, and correlated with measurements
of stiffness. This work, which was done in collaboration with Dr. Eric Radin and Professor
Igor Paul of the Department of Mechanical Engineering, was honored by the 1973 Kappa Delta
Award for outstanding orthopaedic research (presented annually by the American Academy of
Orthopaedic Surgeons).

A series of audio frequency resonances was found in the dynamic elastic modulus of cancellous
bone, which may be related to the transport of calcium and phosphorous, and thus play a cen-
tral role in the growth, healing, and remodeling of human bone.

Ceramics and Polymers
Professors H. Kent Bowen, Robert L. Coble, Robert W. Hopper, W. David Kingery, Donald
R. Uhlmann, and Wuensch are involved in research in this area. Research has continued in
ion migration to temperature gradients in ceramic oxide fuel pins, and chemical vapor depo-
sition of compounds and solid solutions. Additional studies on the electrical and optical pro-
perties of the solid solutions have led to the discovery of phase separation in some simple
oxides. New research on the strengthening of infrared transmitting materials has led to an
increase of a factor of 20 in the yield strength, without any degradation of the optical proper-
ties. New studies were also begun on: materials for magnetohydrodynamic electrical genera-
tors; thermochemical stability studies on high temperature electrodes; and preparation and
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electrical conductivity of potassium beta alumina.

Research was continued on sintering and hot pressing phenomena, including both modeling
and experimental studies. One of the breakthroughs has been the extension of analysis of
distributed particle size systems. In addition to the size distribution effects in linear arrays,
recent progress has included multidimensional particle arrays, and the establishment of a
procedure for analysing stress transfer effects, which until now have yielded unknown effects
on sintering behavior.

Chrome oxide refractories and deduced influences of oxygen pressure on their sintering be-
havior have been looked at experimentally. Studies have also been continued on the morpho-
logical evolution of two phase structures, and work has begun on proton activated sintering
as an analogue to the nuclear reactor performance of uranium dioxide fuels.

Another major area of research relates to defect diffusion from studies underway for the past
several years on single crystals and polycrystalline ceramics. The most recent and exciting
result is finding that the defects which diffuse at grain boundaries have higher transport coef-
ficients and lower activation energies than the defects in the lattice of single crystals. These
results are definitive in elaborating the basic causes of enhanced grain boundary diffusion.
Earlier, no deduction was possible as to whether the defects exhibited higher diffusivity or
whether the grain boundaries simply represented regions in which higher defect concentrations
were present. It is now clear that the defect diffusivity is enhanced. The concentrations may
also be enhanced to contribute to grain boundary diffusion.

One research group has been concerned with the structure, flow, crystallization behavior,
and mechanical properties of inorganic glasses and polymers, as well as with the conversion
of polyacrylonitrile to graphite. X-ray diffraction studies of oxide glasses are being directed
to explanation of the structural effects of the common modifying cations. Similar studies have
recently been undertaken on the structure of polymeric glasses. In the flow area, it has been
demonstrated that free volume models can provide a detailed and accurate representation of
flow behavior in the high temperature, fluid region; however, these models overestimate the
difficulty of flow in the low temperature region as the glass transition is approached. It has
been found for both simple organic and polymeric liquids that the Williams-Landel-Ferry re-
lation provides a poor description of flow in the high viscosity region. An analysis of the
kinetic conditions for glass formation has also been carried out. This analysis has been ap-
plied to the formation of glasses in the lmar environment, using internally generated data on
flow and crystallization behavior. These data are also being used to elucidate various features
of the lunar topography and the distribution of phases found on the moon.

In the crystallization area, an analysis has been carried out of the temperature distributions
expected during crystallization at constant velocity; another concern is the effects of impuri-
ties on crystallization behavior on glass-forming systems. This problem has been addressed
both theoretically and experimentally. The effects of gasification treatments on the micro-
structure and mechanical properties of both amorphous and semicrystalline polymers have
also been investigated. The results indicate a pronounced embrittling effect of such treat-
ments in the case of semicrystalline polymers, and a much smaller effect in the case of
amorphous polymers. These.results are presently being extended to other systems, as are
the results of a companion study of the formation of translucent (rather than opaque) cold-
drawn polypropylene.

Measurements of 6 3Ni (nickel) tracer diffusion in single-crystal NiO-MgO (nickel oxide-magne-
sium oxide) were performed for solid solutions covering a range of compositions. The results
indicate that the vacancy concentration increases exponentially with Ni concentration. The
tracer diffusion coefficients were compared with previously measured coefficients for inter-
diffusion between the two oxides; they provide one of the first tests of the Darken-Manning
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model for chemical diffusion in a ceramic material.

Single crystals of nonstoichiometric fluorite-type oxides CeO2-x were prepared for the first
time through reduction of single-crystal cerium dioxide in hydrogen. (These materials are
of interest because of anomalously high oxygen diffusion rates -- i. e., they are solid-state
electrolytes. ) This permitted unambiguous determination of the crystallography of supposedly
ordered phases through single-crystal diffraction techniques. The nature of the intermediate
phases was found to be quite different from that previously proposed, and it was demonstrated
that the oxygen defects cannot be fully ordered.

The structure of a second phase has been determined in a curious homologous series,
Pb3+2nSb 8 S15+2 n (n = 0-3). The sequence of phases has been found to have structures based
upon twisted rock-salt-like ribbons. Addition of further Pb (lead) and S (sulfur) to the struc-
ture extends the length of the rock salt sequence, and hence increases the "pitch" of the
ribbons.

Ancient Metallurgy

Professor Heather Lechtman and Professor Cyril S. Smith have continued their studies of
ancient metallurgy. Early metallurgical technologies are being studied through the examina-
tion of metal artifacts and field excavation of metallurgical sites. In particular, detailed
investigations of pre-Columbian artifacts have been undertaken in an effort to elucidate the
development of metallurgy in pre-Columbian South and Central America. Plans are under way
for a systematic survey of pre-Spanish metallurgical sites in Peru, Bolivia, and Chile to be
conducted during the year January, 1974, to January, 1975.

Staff
The Department's greatest teaching load has been in the freshman chemistry subject, 3. 091,
Introduction to Solid State Chemistry, which continues to attract over 500 students per year.
This has resulted in a heavy teaching responsibility for several members of the faculty,
particularly for Professors Russell, Witt, and John Wulff. In addition, Professor Russell
has continued to supervise the many tasks of the Graduate Curriculum Office.

Professor Cohen is completing a very extensive and time-consuming assignment as chairman
of the Committee on the Survey of Materials Science and Engineering (COSMAT) sponsored
by the National Science Foundation. During the year he was elected to the National Academy
of Engineering and to fellow membership in the American Society for Metals.

Professor Cahn was elected to the National Academy of Sciences. Professor Coble received
the Ross Coffin Purdy Award for the outstanding paper contribution to the literature of cera-
mics. Professor Wuensch was elected a fellow of the American Ceramic Society and of the
Mineralogical Society of America. Professor Kingery was honored for his "outstanding con-
tributions to ceramic science" by selection as the first Distinguished Sosman Lecturer of the
American Ceramic Society.

Professor Robert E. Ogilvie spent the year on sabbatical leave. Professor Thor Rhodin,
of the School of Applied and Engineering Physics at Cornell University, was a visiting profes-
sor during the second term, and taught a graduate-level subject concerned with the application
of chemistry and physics to surfaces and interfaces.

CARL F. FLOE

Department of Nuclear Engineering

The Department of Nuclear Engineering is devoted to the education of men and women in the
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field of nuclear technology and in research related to this field. The most important applica-
tion of nuclear technology is energy production. As worldwide energy demand grows, and as
fossil fuel resources become scarcer, the importance of alternative energy sources increases
dramatically. Among all the alternatives to fossil fuels, the fission process has the greatest
immediate importance.

In the United States, fission reactors are being used and ordered in record numbers. The
present U. S. electrical generating capacity is estimated at nearly 400, 000 megawatts, of
which over 16, 000 megawatts or 4 percent are nuclear. At present, there are approximately
170 nuclear power plants under construction or on order. In 1972, 36 new plants were ordered.
The U. S. electric capacity is expected to grow to 760, 000 megawatts by 1980, with the nuclear
share at 135, 000 megawatts or 18 percent of the total. For the next seven years, the nuclear
capacity of the nation is expected to grow twice as fast as the fossil portion.

The continued strong growth of the nuclear profession is reflected in the trend toward nuclear
engineering education throughout the United States. There are now at least 63 colleges and
universities in the U. S. which offer a nuclear engineering curriculum. This Department
awarded 33 Master of Science in Nuclear Engineering, 5 Nuclear Engineer, and 14 doctoral
degrees during the past year; total enrollment was 113 graduate students.

The Department's statistics on application for admission confirm the upward trend in student
interest; counterbalancing this interest, however, is the problem of student support. The
present student body size is determined by the available aid, not by the number of qualified
applicants. For September, 1972, the Department received 85 applications for admission and
admitted 69. It was able to offer financial support to only 12 new students. As a result, only
28 new students enrolled in September, 1972. The trend for the 1973-74 academic year is
similar, except that the Department has over 100 applications for admission, and only slightly
increased student aid. The Department was very gratified that this year the Babcock & Wilson
Company has established a Babcock & Wilson Fellowship for the support of a student in the
Department. Other industrial fellowship support has continued from Northeast Utilities for
the Sherman R. Knapp Fellowship, and from the General Electric Foundation for a General
Electric Fellowship in Nuclear Engineering. In these days of declining Federal fellowship
support, such industrial fellowships play an important role in assisting graduate students
with their education.

The academic program in the Department has evolved with the changing emphasis in the nu-
clear field. Fission technology has moved from a theoretical focus to areas of design, engi-
neering, and economics. Furthermore, there has been a growing cognizance of the future role
of nuclear power in the energy problem. Professors Norman C. Rasmussen and Michael W.
Golay introduced a new graduate subject entitled Environmental Impact of Nuclear Power. The
subject considered the problems of radiation and thermal discharge of nuclear plants, radio-
active waste disposal, and reactor safety. The Department is also evolving new graduate
subjects for the future. Professor Edward A. Mason is preparing a seminar for advanced-
level graduate students entitled Current Developments in Nuclear Energy.

Professor Neil E. Todreas has been responsible for coordinating the organization of subject
material on nuclear structural analysis and design, an area of increasing importance; several
speakers in this field from industry gave a series of lectures this spring.

Although the Department does not offer an undergraduate degree, the development of subjects
of instruction in nuclear engineering for undergraduates in other departments continues.
Professor David J. Rose is developing a School-wide undergraduate subject on the overall
topic of energy. Professor Irving Kaplan has introduced a new undergraduate subject, Nuclear
Engineering in Society, and Professor Michael J. Driscoll offered a new undergraduate subject,
Engineering of Nuclear Power Reactor Systems, for the first time. Professor Kaplan is also
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developing another subject, Physics of Nuclear Energy, and Professors Sidney Yip and Sow-
Hsin Chen have developed a subject called Radiation Effects and Uses; both of these new
subjects will be introduced in the 1973-74 academic year.

The Department is active in special summer programs, which are short-duration intensive
subjects offered to practicing engineers and scientists, and are important components of
continuing professional education. These programs are managed by faculty, and lectures are
given by faculty and experts from industry and government. Professor Rasmussen in conjunc-
tion with Professor Arden L. Bement offers a program titled Nuclear Power Reactor Safety.
Professors Chen and Yip offer a program called Neutron and Light Scattering. Professor
Gordon L. Brownell directs a subject entitled Physical Aspects of Nuclear Medicine. Profes-
sors Kent F. Hansen, Manson Benedict, and Mason offer a subject titled Nuclear Fuel and
Power Management. All of these programs have been well received by government and indus-
trial organizations.

The M. I. T. Research Reactor, directed by Research Associate Lincoln Clark, Jr., has
continued to serve as a prime research tool in the Department's research and instructional
programs. During the 1972-73 academic year, 12 graduate research thesis projects in
nuclear engineering used the reactor. In addition, a total of 14 other theses involved use of
the reactor, with sponsorship from other departments. The principal instructional activities
using the reactor included four Undergraduate Research Opportunities projects, and 12 users in
departmental subjects. Professors David D. Lanning and James W. Gosnell have been working
actively on a major modification of the reactor to increase the neutron flux and facilities for
experimental work. During the past year the U. S. Atomic Energy Commission (AEC) has
approved the licensing of the reactor modification, and final design is now under way. It is
expected that construction will be completed by about June, 1974.

Other research activities in the Department have progressed at an active pace. Professors
Chen and Yip and several students have continued their work in scattering for the study of the
liquid state of matter. Professor Driscoll and interested students have been active on a
theoretical and experimental project on fast reactor blankets. Professor Brownell and several
research associates and students have been working on problems of nuclear medicine, and in
the use of neutrons for therapeutic treatment of malignancies. Professor Allan F. Henry and
involved students have been working in the area of reactor theory and physics, with support of
the Combustion Engineering Company. Professors Mason and Benedict have continued to
work with students in the area of nuclear fuel economics and management, with the continued
support of the Commonwealth Edison Company and, recently, the American Electric Power
Company.

Professors Henry and Hansen and students have been supported by the Atomic Energy Com-
mission in research on methods of analysis for reactor kinetics. Professor Rasmussen has
been on part-time leave from the Department to direct a special task force working for the
Atomic Energy Commission on the quantification of the probabilities of nuclear reactor acci-
dents and their consequences. Professor Golay, who is serving as the Arthur D. Little
Professor of Environmental Sciences and Engineering, has been working actively in the area
of the environmental effects of energy production. Professor Todreas has been conducting
research with several students on heat transfer and fluid flow, including two-phase flow and
liquid metal and gas coolants. Professor Elias P. Gyftopoulos has continued work with Dr.
George Hatsopoulos on problems of quantum thermodynamics, their work having led to a new
general formulation of thermodynamic principles. Professor Bement has been working in the
areas of material properties for use in magnetohydrodynamic systems, and in the modeling
of nuclear fuel behavior. Professor Kaplan has continued his work in the history of science,
particularly on atomic theory. In addition, he has been an active participant in a special
undergraduate teaching program, Concourse.
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The area of controlled thermonuclear fusion and plasma physics is receiving increased
interest as the long-range solution to many of the world's energy supply problems. Profes-
sor Lawrence M. Lidsky has been active in M. I. T. 's large-scale controlled fusion experiment,
ALCATOR, which began operation this year. Professor Lidsky is on the steering committee
for the experiment and has been active in developing various diagnostic techniques to deter-
mine the nature of plasma instabilities. Professor Ronald Blanken has been actively engaged
in similar problems of plasma instabilities and general experimental plasma physics. Pro-
fessor Thomas H. Dupree has continued his work in theoretical studies of plasma physics,
in particular plasma kinetic theory.

The faculty of the Department have continued to make valuable contributions to the Institute,
professional society, and government committees. Professor Gyftopoulos has been elected
Chairman of the M.I.T. Faculty for the coming year, and Professor Henry has been serving
as a member of the Committee on Educational Policy. Professors Bement, Rose, and Mason
have all been involved heavily in the conception and organization of the Institute's new Energy
Laboratory, which was established during the year to carry out comprehensive research
projects in the field of energy supply and utilization. Professors Hansen and Mason have
continued their service as directors of the American Nuclear Society. Professor Mason was
appointed to serve on the AEC's Advisory Committee on Reactor Safeguards, while Professor
Henry continued his service as a member of the Advisory Committee on Reactor Physics.

The most outstanding honor received this year was the grant of the U. S. Atomic Energy
Commission's Enrico Fermi Award to Professor Manson Benedict. The award is the highest
honor bestowed by the Atomic Energy Commission; the presentation was made by Dr. James
R. Schlesinger, the chairman of the AEC. In addition, Professors Bement and Hansen were
elected fellows of the American Nuclear Society.

Professor Hansen was appointed executive officer of the Department and has assumed respon-
sibility for some of the Department's administration. Professor Sidney Yip spent the 1972-
73 year on sabbatical leave. He remained in the Cambridge area, working at Harvard Uni-
versity on theoretical problems of neutron and light scattering. Professor Benedict completes
22 years of service to the Institute this year, and becomes Institute Professor Emeritus on
July 1. He plans to remain active in the Department, lecturing and carrying out research.
The Institute is gratified that his retirement will be only partial, and looks forward to continued
benefits from his contributions. Professor Ronald Blanken, after five years' service to the
Department, has decided to leave the teaching profession; he will be sorely missed.

EDWARD A. MASON

Department of Ocean Engineering

Enrollment in the Department of Ocean Engineering reached an all-time high of 175 this year.
This is pleasing evidence of the Department's vitality and purpose. While such distinctions
are subject to considerable uncertainty, 103 (59 percent) of the Department's students are
following educational paths centered on naval architecture or marine engineering, and 72
(41 percent) are following paths centered on the broader aspects of ocean engineering. These
student groups are 10 less and 22 more, respectively, than the previous year. This develop-
ment does not represent a fixed trend away from naval architecture or marine engineering,
since fluctuations of ± 10 percent are to be expected; rather this year's figures may confirm
student interest in the broader aspects of ocean engineering, as well as in naval architecture
and marine engineering.

Student interest and the value of the Department's programs are tested, in part, by the avail-
ability of relevant jobs or paths in advanced education. Although the Department does not
maintain complete information on the whereabouts of its graduates, it is pleased to report that
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to its knowledge none of its recent or soon-to-be graduates are lacking in job offers or edu-
cational opportunities. Department headquarters is one focus for the receipt of information
on job openings; the number of such openings has greatly exceeded the number of students
seeking jobs.

The Department has continued its efforts to improve and develop its undergraduate program.
Its objectives continue to be:

1. To provide modern and evolving undergraduate education in the fields of naval
architecture and marine engineering;

2. To expand undergraduate education in the broader field of ocean engineering in
order to accommodate the interests of an increasing number of students; and

3. To provide well-prepared candidates for the Department's graduate school.

It is a pleasure to report that the Department's efforts have produced:

1. A further increase in undergraduate enrollment, and a relatively large number
of seniors accepted in the Department's graduate school;

2. A new subject in the ocean engineering curriculum, which is intended to familiar-
ize undergraduate students with principles of economics in connection with the
development of marine resources. This new subject, 13. 96, Marine Resource
Economics, is a companion to the existing undergraduate subject, 13. 93, Evolu-
tion and Utilization of Marine Resources.

3. A new undergraduate seminar subject, intended to portray at an introductory
level the set of sociological, economic, political, and technical issues associated
with the revitalization of U. S. ports.

Also, this year the Department completed plans for an undergraduate cooperative work-study
program (Course XIII-C), and the Institute authorized it to proceed. The first term of this
new option began in June, 1973. It is expected that Course XIII-C will draw additional students
into the Department, especially those who specifically recognize the value of learning while
working, and who need some income to help pay for their education. The Department also
recognizes that Course XIII-C will provide an additional link between faculty and industry, and
between students and permanent job opportunities.

The Department's summer field trip to Maine (whose subject title is Ocean Engineering Labor-
atory) is now in planning for its third year. Emphasis has moved toward the design and con-
struction of ocean equipment and structures, with somewhat less emphasis on surveys. The
continued success of this subject may be attributed to the fact that it allows undergraduates to
obtain simultaneously meaningful educational and professional experience, and to work directly
with faculty and senior staff on a personal basis.

Through the efforts of the Department, the M. I.T. Undergraduate Research Opportunities
Program received funding from the U.S. Coast Guard to study and experiment with safety
criteria for small boats as affected by stability, safety criteria for small boats as affected
by powering, and rapid and simple means to test harbor oil pollution. These topics are excel-
lent ones to interest and motivate undergraduates. Students provide the principal manpower
for these efforts, and benefit through close contact with supervisory faculty and through real-
ization that the problems are of great practical importance.

The Department's graduate program continues to grow in breadth and depth. Graduate enrollment
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increased for the second consecutive year. At the graduate level, the Department's main
objectives are:

1. To provide advanced professional education in the fields of naval architecture
and marine engineering, with emphasis on vehicles, transportation systems,
and shipbuilding;

2. To provide advanced professional education in the engineering fields bearing
upon marine resources, with growing emphasis on offshore oil, minerals, and
marine foods, especially as they relate to physical systems, resource allocation
economics, and societal issues; and

3. To provide advanced professional education in the evolving fields of marine envir-
onmental protection, oceanic waste conversion, and oceanographic engineering,
especially as they relate to quantitative system modeling and systems engineering.

A new subject, 13. 16J, Fracture of Structural Materials, was offered for the first time during
1972-73 jointly with the Department of Civil Engineering. This subject is part of the overall
departmental and School of Engineering program in materials and fabrication. Also introduced
was the subject 13. 68, Management of Marine Systems, which covers current technological,
market, and regulatory trends in various segments of the marine industry and government
development programs. Finally, following the recommendations of a special departmental
committee, the Department revised its program in graduate hydrodynamics subjects. Two
new subjects will be offered. Subject 13. 021, Hydrodynamics for Ocean Engineers, covers
essentially the same material as 13. 02, Marine Hydrodynamics, but with more emphasis on
hydrostatics and on applications to vessels of all types (e. g., buoys), so as to serve the
broader needs of ocean engineering. Subject 13. 09, Potential Flows, will develop and apply
three-dimensional potential theory to the flow around marine vehicles, to help round out the
curriculum for students specializing in hydrodynamics.

The Department is planning to institute three additional curricular foci for 1973-74. These
foci represent activities in gestation for some time. The first, coastal zone utilization,
pertains to industrial use, resource extraction, commercial development, and environmental
protection and enhancement in waters adjacent to land, or land activities directly related to
the oceans. The second, marine data systems engineering, pertains to design of monitoring
and survey systems, marshaling of resources for major at-sea experiments, new approaches
in massive data collection and interpretation, and to engineering applications of oceanographic
knowledge. This program relates to the joint program with the Woods Hole Oceanographic
Institution (WHOI) and, although separate from it, will feature many collaborative activities.
The third focus, ocean engineering and law, will be implemented jointly with the Harvard
Law School. While long-term objectives include the possibility of a joint degree program,
both Harvard Law School and the Department of Ocean Engineering have concluded that the
challenge of jointly taught subjects should be worked on first.

To meet the needs dictated by these new initiatives, and other needs, the Department has
added four faculty members, effective July 1, 1973. Professor Arthur B. Baggeroer, whose
principal discipline is communications theory, will be active in marine data systems engin-
eering. His appointment will be a joint one with the Department of Electrical Engineering.
Professor J. Daniel Nyhart, whose principal discipline is law, will be active in ocean engin-
eering and law. He will retain as his home base the Sloan School of Management, and serve
with the Department on a joint appointment. Professor Nyhart also leads the Institute's pro-
gram on law-related studies. Professor Wesley L. Harris, whose principal discipline is
fluid dynamics, will be active in existing hydrodynamics and underwater acoustics efforts.
His appointment will be a joint one with the Department of Aeronautics and Astronautics.
Finally, Professor Judith T. Kildow will be active in the Department's coastal zone utilization
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and ocean engineering and law efforts.

The pattern of joint appointments sketched in the previous paragraph is part of a conscious
effort to build additional bridges between this Department and others, and to make more effi-
cient use of talent at M. I.T. through sharing of the financial burden. Professor Patrick
Leehey already has a joint appointment with the Department of Mechanical Engineering. Also,
Professor Koichi Masubuchi will be on a joint appointment basis effective July 1, 1973, with
the Department of Metallurgy and Materials Science. The Department believes strongly that
the movement toward joint appointments can do much to improve its programs, and to provide
greater flexibility in its widening scope of activities.

Other steps are being taken to accommodate and encourage greater breadth. The new program
with Harvard Law School extends the Department's capabilities significantly, at low cost and
with small initial commitment. New Institute or School of Engineering activities, including
the Center for Policy Alternatives, the Energy Laboratory, the Center for Transportation
Studies, and the Environmental Engineer program, provide Department faculty and students
with outlets for intellectual pursuits and opportunities for collaborative efforts. Existing
activities, such as the Sea Grant Program and the joint program with WHOI, are important
extensions to Department efforts, and the Department is thus committed to their continued
development.

Two new laboratories are being planned. The Design Laboratory will focus on the methodology
of designand the development of new tools for efficient design. This will serve the Department's
programs in naval architecture and in ocean engineering systems design. The Marine Data
Systems Laboratory will focus on equipment design and implementation, as needed by the
existing Undergraduate Summer Ocean Engineering Laboratory and the new effort in marine
data systems engineering. Total cost for implementing each laboratory in its final configura-
tion is estimated to be approximately $250, 000. In both cases, however, a relatively modest
implementation schedule has been adopted to limit the Department's commitments to speci-
fically identified projects and needs.

In a generally difficult year for obtaining research contracts, this Department has done well.
Research accomplishments and work in progress span the basic disciplines and application
areas of the Department. The topics covered are centered on vehicle interests (58 percent)
and broader ocean engineering interests (42 percent) in about the same ratio as student
enrollment. The Department is pleased to note that the research program thereby appears
to match student interest, at least in overall terms, so that opportunities for intellectual
growth can come via this path as well as through classroom work.

There are problems associated with research funding, however. The Department has been
hit hardest in funding for new research; continuing programs have not been influenced as
much by the changing Federal funding climate. The Department missed its funding goal for
new research this year by approximately $150, 000, principally because of delays in contract-
ing. Funding shortages severely reduce financial aid for graduate students, and ultimately
depress graduate enrollment. To counter this effect, the Department has taken steps to
spread its resources over a larger number of individuals by reducing aid levels. Funding
deficiencies also limit faculty growth, since more of the Department's resources must be
devoted to existing faculty members. In the present atmosphere of curricular and student
expansion, it would be advantageous to devote available resources as much as possible to
faculty additions. The Department considers research support a high-priority problem for
the years ahead.

Dr. Norman J. Padelford, Professor of Political Science, Emeritus, completed his service
to the Institute and this Department as senior lecturer. He will continue to serve as a consul-
tant in his retirement. Professor Padelford's foresight, energy, enthusiasm, and skill will
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not be replaced easily. He has been instrumental in the development of the Department's
efforts in public policy with respect to use of the seas, and in the new efforts with Harvard
University on ocean engineering and law. His judgment and knowledge have benefited the
Institute's Sea Grant Program, and the careers of graduate students who have worked with
him on Sea Grant Program research. This Department is buoyed by the realization that he
has built a strong sense of consciousness within the Department for the needed ties with
public policy and law.

IRA DYER

Center for Advanced Engineering Study

During the year 1972-73 the main thrust of the Center for Advanced Engineering Study's
(C. A. E. S. ) activities continued to be the provision of continuing technical education for mid-
career men and women from industry, government, and other academic institutions. In
addition, the C. A. E. S. activities broadened throughout the year to include a number of edu-
cation research and development projects in areas touching upon continuing education.
Additionally, in February, 1973, the Center assumed Institute-wide responsibility for the
television production and equipment rental services formerly provided separately by the
M. I. T. Audio-Visual Service and the C. A. E. S.

Changes in Center administration during the year include the appointment of Dr. Paul E.
Brown as assistant director in July, 1972, of Jerome H. Adler as manager of video
operations in February, 1973, and of Evelyn T. Christiansen as Equal Employment Op-
portunity (E. E. O. ) representative in April, 1973. In addition to his former general adminis-
trative duties, Dr. Brown assumes specific operating responsibility for both the on-campus
and off-campus continuing education programs of the Center. As manager of video operations,
Mr. Adler is responsible for both the operation and rental of the C. A. E. S. television facilities
and equipment; and as E. E. 0. representative, Ms. Christiansen is responsible, with the
director and assistant director, for both the preparation and the implementation of the
C. A. E. S. part of the M. I. T. Affirmative Action Plan.

On-Campus Programs

The oldest on-campus continuing education program of the C. A. E. S. is the Advanced Study
Program, started (as the Practicing Engineer Advanced Study Program) in 1964. During
1972-73 this program continued to provide experienced men and women with the opportunity
to study new developments in fields in which they were already expert, to learn about emerging
fields, to broaden themselves, or to pursue a combination of these objectives. The individual
program of each fellow is tailored to his or her needs, drawing on the full resources of M.I.T.,
and usually lasts a full academic year.

This year there were 12 fellows in the Advanced Study Program. These fellows were either
nominated by their employers or were self-employed. The employers involved were: Center
for Naval Analysis, Chiyoda Chemical Engineering and Construction Company (Japan), Form-
sprag Company, La Telemecanique Electrique (France), National Bureau of Standards,
Nippon Mining Company (Japan), State of Israel, Westinghouse Electric Corporation, Whirl-
pool Corporation, and the U.S. Army Materials and Mechanics Research Center. The ages
of these fellows varied from 30 to 50, with a median age of 38. Their educational backgrounds
included engineering, chemistry, physics, and business administration.

The second major C. A. E. S. on-campus, continuing education program was offered jointly
with the Department of Political Science, and was part of the Education for Public Management
(EPM) Program of the U. S. Government for mid-career Federal employees. Like the Advanced
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Study Program, this program covered a full academic year; unlike the Advanced Study Pro-
gram, most of the subjects taken by the EPM fellows were special subjects offered within the
C. A. E. S. (rather than regular M. I. T. subjects open to all students). These special EPM
subjects included such titles as Systematic Policy Analysis, and National Priorities and the
Federal Budget.

There were ten fellows in the EPM Program during 1972-73, who came from the following
government agencies: Atomic Energy Commission, Defense Supply Agency, Department of
State, Food and Drug Administration, Internal Revenue Service, National Aeronautics and
Space Administration, National Institutes of Health, Social Security Administration, and the
Army Tank-Automotive Command. The ages of the fellows varied from 25 to 42, with a
median age of 32. Their educational backgrounds included business administration, public
administration, government, English, chemistry, personnel and industrial relations, micro-
biology, and library information sciences.

Throughout the year 1972-73, the Center reviewed its existing on-campus programs and studied
possible new forms of on-campus continuing education. This review led, in particular, to a
consideration of both shorter-duration programs and programs more directly coupled to the
ongoing School of Engineering research programs. With this review in mind, the Center
hosted (under U.S. Department of Labor sponsorship) two graduate engineers from Czecho-
slovakia, who studied the use of digital computers in civil engineering for the month of April,
1973. In addition, the Center has initiated an advanced study program in air transportation,
in conjunction with the Flight Transportation Laboratory of the Department of Aeronautics
and Astronautics. This program will enable men and women from both developed and developing
countries to study in the areas of air traffic control; airline management and marketing; the
planning, management, and economics of airport operation and design; and air transportation
systems analysis.

Self-Study Programs
During the year 1972-73, four new titles were added to the C. A. E. S. list of self-study sub-
jects available for distribution to industry and other academic institutions. These were:
Calculus Revisited, Part 3, by Senior Lecturer Herbert I. Gross of the Department of Civil
Engineering; Colloid and Surface Chemistry, Part 2 (Lyophobic Colloids), by Visiting Pro-
fessor J. Theodoor G. Overbeek, Department of Chemical Engineering; Introduction to Ex-
perimentation, by Professor Ernest R.abinowicz, Department of Mechanical Engineering;
and Non-Linear Vibrations, by Professor Emeritus Jacob P. Den Hartog, Department of
Mechanical Engineering. These new self-study subjects were produced under the direction
of John T. Fitch, manager of self-study development for the C. A. E. S., and were distributed
under the direction of Arthur J. Collias of the Center. Since most of these new subjects did
not become available until near the end of the year, their impact will not be seen for a while.
Nonetheless, the number of organizations using C. A. E. S. self-study subjects increased during
1972-73 to 31 (from 16 the previous year), and the number of students using that material
increased to 1, 550 (from 1, 147 during the previous year).

Although all of the C. A. E.S. self-study subjects produced to date have been designed for use
by industry, some of these subjects were used for the first time by other universities during
the year 1972-73. In particular, Surface Chemistry was used by the University of Connecticut,
and Calculus Revisited, Part 1, was used by the Colorado State University (CSU). The use
of the C. A. E. S. calculus material by Colorado State University was part of a joint CSU/C.A.ES.
experiment, which compared student performance using regular classroom treatment of the
material with student performance using the C. A. E. S. self-study material. The preliminary
results were encouraging, and the experiment will be repeated during 1973-74 with larger
groups of students.
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A number of new self-study lecture series were videotaped during 1972-73. Among these
were Friction, Wear, and Lubrication, by Professor Rabinowicz, and Modern Control
Theory, by Professor Michael Athans, of the Department of Electrical Engineering. These
two lecture series were recorded using the new C. A. E. S. color television facilities and,
when the accompanying written material is available, will probably be distributed in the form
of color video-cassettes.

Continuing Education Research and Development
All of the self-study programs developed to date by the C. A. E. S. have had the same format:
a videotape (or film) series of lectures, a textbook, and a study guide -- the study guide
including suggestions to the student for the path through the lectures and the text, photographs
of the chalkboards used in the lectures, exercises to be worked out, quizzes to be taken, and
detailed solutions to both the exercises and the quizzes. While the format is clearly well
suited to the presentation of some technical material, it is quite clearly not well suited for
the presentation of certain other technical material. With this in mind, the Center began to
experiment during the past year with the development of other formats, and with the use of
other technologies (e. g., audio-cassettes and interactive computer terminals).

As the continuing education research and development efforts of the C. A. E. S. proceed, the
more basic experiments and studies will clearly relate to the domain of the new Division for
Study and Research in Education, and it is expected that the work of that division and the re-
search done in the C. A. E. S. will be closely coordinated. Professor Wilbur B. Davenport,
Jr., director of C. A. E. S., was a member of the Education Division Steering Committee during
the year 1972-73, and was chairman of its Subcommittee on Educational Technology.

The E.E.-C.A.E.S. Experiment

The most extensive development experiment was that undertaken jointly with the Department
of Electrical Engineering (E. E. ), with the goal of developing material in the field of compu-
ter science which could be used in a self-study mode, either in on-campus undergraduate
education or in off-campus continuing education.

The first phase of the E. E. / C. A. E. S. experiment was the color videotaping during the 1973
spring term of the lectures and a recitation section of the computer science undergraduate
subject 6. 252, Structure and Interpretation of Computer Languages. Professor Michael L.
Dertouzos of the Department of Electrical Engineering both gave the lectures and was the
instructor in the videotaped recitation section. Once the videotaped record of the classroom
version of this subject was obtained, a study group was formed under the joint leadership of
Professor Dertouzos and Professor Davenport to investigate the revision of that material
for self-study use. The work of the study group began at the end of the 1972-73 academic
year.

Cable Television and M.I.T.

During the summer of 1972, Professor Ithiel de Sola Pool of the Department of Political Sci-
ence and Carroll G. Bowen of the Center for Advanced Engineering Study led, with
support from the Alfred P. Sloan Foundation, a series of seminars to explore the possibilities
of using some of the newer communication technologies (including cable television, audio and
video recording, and computers) in Institute academic, administrative, and student nonaca-
demic activities. These seminars also explored the issues involved in outreach to the neigh-
boring community.

The summer efforts led to a comprehensive report, "Telecommunications and Education at
M. I. T., " submitted to the Sloan Foundation in February, 1973. Since that time, detailed
studies of the design of a possible cable television system for the M. I. T. campus and the
educational uses of such a system have continued, under Professor Pool and Mr. Bowen with
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assistance from John E. Ward, deputy director of the Electronic Systems Laboratory of the
Department of Electrical Engineering.

Economics of Continuing Education

Some economic studies of continuing education systems were initiated during the past year
by Ms. Christiansen and Mr. Bowen. These preliminary studies were directed at both micro-
and macro-economic aspects of such systems. It is expected that further economic studies
will continue within the C. A. E. S. and in collaboration with the Department of Economics
and the Center for Policy Alternatives.

Video Services
As mentioned previously in this report, in February, 1973, the Center for Advanced Engineering
Study added to its ongoing continuing education television operations the Institute-wide respon-
sibility for television production and equipment rental services. The operation of the combined
television facilities and equipment was managed by Mr. Adler, while the installation and main-
tenance of the television equipment was directed by Charles D. Paton, chief audio-visual
engineer of the C. A. E. S.

The conversion of the C. A. E. S. central television facilities from black and white to color
was completed during the year, and personnel were trained in the operation and maintenance
of the new equipment.

The major operations of the C. A. E. S. Video Services during the year 1972-73 were the video-
tapings of the special C. A. E.S. continuing education subjects Friction, Wear, and Lubrication,
with Professor Rabinowicz, and Modern Control Theory, with Professor Athans, and of the
regular M. I. T. subjects 6. 08, Statistical Mechanics and Thermodynamics, with Professor
David Adler of the Department of Electrical Engineering, and 6. 252, Structure and Interpre-
tation of Computer Languages, with Professor Dertouzos.

Special projects undertaken during the year included: the preparation of a half-hour videotape
report to the alumni on the energy crisis entitled "Energy for the Year 2000, " produced with
support from the Dean of the School of Engineering; a videotape documentary, "History of
the Electrical Engineering Department, " featuring Professor Emeritus Karl L. Wildes of the
Department of Electrical Engineering, supported by that Department; and a videotape inter-
view with Professor Overbeek, to be included in the C. A. E. S. special subjects on colloid
and surface chemistry. These special projects were all produced under the direction of
John T. Fitch, manager of self-study subject development for the C. A. E. S.

W.B. DAVENPORT, JR.

Center for Policy Alternatives

M. I. T. and its School of Engineering are committed to providing the quality of national leader-
ship to the solution of contemporary socio-technical issues that they have provided in the past
to purely technical problems. To connect its departments more closely to contemporary
challenges, the School of Engineering continues to encourage research and training for its stu-
dents and faculty that confronts problems of urban life, transportation, education, health,
and social welfare. It continues as well to encourage and support new mechanisms and institu-
tions to ensure its continuing sensitivity and responsiveness to changing social needs. One of
these newly created institutions is the Center for Policy Alternatives.

In the spring of 1972, President Jerome B. Wiesner and Dean Alfred H. Keil established the



Center for Policy Alternatives

Center for Policy Alternatives (C. P. A. ) within the School of Engineering with the intention
that it serve the whole Institute. The Center is chartered to study and investigate substantive
issues related to society, particularly those in which technology and engineering could play
significant roles.

The Center's basic purpose is to foster informed decision-making for public and private
policy by increasing knowledge of the complex and interrelated problems of technological
societies, and by pragmatically contributing to understanding of effective policy formulation,
implementation, and evaluation. Commensurate with the School of Engineering's basic func-
tions of education, research, and public service, the Center engages in three interrelated
activities. First, the Center identifies major socio-technical issues, assesses the conse-
quences of present policies, and develops alternative policies and methods of implementation.
Second, the Center seeks to develop the new methodologies, analytical techniques, and
thought patterns necessary to contend with the complex problems of technological societies.
Third, the Center endeavors to train individuals in government, industry, and education to
understand complex socio-technical problems and to apply that knowledge to make informed
decisions about future socio-technical issues.

Three principles have guided and will continued to guide the development and growth of the
Center. First, the Center is a resource which presents options and their consequences, not
monumental recommendations. The Center does not advocate policy; rather, it offers in-
formed choice. Second, because of the nature of the problems it addresses, the Center uti-
lizes a trans-disciplinary approach which focuses on the relationship and interaction between
technology and the important social, political, and economic factors in society. Third, to
take full advantage of the trans-disciplinary approach to problem-solving, the Center is an
institution "without walls. " It draws upon experts from a variety of disciplines and backgrounds
at M. I. T. and from industry, government, and other universities.

For the entire Institute, the Center serves as an integrating stimulus for the study of socio-
technical problems and policy formulation. In this role, it is particularly important that the
Center serves as a focal point for those policy oriented activities of M. I. T. which cannot be
carried out effectively within existing institutional structures in a manner consonant with the
Institute's tradition of excellence. Further, the Center seeks to involve actively M. I. T. under-
graduates, graduate students, and faculty in its policy oriented activities and in working rela-
tionships with experienced personnel from industry, government, and other educational and
research institutions. The success of the Center in providing these capabilities to the
School of Engineering and the Institute is clearly evident in a review of the Center's first
year of activity.

Personnel

One of the foundations of the Center is the active participation of M. I. T. faculty in the Center's
many activities. Thus far, a number of faculty members from M. I. T. and selected people
from other institutions have become members of the Center. They have agreed to participate
in the Center's activities, to be involved in its proposals, to provide advice and criticism on
particular issues, and to encourage and develop the Center's programs. Fourteen faculty
members from the School of Engineering, three from the Sloan School of Management, and
three faculty members from the School of Humanities and Social Science made this commit-
ment during the past year.

A second foundation of the Center is its professional staff. These individuals provide the
continuity of effort and philosophy, are responsible for overall development of analytic tech-
niques, and engage in and stimulate basic research on societal change. A core staff with these
capabilities has been assembled partially at the Center. Five professional staff, two of whom
have joint appointments with other M. I. T. departments, were appointed during the year; they
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provide the Center with experience in political science, engineering and system analysis, law,
the legislative process, manufacturing and business management, ocean science and resources,
economics, and governmental and educational administration. During the coming year, the
Center will continue to search for three or four more individuals to round out its core staff.

Present Programs
Programs initiated during the Center's first year are not necessarily areas in which policy
analysis can have maximum leverage, nor are they necessarily society's most pressing issues.
Rather, they are important issue areas in which the Center's efforts can have an immediate
impact, and in which current C. P. A. staff and M. I. T. faculty and students have expertise
and active interest.

The Technology Policy Program is an international research effort which seeks to examine
national policies for supporting technology in 12 industrial nations, and then formulate alter-
native policies for each nation. The Center is establishing this cooperative program through
bilateral agreements independently arranged with each of the nations. A three-year agreement
for the study of public initiatives in France for technology and industry was established with
the General Delegation for Scientific and Technical Research in Paris. As a part of this pro-
ject, two government officials from France, Andre Staropoli and Dr. Jean-Claude Derian,
are now in residence at the Center.

The staff and faculty of the Center for Policy Alternatives have developed proposals for other
countries and for the participation of the United States through a National Science Foundation
(NSF) grant. Center participants include Dr. J. Herbert Hollomon, the Center's director;
Dr. Nicholas A. Ashford, Senior Research Associate; and Dr. Marvin A. Sirbu, Jr., Research
Associate. Faculty participants include Professor Thomas J. Allen of the Sloan School of
Management; Professors Eugene B. Skolnikoff, Harvey M. Sapolsky, and Suzanne Berger of
the Department of Political Science; Professor Michael S. Baram of the Department of Civil
Engineering; and Professor Paul L. Joskow of the Department of Economics.

The Center's Manufacturing Technology and Policy Program focuses on the contributions
which new manufacturing technologies can make to industrial societies. It is concerned not
only with identifying the opportunities for new technologies in industry, but also with under-
standing the relationship between technology and the manufacturing and production processes,
and the relationship of these processes to the character of work. One project in this program
has been funded. Focusing on the servicing of consumer durables, this project involves Dr.
Hollomon and Senior Research Associate Robert T. Lund of the Center; Professor Warren
H. Hausman of the Sloan School of Management; Professor George C. Newton, Jr., of the
Department of Electrical Engineering; and several staff from the Charles Stark Draper Lab-
oratory. This project was the first activity in the Center to be funded externally, and the
research effort has been under way for a year.

Another component of this program has been the development of a multi-year effort to examine
computer managed parts manufacturing systems. Mr. Lund, Professor Nathan H. Cook of
the Department of Mechanical Engineering, and Keith Glick of the Charles Stark Draper
Laboratory are coordinating this joint project of the School of Engineering, Draper Laboratory,
and industry. Participants will include members of the Department of Mechanical Engineering,
the Artificial Intelligence Laboratory, and the Electronic Systems Laboratory, in addition to
Center and Draper Laboratory staff. Funding is expected during the coming year.

All of the Center's Energy Policy Program activities are undertaken with the encouragement
and cooperation of the new M. I. T. Energy Laboratory. This continuing cooperative effort
will broaden and strengthen Center studies with the Energy Laboratory's technical competence,
and will provide the Energy Laboratory with a policy oriented resource upon which to draw,
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particularly on issues of regulation and research and development policy.

Two energy policy activities are under way in the Center. One activity, funded by the School
of Engineering, is exploratory in nature and focuses on energy consumption patterns and the
public and private policies that influence these patterns. The second activity, an eight-month
project funded by the Ford Foundation's Energy Policy Project, is concerned with the existing
institutional arrangements between government and industry which support, organize, and
implement the nation's multiple energy research and development programs. Participants
include Dr. Hollomon, Dr. Sirbu, and Dr. Judith T. Kildow, Research Associate, of the
Center; Professor David C. White of the Energy Laboratory; Professor David J. Rose of
the Department of Nuclear Engineering; and Professor Joseph B. Lassiter of the Department
of Ocean Engineering.

The Center's focus on Land and Water Resources Policy issues has revolved around the soon-
to-be-funded Coastal Zone Policy project. Supported by the National Oceanographic and At-
mospheric Administration, the one-year program is envisaged as the beginning of a continuing
relationship with the new Office of Coastal Zone Management. In addition to Drs. Hollomon
and Kildow of the Center, Professors John W. Devanney and Lassiter of the Department of
Ocean Engineering and Professor Baram of the Department of Civil Engineering will be engaged
in this project.

As part of the School of Engineering, the Center for Policy Alternatives has a continuing
interest in public and private policies which influence the education and career development
of engineers, not only in the U.S. but throughout the world. This interest is reflected in
part by the important position that technical manpower policy occupies in the several projects
of the Center's Technology Policy Program. It is more fully indicated by Dr. Hollomon's
chairing a task force on engineering education, which is examining future scenarios for en-
gineering education programs. The task force's recommendations are expected next year.
Participants include nine faculty members from the School of Engineering, three M. I. T.
alumni from industry, and representatives of three other engineering schools.

No formal educational programs have been initiated by the Center for Policy Alternatives.
However, in all of its activities, the Center has employed graduate and undergraduate stu-
dents in various analytic and research capacities, and thus provided students with support,
training, and an increased perception of the nature of public policy issues.

For the academic year 1973-74, the Center will propose that certain general subjects having
to do with technology, policy analysis, and alternatives be offered within the School of Engin-
eering. Two subjects have been identified, and Dr. Ashford and Mr. Lund have been preparing
for their presentation in the spring of 1974. Steps will be taken during the coming year to
initiate an advanced course in cooperation with the Department of Political Science and the
School of Engineering.

J. HERBERT HOLLOMON

Center for Transportation Studies

Almost $190 billion was spent on U.S. domestic transportation in 1970, in an economy with a
gross national product of approximately $950 billion. Even this large figure does not reveal
fully the degree of involvement of transportation in modern life. Increasingly, it has become
apparent that transportation is interdependent with the economy and closely intertwined with
many of man's activities. As such, it is an important instrument for the expression of
public policy objectives.
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Although transportation technology has been for many years an important area of interest,
transportation systems (more broadly conceived) have been recognized only recently as an
area for serious academic study. The Institute has had an interest in the development of
transportation technology since the early 1900s. With the development of operations research
and systems analysis and their application to problems of contemporary concern, the Institute
continued to provide leadership in the transportation research field. Increasing recognition
of the political nature of the transportation system has led to the emergence of still other
research groups interested in these phenomena. The time has come to consolidate this
effort throughout the community.

Major transportation research programs have evolved over the past few years in the Depart-
ments of CivilEngineering, Ocean Engineering, and Aeronautics and Astronautics. In addition,
there have been research groups in transportation technology in the Departments of Mechanical
Engineering and Electrical Engineering, and the emergence of professionals with transporta-
tion related interests throughout the Institute, including the Departments of Architecture,
Urban Studies and Planning, Economics, Political Science, and the Sloan School of Management.

During the past three years, faculty members engaged in transportation research began to
cooperate more closely, as they realized that transportation problems could only be resolved
by a coordinated effort which takes into account political, social, and economic constraints
as well as new technological opportunities. In the spring of 1972, the Dean of the School of
Engineering formed a task force to consider the manner in which transportation research and
education could be carried out more effectively within the School of Engineering. In their
report, the task force recommended that a center be formed within the Institute to coordinate
activities in transportation research and education. In April, 1973, Dean Alfred H. Keil
announced the establishment of the Center for Transportation Studies located in the School of
Engineering.

Objectives
The reason for establishing the Center for Transportation Studies was to promote cooperation
in interdisciplinary and inter-modal matters in trarnsportation, to facilitate innovative research
in transportation, and to provide a focal point for educational programs within the Institute.
This involves the Center in several areas.

An area of particular interest is the development of improved methodology for the analysis
and design of transportation systems. With greater emphasis on understanding the role of
transportation in the economy, it is necessary to develop a capability to predict the impacts
of alternative transportation systems on various segments of society and the environment.

It is also important to be able to identify areas for the application of new technology, and to
assess the social, political, and economic feasibility of its use. As promising new areas
appear, the Center expects to be involved in the development and testing of operational
prototypes.

Finally, the Center intends to provide a reservoir of manpower trained in the problems of
transportation, which will be useful in the analysis and management of major policy issues.
The Center must, therefore, be of a size and nature that will enable it to address problems
of national importance, assembling the talents necessary to investigate meaningful alternatives.
In doing so, the Center expects to coordinate its activities with other centers at M. I. T.,
including the Center for Policy Alternatives, the Center for Advanced Engineering Study,
and the new Energy Laboratory.

The objectives of the Center for Transportation Studies are advanced by means of its teaching
and research programs and its coordinating activities. The Center's research focus is problem
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oriented, interdisciplinary, and multi-modal in character. It covers a wide spectrum
ranging from broad conceptual planning to operation and management of transportation systems.
Teaching activities include graduate degree programs in cooperation with the Center leading
to both master's and doctor's degrees, as well as professional training.

Organization and Functioning
Though it is located within the School of Engineering, the Center for Transportation Studies
is an Institute-wide facility. Professor Paul O. Roberts was named its first director. To
assist him, the Dean of the School of Engineering appointed a steering committee consisting
of:

1. Professor Ernst G. Frankel, Department of Ocean Engineering;

2. Professor Ralph A. Gakenheimer, Department of Urban Studies and Planning,
representing the School of Architecture and Planning;

3. Professor Herbert H. Richardson, Department of Mechanical Engineering;

4. Professor Robert W. Simpson, Department of Aeronautics and Astronautics;

5. Professor William C. Wheaton, Department of Economics, representing the
School of Humanities and Social Science; and

6. Professor Zenon S. Zannetos, Sloan School of Management.

More than 50 faculty members and staff are associated with the Center. Graduate students
from several departments including the Departments of Civil Engineering, Ocean Engineering,
Aeronautics and Astronautics, Urban Studies and Planning, and the Sloan School of Manage-
ment are currently associated with Center projects.

The activities of the Center for Transportation Studies are coordinated from administrative
offices located in Building 9. Research projects and activities, however, are widespread,
located in the Flight Transportation Laboratory, the Commodity Transportation and Economic
Development Laboratory, the Urban Systems Laboratory, and the Transportation Systems
Division of the Department of Civil Engineering.

The Center has developed a structure which promotes interaction among faculty members from
all Schools at M. I. T., and from other universities and organizations concerned with transpor-
tation. Interdisciplinary cooperation is essential in dealing with the complex problems found
in this area. One purpose of the Center is to develop a sense of community that promotes
cooperation, the exchange of ideas, a wider perception of opportunities, and a common purpose.

The Research Program
The research program of the Center is broadly based, incorporating both interdisciplinary
and inter-modal elements. Research capability extends from the areas of social science and
management to the technological research associated with the development of new modes of
transportation. Recent research projects have concerned: application of new methods to trans-
portation planning, transportation and community values, railroad reliability and network
planning, innovative urban transportation, transportation in developing countries, transporta-
tion demand models, urban freight movements, airport planning and development, commodity
movement, industry location, freight terminal simulation, energy transportation, assessment
of Vertical and/or Short Takeoff and Landing Aircraft air service potential, local service air
carriers, the logistics of freight modal choice, and inventory control. Research sponsors
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include a variety of government and industry organizations, affording students wide opportuni-
ties to be involved in newly evolving research frontiers.

In the fall of 1972, the U.S. Department of Transportation announced the creation of a Univer-
sity Research Program. Faculty members of the Center for Transportation Studies competed
successfully in this program, submitting a number of research proposals. To date, three
major research programs have been funded from this source. They are illustrative of the
type and breadth of research currently being undertaken within the Center.

The first research project is entitled "Experiments to Clarify Priorities in Urban Travel
Forecasting Research and Development. " The principal investigator is Professor Marvin
Manheim of the Department of Civil Engineering. The purpose of the research is to aid the
U. S. Department of Transportation in clarifying priorities in the development of an overall
program of research and development in multi-modal urban travel forecasting. It is expected
that this research will lead ultimately to the next generation of travel forecasting procedures.
Recommendations will be made in the following areas: 1) procedures to be incorporated in
future model systems; 2) ways in which traffic forecasts using the conventional urban trans-
portation modeling system can be improved; and 3) the relative usefulness of forecasts ob-
tained using various approaches.

The second project, directed by Professor Karen R. Polenske of the Department of Urban
Studies and Planning, is entitled "Multi-Regional Transportation Research. " This research
would provide assistance to the Department of Transportation in using the recently implemented
multi-regional input-output model of the U. S. for the analysis of transportation problems.
The input-output model, developed at the Harvard University Economic Research Project, is
a general tool of economic analysis which can be employed in a wide variety of transportation
studies. These techniques, used for analyzing transportation problems at the regional level,
are still largely experimental, however, because systematic examination of regional problems
is a relatively new endeavor.

The third project, entitled "Methodologies for Development and Evaluating Effective Railroad
Networks, " is directed by Professor Joseph M. Sussman of the Department of Civil Engineering.
The purpose of this research will be to develop, calibrate, and validate models for predicting
the impacts of freight network configurations on various sectors including the rail industry,
rail users, labor, and competing transport modes. These network models will also be useful
in seeking optimal configurations in particular geographical areas, as well as for evaluating
current transport regulatory policy.

The Center has recently been awarded a contract with the National Science Foundation (NSF)
to assist the Research Applied to National Needs (RANN) Program in establishing an overall
program and rationale for transportation research. This research will be noteworthy because
of its interdisciplinary and inter-modal nature, and because of the involvement of the steering
committee of the Center in its conduct. The product of the research will be the plan for a
research program in the area of transportation within the NSF RANN Program.

Academic Program
In the spring of 1973, a presentation of the academic program in transportation to be offered
by the Center for Transportation Studies in coordination with various departments was given
to the Committee on Graduate School Policy. The overall plan involves programs of study at
the master's, doctor's, and professional training levels. Students,, with their faculty advisors,
will work out individual programs from the subject offerings available through the Center.
This program offering includes three new core subjects, on transportation systems analysis,
transportation economics, and an introduction to transportation technology. A full set of
subjects covering a wide range of transportation topics is available. Included are seven subjects
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in the area of theory and methods, four subjects in transportation systems analysis, 16 sub-
jects in modally oriented transportation, and eight subjects that are problem oriented in
scope. Finally, more than 18 other transportation related subjects offered within the Institute
are identified.

Since the coming academic year will be the first for this new program, no operational experi-
ence has yet been gained.

Other Programs
A variety of other programs and activities is planned by the Center for Transportation Studies.
The Center is discussing with the M. I. T. Press the possibility of an M. I. T. Press series on
transportation. The steering committee of the Center plans to act as the editorial board of
the series.

Plans are also under way to establish a Transportation Information Center in conjunction with
the Institute's Engineering Library. This will be a "mini-library" which will maintain current
periodicals, research reports, and a small amount of reference material for use by students
and faculty doing transportation related research.

Also contemplated for initiation in the fall is a series of luncheon seminars at which faculty
and staff can report on current research. Visiting scholars and government and industry
officials will be invited to participate in this program.

PAUL O. ROBERTS
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The year 1972-73 was a year of transition in the School of Humanities and Social Science. The
dean of the School, the heads of two departments, and the head of Course XXI all relinquished
their posts in the course of this year. The result was a change of personnel greater than at
any time since 1962-64, when the present structure of the School was established in large part.
Dean Robert L. Bishop, who had guided the development of the School since the retirement of
Dean John E. Burchard in 1964, stepped down in order to return to full-time work in the De-
partment of Economics. His term of office had begun when he was head of the Department of
Economics and became acting dean; it ended, appropriately enough, by his being for a brief
spell both dean and acting head of the Department of Economics. Dean Bishop will be remem-
bered both for his skill in guiding the School through the difficult period of expansion in the
1960s, and for his delightful combination of sunny good humor and sharp intelligence.

Professor Richard M. Douglas, head of the Department of Humanities since 1962, and Profes-
sor William F. Bottiglia, head of the Department of Foreign Literatures and Linguistics since
1964, have played a key role in the development of the two oldest established departments in
the humanities. They chose the opportunity of a change in the direction of the faculty to step
down and return to their own scholarship. Farewell tributes by their colleagues emphasized
the extent to which these two men had sacrificed themselves for the sake of others, and the
gratitude of those colleagues to them for their long service.

An even longer period of service was terminated at the end of the academic year, when Profes-
sor Roy Lamson, who had succeeded Professor John Morton Blum as head of Course XXI in
1958, passed the retirement age. Happily, he will remain with the School as senior lecturer
and special assistant to the President for the arts.

The new dean, whose appointment was announced at the beginning of the academic year but who
did not take up his appointment until the first of April, is Professor Harold J. Hanham, for-
merly professor of history at Harvard University, who also will serve until the end of the
1973-74 academic year as acting head of the Department of Humanities. The new head of the
Department of Foreign Literatures and Linguistics is Professor James W. Harris. The new
acting head of Course XXI is Professor Arthur D. Kaledin, who will chair a committee to
review the future of that Course.

The School of Humanities and Social Science now embraces three very different types of acti-
vity. First there are the highly developed graduate programs in economics, linguistics,
philosophy, political science, and psychology, backed (except in philosophy) by ambitious
research programs. These graduate programs are comparable both in scope and achievement
to the best programs in science and engineering at M. I. T. Second, the School is responsible
for enabling students to satisfy the humanities requirement -- really a general education
requirement -- of the Institute. Each department offers undergraduate subjects to this end,
but one, the Department of Humanities, occupies a special position in this area: it offers no
graduate programs, concentrating instead on providing undergraduate subjects in the liberal
arts. Third, there is a series of undergraduate "subject" majors, in economics, philosophy,
and political science, taken by a relatively small number of students, plus a more general
major in the humanities and science or engineering (Course XXI), which at times has attracted
a very large number of students.
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The present organization of the School reflects decisions made during the tenure of Dean
Burchard from 1948 to 1964. When Dean Burchard took office, the Division of Humanities,
which was made a School in 1950, consisted of three departments: economics and social
science, English and history, and foreign languages. By 1962 each of these departments had
been subdivided into sections, each section representing a major discipline. Thus the
Department of Economics and Social Science was divided into three sections (economics,
political science, psychology). The Department of English and History, renamed in 1953
the Department of Humanities, was divided into four sections (history, literature, philosophy,
music) and the Department of Foreign Languages (renamed in 1969 the Department of Foreign
Literatures and Linguistics) into two sections (foreign languages and literatures, linguistics).
Some of the sections acquired doctoral programs of their own and eventually became separate
departments: the Department of Political Science in 1965, the Department of Psychology in
1964, and the Department of Philosophy in 1971.

Departments and sections both grew in size during the period of university expansion in the
1960s, but the direction of growth was different. The single subject departments (economics,
philosophy, political science, psychology) and the linguistics section of the Department of
Foreign Literatures and Linguistics became major forces in the wider world of scholarship
and research. The remainder of the School, committed primarily to the provision of a gen-
eral education program, found itself outdistanced in influence and prestige. Student interest
in the humanities increased greatly during the troubled years of 1969-71, and gave the Depart-
ment of Humanities a temporary and not altogether welcome visibility; however, in the years
that followed, the wave of student interest subsided. Such expectation as there was that the
sections of the Department of Humanities might emerge as full-fledged departments evaporated
in the aftermath of the crisis that hit universities in the early 1970s, when it became clear
that there was to be neither a demand for new graduate programs nor the money to support
them.

Discussions of the future development of the School have been going on since at least 1969,
and have occupied much of the attention of the M. I. T. Commission. It is hoped that decisions
will be made during the coming year on a wide range of issues. They include the future organ-
ization of the arts at M. I. T. (a matter made more urgent by the formation of the Council for
the Arts), the future of the Institute's humanities requirement, and the relations between the
School of Humanities and Social Science and the Schools of Engineering and Science.

The ferment at the end of the 1960s, which affected the teaching of liberal arts everywhere,
also made clear that there was no longer a general consensus as to what should constitute
general education programs or education in the humanities. Major universities with well-
established and prestigious graduate programs have managed to avoid most of the consequences
of this breakdown of consensus. They simply have gone on providing the services which they
had been providing. Elsewhere there has been a search for a new consensus, and this search
is not yet over.

The disarray of the humanities is a welcome opportunity for M. I. T. It gives the Institute the
chance to break out of established modes and to do things differently. There is the chance to
explore the relations between the social sciences and humanities on one hand and engineering
and science on the other. There is the chance to pioneer a new type of social history of modern
technology. The Institute is no longer tied to the traditions of general education which have
held sway since the publication of the Harvard Red Book after World War II. It may choose
to abandon the curious prejudice against foreign languages which has meant that at M. I. T.
subjects in foreign languages, even though based on great literary texts, normally do not
count toward fulfilling the humanities requirement. There is the opportunity to explore new
ways of teaching foreign languages and the humanities in general. Above all, the Institute can
move toward a situation in which it can offer incoming undergraduates a different type of
humanities program from that available anywhere else.
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Science and Engineering Enrollment of Course XXI Students, Spring 1973

Seniors Juniors Sophomores Total

XXI-A

Aeronautics and Astronautics 1

Chemical Engineering 1

Electrical Engineering 6 4 1

Civil Engineering

Mechanical Engineering 1 1

15

XXI-B

Chemistry 3 2

Life Science 1 1 1

Mathematics 2 2

Physics 1 2

Psychology 6 4 3

28
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Some tentative first steps were taken in this direction in the 1972-73 academic year. There
were discussions with those concerned with undergraduate education in the sciences and
engineering. A group of like-minded colleagues drawn from the Schools of Humanities and
Social Science, Engineering, and Science, met regularly to talk about the possible range of
cooperation in the general area of the social interfaces of science and technology (a separate
report on this activity is attached). The first steps have been taken to review the existing
state and possible future shape of the Institute humanities requirement.

In order to facilitate as much interchange as possible between the faculty of the Schools of
Science, Engineering, and Humanities and Social Science, the new dean decided to locate his
headquarters in Building 20. This relic of wartime science at M. I. T., located at 18 Vassar
Street, has been threatened so frequently with demolition that it is now apparently immune to
ordinary threats of destruction. The dean will be joined there by those engaged in the develop-
ment of technology studies, by a new program in literature sponsored jointly by M. I. T.,
Brandeis University, and Wellesley College, managed by Professors Eugene Goodheart and
Alvin Kibel, and by other development groups. From July 1, 1973, there will be for the first
time an associate dean of the School. This will be Professor Donald L. M. Blackmer, Pro-
fessor of Political Science and formerly executive officer of that Department, who will share
with the dean responsibility for the development of new ideas and the administration of the
Institute humanities requirement.

HAROLD J. HANHAM

Department of Economics

Although the year past was not distinguished by any major innovations, it was a vigorous and
productive one both in the teaching programs of the Department of Economics and in the
research activities of its members.

Undergraduate Program
Despite a rather sharp decline in the number of undergraduate majors in the School of Humani-
ties and Social Science in the past few years, the trend in the Department of Economics was
only moderately downward. The official figures of October, 1972, show 58 economics majors,
compared with 67 to 70 over the preceding three years. By the end of the academic year,
however, the number had increased to 80, primarily because the number of sophomores grew
from 12 to 26.

The number of undergraduate degrees granted during the academic year was 26, down sharply
from the record of 40 the year before, but not far below the average of 30 during the preceding
three or four years. The reduction is attributable in part to a sudden reversal in the trend of
recent years toward larger numbers of students qualifying for two Bachelor of Science degrees
simultaneously. In contrast to the previous year, when almost one-third of the candidates for
the Bachelor of Science in Economics received another Bachelor of Science degree as well,
there were only two such cases this past year.

The regular subjects taken by undergraduate economics majors seem to be well received.
Those of increasing topical interest include Economics of Fuel and Power, Urban Economics,
the Economics of Pollution, and the Distribution of Income and Employment Opportunity.

The Department continues to struggle with the challenge of encouraging its undergraduates to
engage in individual research. It is moving away from the formerly required research seminar
for all prospective thesis writers toward a more individualized pairing of students with faculty;
it hopes that this will prove to be a more effective formula.
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The Department continues to make a strong contribution to the program of general education
in the humanities and social sciences for all M. I. T. undergraduates. Among the 13 fields
from which students choose their junior and senior electives, economics ranks a strong
second, behind psychology.

Graduate Program

Given the sharp reduction over the past several years in governmental fellowships for graduate
students, it is increasingly difficult to maintain graduate programs on their former scale.
From 1965 to 1969, the number of graduate students in the Department of Economics ranged
from 120 to 130. Enrollment fell off to 103 in 1970. Since then, it has recovered partially --
to 107 in 1971, and 112 last year.

This improved performance is partly attributable to the Department's exceptional good luck
last year in accumulating exactly half of the nationwide total of National Science Foundation
fellowships in economics. While that achievement has not been duplicated this year, the
number of graduate students accepting admission for next September again exceeds expecta-
tions; a further increase in the Department's graduate student population is likely. This
increase reflects both an increase in the number of students with support from various foun-
dations and foreign governments and an increased willingness of some students to draw on
family support and loans.

This year, the Department awarded 27 Doctor of Philosophy degrees and 3 Master of Science
degrees, recording the second highest total in its history.

Two years ago, the Department changed the format of its general examinations for the Doctor
of Philosophy. Instead of requiring that all field examinations be taken in a (rather hectic)
ten-day period, usually after two years of graduate study, it allowed students to complete
some of their requirements earlier and thereby to reduce the number of examinations at the
end of their course work. This has achieved the desired effect of reducing tension. The fa-
culty seems to be satisfied that the new flexibility has improved the effectiveness of the edu-
cational process.

Research Activities
The single largest concentration of research effort continues to be in the area of urban econo-
mics. Professors Jerome Rothenberg, John E. Harris, R-obert E. Hall, Robert F. Engle,
and William C. Wheaton have been involved in this effort. There is a trend among other
Department faculty members toward collaboration with individuals in other parts of the Insti-
tute on problems of mutual interest; examples of such collaboration are the work of Professors
Morris A. Adelman and Paul L. Joskow on energy, that of Professor Robert W. Crandall on
cable television, and that of Professor Michael J. Piore on dual labor markets.

Among the major books published during the year by faculty members are Professor Adelman's
The World Petroleum Market; a volume of essays in honor of a former colleague, Professor
Emeritus Paul N. Rosenstein-Rodan, entitled Development and Planning, edited by Professors
Jagdish N. Bhagwati and Richard S. Eckaus, with contributions from other Department members;
Professor Franklin M. Fisher's The Economic Theory of Price Indices (written with a former
faculty member, Karl Shell); and Professor Charles P. Kindleberger's The World in Depres-
sion, 1929-39.

It was also a year noteworthy for new editions of textbooks. Institute Professor Paul A.
Samuelson brought out the ninth edition of his famous Economics; Professor Kindleberger
saw the fifth edition of his International Economics; and Professor Charles A. Myers brought
out both the seventh edition of his Personnel Administration (jointly with Professor Emeritus
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Paul Pigors) and the third edition of his Management of Human Resources (jointly with Pro-
fessor Pigors and Professor F. T. Malm of the University of California at Berkeley).

Personnel

The Department was pleased to have had as visiting professors this year Ann F. Friedlaender
and T. N. Srinivasan, and Owen Stanley as a visiting lecturer during the spring term. These
visitors were partial replacements for regular faculty on leave, including Professors Paul A.
Samuelson, Robert E. Hall, and Robert W. Crandall in the fall, Professors Franco Modigliani
and E. Cary Brown in the spring, and Professor Robert F. Engle all year. In addition,
Professor Everett E. Hagen spent all of his first post-retirement year at the University of
Hawaii, although he will return for half-time service at the Institute next year.

Martin L. Weitzman joined the Department this year as associate professor in the field of
economic development. His appointment was made possible by the faculty support in interna-
tional affairs provided several years ago by the Ford Foundation. Having lost Professors
Matthew D. Edel and R-onald E. Grieson last year, the Department has welcomed as replace-
ments Professors Paul L. Joskow and William C. Wheaton. The latter also holds a joint
appointment in the Department of Urban Studies and Planning.

Professors Duncan K. Foley and Martin N. Baily resigned their appointments at the Institute
this year, in order to accept positions at Stanford University and Yale University, respectively.
In their places, the Department has appointed for next year Professors Stanley Fischer, Jerry
A. Hausman, and Hal R. Varian.

Among the honors received by the faculty during the year were the award of an honorary Doctor
of Literature to Professor Samuelson from Northern Michigan University; the appointment
of Institute Professor Robert M. Solow as honorary lecturer at both the University of Illinois
and the University of Minnesota; and the selection of Professor Franklin M. Fisher as the
next recipient of the John Bates Clark medal of the American Economic Association. This
medal is awarded once every two years to an economist under the age of 40. Professors
Samuelson and Solow are both former recipients.

ROBERT L. BISHOP

Department of Foreign Literatures and Linguistics

Program in Linguistics
Two books by Professor Noam A. Chomsky were published in 1972: Studies on Semantics in
Generative Grammar, and Language and Mind (in an enlarged edition). Professor Chomsky
was awarded the Doctor of Humane Letters by the University of Delhi in November, 1972,
and by the University of Massachusetts at Amherst in June, 1973.

Professor Catherine V. Chvany's book, On the Syntax of Be-Sentences in Russian, is at press
and scheduled for publication in December, 1973.

Professor Morris Halle was elected vice-president of the Linguistic Society of America for
1973.

Professor G. Hubert Matthews was on sabbatical leave in 1972-73. He spent the year at the
Crow Agency School in Montana, developing bilingual and bi-cultural materials for courses
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covering the first four grades of instruction for American Indian children.

Professor David M. Perlmutter also was on leave throughout the academic year. During the
fall he taught in Vincennes, France, and did research on French syntax in the light of univer-
sal grammar. In the spring and summer he was in Japan, engaged in research on Japanese
syntax from the same point of view.

The research in progress of the linguistics faculty, in addition to the subjects of investigation
already mentioned, includes the following: Professor Chomsky -- syntax and semantics in
generative grammar; Professor Halle -- variables in phonological theory, accentual systems,
and systems of phonetic features; Professor Kenneth L. Hale -- American Indian and Aus-
tralian aboriginal languages in relation to syntactic, semantic, and phonological universals;
language change in Australian and American Indian languages; and the relevance of linguistics
to the development of bilingual education in American Indian communities.

Other research includes: Professor R. Paul Kiparsky -- functional explanations in synchronic
and historical phonology, Indo-European morphonemics, linguistics, and poetics; Professor
John R. Ross -- a nondiscrete theory of language; Professor James W. Harris -- the phonol-
ogy and morphology of Chicano Spanish, the rules of stress assignment in standard Spanish,
the morphology of Spanish verb forms; and Professor Chvany -- Russian syntax in relation
to theoretical problems.

Professors Kiparsky, Ross, and Harris have been promoted to the rank of full professor as
of July 1, 1973.

Program in Foreign Languages and Literatures
Professor Krystyna Pomorska's book Formalismo e Futurismo was published recently in
Brazil. Professor Robert E. Jones's volume on Gerard de Nerval for the Twayne World
Authors Series is at press and scheduled for publication late in 1973.

The research in progress of the foreign language and literature faculty includes the following
subjects of investigation: Professor William Bottiglia -- the philosophy of civilization; Pro-
fessor Martin Dyck -- a new theory of comedy; Professor Pomorska -- Pasternak's poetry
and prose, Solzhenicyn's prose; Professor Jones -- an analysis of the plays of Giraudoux;
Professor G. Eugene Nelson -- Brecht and the didactic theater, a computerized German re-
view grammar; Professor Chvany -- a concordance of various proposed minimal word lists,
with grammatical information, for review exercises in intermediate Russian.

Professor Bottiglia is concluding his ninth year as head of the Department, and has decided
to step down from that position on June 30, 1973. In the fall term of next year he will be away
on sabbatical leave, working on the completion of a massive volume dealing with civilization.
In the spring term he will have a joint appointment as professor of foreign literatures and
humanities and as professor of management. Professor Harris will succeed Professor Bottiglia
as head of the Department.

WILLIAM F. BOTTIGLIA

Department of Humanities

This report marks the end of an era, for toward the end of the academic year two key members
of the Department of Humanities stepped down from their positions. On March 31, 1973, Profes-
sor Richard M. Douglas gave up the duties of head of the Department, which he had borne since
1962. On June 30, 1973, Professor Roy Lamson retired from the post of head of Course XXI,
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which he had held since 1958. A review was commenced at that time to determine the future
of both the Department and Course XXI.

When Professor Douglas came to M. I. T. from Amherst College in 1962, the history and liter-
ature sections of the Department had been in existence for only six months. The future course
of the Department was an open question. The philosophy section achieved full departmental
status in 1971, but the Department as a whole remained uncertain whether the Institute was
prepared to see the humanities develop toward independent departmental status with a range
of separate departments and doctoral programs. In 1969, particularly, there was much talk
of future Doctor of Philosophy (Ph. D. ) programs, but these were abandoned later. By 1971-
72, it was clear that there was likely to be an oversupply of doctors in the humanities, where
hitherto there had been a shortage.

Thus, Professor Douglas's period of service at M. I. T. coincided with a period of great uncer-
tainty about the future of the humanities at the Institute. It was never decided whether M. I. T.
was to have a special undergraduate degree for humanists; it was never decided how many
Ph. D. programs in the humanities were to be developed; it was never even decided what the
role of the humanities at M. I. T. was to be. Professor Douglas was faced with a most difficult
task. That the Department of Humanities did not fall apart is a great tribute to Professor
Douglas's leadership. That he also managed to bear a large share of the burden of administer-
ing the Newton, Massachusetts school system is evidence of his versatility and wide range of
interests.

Course XXI was founded in 1955. Professor Lamson took over as its head in 1958 and has
managed it ever since. He has been responsible for it in years of low and of excessive en-
rollment. One of his great triumphs was bringing Aldous Huxley to M. I. T. His own devotion
to medieval literature and to jazz music served to give the program in Course XXI a distinc-
tive flavor. Professor Lamson was recognized appropriately when he was made Class of 1922
Professor in 1971, and when nominated by the President as special assistant for the arts. Fu-
ture generations of M. I. T. men and women will think of him as a legendary figure. His col-
leagues consider him a delightful companion and a zealous defender of the humanities at M. I. T.
The Institute will benefit from his continued association with the Department in his retirement,
and from the fact that he remains as special assistant to the President for the arts.

These two administrative changes, coinciding with a change in the direction of the School,
prompted a general "taking stock. " As a result the new dean of the School of Humanities and
Social Science, Professor Harold J. Hanham, agreed to become acting head of the Department
for one year, and Professor Arthur Kaledin agreed to become head of Course XXI, also for
one year. The coming year will be a period of reexamination and discussion about the future
of the humanities at M. I. T. The objective is to establish a new direction which the Depart-
ment of Humanities can follow for the next ten years.

HAROLD J. HANHAM

Course XXI
Since 1955, Course XXI has offered students a program of balanced education in science,
engineering, and humanities, with the opportunity to study the humanities in depth. Its grad-
uates have become doctors, lawyers, teachers, engineers, scientists, businessmen, and
public servants. On the base of science, engineering, and humanities common to all M. I. T.
undergraduates, these graduates have built their education in the arts and humanities.

Course XXI has concluded its eighteenth year as a curriculum, having graduated some 628
students in programs combining engineering and science with literature, history, music,
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Table 1
Registration in Humanities, Languages, and Social Science Undergraduate Subjects 1972-73

Fall Spring
1

2072
151
139
143
373

57

185
229
315
259

32
229

7961 798'

100
98

2773
216
221

89

171
74

431
282

26
217

1, 001

Freshman program

Sophomore program

Literature
Philosophy
History
Anthropology
Music
Social science

History
Philosophy
Literature
Music
Anthropology
Interdisciplinary

Total humanities electives

Economics
Political science
Labor relations
Psychology
Urban studies

Total social science electives

Foreign literatures
and linguistics 4

Visual arts 5

Thesis

Economics
Political science
Course XXI

English composition
Senior seminar (XXI)
Science writing

Elementary and intermediate
foreign languages

1,070

1,249

545
263

58
692
123

538
142

85
887

95

1, 681 1, 747

137

348

3
5

11

155

331

25
10
23

301 203

GRAND TOTAL 5,663 5, 567

1 Includes registration in special humanities subjects in French (fall, 20; spring, 23).

2 Includes registration incomparable subjects in French (fall, 13).

3 Includes registration in comparable subjects in French (spring, 14).

4 Exclusive of 504 registrants in elementary and intermediate languages (fall, 301; spring,
203), but includes registrants in advanced language subjects (fall, 8; spring, 83).

5 Taught by faculty of the School of Architecture and Planning.

1,201
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Table 5
Relative Distribution of Registrants in Undergraduate Electives

by Broad Fields and by Schools insofar as They Can Be Identified, 1972-73

Foreign
Visual Literatures Other Social

School-Field Arts and Linguistics Humanities Sciences

Architecture .40 .01 .15 .44

Engineering .07 .03 .32 .58

Humanities .02 .06 .55 .37

Management .06 .03 .23 .68

Science .06 .05 .45 .44
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philosophy, social inquiry, and anthropology. The most recent programs, social inquiry and
anthropology, have graduated 10 students. Enrollment in Course XXI in the spring term of
1972-73 was 92, a drop of 40 from the previous year; 6 students were candidates for the second
bachelor's degree. Literature registered the most students (50), as it has for the last ten
years; music enrolled 15 students; history, 10; and philosophy, 6. Six students registered in
the social inquiry program; 3 registered in anthropology. Six students were enrolled in the
Course XXI program in psychology and humanities, and 2 worked in foreign literatures with
the Department of Foreign Literatures and Linguistics.

During the spring of 1972 several faculty members from the Schools of Engineering and
Science and the Department of Humanities met to plan the humanities senior seminar, which
was offered in the fall jointly with the Department of Aeronautics and Astronautics. Members
of the faculty took part in the seminar on technology, power, and values, directed jointly by
Professors Leon Trilling (of the Department of Aeronautics and Astronautics) and Roy Lamson.
In connection with the seminar, 12 public lectures on contemporary problems in technology
were given. The seminar will be repeated in 1973-74 under the direction of Professors Trilling
and Richard M. Douglas.

Awards for the 1973 Department of Humanities Writing Contests in Course XXI included the
Boit Manuscript Prize, given to David Porush, and the Robert A. Boit Writing Prizes, given
to David Porush, Gary Woods, Roderick Holland, and Fred Shapiro. Out of four Summer
Grants in Writing sponsored by the Department of Humanities, two were awarded to Course
XXI students, David Porush and William Marberg. Three Course XXI students were elected
to Phi Beta Kappa -- Heather Cattell, William Strong, and Gary Woods.

In the fall, Professor Arthur D. Kaledin will take over the direction of Course XXI. Profes-
sor Lamson is grateful for the cooperation and support he has received from Dean Emeritus
John E. Burchard, Mrs. Aida Blender, and faculty members throughout the Institute during
his service as director of Course XXI.

ROY LAMSON

Anthropology Program
In 1972-73, the Anthropology Program continued along the lines initiated and developed during
the preceding three years. While the Program's staff has grown, its total strength is still
less than 3. 5 full-time faculty members.

Professor Martin Diskin was awarded tenure effective July, 1974. His book about the peasant
marketing system of the valley of Oaxaca in southern Mexico, co-edited with Scott Cook of
the University of Connecticut, was accepted for publication by the Institute for Latin American
Studies of the University of Texas. He continues his interest in nutrition as a participant in
the International Nutrition Planning Group.

Professor Jean E. Jackson completes her first year as a member of the Anthropology Program.
She has completed her doctoral dissertation in anthropology at Stanford University, entitled
"Marriage and Linguistic Identity among the Bard Indians of the Vaupes, Colombia. " Her
research activities consist of further analyses of the data collected during her field work in
Colombia. She has read papers at the Mathematics Social Science Board conference on formal
methods in kinship semantics (held in December, 1972, in Riverside, California) and at the
annual meeting of the Southwestern Anthropological Association (held in April, 1973, in San
Francisco, California). Her published writing includes an article, "Language Identity of the
Colombian Vaupes Indians, " in The Ethnography of Speaking, edited by Joel Sherzer and Richard
Bauman, tobe published by the Cambridge University Press, Cambridge, England.
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Professor Heather N. Lechtman is appointed jointly in the Departments of Humanities and
Metallurgy and Materials Science; her activities reflect this dual affiliation. A subject she
developed this year in art, materials, and culture explores various technologies and esthetic
traditions in cross-cultural context. Her research is aimed primarily at the analysis of pre-
Columbian metallurgy in the Andean region of South America. Using the techniques of metal-
lographic analysis, X-ray and chemical analysis, and the electron micro-analyzer, she ex-
amines a collection of metal objects from museums and private collections. This work is
carried out primarily in the Laboratory for Research on Archaeological Materials. Profes-
sor Lechtman has had three papers accepted for publication this year, including the forthcoming
article, "A Tumbaga Object from the High Andes of Venezuela, " October, 1973, American
Antiquity.

Professor Lechtman has been awarded two important research grants. The first, a grant-in-
aid given by the Wenner-Gren Foundation for Anthropological Research, is for participation
in a research seminar held in southern Peru in the summer of 1973, entitled The Ecological
and Political Archipelagos Controlled by Aymara Kingdoms in the Lake Titicaca Area. Her
project in this seminar concerns the development of metallurgy among the Aymara kingdoms
of the Lake Titicaca regions prior to the Inca conquest. She also has received a fellowship
from the American Council of Learned Societies to carry out research entitled, "Site Survey
of Pre-Columbian Metallurgical Sites in Peru, Bolivia, and Chile. " This research will be
conducted in South America during the period January, 1974 - January, 1975. She will locate
sites of ancient metallurgical activity, excavate them, and after returning, continue the
laboratory analysis of the data obtained. Professor Lechtman also was elected to the Program
Committee of the Boston chapter of the Archaeological Institute of America.

Professor Arthur Steinberg was honored this year with selection as one of two recipients of
the Kenan chair for career development. He will hold this chair for two years. Professor
Steinberg was a member of an archaeological field expedition to Cyprus in the summer of
1972. He examined sites of an ancient copper industry, and has been doing further studies
on the samples obtained at that time. This work takes place at the Laboratory for Research
on Archaeological Materials. Professor Steinberg has delivered several papers on this
research.

The Anthropology Program has added a colleague for next year; he is Instructor James
Howe from the University of Pennsylvania. He is presently finishing his doctoral dissertation,
whose subject is the political organization of the San Blas Cuna of Panama. Instructor Howe
brings teaching and field experience in the areas of symbolic anthropology and the anthropo-
logical study of politics and social organization.

At this time, the Anthropology Program completes the first phase of a process begun several
years ago: the introduction into the Department of Humanities of subjects in anthropology
and archaeology, the creation of a major, and modest growth sufficient to begin implementing
these initial goals. Now the Program turns its attention to considerations of longer-range
planning. These considerations involve the size of the staff, and the balance between ade-
quately representing anthropology and working with other entities being considered or formed
as the Department and School evolve in the years to come.

MARTIN DISKIN

History Section

During the past year, the History Section continued the task of defining what it considers to be
an adequate history curriculum at M. I. T., given the interests and capabilities of its members.
Uncertainty about the future of the Institute humanities requirement and about the structure of
the Department of Humanities, following the change in leadership in both the School and the
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Department, naturally influenced the discussions of the Section. So did the constraints of a
constantly shrinking academic budget.

Early in the year, the Section decided to initiate a new subject in the freshman humanities
curriculum. Through such a subject, conceived in broad, "general education" terms, the
Section hopes to reach a larger percentage of the student body than is possible with its present
core offerings, which are disciplinary in conception and directed almost exclusively toward
sophomores. This subject also would serve as a basic introductory subject to the whole his-
tory curriculum for those wishing to study history in a more structured, sequential way than
hitherto has been possible at M. I. T. After further discussion, the Section decided that the
subject should be built around a comparison of the salient characteristics of the civilizations
of Western Europe and China at two particular periods in time, one relatively remote, the
other quite recent, in an effort to show how and why these civilizations followed markedly
different paths of development. Considerable attention would be given to the technological
and material factors of both civilizations. A subject of the nature described would take ad-
vantage of the interest of the History Section in various aspects of modernity and the problems
of modernization, and would reflect its commitment to a comparative approach to history. It
would also touch upon questions of industrialization and technological development which may
be of interest to the Institute at large. A committee has been working on the subject during
the past year and will continue during the summer and the coming academic year, with the
expectation of offering it for the first time in the fall of 1974.

The Section is increasing its offerings in more traditional areas of historical inquiry with
two new subjects, The Old Regime in Transition (to be offered next year), and Europe: 1763-
1848: The Era of Revolutions (the following year), adding to already existing subjects in the
history of European society in the 19th and 20th centuries. The Section is aware of the need
to increase its offering of comparable subjects in the history of the United States, especially
for the mid-19th century. Subjects of this nature have been conceived of as providing a basic
historical background, after which subjects of a more specialized and thematic nature may
be undertaken more profitably. It is planned further to continue the Section's offerings in the
history of non-Western areas, such as Latin America, and to initiate offerings in the history
of the modern Far East. All of this is to be understood as part of an effort to organize and
present the curriculum in a more systematic and comprehensible way.

The retirement (both imminent and actual) of several persons who have taught subjects in the
history of science and technology, and the difficulty of replacing them under present budgetary
conditions also have been discussed within the Section. The Section therefore has welcomed
the birth of the group for technology studies, in the expectation that this group will concern
itself with research in the history of science and technology and will offer subjects in these
fields. The History Section would welcome being involved in and associated with such efforts
whenever possible.

DAVID B. RALSTON

Literature Section
For the Literature Section this has been a year of problem solving and innovation. A large
curriculum committee worked both semesters to reorder the Section's offerings, creating a
new vision of the core and reconsidering the shape of the entire program. Plans are moving
forward to publicize this new curriculum in a brochure modeled after the Independent Activities
Period bulletin.

Further innovation is promised by a seminar program -- involving humanists from other uni-
versities -- initiated by Professors Eugene Goodheart and Alvin C. Kibel, and through plans
for an intensified program in creative writing. A nascent program for student teachers will
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be centered on a seminar entitled Topics in Education.

Members of the Section have given time and energy to the improvement of the student ques-

tionnaire system, the development of new subjects in women's literature, and an effort to

achieve greater justice in such areas as the junior faculty salary scale. Thanks to adminis-

trative supplements to the budget, an augmented program of poetry readings was possible;
also, in addition to the usual Boit Prize money, summer grants-in-aid to a few student writers

were made available for the first time.

The Section cooperated with the Council for the Arts in its efforts to move toward improved

facilities for the arts at the Institute, and with the new dean in formulating an Affirmative
Action Program and seeking greater clarity of structures and procedures in all spheres of

the Department's life.

WAYNE O'NEIL

Music Section
The Music Section enjoyed a record high enrollment during 1972-73, with 1, 075 students taking

the 15 subjects offered. Additional gains were made in student music involvement through the

extracurricular activities of the orchestra, choral society and glee club, concert and jazz
bands, and the initiation of an opera workshop and chamber music program.

Three events worth special attention were: 1) the Council for the Arts sponsored tour of the

M. I. T. Symphony Orchestra (of Philadelphia, Dallas, San Francisco, Los Angeles, and

Chicago), which received high critical acclaim; 2) the appointment of Professor Robert S.

Freeman as head of the Eastman School of Music; and 3) the retirement of Professor Klaus
Liepmann after 25 years as director of music.

Faculty members were involved in a number of professional activities outside of the Institute.
Professor David M. Epstein, after a year's sabbatical of writing, lecturing, and conducting
in Europe, returned for conducting engagements in April after leading the M. I. T. Symphony
through its successful March tour. Professor John L. B. Buttrick, named music chairman,
went on a January tour of piano recitals and orchestral engagements in Europe, as well as
accompanying the orchestra on tour. Professor Freeman toured Europe in September with

Boston Symphony Orchestra cellist Luis Leguia before his nomination to the Eastman post in

November. He too accompanied the orchestra on its tour. Professor John Harbison announced
his retirement as director of the cantata singers after five highly successful years to devote

more of his energies to composing. In May, the Koussevitzky Foundation named him a reci-

pient of its composition award.

Professor Donald Sur received an Old Dominion grant during the fall semester and completed
his doctoral studies at Harvard University. His "Sleepwalker's Ballad" was premiered at
M. I. T. in November. Professor Barry L. Vercoe continued work on the experimental studio,
and by year's end was anticipating funding for the project. His "Metamorphoses" for orches-

tra was offered on the M. I. T. Symphony tour to unanimously favorable comment. Professor

Rufus E. Hallmark organized a number of musical events on campus as a housemaster at

Burton House, and contributed his tenor voice. to M. I. T. and Boston area concerts.

While there were no visible changes in the academic curriculum in the past year, an extensive
series of Section meetings from January through the end of the academic year produced a sub-

ject plan which would emphasize ear-training and sight-singing (commencing in 1974). It was
felt by the faculty that existing theory and history courses for concentrators and other students
wishing to take music beyond the introductory level have suffered from a low level of students'
aural perception. The Section appointed two new faculty members for next fall to help build a

189
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strong program in this area.

Additionally, the Section determined to give credit for orchestra, and to offer a chamber
music seminar in 1973-74, fulfilling its assertion that the making of music in combination
with theoretical work is indispensable to the best musical comprehension.

The past year was a particularly busy one for concerts on campus. Besides the highly popu-
lar series of Thursday noon-hour concerts organized by Lecturer John Cook featuring Boston
area and M. I. T. artists, the Chamber Music Series in Kresge Auditorium offered distinguished
groups such as the Smetana Quartet, the Speculum Musicae, pianist Beveridge Webster, the
Glazer Duo in a premiere of Professor Epstein's "Fantasy Variations for Viola, " and (from
Paris) the Secolo Barocco. There were also evenings of Beethoven, Reger, clarinet quintets,
and Bach, by faculty and local artists, as well as a large calendar of concerts by student
performing organizations, including an orchestral concert taped for educational television
which was part of the Council for the Arts project. The orchestra performed Mahler's Fifth,
Brahms' Second, and Schumann's Fourth Symphonies; the choral society sang Haydn's
Creation with a local orchestra; and the newly formed opera workshop produced The Magic
Flute under Lecturer Cook's leadership. Additional chamber music concerts on campus
were often the product of Lecturer William Draper's new chamber music classes, which
particularly emphasized woodwind music. The addition of two string players to the staff for
1973-74 will increase the number of students involved in this program.

Space remains the most critical problem at this time, as the Section's enrollment has tripled
over the past five years, and its students are continually asking for increased facilities. The
formation of the Council for the Arts has demonstrated that the problem is being approached
with energy and concern, and the Music Section looks forward to the next few years with keen
anticipation.

JOHN BUTTRICK

Technology Studies
The Technology Studies program, for which planning began this year, is meant to realize
M. I. T. 's long-standing commitment to the humanities as an essential component in the edu-
cation of scientists and engineers. In September, Professor Nathan Sivin undertook explora-
tion and Institute-wide consultation on the question of how an interdisciplinary program in
the humanities should be shaped to fit the special character of M.I.T., its activities, and its
educational programs in science and engineering. By December the program's priorities
had been sufficiently defined for the Technology Studies Steering Committee to be appointed
by the Dean of the School of Humanities and Social Science to take responsibility for identi-
fying goals and making proposals. Committee members include: Professor Louis L.
Bucciarelli, Jr., of the Department of Aeronautics and Astronautics; Professor Maurice S.
Fox, of the Department of Biology; Professor Harold J. Hanham (chairman), of the Depart-
ment of Humanities; Professor Irving Kaplan, of the Department of Nuclear Engineering;
Professor Jerome Lettvin, of the Departments of Biology and Electrical Engineering; School
Professor Elting Morison (vice-chairman), of the School of Humanities and Social Science;
Professor Philip Morrison, of the Department of Physics; Professor Nathan Sivin (secretary),
of the Department of Humanities; Institute Professor Cyril S. Smith, of the Departments of
Metallurgy and Materials Science and Humanities; Professor William Watson, of the Depart-
ment of Humanities; and Professor Judith Wechsler, of the Department of Architecture.

The Steering Committee defines technology studies as humanistic studies of science and tech-
nology. This area combines the tools of a number of disciplines -- including history, philos-
ophy, sociology, political science, natural science, and engineering -- which it brings to
bear on the dimension of value in technical endeavor. Key problems in this area include the
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role of individual vision and of social priority in shaping the work of scientists and engineers,
structures of value and the foundations of professional life in technical communities, and the
influence of scientific and technological change on society and the individual. In order to
avoid superficiality, research problems and teaching will be tied in all cases to the content
of innovation and to the organization of technical work. Although history is one of many use-
ful tools, the Technology Studies program will bear little resemblance to conventional depart-
ments of the history of science and/or technology. Whether it will become a department,
center, or laboratory remains an open question.

While this planning has proceeded, activities have been limited by the dearth of faculty mem-
bers professionally committed to the area of technology studies. A wider base for consulta-
tion and a focus for Institute-wide discussions of intellectual issues were provided by the
Technology Studies Workshop, a faculty seminar held almost weekly in the spring term. A
sequence of younger humanists in various disciplines from throughout the United States led
discussions on important new problems related to the role of values in science and engineering.
Attendance averaged between 30 and 50 participants, who reflected a broad spectrum of pro-
fessional competence. Speakers were:

1. Professor Stanley Goldberg (Hampshire College), "The Development of American
Attitudes toward Science and Basic Research, and the Response to Einstein's
Theory of Relativity";

2. Dr. Spencer Weart (University of California at Berkeley), "Why Was the Ideal
French Physicist ca. 1900 not to be Speculative? Social Circumstances and the
Nature of Research";

3. Professor Harold Dorn (Stevens Institute), "Bessemer Steelmaking: A Case Study
in the Theory of Invention";

4. Professor Stephen Brush (University of Maryland), "Some Relations between
Planetary Science and 'Pure' Science, and Their Historical Development";

5. Professor Harold I. Sharlin (Iowa State University), "On Being Scientific: Lord
Kelvin's Opposition to Evolutionary Theory";

6. Dr. Leon J. Kass (Annapolis, Maryland), "Philosophical and Moral Problems
Raised by the New Biology";

7. Dr. Peter S. Buck (Harvard University), "Science, Revolution, and Imperialism:
Chinese and Western Models of Scientific Development";

8. Professor Arnold Thackray (University of Pennsylvania), "Natural Knowledge
and Cultural Context: A Case Study in the Technical, Social, and Cultural Back-
grounds of Scientific Change in the Industrial Revolution";

9. Professor Carleton Gajdusek (National Institute of Health), "Primitive or
Regressed ? The Abandonment of Technology by Certain Cultures";

10. Professor Eric Robinson (University of Massachusetts, Boston), "Problems in
the Mechanization and Organization of the Birmingham Silver and Jewelry Trades,
1760-1800."

The short lead time for planning led to an imbalance in the direction of history as against
other approaches and toward science as against technology, but the experience will make
better choices possible in the future.
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Appointment from within M. I. T. of the Technology Studies Group, which will be responsible
for planning and carrying out the teaching and research programs, is under way, and the
first appointments from outside will be made next year. A coherent teaching program is ex-
pected to commence in the fall of 1974. A headquarters, now being constructed in Building
20, will incorporate informal meeting facilities to encourage give-and-take with people
throughout the Institute. Discussions of the Professional Seminar program with representa-
tives of science and engineering departments already are taking place, as are talks with
those responsible for the M. I. T. libraries about needed library and documentary facilities.

Planning is proceeding along the following lines: 1) a well-integrated program of undergrad-
uate instruction, collaborative and experimental in nature; 2) encouragement of, services
to, and liaison for Professional Seminars, upperclass subjects in humanistic and social
dimensions of scientific and engineering professions, to be offered and (mostly) staffed by
members of the respective departments; 3) a postdoctoral program which will bring outstand-
ing Doctors of Philosophy in humanities and social science to M. I. T. to contribute to inter-
disciplinary activities and to study technical change in process here; and 4) a meeting place
and a forum for scientists and engineers capable of contributing to understanding of science
as a human enterprise, and activities to facilitate their work in this area. It is felt generally
that a postdoctoral program is a more responsible investment of energy and resources than
a graduate program, at least until adequate support operations have been built up.

THE TECHNOLOGY STUDIES STEERING COMMITTEE

Department of Philosophy

Undergraduate Education
A department of philosophy in an institute of science and technology cannot expect reasonably
to attract large numbers of undergraduate majors. Accordingly, this Department conceives
its contribution to undergraduate education at M. I. T. as consisting less in the production of
candidates for graduate education in philosophy than in the provision of perspective for those
whose education is largely scientific or technological. Even so, the Department takes some
pride in noting that in this, its second year as an autonomous department, eight students were
graduated with the Bachelor of Science in Philosophy. They look forward to various careers:
two will proceed to graduate study in philosophy, one will enter medical school, another hopes
to become a journalist, and another is seeking a position as a high-school teacher.

Roughly 75 percent of the Department's teaching time is devoted to the teaching of undergradu-
ate subjects.. The bulk of this time is spent in freshman and sophomore "core" subjects. En-
rollment in Contemporary Moral Issues (24. 01- 02), one of the options available for satisfaction
of the freshman requirement in humanities and social sciences, remains high: 241 students
during first term and 228 second term. Philosophy: Classic and Contemporary (24. 11), one
of the options available for satisfaction of the sophomore requirement in humanities and social
sciences, drew 157 students first term and 98 second term.

In an effort to diversify offerings at the freshman level, the Department next year will offer
two additional freshman subjects. One of these, called Science and Philosophy, will center
around an examination of the ways in which scientific and philosophic problems interact. The
other, called Logic, Language, and Science, will provide an introduction to the principles of
critical thinking and rational inquiry, especially as these relate to the special sciences. This
diversification of offerings will relieve certain staffing problems and will present freshmen
with a less one-sided view of the Department's activities.
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Graduate Education

In last year's report it was remarked that "it is difficult... to be optimistic about the future
of the graduate program. " It is even more difficult this year. The reason is the severe
drop in funds available for support of graduate students. There has been some shrinkage in
the amount available from M.I. T. endowed funds, but of course the most significant decrease
has been in government sponsored fellowships. In the past the Department has relied heavily
on National Defense Education Act, National Science Foundation, and National Institutes of
Health fellowships; these are disappearing fast. The Department has four such fellowships
for the academic year 1973-74, as compared with eight for 1972-73; apparently there will be
none at all for 1974-75. Unless alternative funding becomes available, there will be an inevi-
table acceleration of the decline in enrollment that set in last year. (Graduate enrollment
was 34 in 1970-71, dropped to 27 in 1971-72, and fell to 22 this year. ) Very few students are
able to support themselves through graduate school, especially at institutions where tuition
is high; few are willing to undertake heavy indebtedness in preparation for a career that is
no more than moderately lucrative. Thus it is likely that the Department soon will face a
situation in which it is unable to compete with public institutions and with those private insti-
tutions that have unusually large resources for support of graduate students in philosophy.

Research Activities

The year was (as usual) a productive one for members of the faculty in terms of research and
writing. Especially noteworthy are the following. Professor' Ivitig Singer's investigations
into problems of human sexuality reached fruition in his The Goals of Human Sexuality. Pro-
fessor Boruch A. Brody published Logic: Theoretical and Applied and is currently at work
on a book on essentialism. Professor George S. Boolos, together with Professor Richard
Jeffrey of the University of Pennsylvania, completed a book on computability and logic which
will be published in 1974. While on sabbatical leave, Professor Jerry A. Fodor completed
a book on philosophy of mind.

Personnel
The Department regrets to report that the following are leaving M. I. T. for positions else-
where: Professor Huston C. Smith will assume a chair in the Department of Religion at
Syracuse University; Professor Gerald B. Dworkin has accepted a position at the University
of Illinois at Chicago Circle; Professor David W. Smith will move to the University of Cali-
fornia at Irvine; and Instructor Richard Miller will move to Cornell University.

Joining the Department next year as assistant professors will be: Barbara Herman, candidate
for the Doctor of Philosophy at Harvard University; Paul Horwich, candidate for the Doctor
of Philosophy at Cornell University; and Izchak Miller, candidate for the Doctor of Philosophy
at the University of California at Los Angeles.

RICHARD L. CARTWRIGHT

Department of Political Science
The Department this year continued its major commitment to revising and expanding its un-
dergraduate curriculum. Two freshmen subjects were introduced, marking the first time
that the Department has been able to participate in the first-year humanities core offerings.
The two subjects, offered as a one-year option for freshmen, were well attended, with an
enrollment of approximately 90. In addition to repeating the sequence next year, two new
Department subjects are being introduced next year at the sophomore level. The freshman
subjects focus on the modernization process in low-income and industrialized countries; the
new sophomore offerings will be concerned with war, civilization, social change, and American
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politics. All are being taught primarily by senior faculty.

These subjects are but one step in the Department's efforts to reach out more effectively to
M. I. T. undergraduates and to couple its program more closely to the Institute's needs. In
addition to a series of measures such as a new undergraduate advisory system, the Depart-
ment is setting up a task force to explore the possibility of special joint degree programs with
other M. I. T. departments, particularly those in the School of Engineering. A general reex-
amination of the humanities core program is also likely, in cooperation with the new Dean of
the School and with other departments.

Some changes also are being made or contemplated in the graduate program as the Department
looks ahead to new opportunities and interests. In contrast to most other major graduate de-
partments of political science in the country, the number of doctoral students in the program
has been increased substantially. The increase reflects increased capability in the Department
to carry more students, continuing numbers of high-quality applicants, and the conviction
that the Department's graduates will be able to be placed even in a tight employment market.
The Department expects to see more of its students headed for public service careers at all
levels of government, where the positions available appear plentiful, though this may require
some reorientation of Department efforts.

The first year's experiment with a considerably larger entering class has worked out well,
with a class at least as successful academically as any of the past and with no discernible
negative effects on the atmosphere in the Department or on student-faculty interaction. Next
year also the entering class size will be up from past norms, though not as much (approxi-
mately 27, as compared to 36 last year and a goal of 18 in prior years). The most serious
concern, however, is the rapidly worsening student financial aid situation. The Department
already has had to cut back substantially in average stipends awarded, and by the year 1974-
75, the amounts will be reduced even more sharply, as two Ford Foundation programs come
to an end. Research assistantships will make up some of the deficit, but will fall far short
of needs. A special effort will be made next year to locate more funds, but the outlook is
bleak.

Also at the graduate level, the Department is studying the prospect of developing new doctoral
course options within the Department or jointly with others. A prime candidate is a public
policy program; another under active discussion with the Department of Nutrition and Food
Science is a joint degree program in nutrition planning.

The interest in developing research efforts that cut across M. I. T. departmental lines has
continued, with some success and additional hopes for the future. Communications policy,
international business, dual economies, nutrition planning, and technological policy are
subjects in which joint research efforts have begun, with others such as migration, environ-
ment policy, energy policy, and arms control under active exploration. Close collaboration
with Harvard University in a variety of areas has been intensified, notably with the Harvard
Center for International Affairs, West European Studies, and the new Arms Control Center.

In general, research support of the faculty has expanded as a result of continued intensive
efforts. However, the budgetary situation is still tight, with critical shortages of "infra-
structure" funds for secretarial assistance and similar expenses and little flexible money
available for exploring new research areas. It is a source of great concern that funding
sources, both government and private, now tend to be interested primarily in applied research
that is supposed to produce results useful for short-term policy needs. Unless funding is
available for more speculative longer-range studies, the real usefulness of university research
will be diminished greatly.

Two new faculty members have been appointed for the coming year after nationwide searches.
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Dr. Francine Rabinovitz is coming from the University of California at Los Angeles to accept
a joint appointment as associate professor in the Departments of Urban Studies and Planning
and Political Science. Professor Rabinovitz is a 1965 graduate of this Department, and will
be returning as a nationally respected scholar of metropolitan and comparative urban politics.
Dr. Jeffrey Pressman is joining the Department as assistant professor, coming with a degree
from the University of California at Berkeley and several years at Dartmouth College. His
field is American politics, and he will be a major addition to the Department's efforts to
build a major capability in the study of the American political system.

This past year Professor Suzanne Berger was selected as one of the first two recipients of
the Kenan award and chair at M. I. T., in recognition of her teaching and professional ability.
She also was one of a team of four M. I. T. professors (from three different departments at
the Institute) which won a major research competition at the Ford Foundation.

All members of the faculty continued to be highly active in publishing, lecturing in the U. S.
and abroad, serving in a great variety of government and professional capacities, consulting,
and even (in the case of three members of the faculty) broadcasting as television commenta-
tors on a regular basis. Last year 14 books were produced and approximately 80 articles,
in addition to numerous reviews, occasional pieces, and the like.

Two faculty members are leaving the Department at the end of their appointments: Professor
Christopher Schaefer, who will take up a fellowship in the Netherlands for next year, and
Research Associate Lovell Dyett, who has been working with the Department on cable tele-
vision research interests. Both will be missed.

EUGENE B. SKOLNIKOFF

Department of Psychology

Psychology at M. I. T. is still young, though it no longer can claim the indulgence that is due
children: the official elevation to departmental status came nine years ago, in 1964. By a
more generous count, one should date the inception of the program as 1962, when first it was
authorized to award graduate degrees. With eleven years behind it, the Department now is
bracing itself for the rigors of early adolescence.

The first few years of building the Department were favored by a national climate of strong
support for basic research and by the inauguration of Federally funded training programs,
which together played a major role in permitting the Department to build up the unorthodox
structure that it has: a combination of neuroanatomy and physiology, experimental and
developmental psychology, and psycholinguistics, all bound together by overlapping topics
of inquiry and by a joint concern with instruction at the interface between the behavioral and
general natural sciences.

Yet in the near future, what the Department has built will face serious challenge. Federal
support for basic science is dwindling, and as of this writing, the administration in Washing-
ton has decreed that all training programs in health related science must be phased out. With
continuing supplemental aid from private sources, this Department has suffered less, so far,
than it had feared, but the next three years will be critical. New sources of support will have
to be found if the Department wants to maintain its momentum, and that momentum must be
maintained to make use of what has been built. The fields which the Department has selected
are ripe for discoveries, and it bears a major obligation to advance these fields, since there
are hardly any other laboratories that colonize the unexplored border regions among anatomy,
neurophysiology, linguistics, and behavior.
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Teaching

The Department's teaching effort, as in previous years, covered the three interrelated areas
for which the Department stands: brain and behavior, general experimental psychology, and
developmental psychology including psycholinguistics. The general introductory subject,
taught in both terms by the Department head, attracted 816 students; the other 13 undergrad-
uate subjects accounted for a further 622, so that the total enrollment in the Department's
14 undergraduate subjects was 1, 438, as compared with 994 for the preceding year (1971-72).

In contrast, the graduate seminar enrollment was essentially unchanged from previous years,
amounting to 193 in the 17 graduate subjects taught by the Department. Together with the
undergraduate enrollment, this total of 1, 631 students at all levels should be measured
against the 12 faculty members, of whom only 10 were full-time. Such a student-to-faculty
ratio of approximately 150 to 1 must be unequaled throughout the Institute. It should be ap-
parent that this Department still is understaffed very seriously.

On the other hand, the ratio of doctoral students to faculty members remains reasonably low,
having fluctuated between 3 to 1 and 2 to 1. After graduating seven students in 1972-73 with
doctorates and one with a master's degree, there are currently (i. e., after commencement
1973) only 21 doctoral candidates in the program. However, nine additional students have
been admitted for the fall term of 1973. They were asked to come because the Department
believes that there is not an over-supply of qualified people in the fields which the Department
represents; it has not experienced any difficulty in placing its current graduates.

Colloquium Program
As in past years, the Departmental colloquium program presented speakers on the full range
of topics covered in the three areas of the Departmental research and teaching effort, once
or twice each week, throughout the two terms. These speakers addressed an audience com-
posed of people from many parts of the Institute and from other academic centers in the
Boston area. Between July 1, 1972, and May 31, 1973, there were 55 colloquium speakers;
21 of these came from abroad.

In addition, the presence during the second term of four all-term visitors (three from Cornell
University: Professors Eleanor and James Gibson and Harry Levin, and one from the Uni-
versity of Edinburgh, Professor Roger J. Wales) prompted the Department to hold two special
workshops during that term. The problems dealt with in Normal and Abnormal Child Develop-
ment included perceptual learning and psycholinguistics. (This workshop was chaired by
Professors Eleanor Gibson and Levin, with Professor Wales as one of the main speakers. )
The other workshop was sponsored jointly by the Institute's Center for Advanced Visual Studies
and by the Department of Psychology. The meeting, chaired by Professors James Gibson and
Richard M. Held, was organized around Professor James Gibson's lifelong contributions to
the study of vision; it was entitled Art and Visual Perception. These one-day events were so
worthwhile that the Department plans to organize similar workshops, in addition to its con-
tinuing colloquium program, in the coming year.

Arrivals and Departures
No additions to the Department's teaching faculty are to be reported for 1972-73, because the
arrival of Dr. Susan Carey-Block from Harvard University, as Assistant Professor of Child
Development, was noted last year. Nor were there any departures from the teaching staff,
except that Professor Jerry A. Fodor spent the year 1972-73 on a Guggenheim Fellowship in
England. During the spring term of 1973, he was replaced by Visiting Professor Roger Wales
from the University of Edinburgh, who participated in the teaching of psycholinguistics. Next
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year (1973-74) Professor Fodor will be back, while Professor Merrill F. Garrett is planning
to ask for sabbatical leave for the spring term, 1974, and for the ensuing fall term. The
Department plans to bring Professor Alvin Liberman from Yale University as Visiting Pro-
fessor in Psycholinguistics to teach during the spring term, 1974.

In addition to the second-term visitors mentioned above, there were also numerous shorter-
term visitors who spent periods varying from one day to several weeks in one or another of
the Departmental laboratories, either as observers or as co-workers. These visitors came
from Great Britain, France, Germany, Italy, Switzerland, Poland, Hungary, the U. S. S. R.,
and Japan.

Honors
Honors and recognition came to members of the Department's small faculty in a variety of
ways throughout the year under review. First and foremost, one should note Professor
Walle Nauta's promotion to Institute Professor, in recognition of his role as investigator of
the central nervous system, his magnificent teaching, and his pivotal role in the development
of the neural sciences in relation to behavior. Professor Nauta also received the Gray Award
of the American Anatomical Society, was an invited speaker at the American Philosophical
Society Meetings in Philadelphia, and served as president of the American Society of
Neurosciences.

During the year, Professor Held was elected to the National Academy of Sciences. In fact,
in the spring term of 1973, the Department had the unusual honor of housing five of the 30
members of the Psychology Section of the National Academy. In addition to Professor Held,
elected this year, there were Professors Nauta and Hans-Lukas Teuber, as well as Visiting
Professors Eleanor and James Gibson. Professor Eleanor Gibson received an honorary
doctorate from Rutgers University and the Wilbur Cross Medal from Yale University. Pro-
fessor Held continued his service on the Board of Scientific Counselors of the American
Psychological Association.

During the year Professor Teuber, who had returned from a year as Eastman Professor at
Oxford University, continued on the Scientific Advisory Board of the Massachusetts General
Hospital and on the Training Committee of the National Institute of General Medical Sciences;
until the spring, he served as chairman of the Executive Council of the International Brain
Research Organization of UNESCO and the World Health Organization (WHO).

Professor Fodor was on leave in England on his Guggenheim Fellowship. Professor Garrett
continued as a member of the National Institutes of Mental Health (NIMH) small grants
committee, and Professor Stephan L. Chorover was active on behalf of the NIMH both as a
member of the Neuropsychology Study Section and as a member of their self-study group,
which commissioned major reviews of research in the behavioral sciences. Several members
of the Department participated in the activities of the Neurosciences Research Program
(NRPP), and four were invited speakers or section chairmen during the NRP summer program
in July-August, 1972.

Research
Benefiting from its relatively small size, the Department continues to operate its research
program essentially as if it were a single laboratory, with various interrelated sections in
which it tries to cover those topics to which the faculty is committed. These topics charac-
teristically straddle two or more sciences, a circumstance which accounts for the fact that
for some years now the Department, in and of itself, has functioned as an interdisciplinary
center. Restrictions of space prohibit a full account of last year's Departmental research
activities -- the reader will have to turn for these to the publications covering the period from
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July 1, 1972, to May 31, 1973 -- but this report will try to identify, at the risk of making
arbitrary selections, some of the most typical issues that have tended to dominate the re-
search efforts of the Department.

In the area of brain-behavior studies, the past year saw new techniques of tracing neuronal
connections in the brain by utilizing direct injection of radiolabeled amino acids into nerve
cells, both in mature animals and in unborn animals. Plasticity of brain and behavior re-
ceived increased attention, with proofs that neuronal pathways can sprout new connections
after early brain injury in various mammals and that these connections have functional con-
sequences. A guiding concept in some of this research was again the possible role of "feature
detectors" -- neurons in the visual cortex so interconnected that they can signal, by differen-
tial discharge, in cat or monkey, whether they are being stimulated by lines, corners, lines
oriented in particular directions, or by moving or colored stimuli. These feature detectors,
which also might underlie certain phenomena in the auditory sphere (including perhaps the
extreme rapidity of first-language learning by human infants), now have been shown to be
plastic under certain conditions of early exposure. By raising kittens in unusual environ-
ments (chambers filled with uniform stripes, or illuminated by very brief flashes), researchers
have been able to confirm that their visually guided behavior can be molded by such exotic
early experience, and that the neuronal machinery of their visual cortex is altered corre-
spondingly.

Throughout the year, much effort has gone into a search for neurophysiologic and neurochem-
ical bases of such plastic changes, with continued emphasis on the visual system, the eye-
movement control system, and the systems related to smell, with their close affinity to
regulation of moods and instinctive behavior. Most of all, however, members of the Depart-
ment have puzzled over the role of active (self-produced) movement as an evident prerequi-
site for the proper "hooking-in" of the feature detectors, since earlier work in the Departmental
laboratories had shown convincingly that passive exposure (e. g., rearing of animals under
conditions where they could not see the world move as they moved themselves) leads to pro-
found visual and motor disturbances.

Accordingly, both those directly concerned with brain function and those who worked in
general experimental psychology continued to look into distinctions between different degrees
of voluntariness of movement and different strategies of sensorimotor coordination. Beyond
this, much effort went into specifying, by an extended series of experiments, what consequences
there would be for normal human observers if they were exposed, passively, to moving visual
fields. By exposing people in flight simulators to peripheral optic streaming, researchers
could show that the subjective (gravitational) vertical was affected rapidly and profoundly,
and that similar illusory effects disturb the localization of sounds. These experiments hold
considerable implications for studies of perceptual and motor functions of man in space.
Other work in experimental psychology explored mathematical models of depth perception
and eye-hand coordination, and showed how, even in man, the hypothesis of feature detectors
could predict previously overlooked forms of illusory interaction between color and contour
vision.

In the areas of developmental psychology and psycholinguistics, one of the central concerns
has been the earliest stages in first-language learning by normal infants and the subtle alter-
ations in this process occasioned by early brain injury. Experiments on perception of speech
sounds by very young babies (even before they reached the so-called babbling stage) now have
demonstrated conclusively that three-month-old infants can turn their heads selectively to
one side or another, depending on which speech sounds (phonemes) are presented to them.
They are tolerant of wide variations of these sound patterns as long as these variations stay
within the boundaries of a given phoneme, but, just like adults, these infants are highly sen-
sitive to small acoustic changes at the phoneme boundary (e. g., between p and b). This as-
tounding result suggests, as do similar findings elsewhere, that there might be a machinery,
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either innate or acquired extremely early in life, for the categorizing of speech sounds. Here
seems to be a chance of getting at a particularly direct proof for the existence of linguistic
universals, i. e., elements of language shared by all language communities. The relation of
these categorical perceptions to the equally universal articulatory gestures that are neces-
sary for the production of speech is now under active investigation.

Similarly, there is an increasing concern with the early development of nonverbal perception,
such as the recognition by young children of human faces. These normative studies in turn
merged with efforts that reflect back on the work on effects of early brain injury, where mem-
bers of the Department had been able to show that very early lesions of the left hemisphere
of the human brain produce subtle alterations in subsequent language development. These
changes are significant, although they are certainly much less severe than the language
disorders seen after corresponding lesions sustained in adulthood. Yet this partial escape
of language after very early lesions of the brain is associated with a price, and this price
appears to be borne by a whole range of nonlanguage capacities that ordinarily would develop
with reliance on the right (nonspeaking) hemisphere. These studies, which also include new
approaches to the perennial problem of failure in learning how to read, are being carried out
in close collaboration with several hospitals in the Harvard Medical School complex, notably
the Children's Hospital and the Peter Bent Brigham and Massachusetts General Hospitals.

In fact, one could conclude this necessarily cursory review of ongoing research in the Depart-
ment by pointing out how much of this work interlocks with that of other departments and
centers within and outside the Institute. In addition to the Department's long-standing parti-
cipation in M. I. T. 's Clinical Research Center, it now has joint projects with members of the
Departments of Foreign Literatures and Linguistics, Philosophy, Biology, Nutrition and
Food Science, Electrical Engineering, and Aeronautics and Astronautics. In addition, various
members of the faculty have taken part throughout the year in the activities of the Neurosci-
ences Research Program, the Seminars on Technology and Culture, and the new Division for
Study and Research in Education. The joint sponsorship of a workshop by this Department
and the Center for Advanced Visual Studies has been mentioned.

Concluding Remarks
As defined by this Department's program, psychology is a frontier field; in fact, it is all
frontier, with little settled hinterland. Members of the Department are making their first
landfall, and the natives are dangerous, not because they are hostile, but because they are
much too friendly. Nearly everyone believes that he knows what this field of behavior studies
is all about; it is expected firmly to help in building the ideal city and in telling us how to
live and how to get along with each other.

There is no quarrel with these goals; mankind must control itself, or be controlled by its
artifacts. Yet man must understand more of the process before he can implement even the
most meritorious goals. The current notion that he can and must build a technology for con-
trolling human behavior without trying to understand that behavior seems merely another call
for "instant solutions by the pooling of ignorance. "

It is for this reason that M. I. T. 's Department of Psychology is dedicated to basic inquiry into
the nature of perception and of voluntary movement, the problems of mood and motives, and
the equally difficult problem of memory and learning. These questions are as old as man's
reflections on his own nature; it is only now, however, that he is beginning to be able to
move toward answers. At a time when the executive branch of the Federal government pro-
claims a retreat from basic research and from training in the fundamental sciences, the
Department reasserts the crucial importance of basic investigation to its own nature. In the
end there is nothing more practical than a good theory: there are bound to be untold applica-
tions of a science of man, but someone must be permitted first to build that science. It is



School of Humanities and Social Science

not only for the sake of potential applications that man needs to build such a science of man.
It lies in the essence of man that he should try to understand himself.

HANS-LUKAS TEUBER.
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The annual reports on the activities of the Sloan School of Management have confirmed for
several years the validation of the School's basic initial strategy, summarized last year as
follows: ". . to develop a self-sustaining institution focusing on innovation and excellence
in management education, able to attract outstanding faculty and students, and pursuing
pure and applied research as a base for its educational programs. "

Other management schools around the nation and around the world have sought subsequently
to grow and develop along similar lines, designed to promote effective professional education
based on both the legacy of disciplinary and functional skills and the lien on the future promises
of research at the frontiers of these disciplinary boundaries.

The good professional schools have been, for some years, as distinguished as the best of
their more traditionally delineated academic neighbors. However, it has become increasingly
clear in recent years that the thrust toward excellence and impact -- a duality which the high-
quality professional school (whether in management, medicine, or law) cannot shun --
requires more complex interrelations of disciplines within the school and coordination of
talents among departments and schools than typically has prevailed. This is because the
substantive foci of so many areas calling for new research, policy, and practice are to be
gauged in multi-disciplinary dimensions rather than paced off in parochial patterns.

Problems in the delivery of health services, in the relation of information systems to organ-
izational tasks, in coping with environmental and ecological challenges, in exploring oceans
and energy needs, in managing educational systems or cities -- all call for the coupling of
managerial concepts and skills with those of other disciplines in science, engineering, and
the array of social sciences not encompassed in the Sloan School.

Movement toward such better coordinated research and teaching programs requires time and
substantial resources. Faculties must be developed and put in touch, research must be
supported, curricula must be nurtured and refined, able students must be attracted and
sustained. The School's capacity to foster such fruitful linkages will affect the extent to
which it can begin to make a telling mark on any of these vital national issues.

The following summary of the Sloan School's teaching and research programs suggests that
while it still may be quite a distance from the desired curricular coordination and policy
impact vis-a-vis even one such challenging issue, it has continued nonetheless to exert
additional efforts and to take some successful strides toward constructing the sort of broad
intellectual base required for professional impact on such communal needs.

Teaching Programs

Undergraduate Program
The interest of undergraduates in the study of management continues at a steady level. The
number of undergraduate candidates for the Bachelor of Science in Management has modu-
lated between 140 and 150 for several years.
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Steps have been taken to provide additional faculty counseling for students, and the Under-
graduate Program Committee has taken some specific steps to develop closer coordination
with the Master's Program Committee, to ensure that needs of undergraduates are considered
before changes are made in the master's program.

Students themselves are increasingly active in developing a student association that can
address itself to the needs and interests of undergraduates. These efforts are most wel-
come, and the administration of the Sloan School is in the process of helping students to
develop such an association.

An important step that is envisaged for the coming year concerns the systematic evaluation
of subjects and instructors by students. Some of this is being done already by undergraduates
on an Institute-wide basis, but the Sloan School is anxious to develop its own feedback system
to provide more specific information about areas of improvement.

Senior Lecturer Stanley Jacks, chairman of the School's Undergraduate Program Committee,
the other committee members, and Esther Merrill, the program coordinator, all have de-
voted substantial attention to a systematic review of the program curricula and expect to
conclude this reexamination during the coming academic year.

Master's Program
The regular (two-year) master's program has remained approximately the same size (an
entering class of 100, plus or minus 10 percent) for the past ten years. In 1972-73 the
School offered for the first time a new master's program of twelve months' duration called
the accelerated graduate program. It proved so successful in its first year that the School
decided to make it a continuing part of its curriculum. The small number of participants
(about 30, or less than one-third of the number entering the two-year master's program
each September) and the fixed summer term curriculum make for closer relationships among
students and between students and faculty than is typical in the first year of the regular
program.

All but three of the initial group of students in the accelerated program completed degree
requirements in May (a total of 183 units), and two of the others submitted their theses
(their only remaining requirements) in June.

Both master's programs are unusually flexible, with wide choices of electives. Waivers on
the basis of examinations or, in some cases, equivalent subjects taken elsewhere may make
it possible for some candidates to satisfy degree requirements in less than the normal period.
Interdepartmental programs -- as, for example, with the Departments of Ocean Engineering
or Urban Studies and Planning -- are entirely feasible and increasingly common.

With the help of the Council of Opportunity for Graduate Management Education (of which the
Sloan School is a member) and current minority students, the School has been trying to
increase the number of such students in its program. This past year special effort has been
put into attracting more women to graduate study in management. It now appears that the
School will have an increase of more than 50 in the number of women enrolled in the coming
year. Furthermore, the School has decided to admit a small number of students (probably
women) with child care problems to degree candidacy in a program of part-time study.

A total of 139 Master of Science degrees (including those granted to members of the accelera-
ted master's program) were granted in 1972-73. The median starting salary of Sloan School
master's program graduates in 1973 was approximately $1, 400 per month. A preliminary
survey of the class of 1973 shows that 23 percent accepted jobs in banking and other financial
organizations, 24 percent in consulting, 17 percent in nonprofit (government, health, educa-
tion, military) organizations, 5 percent each in computer firms and in automotive and heavy
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industry, 11 percent in petroleum and chemicals, and 15 percent in other types of organizations.

A profile of the master's class of 1972-73 shows that there were 101 males and 5 females;
median age was 23 and the age range was from 19 to 31 years; 31 were married and 75 were
single; and 49 had full-time work experience. The class's scores on the admission test for
graduate study in business showed a median of 591 with a range of 368 to 780. Their under-
graduate grade point averages had a median of 4. 3 with a range of 3. 1 to 5. 0. The breakdown
of undergraduate majors was engineering 37 percent, science 19 percent, management 24 per-
cent, and other 20 percent. The class came from 73 domestic and 52 foreign undergraduate

schools.

Doctoral Program
The purpose of the Sloan School's doctoral program is to prepare students for careers in
either teaching or reseach, or for nonacademic positions requiring advanced research and
analytical capabilities. The program's philosophy is summarized by two propositions.
First, advanced analytical work in management is done best by persons trained in an under-
lying theoretical discipline. Second, such work requires familiarity with applied work in
management as well as with underlying theory. Thus, the doctoral program provides the
opportunity to combine work in theory with work in broadly defined "applied" or "functional"
fields.

Applications to the program continue to increase in quantity and quality. The Sloan School's
international reputation is reflected in the large number of foreign applicants, always a
gratifying indication of a school's attractive capacity.

During the year the Doctoral Committee carefully reviewed financial aid policies, and decided
to supplement traditional approaches to financial aid with greater use of research and teaching
assistantships. It is believed that an important by-product of assigning assistantships will
be a more active involvement of doctoral students in ongoing research at an early stage in
the program.

This was the fourth year of the new doctoral program, which continues to work well. How-
ever, a number of evolutionary changes have been made. For example, additional options
were made available to students to meet the qualifying examination requirement in the basic
disciplines.

Doctoral students continue to do important research, and the demand for the School's gradu-
ates is strong; doctoral candidates have experienced no difficulty in finding good positions.
Six of this year's Doctor of Philosophy recipients went into teaching, at the following schools:
Boston University, Harvard University, San Diego State College, Stanford University, Univer-
sity of British Columbia, and the University of Western Ontario. Other graduates with
doctoral degrees accepted positions at Lang Engineering, La Societe Nationale des Petroles
d'Aquitaine, Tel Aviv University, the Center for Technological Interdisciplinary Forecasting,
and the Systems Research Group.

The following profile summarizes some of the basic facts concerning this year's entering
doctor's class. There will be 16 males and 1 female, with a median age of 26; 12 are married.
Twelve members of this class have had full-time work experience. In reference to the ad-
mission test for graduate study in business, the group of all applicants had a median score
of 568 with a range of 249 to 743, and the entering class had a median score of 620 with a
range of 249 to 720. In undergraduate grade point average, the group of all applicants had
a median figure of 4. 0 with the range being 3. 2 to 4. 9, and the entering class had a median
figure of 4. 2 with a range of 3. 2 to 4. 8. Matriculants come from 7 domestic and 6 foreign
undergraduate schools.
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Alfred P. Sloan Fellows Program

On June 1, 1973, the 35th class of Alfred P. Sloan fellows received the Master of Science in
Management. The class consisted of 48 members who represented, once again, a wide
variety of backgrounds. A brief profile of the class (in comparison with last year's class)
follows:

1971-72 1972-73

Industry (U. S.) 18 30
Industry (foreign) 8 5
Total 26 35

Government (U. S. ) 10 7
Government (foreign) 2 2
Total 12 9

Medical doctor 1 1
Urban government 2 0
United Nations 1 0
Church management 1 1
Research institute 1 1
Military 1 1

TOTAL CLASS 45 48

As usual, the Sloan Fellows Program has brought a number of important firsts. This year's
class, for example, included the first minority group members from industry (Atlantic
Richfield, Corning Glass, and Hughes Aircraft), the first Algerian (director of civil aviation
for Algeria), and the first medical director of nuclear medicine.

A reactivated program evaluation committee initiated a series of faculty meetings designed
to coordinate more effectively the curriculum content and the workload of the program. The
results of the committee's work are already apparent, and the class of 1973-74 should profit
substantially from these efforts.

M.I.T. Program for Senior Executives
The thirty-fourth and thirty-fifth programs were offered in 1972-73. Demand continued to be
strong from within the United States and throughout the world. In keeping with the interna-
tional character of the program, the curriculum offers an increasing number of topics and
seminars of interest to multi-national executives. The variety of backgrounds and nationalities
in the program is one of the important strengths of the program.

The offering of informal seminars by senior executives for other students at the Sloan School,
initiated last year, continued during the 1972-73 year. The program committee continued to
develop opportunities for the seniors to meet with more faculty members, to pursue their
individual interests, and to determine greater portions of their activities (within the frame-
work of the resources available to the program at the School). The seniors select their own
luncheon and dinner speakers and some of the seminar leaders, and use free time made avail-
able to them to fulfill their own learning objectives.



Teaching Programs

Professor Michael S. Scott-Morton, the new chairman of the faculty committee, initiated a
major program review with an eye toward more effective coordination of the program parts.
Robert Ilfeld, an M. I. T. alumnus and a Sloan fellow at M. I. T. in the class of 1966-67, con-
tinued as program coordinator.

The age range of senior executives in both the fall, 1972, and the spring, 1973, programs
remained in the mid-30s to mid-50s, with the average age in the mid-40s. Many of the
senior executives come to this program with advanced degrees. There were 14 senior exec-
utives with master's degrees and 4 with doctorates in the fall, 1972, program; 9 had
master's degrees and 3 had doctorates in the spring, 1973, program. Typically, 10 to 12
foreign senior executives are contained in classes whose enrollment generally ranges
between 25 and 28 participants.

M.I.T. Program for Urban Executives
The fifth M. I. T. Program for Urban Executives was held at Endicott House and the Sloan
School from June 4 to June 30, 1972. Part of the teaching load was carried by faculty from
the Department of Urban Studies and Planning and by guest lecturers from municipal and
state government.

Twenty-three participants from 20 cities attended the program. Participants were city
managers, assistant city managers, department heads, and other career managers. The
sixth program, to be offered in the summer of 1973, is again fully subscribed, a sign of
strong and growing interest. Another encouraging sign is the fact that cities which have
been represented in earlier programs continue to make nominations on a regular basis.

The Sloan School continues to appreciate the support of the following organizations: the
National League of Cities, the United States Conference of Mayors, and the International
City Managers Association. Mr. Ilfeld is the program coordinator for this effort as well as
for the senior executive program.

Greater Boston Executive Program
The sixteenth Greater Boston Executive Program was held from January 26 to May 4, 1973.
A number of experimental changes were introduced. The decision was made to raise the
tuition in order to work with a smaller number of participants; instead of 25, the program
operated with 19. This deliberate reduction of the number of participants made the selection
of applicants more demanding. It was also decided to introduce some changes in curriculum
coverage of the following areas: management information systems, organizational behavior,
marketing, and labor law. There was a great deal of stress placed on group discussion and
participation -- all of which was made a great deal easier by the decision to work with a
smaller and more carefully selected group.

The reaction of the participants at the end of their 15-week program was unusually positive.
The School proposes to incorporate these changes on a more permanent basis.

Summer Programs
During the summer session of 1972, the Sloan School offered six special summer programs.
Three of these were updated versions of previous programs, and the rest were new.

The three programs repeated were:

Management of Research, Development, and Technology Based Innovation

Since 1961 the M. I. T. Research Program on the Management of Science and Technology has
been carrying out managerial research and education on technology based innovation. Ex-
tensive investigations in industry and government, complemented by writing, lecturing, and
consulting practice, produced the bases for this special summer program. It aimed at an
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understanding of the underlying innovative process, and at enhancing the managerial skills
and perspectives of the course participants. Attention was given to the technological inno-
vation problems of both industrial and governmental organizations. The program was
directed by Professors Edward B. Roberts and Donald G. Marquis; other faculty assisting
were Professors Thomas J. Allen, George F. Farris, and Jay R. Galbraith. Dr. Marvin
J. Cetron, president of Forecasting International Ltd., was a visiting lecturer.

Management Science in Marketing: Building and Implementing Models

This program was designed for marketing managers, product managers, marketing researchers,
and management scientists, giving them a state-of-the-art review of management science
applications to marketing, plus "hands on" experience with models that have been success-
fully utilized in a variety of company environments. Professor Philippe A. Naert was the
program director; other participants were Professors John D. C. Little, Alvin J. Silk,
and Glen L. Urban, and Senior Lecturer Arnold E. Amstutz.

Models for Financial Management and Long-Range Financial Planning

This was an intensive program intended for managers and analysts interested in the design
and application of financial models. It dealt with proven models and with new approaches
that will find future use. The emphasis was not on operations research techniques per se,
but on the proper design and use of models for practical financial decision making. The
program also gave participants experience in the use of time shared computer based models.
The principal faculty members were Professors Stewart C. Myers and Gerald A. Pogue;
special lectures were presented by Professor Scott-Morton and Robert F. Calman,
vice-president of International Utilities, Inc.

Basic Concepts in Financial Management and Strategy

The same faculty members also offered a new special one-week program prior to the "Models"
program, entitled Basic Concepts in Financial Management and Strategy. This program
was designed for managers with interests or responsibilities in corporate financial manage-
ment and planning. The aim was to present the best practical answers to such basic ques-
tions as: How should capital budgeting decisions be made? What is the cost of capital?
How is it affected by project risk? What dividend policy should the firm follow? How should
acquisition and merger decisions be made? The emphasis was on systematic analysis in
order to arrive at useful generalizations and practical insight.

New Horizons in the Management of Change and Organizational Development

This program was conducted as a "live-in" course at the M. I. T. Endicott House in Dedham,
Massachusetts. Professor Edgar Schein and Senior Lecturer Richard Beckhard served as
resident faculty for the entire program. The program was designed for top executives (at
the senior vice-president and president level) to discuss in depth some of the major issues
in the management of human resources which will face corporation leaders in the 1970s.

The Dynamics of Health Service Systems

This new program received a wide and enthusiastic response. It was an intense one-week
course aimed at responsible health care administrators, health system analysts, and uni-
versity faculty interested in pursuing new approaches to health problems. The problems
assessed from the systems dynamics perspective ranged from examination of health services
at the level of the individual organization, to the analysis of health care problems and pro-
grams at the overall community level, and to concern for issues of national policy for health
service delivery. Text materials for the course consisted largely of (to date unpublished)
new works on health system dynamics, including manuscripts of two new books on this area
of system theory and application. Professor Roberts developed and directed the program;
he was assisted by Professor Gilbert Levin of the Albert Einstein College of Medicine, Dr.
Stanley B. Troup of the University of Rochester School of Medicine, Senior Lecturer Leon
S. White of the Sloan School, Alexander L. Pugh III and Richard Wright of the M. I. T. Systems
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Dynamics Group, Morton Ruderman of Medical Information Technology, Inc., and Gary
Hirsch of Pugh-Roberts Associates, Inc.

Industrial Liaison Symposia
In September, 1972, Professor Zenon S. Zannetos presented a symposium on management
decision systems. This meeting described new management information systems made
possible by recent technological developments that can assist substantially in improving
managerial decision-making processes and managerial decisions.

In May, 1973, Senior Lecturer Amstutz conducted another symposium on marketing models
and systems. He and other members of the Sloan School's marketing group examined the
characteristics of very successful and thoroughly unsatisfactory marketing models. Manage-
ment uses of systems, ranging from simple market measurement programs to relatively
complex simulation based strategic planning systems, were illustrated with examples from
United States, Canadian, and European firms.

Research in the Sloan School of Management

All of the School's teaching programs, including its executive development programs and
the short-term summer programs just noted, draw substantially on the research done at
the School. Development of new knowledge through research remains a basic pillar upon
which the Sloan School's position of leadership among graduate schools rests.

The research of faculty and of visiting- scholars focuses on both private sector activities
and on public and nonprofit sector management problems. Graduate research assistants
have worked closely with the faculty in these research efforts, and a number of master's
and doctoral theses have developed from these contributory efforts.

This section summarizes some of the major functional or disciplinary groupings of the
School's research interests. A number of research efforts cross functional or disciplinary
lines; therefore, the groupings here are necessarily arbitrary. Research results often
appear first in working paper form. Research plans as well as research results frequently
are tested at faculty research seminars and in other seminars offered in conjunction with
M. I. T. 's Industrial Liaison Office or M. I. T. 's special summer session programs.

Human Factors in Management
The faculty in the Sloan School's Organizational Studies Group, in its Management of Science
and Technology Group, and in its Manpower and Industrial Relations Group take as their
primary research focus the human factors in management. Research here very often draws
on a mix of disciplinary underpinnings in the social and behavioral sciences -- psychology,
sociology, economics, and so on.

Organization Studies

Professor Schein, head of the Organizational Studies Group, has continued his research on
professional and managerial careers. Following the publication of a summary report on
the M. I. T. alumni of the classes of 1951, 1955, and 1959, Professor Schein and Professor
Lotte L. Bailyn, who together conduct this study, have sharpened their focus by trying to
understand in a more systematic way what role the career plays in the lives of these alumni.
In particular, Professors Schein and Bailyn are examining the sources of involvement with
work or alienation from work. Three kinds of roles -- managers, professors, and working
technologists -- and two fields, engineering and science, are being compared. Professor
Schein, with the assistance of a doctoral candidate, Pierre Lejeune, also has surveyed all
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of the alumni of the Sloan School master's degree program in order to examine their career
histories and their perceptions of the strengths and weaknesses of the education received at
the School. Finally, Professor Schein has undertaken a ten-year follow-up study of the
Sloan School alumni surveyed and interviewed in 1961, 1962, and 1963. This study, just begun,
will attempt to determine what, if any, value changes have occurred in this group of alumni
and how such changes relate to the career events they report.

In addition to collaborating with Professor Schein on the M. I. T. alumni study, Professor
Bailyn continues her research on the role of women at work. Professor Bailyn has examined
the family constraints on women's work, and continues her long-standing interests in this
increasingly significant research and policy domain.

Professor David A. Kolb has continued his research on the learning process and is concluding
a study which collects an array of earlier research on self-directed change and helping
relationships.

Professor John E. Van Maanen's general research interest lies in the phenomenon of sociali-
zation, and he has worked with a diverse set of organizations. Professor Van Maanen in
January and February of 1973 did a follow-up study on his earlier investigation of the process
of organizational socialization in a major urban police force, and has been working on a
design for a larger-scale comparative study in the criminal justice area. In addition,
Professor Van Maanen has continued a California based organizational study focusing on the
phenomenon of rapid socialization in religious conversions. Professor Van Maanen and
students in an undergraduate research seminar have conducted a series of socialization
studies which included a district attorney's office, community mental health agencies, and
a railroad.

Professor Leo B. Moore has been studying the processes and techniques and developing an
effectiveness measure of a company's efforts to develop its own managers. Senior Lecturer
Peter P. Gil has continued his work in a related management development and management
education area. Senior Lecturer Gil's work has focused particularly on in-house executive
development programs.

Senior Lecturers Beckhard and Irwin M. Rubin have been working on a three-pronged project
supported by the Robert Wood Johnson Foundation. The project involves the development of
educational materials for use by interdisciplinary primary care health teams; the develop-
ment of materials that can be used in training health workers, to improve the health worker/
patient relationship; and a program involving health workers from the Boston area which
will culminate next spring in the development of programs for creating change agent capability
among health workers in hospitals, community health centers, and health schools. Senior
Lecturers Beckhard and Rubin have been assisted in this research by three doctoral students,
Mark Plovnick, Ron Fry, and Eric Herzog, and by one master's program student, Kathy
Dobkin. Dr. Harold Wise, director of the Intern Residency Program in Social Medicine at
the Montefiore Medical Center, has collaborated with Senior Lecturers Beckhard and Rubin
on portions of this research.

Professor Galbraith, on leave at the European Institute for Advanced Studies and Management
in Brussels, Belgium, has concluded an empirical study of attitudinal and behavioral effects
of interdepartmental transfers, and has offered some empirical results and a critique of a
particular theory of motivation (variously labeled as path/goal theory, expectancy theory,
or instrumentality theory). Professor Galbraith in his study of expectancy theory and job
performance finds no strong evidence to support some of the earlier theoretical formulations
in this field.
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Management of Science and Technology

In this field the School suffered a serious professional and personal loss with the death of
Professor Donald G. Marquis, who pioneered the study of management of scientific and
technological organizations, and the process of technological innovation at the Sloan School.

Professor Farris during the past year continued his research activities in both organizational
ecology and the management of scientific personnel. Professor Farris has sustained his
interest in the relation of cultural variables to a number of theories of leadership and of
organizational behavior. With D. Anthony Butterfield, he has conducted a number of studies
in Brazil in search of some empirical tests on the relation of the cultural context to a vari-
ety of hypotheses concerning organizational behavior. In addition Professor Farris has
continued his longitudinal study of creativity, performance, and career development of
scientists and engineers, and of related factors in the management of a laboratory.

Professor Allen continues his work on the structure of communication networks in technical
organizations, and is concerned increasingly with a comparative study of international tech-
nology transfer. Professor Allen also has begun an assessment of science policy on the
stimulation of innovation in five countries, a project initiated at M. I. T. 's Center for Policy
Alternatives.

Professor Roberts has agreed to assume leadership of the School's management of science
and technology efforts and to couple this with his interests and those of several other faculty
members in the health management area. Professor Roberts continued to work jointly on
projects in areas of system dynamics applied to technology and health issues, and on empir-
ical studies of new technology based enterprises. With G. Levin and G. Hirsch, Professor
Roberts concluded a manuscript on a computer aided search for heroin policy, and with H.
Weil and T. Bergen he dealt with the dynamics of research and development strategy. In
a forthcoming manuscript, Professor Roberts' study on the strategies for effective imple-
mentation of complex corporate models will describe some of his recent work in the corpor-
ate planning area.

Manpower and Industrial Relations

The Industrial Relations Section was established more than 36 years ago at M. I. T., and its
members' research efforts continue in both the established areas of manpower and industrial
relations interests and in a variety of extensions from these established research thrusts.

The research contract with the Manpower Administration of the U. S. Department of Labor,
on labor market information systems and the disadvantaged, continues to occupy the interests
of faculty members in this group and of graduate students. Professor James E. Annable has
studied labor market information networks and has sought to assess the role of information
in the distribution of job opportunities and income. Professor Michael J. Piore (of the De-
partment of Economics) has continued his study of labor market information networks used
by Puerto Rican migrants to the Boston, Massachusetts area. Professor Charles A. Myers,
head of the Manpower and Industrial Relations Group, has continued to supervise this research
contract; one Sloan School doctoral student and one master's student were financed for theses
during 1972-73 under this project. A final report will be produced next year for the Manpower
Administration.

Professor Annable also has continued his research in labor market theory for the public
sector. He has completed an overview of labor market theory in public employment, and
has done some empirical estimation of a wage function for police patrolmen and for public
school teachers. In addition, Professor Annable has been studying the relation of the struc-
ture of collective bargaining and government regulation in selected industries. His research
model was originally developed for the trucking industry, but has been extended to such
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industries as maritime, airlines, railroads, and other public utilities.

Professor Charles Myers completed (with Professor Emeritus Paul Pigors) the seventh
revised edition of their personnel administration text, and with Professor F. T. Malm of
the University of California at Berkeley and Professor Emeritus Pigors, the third revised
edition of their volume of readings on the management of human resources. Professor D.
Quinn Mills, who devoted half of his time during the spring of 1973 to service as acting
chairman and chairman of the Construction Industry Stabilization Committee and as a spe-
cial assistant to the director of the Cost of Living Council in Washington, D. C., has con-
tinued his study of incomes policy in the United States. He has also conducted a study of
the application of computer technology to the construction industry labor market. This
work was supported by the U. S. Department of Labor and administered through the Joint
Center for Urban Studies. Finally, a study supported by the Ford Foundation of construction
management in the United States has resulted already in a series of research reports in
this area.

Visiting Professor Phyllis A. Wallace has prepared a manuscript on equal employment
opportunity and the American Telephone and Telegraph decision. The manuscript consists
of a series of essays by Professor Wallace and others on economic, legal, social, and
psychological aspects of employment discrimination. Professor Wallace also has been
working on a study on the employment status of black women, which when completed will be
published by the National Manpower Task Force.

Senior Lecturer Jacks has begun work on the impact on labor relations practice of the
Supreme Court's decision in Boys' Markets, with particular focus on the use of judicial
equity powers to enjoin implementation of management decisions pending arbitration.

The Manpower and Industrial Relations Group continues to provide financial support for the
publication of the bimonthly annotated Industrial Relations Library Accession Bulletin,
which classifies new literature on manpower and industrial relations under a number of
headings.

Economics and Finance
The Sloan School's teaching and research programs build upon three basic discipline areas.
The first sub-section in this discussion of research at the School focused on the first of
these areas -- organizational and related studies dealing with the human side of enterprises.
Economics and finance comprise the second major disciplinary domain upon which the School's
programs build.

Professor Sidney S. Alexander, head of this group, has completed his research on the Middle
East and is continuing his work on the theory of international trade. He also has continued
to contribute to the development of a revised economics curriculum for the accelerated
graduate program in management.

Professor Paul W. MacAvoy's major research activity consisted of the construction of an
econometric model of natural gas policy for the National Science Foundation (NSF), under a
Project RANN (Research Applied to National Needs) grant to the M. I. T. Energy Laboratory.
This project was undertaken with Professor Robert S. Pindyck and with research and cleri-
cal assistants: M. Subrahmanyam and K. Challa, both Sloan School doctoral candidates; I.
Gershkoff, an M. I. T. undergraduate in the Department of Electrical Engineering; P. Sussman,
a master's candidate at the Sloan School; R. Brooks, a doctoral candidate at the Operations
Research Center of M. I. T.; and N. Wilson, a secretary at the Sloan School. The aim of the
project is to provide the Federal government and industry with priority evaluation of the
effects of policy changes in the gas and oil industries. Two preliminary reports have been
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distributed in the form of working papers, one dealing with an econometric policy model of
natural gas, and a second with alternative regulatory policies for dealing with the natural
gas shortage.

The second year of this project will begin July 1, 1973; the model will be expanded to include
production of both oil and natural gas reserves, new exploratory activity, and equations to
represent the demand for fuel oil (thereby permitting an analysis of substitution between oil
and natural gas). The model will be refined and reestablished using new data. The analysis
will be applied to an examination of alternative Federal policies pertaining to natural gas
field price regulation, tax incentives for gas and oil, Federalpolicy for leasing gas- and
oil-bearing properties, and oil import policies. The extended phase of the research will
include significant additions to the model by Professor Morris A. Adelman (of the Department
of Economics) and Professor Gordon M. Kaufman of the Sloan School, as well as by indivi-
duals in the Departments of Electrical Engineering and Ocean Engineering. This research
will continue to be an Energy Laboratory project, with Professor MacAvoy as principal
investigator. The final product should include written reports and installed models for the
use of Federalagencies and private companies, and a university press volume describing
an oil and gas econometric policy model.

Professor Edwin Kuh continued on half-time leave in 1972-73 to work at the National Bureau
of Economic Research, Computer Research Center for Economics and Management Science.
The Center is engaged in major software, development of statistical data analysis, mathe-
matical programming, and econometrics.

Professor Lester C. Thurow's research once again focused on the distribution of income
and the operation of labor markets. Urider his National Science Foundation grant, Professor
Thurow produced a number of papers dealing with discrimination, policy instruments for
altering the American distribution of income, education and economic equality, and with a
general definition of economic justice. A paper on redistributional aspects of manpower
training programs appeared in a volume published by the Johns Hopkins Press on manpower
programs in the nation's policy mix. Professor Thurow's Department of Labor grant to
study the impact of job competition on the distribution of income has been extended beyond
this academic year, and his research in this area will be concluded in 1973-74.

Professor Pindyck has worked with Professors MacAvoy and Kaufman on the interdepart-
mental project on energy resources and needs. Professor Pindyck's specific interests center
on studies of the economics of the energy system. He has examined dynamic demand-supply
models for policy experiments, particularly in the natural gas industry, and has looked at
the effects of alternative regulatory policies in the natural gas industry. He has begun pre-
liminary theoretical research on the use and control of exhaustible resources. In addition,
Professor Pindyck continues his research into the application of control theory to economic
policy. The applications of that research have included monetary control and economic
planning in underdeveloped countries. In this connection he has produced a volume on opti-
mal planning for economic stabilization, and several articles dealing with optimal stabiliza-
tion policies by deterministic control.

Institute Professor Franco Modigliani spent a half year on leave to further his research in
international finance and on capital markets. Professor Daniel M. Holland has continued to
work on the effects of taxation on the tax characteristics of high-salaried persons.

Professor Stewart Myers' research on the application of economic and financial theory to the
regulated sector of the economy progresses. During this past year, Professor Myers has
examined the use of modern capital asset pricing theory in rate cases. The specific context
was a case involving COMSAT and the Federal Communications Commission which turns on
the risk of COMSAT stock as perceived by investors. In addition, Professor Myers has
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examined the effects of rate of return regulations on the efficiency of resource allocation
in regulated industries. The immediate context was a study of the oil pipeline industry,
which he hopes to conclude in the fall of 1973. Professor Myers also addresses himself to
longer-range research goals involving: the determinants of the risk of regulated utilities;
the development of better estimates of firms' costs of capital; analysis of alternative stra-
tegies for regulation, and their effects on utility performance; a long-range investment
and financial planning model for public utilities; analysis of the probability of financial
distress for utilities; and study of the behavior of regulatory commissions and the effects
of their decisions.

Professor Myron S. Scholes completed several research papers with various coauthors
during the year. These papers dealt with the pricing of options and corporate liabilities;
the taxing of options at time of grant; the behavior of security returns around ex-dividend
days; common factors in mutual fund performance and their influence on performance
evaluations; and commentary on the structure of risk and return in the market.

Professor Robert C. Merton has completed a variety of studies dealing with the theory of
rational option pricings; the area of capital markets; the relationship between put and call
option prices; the mathematics of speculative prices and processes; an analytical deriva-
tion of the efficient portfolio frontier; the optimality of a competitive stock market; genera-
lized mean-variance tradeoffs for best perturbation corrections to approximate portfolio
decisions; and the fallacy of log-normal approximation to optimal portfolio decision making
over many periods. The latter two studies were done in coauthorship with Professor Paul
A. Samuelson of the Department of Economics at M. I. T.

Professor Gerald A. Pogue worked on research in long-range financial planning with Vrofes-
sor Stewart Myers; on a study of investment performance fees with Professor Modigliani;
on international capital markets with Professor B. Solnik of Stanford University; and on a
study of a pricing of investment advisory services.

Management Science
The Management Science Group is the Sloan School's third principal focus of research and
teaching efforts. This group is concerned broadly with models, information systems, and
managerial decision making. This domain alternately might be described as that of
management decision systems or decision-support systems. It covers a spectrum of knowl-
edge and activities that starts with the manager and his problems (whether operational or
planning, structured or unstructured) and extends back to his technological support.

Close to the manager's end are the methodologies of problem finding, systems analysis,
planning and control, and implementation. In the middle of the spectrum lies model building.
Models, either in well-structured mathematical form or, more often, as implicit mental
models, playa basic role in any management system. The study, improvement, and explicit
representation of such models constitute major portions of the activity of the Management
Science Group, and cut across applications in marketing, production, distribution, govern-
ment, and nonprofit institutions.

Models require calibration and management decisions require good informational support.
Consequently, the group is also concerned with data analysis and statistics. Most models
are meant for normative use, and some faculty members hence are concerned also with
problems of optimization.

The computer lies at the technical end of the spectrum. The delivery of data and models
to the manager and their successful manipulation by and for the manager require the computer
and management information systems. Computers have a complexity involving several layers
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of conceptual structure and programming detail which are themselves the objects of study
and research by members of the School's faculty.

Research into management process is focused on major public issues, nonprofit organizations,
and on private enterprises. Research on methodology is divided into planning and control,
operations research, and computer systems. The following research activities represent
but a portion of the ongoing efforts in these areas.

Although on leave during the 1972-73 academic year, Professor Urban carried on his research
aimed at applying modern management science techniques to part of the population problem --
the management of the family-planning organization on a city or county basis. Professor
Urban's family-planning and monitoring system already has been installed in Atlanta, Georgia,
Los Angeles, California, Memphis, Tennessee, the state of Georgia, and in New England.
Currently, Professor Urban's research focus is in the population-planning problems of de-
veloping countries. An initial model has been developed for the Philippines, and research
extended to consider specific needs in Korea and Afghanistan. Dr. Ronald W. O'Connor, a
senior research associate at the School, and several recent graduates of the School are
working with Professor Urban in this area. In addition, Professor Urban continues research
on the refinement of a process model for marketing strategy determination, and on models
for the assessment of new product potential.

Earlier references to the work of Professors MacAvoy and Pindyck have reflected the fact
that the Sloan School faculty is actively engaged in M. I. T. 's broad research efforts in "energy"
issues. Professor Kaufman continues to serve as co-principal investigator with Professor
David White on an NSF sponsored project dealing with the natural gas sub-sector of the
energy studies. Professor Kaufman is pursuing three interrelated lines of research:
1) modeling the oil and gas discovery process, 2) developing methods of inference for the
rather unusual sampling processes that arise therein, and 3) analyzing data on 44, 000 wells
and corresponding reservoirs. Professor Kaufman has concluded two earlier studies with
Paul Bradley dealing with stochastic models useful in petroleum exploration and with reward
and uncertainty in exploration programs.

The earlier work of Gordon F. Bloom, senior lecturer in the group, concentrating on produc-
tivity in the food industry has progressed. This project has taken on added importance
because of the unprecedented recent rise in the price of food; specific aspects of Senior
Lecturer Bloom's research efforts are aimed at ameliorating previously uncovered inefficien-
cies in transportation, materials handling, and carton standardization in the food industry.
Senior Lecturer Bloom has acted as chairman of an interdisciplinary group of M. I. T. faculty
which served as a technical advisory committee to a food industry symbol selection committee
charged with selecting a symbol to be used by the entire industry as part of a proposed auto-
matic checkout system. The M.I. T. committee results made it possible for the industry's
own committee to reach a decision this year concerning the technical aspects of an industry-
wide pattern of recognition system.

Senior Lecturer Bloom also has carried on his studies concerning the nature of the decision-
making process utilized by companies in determining their involvement in attempting to solve
social problems.

Professor Warren H. Hausman worked on his study of consumer durables and the optimal
relationship of initial price and subsequent service costs for consumer durable products.
Professor Hausman has been developing a structure to analyze the durability, reliability,
and maintainability of consumer durables as affected by various product design and marketing
strategies. In particular, Professor Hausman has been investigating the effect of the manda-
tory offer of a service contract to the consumer, so as to present him or her with an estimate
of expected total system cost at the time of purchase.
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Professor G. Anthony Gorry has continued his long-range project on applications of artificial
intelligence techniques to the development of knowledge based computer systems for problem
solving. The fundamental questions involved in Professor Gorry's work include how a large
amount of knowledge about the real world can be organized in a computer; how new knowledge
and advice can be added directly by a human expert; how the computer can apply this knowl-
edge effectively to a given type of problem; and how the computer can "explain" the basis
for its solution of a problem. The substantive domain for Professor Gorry's work has been
the diagnosis and treatment of acute renal failure, where a computer program has been
successful in duplicating the decisions of expert clinicians in about 90 percent of the cases
used.

Professor William A. Martin, who holds a joint appointment in the Department of Electrical
Engineering and is co-director of Project MAC's Automatic Programming Division, has
continued to develop new software technology for computer applications of the sort just
described.

Professor Arnoldo C. Hax has played a part in Professor Martin's efforts at Project MAC,
where he has been involved in designing a computer based system to support operations
management decisions. Professor Hax also has begun work on the design of a hospital ad-
missions system; he has been assisted by Jonathan Alleman, a doctoral candidate at the
School.

Professor John F. Rockart has continued research on a major project developing management
control and decision support systems for medical clinics; he has focused his efforts on the
Lahey Clinic in Boston, Massachusetts. The application of some of his research already has
achieved substantial improvement in the delivery of ambulatory health care. Through the
application of management science techniques to patient scheduling, data analysis of medical
history questionnaires, and data reporting systems, both service to patients and effective
use of doctors have been enhanced.

A number of research activities within the Management Science Group deal with the applica-
tions of management science to the efficiency of management of private business corporations,
both large and small. In the marketing area, for example, the basic research of the group
on informational system models and time shared computing has begun to pay off in significant
applications. Models and systems have been developed to address marketing management
problems such as new product introduction, media planning, distribution of effort across the
marketing mix, and sales force allocation. Models of process, on-line data banks, statisti-
cal manipulation capability, and optimization routines continue to provide up-to-date decision
support systems for marketing managers. Professors Little, Silk, and Urban have developed
these research efforts.

Benefits from applications such as those in preceding paragraphs clearly depend on the on-
going development of basic methodological knowledge. Research in the Management Science
Group in this domain is centered on operations research, statistics, the theory of planning
and control, and in the area of computers already described.

Professors Jeremy F. Shapiro and Thomas L. Magnanti have extended their research on
integer programming, mixed integer programming, and the optimization of large time-
dependent systems. Professor Magnanti's structural optimization models include large-scale
detailed planning models in such areas as economic planning and environmental control, plus
models in the classic area of production planning. Professor Magnanti's work also has included
diverse combinatorial problems that arise in disciplines including artificial intelligence,
management information systems (e. g., efficient dat a handling, machine scheduling), statis-
tics (e. g., cluster analysis), and educational planning.
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In integer programming, special emphasis has been placed on computational methods that
are based on a group theoretic approach, and on combining integer programming theory with
duality theory. Computational results with large problems have been very encouraging.

Professor Hax (with Professor Little) has undertaken a major research effort on multi-level
logistics organization models. The objective of the first phase of this research project is
to provide a methodology for the design of a hierarchical system of decision making for
multi-level logistics problems, concentrating on effective ways in which to accomplish the
partitioning, linkage, aggregation, and disaggregation of the decision process, and to
measure its overall performance.

The group's work in decision analysis and statistics comprises another important area of
methodological concerns. Professor Kaufman has continued his work in Bayesian inference,
and his work in factor analysis is closely related to that being done by Bayesian econometri-
cians.

Professor Roy E. Welsch has sustained his research efforts in linear models, aggregation,
visual data analysis, interactive data analysis, and dependence.

Some of the group's research related to the computer has already been discussed. The work
of Professors Martin, Gorry, and others on automatic programming is a fundamental, long-
range effort to which Project MAC has committed a substantial amount of resources. Profes-
sor David Ness continues his effort to design a compact on-line decision support system
containing a model-building language, a data based capability, a set of statistical routines,
and a report generator.

Professor Stuart E. Madnick acted as coordinator of the Sloan Information Security Project,
a comprehensive study of the user requirements for securing computerized information
systems. This study was funded by International Business Machines (IBM) and involved
Professors Scott-Morton, Rockart, Ness, Jerry D. Dermer, and John J. Donovan. (The
last named will join the School's faculty in the next academic year. ) There were also more
than a dozen graduate students working on this project. The School has developed interim
security profiles of selected user communities and assembled a comprehensive listing of
security threats and countermeasures for these sectors. The group is also developing a
decision support system to assist them in determining levels of information security needed.

In addition, Professor Madnick (with Professor Donovan) has an automated information sys-
tem generator which, based upon a user's information needs and intended usage, could produce
a system tailored to the user's needs. Professors Madnick and Donovan also have developed
a coordinated model for an operating system, and this work will be published within the next
few months. Parts of the preliminary notes on operating systems are already in use at
M. I. T. and at several other universities in their teaching of advanced computer systems.
Lastly, Professor Madnick is exploring the relation of new technologies to the future design
of hardware and software in the evolution of better "user oriented" computer systems.

Information systems long have been an expensive morass for top management, yet increasingly
important for planning and control. Research has been under way aimed at assisting manage-
ment in understanding the issues in allocating resources in this area. Research has been
conducted to see how managers actually use computerized support systems, and a number
of individuals are working on a project to develop a methodology for models for decision
makers, particularly models for assisting management planning and control. A multiple
stage process has been developed which lays out for the management scientist the many
steps (beyond building models) necessary to ensure use of his efforts by managers. Professors
Scott-Morton, Madnick, Gorry, Rlockart, and Urban have been involved in some of these
projects.
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System Dynamics

System dynamics methods and applications have been extended to a number of fields during
the past year. The Rockefeller Brothers Fund, which is sponsoring a three-year research
program directed by Professor Jay W. Forrester on the dynamics of social and economic
change at the national level, continues for its second year. The system dynamics model
equations for a U. S. model presently are being formulated. Initially the emphasis will be
on the factors underlying inflation, i. e., on shifts between sectors in population, prices,
demand, and capital. An abbreviated foreign section will be included which deals with
balance of payments.

The second major research activity in the System Dynamics Group concentrated on urban
dynamics. During this past year, the group had sponsorship from the Department of Housing
and Urban Development for extension of its earlier work in urban dynamics. Professor
John F. Collins has been working with Professor Forrester in guiding and advising this
project. Lewis Alfeld and Walter Schroeder, research associates with the urban dynamics
subgroup, have extended the urban dynamics model to deal with urban management issues
in Lowell, Massachusetts. Graduate students continue to work in both the Rockefeller
Brothers Fund project and the urban dynamics project.

Corporate Strategy (Business Policy)
The field of strategy, which Professor Edward H. Bowman initiated in the School, continues
to grow. Professor Bowman was on leave at the European Institute for Advanced Studies
in Management, Brussels, Belgium. In his absence Professor Mason Haire monitored
development of the area, and, further, has developed course work in the field for Sloan
fellows, senior executives, and for the regular master's program curriculum.

Professor Zannetos while on leave has begun to develop a seminar in this field, and Professor
Henry D. Jacoby(who joined the School in the spring semester) has furthered his research on
applied analysis of problems and policy on public management, in regulation of environmental
quality, and on the supply and utilization of energy.

Professor Carroll L. Wilson, who last year instituted a seminar on strategies for sustainable
growth, has produced a series of essays emerging from this seminar which will be published
by the M. I. T. Press under the title, Speculations on a Steady-State Society. In addition,
Professor Wilson has followed up his Stockholm activities on environmental policy with a
study of chemicals in the environment (with Professor William H. Matthews of the Department
of Civil Engineering).

International Management
Managing operations in an international context is still another important area of faculty
research. A new research initiative was started during the year in collaboration with the
Center for International Studies to examine some of the longer-run economic, political, and
managerial ramifications of the multi-nationalization of business. This interdisciplinary
effort involves individuals from the Departments of Political Science and Economics, as well
as the Sloan School. The head of the international management area, Professor Richard D.
Robinson, is the School's representative. Under the aegis of this effort, a number of re-
search proposals for funding have been prepared.

During the spring of 1973, the Sloan School took the lead in forming a consortium of graduate
schools of business (including Stanford University, Indiana University, and Harvard Univer-
sity) to host a delegation from the People's Republic of China, for the purpose of looking at
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the process of management education and development within that country. If the Chinese
accept this joint invitation, it is hoped that this experience will lead to continuing communi-
cation. In a very real sense, the enterprise would be the first step in an ongoing, two-way
research project.

Sloan School faculty members have joined with the Center for Policy Alternatives in making
a proposal to the Projecto Ciencia e Tecnologia in Sao Paulo, Brazil, for the examination
of alternative policies for the support and promotion of industrial technology for economic
growth and development in Sao Paulo. Professors Thomas M. Hill, J. Daniel Nyhart, Allen,
and Robinson are the faculty members most directly involved.

Under the supervision of Professor Robinson, four pieces of research were completed: 1) the
penetration of the U.S. market by Fiat and Olivetti, 2) the rationale for U.S. import controls,
3) Japanese investment in the United States, and 4) the integration of Japanese and U.S.
managerial systems. Also, preliminary research was done on the extent of foreign ownership
of U. S. based firms. Meanwhile, Professor Robinson's new textbook, International Business
Management -- a Guide to Decision Making, was published. Lastly, during the year two
case studies related to the formation of joint U. S. -Indian ventures were completed.

Health Systems Management
Faculty interest in public sector management and in the management of nonprofit institutions
remains high. Earlier portions of this report have touched on many of the research activities
under way in these areas. The paragraphs to follow represent a sample of the ongoing
research and related educational programs in health systems management.

During the year a number of meetings of Sloan School faculty and faculty from other depart-
ments were held to expand earlier discussions on the most effective mode of collaborative
efforts in the broad domain of health planning and management.

These discussions have resulted in the tentative clustering of several interest groups, with
participants drawn from several M. I. T. departments and programs. Among the groupings
are the following: quantitative analysis for the management of health systems; ambulatory
health care; local government and public policy for health care; clients and consumers in
the delivery of health care; organizational innovation in health; international health planning;
environmental issues in health; field work in health studies; and educational program content
and coordination. The tone of these discussions suggests that opportunities for the evolution
of collaborative research and program possibilities are very promising.

At the Sloan School itself, a variety of faculty interests and competences were reflected in
curricular development and experimentation, research projects, and new teaching efforts.
As noted earlier, Professor Urban and Dr. O'Connor have collaborated in the development
and implementation of computerized planning models in the health field. Their initial efforts
aimed at family-planning programs currently are being implemented overseas and in several
U. S. cities. Professor Roberts, who has agreed to coordinate the School's efforts in the
health management area, has been active in providing computerized information systems for
health care operations, and also has directed system analysis efforts aimed at a variety of
health delivery problems, including emergency care delivery, operation of mental health
centers, heroin addiction prevention and rehabilitation programs, and planning of health
maintenance organizations.

Professor Rockart has examined some of the operational aspects of ambulatory care, especial-
ly the areas of planning and control, patient-doctor scheduling, and clinic management in-
formation systems. He has initiated a study of hospital cost problems, and in this context
Professors Welsch and Shapiro have developed and applied sophisticated mathematical
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programming techniques to the scheduling assignment of hospital rooms. Professors Welsch
and Shapiro's work has led already to implementation at the New York Hospital of a major
computerized patient-scheduling system. Also, Professor Silk is participating in the Opera-
tions Research Center's overall study of the blood banking system, his research work empha-
sizing blood donor motivation. Recent work by Professor Silk in marketing and distribution
of pharmaceuticals complements earlier work by Professor Urban on the market introduction
of new products, and by Senior Lecturer Amstutz on large-scale information systems for
market research in the pharmaceutical area.

Senior Lecturer Beckhard has been involved for a long time in developing and implementing
new organizational forms and practices for health care delivery. His current emphasis is a
program for training health professionals in organizational development and change manage-
ment. Twenty-five hospitals and health system administrators were engaged with him in a
13-week course to develop three new curricula on planned change for medical and nursing
schools, community health centers, and teaching hospitals. Senior Lecturer Beckhard is
engaged in collaborative efforts with Lecturer Rubin at the Martin Luther King Health Center
in health team management. These efforts aim at creation of a package of self-instructional
materials for health team development. The materials have been tested in a pilot project
now under way at the Sloan School.

Visiting Professor Paul R. Lawrence has been examining complex issues of organizational
design in health science centers, and currently is expanding that research base. Professor
Schein is concerned with the role changes which health professionals undergo as new forms
of health care delivery proliferate. General student interest in health organization develop-
ment has mushroomed in the past year, and three doctoral dissertations are currently in
process in this area.

Research in the field of organization and management of health research and technology acti-
vities had been carried on by Professor Marquis. Until his untimely death in February, 1973,
Professor Marquis' efforts with the Ford Foundation and the Lahey Clinic had been concen-
trated on developing effective strategies for carrying on health research and development
endeavors. Professor Roberts, a long-time collaborator with Professor Marquis in directing
the M. I. T. research program in the management of science and technology, has indicated an
intention to broaden faculty and graduate student involvement in this area of health research
management.

On a smaller scale, some important activities were aimed at affecting the delivery of health
care by understanding and assisting the practicing physician. Professor Gorry has worked
with Dr. William Schwartz of the Tufts New England Medical Center to understand the decision-
making process of medical diagnosticians and to develop computer aids to these decision
makers. Professor Gorry's initial work in renal failure diagnosis has become the basis for
long-term research efforts with others in the M. I. T. artificial intelligence project.

One of the first fruits of the Institute-wide health planning and management meetings was a
sorting out of course offerings by the Sloan School and the Department of Urban Studies and
Planning, to aid both in advising students interested in this area. There are currently five
Sloan School subjects and four Urban Studies and Planning subjects which deal entirely or in
part with subject matter relevant to health planning and management.

New programs aimed at the experienced health professional were presented this past year.
The subject in dynamics of health service systems was a one-week concentrated program for
health administrators and health system analysts. Of great significance was the special one-
week management advancement program offered thrice during the year to approximately 60
deans of medical schools, cosponsored by the Association of American Medical Colleges (AAMC).
Professor Roberts and Senior Lecturer Beckhard collaborated in designing and directing this
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M. I. T. -AAMC program and were assisted in teaching by Professors Rockart and Schein,
Senior Lecturer White, and others. The program combined organizational development and
other behavioral science education with work in the areas of managerial planning and control
and the management sciences.

The enthusiastic response to these initial courses has led to the extension of the management
advancement program to a second phase. Six deans of medical schools, and teams of their
key department chairmen and health delivery managers participated in the problem oriented
Phase Two sessions of the program; although these sessions took place only in late January,
three of the six medical schools participating in Phase Two already cite important manage-
ment changes as having occurred in their institutions as a result of the program.

International Visitors

Dr. Peter Hammann of the Technical University of Berlin was at the Sloan School for the
academic year 1972-73 as a visiting professor of management, under the faculty exchange
program which M. I. T. shares with that university. Dr. Hammann is professor and scienti-
fic counselor in the Institute for Economics and Business Economic Theory at the Technical
University of Berlin. Professor David Durand acted as his host.

Dr. Hubertus Adebahr, head assistant at the Chair of Economics at the Technical University
of Berlin, alsowasa visiting professor of management. Dr. Adebahr's interests are in the
areas of international economics and labor market research, especially problems related
to labor mobility.

Professor Motoyoshi Inaba, associate professor of business administration of Yokohama
National University, was with the School during this past year as a visiting scholar; Professor
Schein was his faculty host.

Professor Charles Myers hosted Professor Makota Ogasawara of Yahata University, Japan.
Professor Ogasawara's field at his home university is personnel management. He was here
on a research scholarship for his six months' stay.

Henri de Bodinat was a visiting research associate at the Sloan School with Professor Robin-
son acting as host. Dr. de Bodinat was on leave from Centre d'Enseignement Superieur des
Affairs, France.

Professor Norbert Andel joined the School in the spring of 1973 as visiting professor of manage-
ment, on leave from the Technical University of Berlin, where he is professor and acting
chairman of the Department of Economics.

The Systems Dynamics Group, under Professor Forrester, had several visitors this year:
Dr. Christian Estrup from the Institute for Chemical Industry, Copenhagen, Denmark;
Kjell Kalgraf from Transportkonomisk Institutt, Norway; and Bjorn L. Stenberg from the
Swedish Board for Technical Development.

Staff Changes and Promotions

The death of Professor Donald G. Marquis, David Sarnoff Professor of Management of Tech-
nology, in February, 1973, represented the loss of one of the most distinguished members
of the School's faculty. Over the course of his career, Professor Marquis had an enormous
influence on the social sciences, through his development and leadership of two of the most
important departments of psychology in this country and, in more recent years, through his
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leadership in the Sloan School of a program of research on the management of research and
development. The Sloan School was very fortunate to have had him on its faculty during one
of the most creative periods of his life. He will be missed very much.

Special mention should be made of the distinction accorded to Professor Jay Forrester by
his appointment as Germeshausen Professor for the three years beginning July, 1972.

It also is gratifying to note that Professor Richard Robinson was promoted to a professorship
last year. Professor Robinson has served the School since 1962 in the area of international
management.

Dr. Henry Jacoby has joined the faculty of the Sloan School as professor of management.
Professor Jacoby comes to the School from the John F. Kennedy School of Government at
Harvard University, where he was involved in the Public Policy Program. Professor Jacoby
will spend half of his time with the Energy Laboratory at M. I. T.

Dr. Phyllis Wallace joined the Industrial Relations Group as a visiting professor for two years.
Professor Wallace is vice-president for research at the Metropolitan Applied Research
Center of New York. She has been a lecturer in the Department of Economics at M. I. T. during
the past year.

Dr. John Farley of Columbia University was a visiting professor in the management science
area for the spring term of 1973.

Dr. Robert Stone, on leave from the University of New Mexico where he was dean of the
Medical School, was a visiting professor with the Organizational Studies Group during the
past year. Professor Stone's particular interest is in the behavioral science aspect of
management as it applies to the health care field. Professor Stone was confirmed as director
of the National Institutes of Health in Washington, D. C., shortly after the completion of his
stay at M. I. T.

The Sloan School is indebted to Professor Morris Horowitz of Northeastern University who
contributed as a visiting professor of industrial relations, during the period when Professor
Charles Myers was hospitalized and unable to lead his seminar in comparative systems of
human resources management.

Professor Paul R. Lawrence, the Walter Brett Donham Professor of Organizational Behavior
at the Harvard Business School, joined the Sloan School as a visiting professor for the spring
term of 1973.

Professor Michael Scott-Morton's appointment as associate professor was modified to include
tenure. Dr. Lotte Bailyn, a research associate with the Organizational Studies Group, was
promoted to associate professor. Professor William Martin was promoted to associate
professor and now has a joint appointment with the Sloan School of Management and the Depart-
ment of Electrical Engineering.

Dr. Arnoldo C. Hax, formerly with the Harvard Business School, became an associate profes-
sor of management science at the Sloan School. Also joining the Management Science Group
was Visiting Professor Jerry Dermer of the School of Business at the University of Toronto.
Dr. Stuart Madnick, who has been associated with Project MAC, became an assistant profes-
sor in the management science area.

The Organizational Studies Group was augmented by the appointment as an assistant professor
of Dr. John Van Maanen of the Graduate School of Administration of the University of Califor-
nia at Irvine. Dr. Ralph Keeney became an assistant professor with the Management Science
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Group, transferring from the Department of Civil Engineering at M. I. T. His first year was
spent on leave in Europe. Professor Paul O. Roberts, Jr., a professor with the M. I. T.
Department of Civil Engineering, was given a joint appointment with the Sloan School, where
he is a lecturer. Dr. James Shulman joined the Management Science Group for the year
as senior lecturer.

Professor David Durand, taking an early retirement, became a professor emeritus at the
end of this academic year. His many contributions to the School and the Institute over the
past several years are appreciated greatly. Professors David N. Ness and Paul B. Klein-
dorfer resigned effective June 30, 1973. Both men will join the faculty of the Wharton School
of Business and Finance. Professor Philippe A. Naert left at the end of the fall term to
return to the European Institute for Advanced Studies in Management in Brussels, Belgium.

Professor Malcolm M. Jones resigned to devote full time to Decision Technology, Inc. Pro-
fessor Warren H. Hausman has accepted a position at the Graduate School of Management at
the University of Rochester. Professor George A. Gorry will leave the Sloan School to join
the faculty of the Department of Electrical Engineering. Professor Gerald A. Pogue leaves
at the end of the year; he has accepted a position with the City University of New York.
These men take with them thanks for their efforts for the School, and warm wishes for con-
tinued successful careers.

Professor Edward H. Bowman was on leave this year, enabling him to join the faculty of the
European Institute for Advanced Studies in Management in Brussels, Belgium as a professor.
This institute's main function is to work with doctoral students registered in a number of
different "home" universities in Europe. Professor Jay R. Galbraith also joined the faculty
of the above institute, for a term of one and one-half years. Professor Zenon S. Zannetos
was on leave the past year to work on his "Managerial Planning and Control Systems" research
under a grant from the National Aeronautics and Space Administration.

Professor Jeremy F. Shapiro had a half-time leave of absence last year to continue his re-
search work at the National Bureau of Economic Research Computer Research Center. Pro-
fessor Glen L. Urban was on leave during the year, as he continued his Department of Health,
Education, and Welfare (HEW) sponsored research on family planning. Professor Murat R.
Sertel, on leave for the spring term of 1973 at the International Institute of Management in
Berlin, worked on his research on the planning, control, and design of social systems.

If the Sloan School is to build effectively on the base of the teaching and research programs
outlined herein, and build in the coordinated direction required by the nature of the problems
themselves, there are two major constraints that must be overcome.

The first involves the question of scale required for the tasks at hand. The School at this
juncture in its life faces almost an embarras de richesses in its opportunities for future
growth. Whichever of these opportunities it decides to seize as long-term research roads,
its most immediate constraint is one of sheer physical space. The physical plant and facilities
of the School are practically at full utilization now. Its teaching and research programs entail
a virtual 12-month utilization of the physical and human resources at the School. If it is to
achieve the growth required to meet the minimal scale for continuing to extend its interests
and studies, the Sloan School must find additional housing to provide learning and living space
for more students, faculty, and research staff at the School.

The second constraint is considerably more complex. It involves the design of an effective
strategy for the linking of traditionally independent and self-sufficient entities operating in
specialized fields of interest into coordinated arrays of talent to be focused on each of these
new programs of research and education. Within the past year, extensive amounts of
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administrative energy have been devoted to the fostering of such intra-Sloan School linkages,
and interdepartmental and inter-School collaborative efforts. The School can point to a
number of small and hard-won successes from which to take encouragement. The principal
challenge of the decade ahead may well lie in the School's capacities to foster these develop-
ments, which would extend the School's potential impact on several of the major problems
of our time.

WILLIAM F. POUNDS
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This year the School of Science has continued to grow and to evolve in directions determined
by the faculty, students, and available funding. Many new discoveries and ideas are attract-
ing attention and are leading to changes in the School's instructional and research programs.
A few of the more striking recent developments are referred to in the annual reports of the
department heads.

The number of undergraduate majors has increased in each of the past four years; this year
it was 1199, compared with 1105 the preceding year. The largest increase was in the Depart-
ment of Biology, where the number of undergraduate majors was 363 in September, 1972,
compared with 307 the year before, and 138 in 1968. This year 15 undergraduate Biology
majors are satisfying requirements under a program in applied biology which is managed by
the Department of Nutrition and Food Science. About half of the seniors graduating as Bio-
logy majors are going to medical school.

During the year there has been an increased effort on the part of the faculty to provide re-
search opportunities to undergraduate students for credit, for financial support, or just be-
cause the students are interested. According to the Undergraduate Research Opportunities
Program (U. R. O. P. ) office, the number of undergraduates involved in science departments
this year totaled 289, but this is a lower bound rather than an upper bound to undergraduate
research activity, which is by its nature hard to measure.

The faculty members in the School of Science also have offered more undergraduate seminars
this year. In September, 1971, 14 undergraduate seminars were offered; in September, 1972,
24 were offered; in September, 1973, 25 will be offered.

The Interdisciplinary Science Program (Course 25) has continued to provide an opportunity
for students who wish to propose an undergraduate curriculum with a coherent set of science
subjects which are aimed at a well-defined educational goal and which differ significantly
from established departmental offerings. In September, 1972, the number of students regis-
tered was 29. Professor Charles C. Counselman III has done an excellent job as Registration
Officer for this new Course in its first year and has managed the transition from Course 12-B.
His successor will be Professor Louis N. Howard of the Department of Mathematics.

The number of graduate students in the School of Science increased in September, 1972, after
slowly decreasing the preceding two years. The number of regular graduate students was
938, compared with 899 the year before. This reflects an increase in the volume of spon-
sored research in the science departments and in the interdepartmental laboratories. In
the School of Science, sponsored research totaled $16. 6 million in fiscal year 1972 and $18. 4
million in fiscal year 1973. These resources and the sponsored research in the interdepart-
mental laboratories are of utmost importance for the support of students, faculty, and staff
in the School of Science. A good deal of hard work by several people is involved in compet-
ing effectively for these valuable resources.

The number of postdoctoral appointments was essentially the same in the fall of 1972 (268)
as in the fall of 1971 (276).
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During the year Professor Victor F. Weisskopf asked to be relieved of his responsibilities as
head of the Department of Physics. He has served as head since 1966, and has not had an
opportunity to enjoy fully his appointment as Institute Professor. Looking back over this
period, the Department has been strengthened significantly and has played a major role in
the educational and research programs of the Institute. Professor Weisskopf has been a
strong leader of the Department, and he surely has earned a period to enjoy being a professor
again.

A faculty committee chaired by Professor Francis E. Low advised the administration during
the search process for a new head for the Department of Physics. In the spring, Professor
Herman Feshbach accepted appointment as head of the Department. Professor Feshbach has
been director of the Center for Theoretical Physics. He has asked Professors Lee Grodzins
and Rainer Weiss to work with him on the educational programs of the Department. The
Department will make a study of its undergraduate educational programs this summer.

Interest in astronomy and astrophysics has continued to grow at M. I. T. The enrollment in
subjects in this general area has increased from approximately 160 in 1968-69 to approximately
500 this year. This increase may be partially attributable to the new George R. Wallace, Jr.
Astrophysical Observatory, dedicated on October 14, 1971, but it is also a reflection of major
research in other kinds of astronomy going on at the Institute. In order to provide more
coordination for these varied research and educational efforts, a Steering Committee for
Astronomy and Astrophysics was established this year under the chairmanship of Professor
Bernard F. Burke. This Steering Committee will:

1. Define and implement graduate degree programs in astrophysics. Most students
will center their graduate programs in the department closest to their interests,
but there will be individual graduate students for whom a committee can supervise
the degree program better.

2. Initiate new research projects, although present administrative structures ordi-
narily will serve as the means through which research projects will be administered.

3. Serve as a means of coordinating and facilitating astrophysics appointments, pro-
viding advice and support for the departments as needed.

Two initial tasks currently are being undertaken by the Steering Committee; first, the com-
mittee is preparing a definition of requirements for a graduate degree program in astrophysics.
Second, a program in optical astronomy is being formulated, since the Wallace Observatory is
now in operation, and the appropriate time has been reached to formulate plans for future opti-
cal astronomy at M. I. T. Some 32 faculty members in five departments have been invited to be
affiliates of the program.

The School lost five faculty members through retirement--Professor Prescott D. Crout
(Department of Mathematics), Professor George P. Wadsworth (Department of Mathematics),
Professor Delbar P. Keily (Department of Meteorology), Professor George G. Harvey (De-
partment of Physics), and Professor Laszlo Tisza (Department of Physics)--and three senior
faculty members to other institutions. Professor Sergio P. Fubini (Department of Physics)
went to CERN (the European Organization for Nuclear Research), Professor Steven Weinberg
(Department of Physics) went to Harvard University, and Professor Emily L. Wick (Depart-
ment of Nutrition and Food Science) went to Mount Holyoke College to be Dean of the Faculty.
Professor Wick was the first woman faculty member in the School of Science and the first
tenured woman faculty member. In losing her to Mount Holyoke, the School loses an effec-
tive advocate on behalf of students and of women at M. I. T.

During the year two new appointments were made to the faculty of the School of Science at the
level of professor. Dr. Herman N. Eisen, who had been head of the Department of Microbi-
ology at Washington University School of Medicine, was appointed in the Department of Biology
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and also will participate in the new Center for Cancer Research and in the joint Harvard-M. I. T.
Program in Health Sciences and Technology. Dr. Vera Kistiakowsky, who had been a senior
research scientist in the Laboratory for Nuclear Science, was appointed Professor of Physics.

Members of the School of Science received many honors from outside the Institute and within
the Institute community. Professor Victor F. Weisskopf (Department of Physics) was se-
lected by a faculty committee to be the James R. Killian, Jr., Award Lecturer in 1973-74.
Professor Arthur P. M attuck (Department of Mathematics) was named Class of 1922 Profes-
sor, starting July 1, 1973, and Professor John S. Waugh (Department of Chemistry) was
named the Arthur Amos Noyes Professor of Chemistry, starting July 1, 1973. Professor
Margaret L. A. MacVicar (Department of Physics) was given the new Class of 1922 Career
Development Award. Professor Irving E. Segal (Department of Mathematics) was elected to
the National Academy of Sciences.

ROBERT A. ALBERTY

Department of Biology

During the past year, 387 undergraduate students concentrated in the life sciences and 126
were awarded the Bachelor of Science in this field; the previous year's figures were 307 and
95, respectively. Between July 1, 1972, and June 30, 1973, 8 Doctor of Philosophy degrees
and 9 Master of Science degrees were awarded in Biology. There were 110 graduate students
during the past year. The class entering this coming September will keep the Department's
total population of graduate students at approximately the same level for the coming year.
The quality of students remains high. Two students already in the Department's program as
well as four of its incoming students have been awarded the rare National Science Foundation
(NSF) predoctoral fellowships. The Department again has been awarded an NSF grant for
summer research by undergraduate students.

Research

The research by members of the Department's faculty, research associates, research fel-
lows, and graduate students is described in a publication entitled Research Summaries. It
is available in Departmental headquarters.

Personnel

Dr. Herman N. Eisen has been appointed professor of immunology in the Department of Biol-
ogy and a senior researcher at the newly formed Center for Cancer Research at M. I. T. Dr.
Eisen has been Professor and head of the Department of Microbiology at Washington Univer-
sity School of Medicine, St. Louis, Missouri. He will be developing a research program in
tumor immunology at the new Cancer Center and also will help to develop a curriculum in
human biology as part of the joint Harvard-M. I. T. Program in Health Sciences and Technology.

Other joint appointments as assistant professors in the Department of Biology and the new
Cancer Center will be Drs. Paul D. Gottlieb, Nancy H. Hopkins, and Robert A. Weinberg.
Dr. Gottlieb received his Ph. D. from Rockefeller University in 1971 and is presently a special
postdoctoral fellow at the Department of Biochemistry at Stanford University School of Medi-
cine, Stanford, California. Dr. Hopkins received her Ph. D. from Harvard University in 1971.
She presently is doing postdoctoral research with Dr. James D. Watson at Harvard University
and Cold Spring Harbor Laboratory. Dr. Weinberg received his Ph. D. from M. I. T. in 1969
and is presently a research associate in this Department with Professor David Baltimore.
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Three other new appointments have been made in the Department. Dr. Linda M. Hall has
been appointed Assistant Professor of Biology. Dr. Hall received her Ph.D. in biochemistry
from the University of Wisconsin, Madison, in 1970. Since receiving her degree she has been
doing postdoctoral work with Dr. David T. Suzuki at the University of British Columbia, Van-
couver. Dr. Bonnie M. Tyler has been appointed Assistant Professor of Microbiology. Dr.
Tyler received her Ph. D. from M. I. T. in 1968. Dr. Tyler held a postdoctoral appointment
in the Department of Bacteriology at the University of California at Davis during 1968-70, and
has been appointed both instructor and research associate in this Department from 1970 to
present. Dr. Luther S. Williams has been appointed Associate Professor of Microbiology.
Dr. Williams received his Ph. D. from Purdue University in 1968 in microbial physiology.
At present he holds the appointment of Associate Professor of Biology at Purdue University.

Professor Salvador Luria was named director of the new Center for Cancer Research. Pro-
fessor Luria was awarded the Honorary Doctor of Science by the University of Palermo,
Palermo, Italy and by Brown University. Professor H. Gobind Khorana received the Doctor
of Science from the University of Punjab, India and the J. C. Bose Medal from the Bose Insti-
tute, Calcutta, India. The American Cancer Society, Inc. awarded the Massachusetts Institute
of Technology a grant to provide part of the cost of creating an American Cancer Society
Research Professorship, which was awarded to Professor David Baltimore of this Department.
Professor David Botstein was promoted to Associate Professor of Genetics. Professor
Corrado Baglioni left the Department to accept a position at the Department of Biological
Sciences, State University of New York at Albany.

BORIS MAGASANIK

Department of Chemistry

Forty-three undergraduates were awarded the Bachelor of Science in chemistry this year:
2 in September, 1972, 9 in February, 1973, and 32 in June. Essentially all of the graduates
will be attending graduate school in chemistry, medicine, or related areas or have been
employed by industry.

The Doctor of Philosophy was awarded to 25 candidates in September, 1972, 14 in February
1973, and 13 in June -- a total of 52. To date, 1, 336 Doctor of Philosophy degrees and 337
master's degrees have been awarded by the Department. For 1971-72, the American Chem-
ical Society's Committee on Professional Training reported that 184 schools awarded 1, 929
Ph.D. degrees in chemistry, with M. I. T. again having the largest number at 51, the Univer-
sities of Illinois and Wisconsin following with 46, Purdue University with 43, Ohio State Uni-
versity and the University of California at Berkeley with 40, and Michigan State University
and Pennsylvania State University with 36. Candidates for the Ph. D. took positions in aca-
demia, industry, and government laboratories. Employment opportunities this year in
industry have improved greatly. Many Ph. D. candidates desiring to go into industry were
successful in finding positions.

Personnel
Professor James W. Dubrin resigned to accept a position at the Lawrence Livermore Labor-
atory in Livermore, California. Professor William R. Moore resigned to become chairman
of the Department of Chemistry at West Virginia University.

Drs. Christopher T. Walsh and Mark S. Wrighton joined the staff as assistant professors.
Professors John M. Deutch and Daniel S. Kemp were promoted to the rank of Professor.
Professor K. Barry Sharpless was promoted to Associate Professor.
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Professor Jack E. Baldwin returned to the Department after a brief stay at King's College,
London. Professor Alan Davison was on sabbatical leave during the spring term at Texas
A & M University. Professor Irwin Oppenheim was on leave of absence for the spring term
at the Weizmann Institute of Science. Professor Robert J. Silbey was on leave of absence
during the spring term at the University of Utrecht. Professor JeffreyI. Steinfeld was on
sabbatical leave during the 1972-73 academic year, spending the fall term at the University
of California at Berkeley and the spring term at the Kamerlingh Onnes Laboratorium, Leiden,
the Netherlands.

Professor George H. Biichi received the Award for Creative Work in Synthetic Organic
Chemistry from the American Chemical Society. Professor Sharpless was awarded an
Alfred P. Sloan Foundation Research Fellowship. Professor Silbey has been a John Simon
Guggenheim Fellow this past year.

Dr. Peter M. Rentzepis of the Bell Laboratories was a visiting professor during the year.
Dr. Berton Holmquist of the Harvard Medical School was a visiting lecturer and taught a
special subject in biomedical chemistry. Dr. Perry Rosen of Hoff mann-LaRoche delivered
a special series of lectures in connection with the subject Organic Chemistry: Natural Pro-
ducts, this spring. Dr. Richard Hinman of Pfizer delivered a series of three lectures during
the January Independent Activities Period on the topic of "The Chemist in Industry. "

Other visiting faculty and scientists were as follows: Abraham Ben-Reuven, the Weizmann
Institute of Science; Zbigniew Z. Dabrowski, Warsaw University; Harvey A. Gould, Clark
University; Leonid N. Mashlyakovsky, Lensoviet Institute of Technology; Herbert Schumann,
Technical University of Berlin; and Neil S. Snider, Queen's University.

The Department was privileged to sponsor a series of lectures provided from the Arthur D.
Little, Karl Pfister, and Abby Rockefeller Mauze Visiting Professorships. There were
three Arthur D. Little Visiting Professors. Alfred G. Redfield of Brandeis University pre-
sented a series of lectures entitled "Pulsed Fourier Transform NMR in Proteins: Electron
Interchange in Cytochrome-c, " "Nuclear Spin Relaxation Theory as a Tool and a Model, "
and "Rotating Thermodynamics and High Resolution NMR Spectroscopy. " E. O. Fischer of
Anorganisch-Chemisches Laboratorium der Technischen Universit't Mu'nchen presented a
series of lectures entitled "Advances in Inorganic Aspects of Transition Metal Carbonyl Com-
plexes" and "Transition Metal Carbonyl Carbene Complexes As Useful Tools for Organic
Synthesis. " Marshall Fixman of Yale University presented a series of lectures entitled
"Polymer Conformational Statistics -- The End to End Probability Distribution" and "The
Helix Coil Transition in DNA. "

Karl Pfister Visiting Professorships were held by Pierre Deslongchamps of the University
of Sherbrooke, who presented a lecture entitled "The Importance of Conformation of the
Tetrahedral Intermediate in the Hydrolysis of Esters and Amides, " and Teruaki Mukaiyama
of the Tokyo Institute of Technology, who presented a series of lectures on "Synthetic Organic
Chemistry. " Professor Mildred Cohn of the University of Pennsylvania School of Medicine
and the Johnson Foundation presented a series of lectures (as an Abby Rockefeller Mauz~
Visiting Professor) entitled "Magnetic Resonance of Transition State Analogs of Creatine
Kinase" and "A New Aspect of Enzyme Specificity. "

Curriculum

The options in chemistry subjects for entering undergraduate students are as follows:
Chemistry 5. 41, Introduction to Structure, Bonding, and Mechanism; Chemistry 5. 60,
Chemical Equilibrium; Metallurgy 3. 091, Introduction to Solid-State Chemistry; and Biology
7.01, General Biology.
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Professor Christopher Walsh taught a new subject in biochemistry on an experimental basis
during the spring term. Effective next year, 5. 50, Enzymatic Reaction Mechanisms will be
offered each spring on a regular basis. Two new subjects in inorganic chemistry have been
introduced into the program for next year: 5. 067, Advanced Inorganic Chemistry, and 5.05,
Principles of Inorganic Chemistry III.

Research
Two papers from the laboratory of Nobel laureate Har Gobind Khorana, Alfred P. Sloan
Professor of Biology and Chemistry at M. I. T., reporting progress toward the artificial
synthesis of a gene, were delivered on April 19, 1973, at the annual meeting of the Federa-
tion of American Societies for Experimental Biology, held in Atlantic City, New Jersey.

Professor Khorana's paper, titled "The DNA Sequence Adjoining the CCA End of the Tyrosine
tRNA Gene, " dealt with the still unsolved biological question of what coded genetic signal
marks the stop and start of the process by which the gene transfers its message. The other
paper, delivered by Marvin H. Caruthers, an associate of Professor Khorana's and a senior
research scientist in the Department of Biology at M.I. T., was titled "The Synthesis of the
Gene for the Precursor of the E. Coli Tyrosine Suppressor Transfer RNA, " and reported
on the step-by-step process of building and joining the 126 bases of that particular gene in
the laboratory's test tubes.

The work reported in the two papers was related, in that the potential solution to the stop-start
problem is to be incorporated in the completed tyrosine gene. If it then fulfills its biological
role, a major advance in understanding the biological meaning of DNA's physical structure
will have been accomplished.

The research of Professor John Ross is in two areas, chemical dynamics and chemical in-
stabilities. In the first area, experimental work has been done by molecular beam techniques
on the variation of chemical reactivity with internal excitation of one of the reactants in a
biomolecular reaction, on the mechanism of collisional ionization of rare gases, and on the
collisional dissociation of alkali halide molecules. These studies yield dynamical details
of various types of chemical reactions and provide information on threshold energies, reaction
cross sections, rate coefficients, the disposition of available energy in reaction products,
and the forces concerned with chemical rearrangement. Theoretical work in chemical dynam-
ics has been completed on an analysis of the influence of symmetry in chemical reactions
in which widely used symmetry rules (Shuler, Woodward-Hoffman) have been derived from
first principles with well-defined approximations. The theory provides limitations of these
rules as well as corrections for cases where the rules do not apply. Other work in the theory
of chemical dynamics has been concerned with complex formation in chemical reaction and
with the influence of vibrational degrees of freedom in reactions.

The field of chemical instabilities is concerned with oscillatory chemical reactions, the
interaction of such chemical mechanisms with transport processes, the generation of macro-
scopic inhomogeneities such as turbulence or periodic precipitation phenomena, and the
interactions of chemical reactions with light, sound, and other fields leading to temporal
oscillations, multiple stationary states, instabilities, and chemical waves. Studies are con-
cerned with the search of new phenomena in this field, on different types of couplings and
interactions, on photochemical reactions, and on applications in chemistry and biology. The
effect of heterogeneous catalysis has been investigated in chemical reactions including sys-
tems which may have chemical instabilities. In the presence of a heterogeneous catalyst
situated at one point, local stable periodic spatial structures (inhomogeneities in concentra-
tions) may occur in both stable and unstable (oscillatory) chemical reactions. For the case
of oscillatory chemical reactions, heterogeneities, including heterogeneous catalysts,
induce chemical waves. The properties of these waves depend on the details of the oscilla-
tions, and there are two very different regimes: 1) phase waves which diffuse, spread, and
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become attenuated; and 2) relaxation oscillation waves which normally move at a faster
speed without attenuation. The interaction of sound with chemical reactions has been stud-

ied: a sound wave may be amplified or attenuated depending on the characteristics of the

reaction. An analysis has been made of isothermal chemical reactions occurring in a vol-
ume bounded by a membrane, and the coupling by the reaction in the volume and permeation
through the membrane leads to a series of feedback phenomena with applications in biolog-
ical systems, such as in the glycolisis of yeast cells. Finally, the theory of chemical
instabilities has been applied to periodic precipitation phenomena such as Liesegang rings.

Professor Walsh's major area of research is in the study of enzymatic reaction mechanisms.
There are three main topics currently under investigation. The first involves detection and
chemical characterization of covalent intermediates formed in enzymatic phosphoryl and
pyrophosphoryl transfers, reactions involving metabolic energy. The second is in studying
the chemistry of Vitamin B 2 (riboflavin) and its derived coenzymes, required cofactors for
biological oxidations, hydroxylations, and oxygenations. In this connection, specific acety -
lenic substrates which inactivate some of these enzymes by covalent attachment to the flavin
coenzyme have been synthesized. The third focal point is in the study of enzymes located in
biological membranes, particularly those enzymes involved in active transport across mem-
branes. Molecules which specifically inactivate two such bacterial membrane enzymes and
prevent the bacteria from taking up metabolites recently have been synthesized. These types
of molecules have antibiotic potential.

Research effort of Professor George M. Whitesides presently is concentrated in three areas:
the study of organometallics, particularly those derived from the transition metals; enzyme
technology; and the surface chemistry of organic substances. The major concern of the first
of these areas is the determination of the factors that regulate the thermal stability of tran-
sition metal alkyls. This information is of practical concern, because this thermal stability
has a direct influence upon the mechanisms by which these compounds catalyze a variety of
important synthetic reactions. It presently appears that the major contribution to the thermal
decomposition of transition metal alkyls arises not from homolytic cleavage of the carbon
metal bonds, as has been assumed widely in the past, but rather from elimination of metal
hydride from the alkyl moieties. The synthesis of metal alkyls in which metal hydride elimi-
nation is blocked for one reason or another has begun. Certain of these compounds, partic-
ularly metallo-cyclic compounds containing five-membered rings, show impressive thermal
stability, as well as types of reactivity that are remarkably different from those observed in
nonconstrained transition metal alkyls.

The second project is a joint one, involving individuals in the Departments of Chemistry,
Nutrition and Food Science, and Chemical Engineering. The object of this project is the
development of methods for the large-scale synthesis of peptide derived antibiotics, partic-
ularly Gramicidin S. A major part of the effort in this project has been devoted to devel-
oping a practical reactor for the regeneration of ATP, based on the coupled enzyme activity
of adenylate kinase and acetate kinase.

The research in organic surface chemistry is directed toward the synthesis, characterization,
and utilization of organic surfaces and monolayers bearing well-defined, ordered functionality.
Three classes of substrates, representing three approaches to the control of organic surface
chemistry, are being explored actively: high-density polyethylene film and powder, oriented
fatty acid monolayer films, and alkyl ammonium ion exchanged hectorite clays. Of these, the
polyethylene surface chemistry is the most advanced. Techniques have been developed for
the reproducible oxidation of polyethylene film and powder using a variety of oxidizing agents,
and for the analysis of the resulting surfaces for site densities of carboxylic moieties by
treatment with appropriate reagents, and these, in turn, coupled to a variety of other types of
organic functional groups containing molecules. The resulting functionalized, polyethylene
surfaces hold promise forapplications in the areas of bioengineering and solid phase synthesis.
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Professor Mark S. Wrighton's research efforts are directed toward understanding the reactiv-
ity of the electronically excited states of metal containing molecules. Development of rela-
tionships between structure (electronic and geometrical) and rates of luminescence, electronic
to vibrational energy transfer, and chemical reaction in coordination compounds is in progress.
These structure-reactivity studies have been directed toward photogeneration of catalytically
active complexes under mild conditions. Catalyzed reactions under investigation include ole-
fin oligomerization, isomerization, and hydrogenation, and in general, base catalysis.

Recently, chromium carbonyl was found to lead to catalytic hydrogenation of 1, 3-dienes upon
photolysis of the carbonyl in the presence of an atmosphere of H2 at 100 C. Primary excited
state chemistry is believed to involve CO dissociation to generate coordinatively unsaturated
intermediates which are assigned a key role in homogeneously catalyzed olefin reactions.
Hydrogen addition occurs exclusively in 1, 4, and only 1, 3-dienes capable of easily achieving
the s-cis conformation undergo hydrogenation. Alkenes obtained from the reactions are invari-
ably cis isomers, and these do not isomerize or hydrogenate under the reaction conditions.
The 1, 4-hydrogenation of the 1, 3-dienes continues in the dark after photolysis, but no hydro-
genation occurs under the same conditions unless the chromium carbonyl is exposed first to
ultraviolet irradiation. Thus, this system is truly photocatalytic.

Coordination compounds which are radicallike, such as pentacyanocobaltate(II), also exhibit
catalytic activity. The photogeneration of such species from thermally inert complexes rep-
resents a second route to photocatalytic systems. Formally, homolytic cleavage of direct
metal-metal bonds leads to metal radicals. A study of the photoprocesses in dinuclear com-
plexes containing direct M-M bond in (OC)5 M-M(CO) 5 (M = Mn or Re) has been found to occur
with high efficiency upon irradiation to form excited states which are predictably nonbonding
with respect to the M-M interaction while the ground state molecules are inert at room tem-
perature. The photogenerated radicals are capable of halogen atom abstraction reactions and
appear to be active as isomerization and hydrogenation catalysts.

A third line of effort is directed toward the selective photoinduced decomplexation of groups
capable of behaving as catalysts. Preliminary efforts in this area are being directed toward
photorelease of strong bases to photoinitiate base catalysis. Selective release of the base X
from the six-coordinate ML 5 X complexes requires some detailed study of the electronic
structure, and several complexes of the thermally inert low-spin d6 electronic configuration
are under investigation. It has been demonstrated that photoinduced basicity should be strong
enough to initiate aldol condensations by irradiation of cyanometallate complexes.

GLENN A. BERCHTOLD

Department of Earth and Planetary Sciences

The academic year 1972-73 was a good one in several respects. The Department's under-
graduate enrollment increased from 56 to 70, its graduate enrollment increased from 91 to
109, and the number of degrees awarded increased by some 30 percent over the previous year.
Research support from outside sources rose to a record volume of approximately $2.8 million,
an increase of some 20 percent over 1972. Although growth at this rate might not be desirable
for the whole Institute, it does benefit a Department such as this. The size of the Depart-
ment's faculty enables it to take on more undergraduates, and it does so by offering better
and more diversified courses, by improving its advisory system, and by putting much money,
time, and effort into undergraduate research opportunities as a means of attracting students.
The increase in Federal funding at a time of static Federal science budgets is due primarily
to the ability of the Department's newer faculty members to compete successfully for project
support. Thus aided by the M. I. T. administration, the Federal funding agencies, and the
quality of its faculty, this Department seems to be in a rather good position.
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The preceding applies primarily to the Department's programs in oceanography, geophysics,
and planetary physics and astronomy. Another important element in the program, geology,
is not in as good shape. This is because the Department has several vacancies which it has
not been able to fill, and also because Federal funds for the support of this discipline have
been oversubscribed greatly. The Department has agreed to place highest priority on improv-
ing the situation in geology by staffing and by finding increased funding over the next few
years.

Personnel Changes

Professor John S. Dickey joined the Department during this past year and guided the estab-
lishment of its $150, 000 electron microprobe facility. The probe was delivered in November,
1972, and is now the most modern facility in New England. Although it is used primarily in
the analysis of natural materials, it also has been employed on a variety of synthetic materials
including metal alloys, thin films, and archaeological artifacts. The users are drawn from
M. I. T. departments and from universities throughout New England.

Professor John G. Sclater came to the Department from the Scripps Institution of Oceano-
graphy and initiated the new program in marine geophysics. He will be joined in a few months
by Professors Tanya Atwater and Peter Molnar from the same institution. This group of very
productive young scholars, augmented by research associates and graduate students, has put
the Department quickly in the forefront of research in this area.

Although the Department regularly has a large number of visiting lecturers, this year was
marked by a greater emphasis on lecturers from industry and government, who spoke on
more applied topics than has been the case in the past. This represents an effort by the
Department to broaden and to diversify the experiences of its students, to put them in a better
position to find jobs, and to contribute to national problems in such areas as resource devel-
opment, land use policy, and environmental problems related to the earth sciences.

Some Research Results
An undergraduate group developed a model for the Merrimack River Basin which successfully
accounted for variations in their two-year study of chemical pollutants as a function of ground
water flow, rainfall, season, and location relative to sewage inputs. This work, supported
by National Science Foundation (NSF) proposals written by the undergraduates, is being
extended to the Merrimack Estuary.

A long-standing problem of chemical oceanography concerns the internal cycling of silica in
the oceans. Another classic problem has been to account for the distribution of deep-sea
carbonate sediments. Significant progress has been made in these areas by relating the
silica distribution to the peculiarities of oceanographic conditions and organic activities.
Carbonate distribution was shown to be affected by environmental processes that accelerate
dissolution.

In recent years a new technology for deep-sea drilling has evolved which enables one to re-
cover cores of deep-sea sediments and the underlying volcanic rock. This national program
has enabled scientists all over the world to reconstruct the history of the ocean basin. The
Department's contribution has been to study the basaltic rocks. Preliminary evidence indi-
cates that the entire eastern Indian Ocean may be composed of rocks distinctly different from
other ocean basins. This surprising result suggests that sea floor spreading is not a uniform
process, at least in terms of the materials which rise from the mantle to form the oceanic
lithosphere.

It is accepted generally that the continents known today occupied entirely different positions
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in the geological past. In Jurassic time, for example, all the continents were assembled
into one super-continent called Pangaea. The Pre-Jurassic history of the continents is now
subject to intense study. Using geological and geochronological features, it was found during
the past year that southwest Japan has moved south 2.6 degrees of latitude relative to Korea,
and that the motion has resulted in the opening of the basin under the Japan Sea. Thus, two
more pieces have been put together in the jigsaw puzzle fit of the continents.

Studies of the sea floor this past year have resulted in the construction of paleobathymetric
charts of the South Atlantic, the discovery of hot springs in the Gulf of California, and the
delineation of magnetic anomalies in the ocean behind the Tonga Island arc. The zone of
formation of new sea floor at an actively spreading ocean ridge was delineated for the first
time, using seismic waves to map the molten region which spreads out and then solidifies to
form the new sea floor.

Research on volcanoes this year was carried out using high-quality high-speed movies of an
eruption of the Italian volcano Stromboli. Frame-by-frame analysis with a computer inter-
faced film-reading system has yielded the most detailed and quantitative description of explo-
sive volcanic eruptions ever obtained.

The Department's work on the rheological properties of rocks this year involved advanced
instruments such as the scanning electron microscope and high-resolution transmission
electron microscopy. These new techniques enable researchers to study the actual geometry
of pores and cracks in rocks, providing new insight into the crystallization history and the
formation of joint systems in igneous rocks. They also enable researchers to obtain the first
quantitative study of dislocation recovery in olivine. Since this is the major mineral com-
ponent of the earth's mantle, these studies are important in understanding how the earth
deforms in its deep interior.

The last mission to the moon by the Apollo 17 crew saw several experiments carried out in
which members of the Department's faculty were important participants. Of particular inter-
est was the measurement of the electrical properties of the moon to a depth of several kilo-
meters. Preliminary analysis of the data showed that no water is present on the moon and
that the dielectric constant increases gradually with depth to about 50 meters, beyond which
it increases very sharply.

A novel technique of very long baseline interferometry (VLBI) has been developed, and is
being used to determine the motion of the moon about its center of mass. This technique is
so accurate that the relative positions of the radio transmitters on the surface of the moon
can be determined from earth based observations with uncertainty of less than one meter.
VLBI methods also have been used to explore the fine structure of extragalactic radio sources.
In particular, an intense outburst in the Seyfert galaxy 3C120 was observed, with an apparent
expansion velocity of the radiating material of several times the speed of light. The under-
lying energy sources for these enormous outbursts are unknown, as is the nature of these
mysterious objects in the sky. VLBI also is being used to measure the distance between
points on the surface of the earth. This has an important potential application in the study
of the movements of continents as they occur on a yearly basis, rather than having to inte-
grate over tens of millions of years using geological methods. This certainly will lead to
a deeper understanding of contemporary global tectonics, and is an excellent example of how
different groups in the Department are working together toward the solution of a single
problem.

In the area of planetary atmospheres, researchers have continued to work on atmospheric
structure models of Uranus and Neptune. One area of great interest is Saturn's largest
satellite, Titan, which has been found to have a massive atmosphere of methane and hydrogen.
A greenhouse effect for this planet is deduced, indicating somewhat higher temperatures



Department of Mathematics

than previously had been estimated. Solar ultraviolet radiation must produce substantial
quantities of organic matter. All of these factors combine to make Titan an exceptionally
interesting object for future spacecraft investigation.

The study of planetary surfaces by earth based observation is a relatively cheap method of
exploring distant planets. The technique uses telescopic reflectivity (as compared to labor-
atory reflectivity) of different candidate materials. Success of the method can be gauged by
the fact that it predicted in advance the titanium, iron, and pyroxene composition of the dark
mantling material at the Apollo 17 landing site. The success of the program enables re-
searchers to provide compositional information on unexplored areas of the moon, and also
compositions of the surfaces of Mars, Mercury, and some of the asteroids.

The Department also is engaged in an intensive instrument development program, with a
low-noise high-stability silicon vidicon system being built to use in telescopes. It plans to
use this device for direct photometric imaging through filters and for low- and moderate-
resolution spectroscopy on planets, satellites, asteroids, and a few galactic and extragalactic
sources. This research puts the Department in the forefront in the development of electronic
devices for use on telescopes.

In seismology, members of the Department are working on the properties of stressed rock
and earthquake source mechanism, both of which are extremely pertinent to the problem of
earthquake prediction. One of the Department's students made a major breakthrough in the
analysis of the earth's free oscillation data, allowing for the unique identification of spectral
peaks of the overtones. In simple terms, he stacked the data from seismograph stations
located all over the world, weighting the individual contributions on the basis of accurate
information on the earthquake source mechanism. This work has made a major impact on
the seismological community, superseding all previous methods of analysis. This is another
prime product of the successful marriage of earthquake seismology with M. I. T. 's advanced
computational technology for signal processing.

Honors
Professor Keiiti Aki was elected to the American Academy of Arts and Sciences. Professor
Frank Press received the Day Medal of the Geological Society and received honorary degrees
from the City University of New York and from Notre Dame University.

FRANK PRESS

Department of Mathematics

Curriculum
The Department's efforts in undergraduate education continued during the year. Curriculum
development resulted in three new textbooks written by members of the faculty: Calculus:
An Introduction to Applied Mathematics, byProfessorsHarvey Greenspan and David Benney,
based on their lectures in 18. 001-002, Calculus; Differential Topology, by Professor Victor
Guillemin and Alan Pollack, based on notes for 18. 961, Elementary Differential Topology;
and Topology: A First Course, by Professor James Munkres, based on his lectures in
18. 901, Introduction to Topology.

As part of its function of service to the Institute, the Department offered a new subject in
probability and statistics slanted toward applications in biology and social science, which
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attracted unusually high attendance. Revisions to the applied combinatorics and computer
science subjects were received well. A carefuly selected group of undergraduates taught
sections of freshman calculus, and this experiment also was successful. The Undergraduate
Mathematics Committee reviewed the advising procedure for mathematics majors, and
adopted a system designed to increase contact between students and faculty. The common
room for mathematics majors was opened and is now in full use.

Personnel

Two members of the Department were promoted during the year: Professor Victor Guillemin
to full professor, and Professor Carl Bender to associate professor. Jeffrey Mandula has
been appointed Associate Professor of Applied Mathematics, Norberto Kerzman and William
Thurston have been appointed Assistant Professors of Mathematics, and Richard Stanley has
been appointed Assistant Professor of Applied Mathematics. Professors Philip Greenberg
and Moshe Israeli resigned from the Department.

Professors Warren Ambrose and Elliott Lieb were on leave for the year, as was Professor
Eytan Barouch. Professors Michael Artin, Alberto Calderon, George Wadsworth, and George
Whitehead were on leave for part of the year. In the fall term Professor Michael Rabin,
rector of The Hebrew University of Jerusalem, and Professor Gabriel Stolzenberg of North-
eastern University were visiting professors in the Department, and Professor Llayron
Clarkson of Texas Southern University was a visiting professor in the spring term.

Professor Prescott Crout retired from the Department in June, after 39 years on the teaching
staff. He will continue as senior lecturer on a part-time basis for the coming year.

Professor C. C. Lin became president of the Society of Industrial and Applied Mathematics.
Professor Hartley Rogers, Jr., completed his two-year term as Chairman of the Faculty.

Professor Irving Segal was elected to the National Academy of Sciences. Professor Gian-
Carlo Rota was invited by the London Mathematical Society to be the Hardy Lecturer (estab-
lished in memory of the great English mathematician G. H. Hardy) for the year 1972-73.

Gerald E. Sacks, Professor of Mathematical Logic in this Department, became the fourth
person in recent history to hold a joint appointment at Harvard University and M. I. T. Pro-
fessor Lieb has been appointed to a joint professorship in the Departments of Mathematics
and Physics. Professor William T. Martin became director of the new Division for Study
and Research in Education at M. I. T. Professor Louis Howard has been appointed registration
officer for Course XXV (interdisciplinary science).

Finally, regretful mention must be made of the death of Professor Emeritus Henry B. Phillips
at the age of 91. Professor Phillips joined the Department as an instructor in 1907 and retired
in 1947. For the last 12 of his 40 years in the Department, he served as head. The words
addressed to Professor Phillips by a group of colleagues on the occasion of his eightieth birth-
day seem appropriate now:

We are deeply conscious of your contributions to science through your work in mathe-
matical physics and in analysis, including your early pioneering work on special
relativity and on nets in relation to partial differential equations. We are grateful
to you for your contributions to education which have manifested themselves through
Massachusetts Institute of Technology's strong department of mathematics, through
text books which have remained alive and vigorous through the decades, and through
encouragement of those of a later generation as they embarked on scientific careers
of their own.

KENNETH M. HOFFMAN
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This year has been characterized by the successful launching of several new research pro-
grams in the Department (accompanied by one major disappointment), and by the attainment
of the minimum point in the cycle of doctoral degrees per year which the Department is
experiencing.

The increase in undergraduate instruction for which the Department has striven has been main-
tained; the new subject, Cycles in the Ocean and Atmosphere, was especially successful. Pro-
fessor Reginald E. Newell and Professor John M. Edmond (of the Department of Earth and
Planetary Sciences) plan to offer it in the fall term from now on. One new graduate subject,
Atmospheric Models, was introduced by Visiting Professor Peter H. Stone, and was received
warmly.

The Department awarded four doctorates and 13 master's degrees in the period September,
1972-June, 1973, compared to the corresponding figures of 11 and seven a year ago. Since
the Department's four most advanced students registering in September, 1973, will be entering
only their fifth year, the next several years will witness an increase in the number of doctor-
ates awarded. Enrollment in September, 1973, is expected to be about 51. Research assis-
tantship supportin hand for next year could have justified a slightly larger figure, but the
regular annual increase in the cost of research assistantships at M. I. T., combined with the
effect of the level funding to be expected for Federal research support and in Federal employ-
ment in the next several years, suggested a somewhat conservative stance on admissions.
The Department's students have done well in garnering some of the diminishing outside fel-
lowship support, including one of the two National Science Foundation (NSF) fellowships
awarded in meteorology, and one of the five fellowships awarded by the University Corporation
for Atmospheric Research.

The format of the Department's general examination for the doctorate has been revised, largely
in response to student initiative. One change is elimination of the two four-hour quizzes in
favor of submission of two papers. The other change is in the oral part of the examination,
where the practice of several private interviews with individual faculty members has been
changed to one interview with an ad hoc group of four faculty members. It is hoped that these
changes, on the one hand, will remove some of the psychological pressure on candidates which
the four-hour quizzes seemed to create and, on the other hand, will increase the personal
postexamination responsibility for a candidate assumed by those faculty members involved in
his or her examination.

Last year's report referred to the planning aspects of the Mid-Ocean Dynamics Experiment
(MODE-I), initiated and led by Professor Henry M. Stommel in collaboration with Professor
Alan Robinson of Harvard University. As this report is written, the four-month observational
phase is nearing successful completion in an area centered at lat. 280 N, long. 690 40, W,
near Bermuda. It is designed to obtain an accurate description of the transient eddy motions
in the mid-ocean; eddies whose horizontal scales are of the order of 200 kilometers or smaller
and whose time scales are several months are thought to be most important. Ships, equipment,
and personnel from 13 United States institutions and three foreign institutions are involved in
the observational and theoretical aspects of the program. The specific object of MODE-I is
to obtain a detailed local description and understanding of these motions as a preliminary step
to a more thorough exploration of their relation to the overall circulation of ocean basins in
a larger and longer program several years hence.

A second new program is the concept of Dynamic Scanning, led by Professor Erik L. Mollo-
Christensen in collaboration with the Draper and Lincoln Laboratories. The basic idea of
this program is to develop rapid means of observation and interpretation of ocean temperatures,
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density, and currents from a moving ship. Special emphasis is placed on the ability to navi-
gate the vessel in almost immediate response to incoming data, so that the system will be
used most efficiently to measure and describe those phenomena (such as effluent plumes,
internal wave trains, and thermocline inversions) which are being studied.

The third new research program is a study of the impact of a fleet of supersonic aircraft on
stratospheric ozone. The liberation of NO and NO 2 by these aircraft has the potential to re-
duce the naturally occurring ozone in the stratosphere, thereby increasing the amount of
harmful ultraviolet radiation reaching the ground. An ambitious atmospheric model incor-
porating both photochemistry and hydrodynamics to study this impact is being developed by
Professors Ronald G. Prinn and Norman A. Phillips, Research Associate Derek Cunnold,
and Frederick Alyea.

A necessary feature of the ozone study is access to one of the fastest electronic computers
in order to integrate numerically the physical prediction equations of the model. Such access
always has been necessary for much of the atmospheric and oceanic dynamic studies engaged
in by Departmental faculty and staff, and up to now the Department has been able to make do
with the computer facilities at M. I. T., supplemented by occasional trips to Boulder, Colo-
rado, to use the faster computer operated there by the National Center for Atmospheric Re-
search. Given the large computer requirements of the ozone study, the Department has
been fortunate in securing support from the National Aeronautics and Space Administration
(NASA) through the Goddard Institute for Space Studies in New York City for access to their
IBM 360/95 via a remote computer terminal. (This computer is about three times as fast as
the M. I. T. computer. ) Although remote access has disadvantages as well as advantages, it
is expected that remote terminals will become an increasingly important means of access by
the Department's staff and students to the most advanced computer in the country. Many
other institutions will utilize remote access, since it is quite likely that the so-called "fifth-
generation" computers -- those capable of simultaneous array processing -- will be too
expensive to be located at more than a few installations in the country.

A source of disappointment has been the decision by the National Science Foundation not to
proceed (for financial reasons) with continuation of the Thomson back-scatter radar facility,
for which Senior Lecturer John V. Evans has been directing the planning study. Perhaps
this facility will receive renewed support several years from now, when several large com-
mitments by NSF to major new astronomical facilities have passed their peak.

A sample of some interesting specific research results obtained by faculty and students in
the past year is worth recording. Professor Robert C. Beardsley has shown that certain
unstable oscillations in his rotating laboratory ocean model are interpretable as the finite-
amplitude instability of a Rossby wave. (This may be the simplest experimental example
of the large-scale eddies in the real ocean being studied in MODE-I.) Professor Jule G.
Charney has shown that the mechanics of horizontal mass convergence in the surface boun-
dary layer of a moving storm favor growth of the storm most when the translational speed
is equal to the product of the width of the rain area and the local value of the Coriolis
parameter.

Bruce A. Magnell and Professor Stommel have found that "salt fingering" (the narrow con-
vection cells that occur when warm saline water overlies fresher cold water in the laboratory)
is apparently much less frequent than would be expected in the ocean near Bermuda. Steven
E. Mudrick and Professor Phillips have shown by means of several numerical experiments
that the amplifying baroclinic wave has a distribution of horizontal convergence which, when
added to the deformation field, favors formation of warm fronts more than cold fronts. The
predominance of the latter which is observed in eastern north America presumably must
arise from geographical effects. Professor Newell has shown that the positive association
observed between carbon-14 and ice ages need not be due to solar outbreaks, but may be due
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to atmospheric circulation changes. Professor Prinn has demonstrated the crucial role of
HCl in limiting photo-destruction of CO 2 in the Venusian atmosphere. Professor Victor P.
Starr has shown that vertical transport of horizontal momentum by large-scale motions may
be more important than previously was believed.

The Department currently is operating at an intense level. For example, the research budget
for this year is about $1. 7 million, a 30 percent increase from four years ago. This appears
to be about as high a level (in "1973 dollars") as can be supported stably by a faculty of this
size in this field. Some of the increase has gone to increasing the percentage of faculty sal-
aries charged to research (now about 45 percent), and meeting the annual increases typical
of the past several years in the overhead and research assistant rates at the Institute.

Professor Beardsley was promoted to associate professor at the beginning of the year, and
Professor Charney has been on sabbatical leave during the year in England and Israel. Dr.
Cecil Leith of the National Center for Atmospheric Research was with the Department as a
visiting professor in Professor Charney's absence. Visiting Professor Leith's studies of the
statistical theory of large-scale atmospheric motions were conveyed to staff and students in
several interesting seminars and in a special subject in the spring term. The part-time
presence as visiting professor of Dr. Peter Stone of the Goddard Institute for Space Studies
also has been very fruitful, and the Department looks forward to a continuation of the ar-
rangement. Other personnel changes include the final year of Professor Emeritus Hurd
Willett's part-time appointment as senior lecturer, and the retirement of Professor Delbar
P. Keily. Professor Emeritus Willett presented a summary of his provocative conclusions
about the relation of weather variations to the sunspot cycle in several spring seminars. The
Department looks forward to the continuation of Professor Keily as part-time senior lecturer;
his experience and skills in instrumental and marine matters have been, and continue to be,
very useful.

In April, Professor Edward N. Lorenz received the Symons Memorial Gold Medal from the
Royal Meteorological Society. This award, one of the most prestigious recognitions given
in the field, was awarded to him for his fundamental studies on the circulation and predicta-
bility of the earth's atmosphere. Professor Lorenz also was selected by graduate students
at the Institute for one of five awards for excellence in teaching.

NORMAN A. PHILLIPS

Department of Nutrition and Food Science

This year there has been an increase both in the research activities of the Department and in
the number of students, particularly students in the undergraduate program in applied biology.

As pointed out last year, the total volume of research is increasing, but problems remain in
certain areas where there is difficulty in obtaining Federal funding. One of these areas is
food science and technology, where there is no major Federal program with a commitment to
support areas identified as food science. Under the auspices of the National Academy of
Sciences-National Research Council, Professor Samuel A. Goldblith is chairman of a
Committee on Food Science and Technology, which is concerned with this problem of the
future needs of industry and government and means of obtaining Federal funding for this
major aspect of the Department's teaching and research program.

The phasing out of training grants will have a major impact on graduate education in the
Department, and means to meet this crisis are being developed, since the crisis will be
more acute one year from now.
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Undergraduate Program

This year a special task force was formed to consider the role that the Department should
play in undergraduate education at M. I. T., in view of the ever-increasing enrollment of
undergraduate students in the Department over the past two years. Basic statistics illus-
trating this phenomenon follow.

Total of Undergraduate Students Enrolled in Course XX Subjects

Fall Term 1971 146
Spring Term 1972 196
Fall Term 1972 187
Spring Term 1973 218

This increase has occurred mainly because of two subject offerings, Undergraduate
Research Problems (20. UR), and a new Laboratory in Applied Biology (20. 02) developed by
Professor William G. Thilly.

A new curriculum for the Department's undergraduate program, Course VII-B, has been
developed, and it is hoped that this will prove to be increasingly attractive to undergraduate
students. This curriculum is designed to provide students with the strong interdisciplinary
background that is prerequisite for effective industrial, governmental, or institutional
careers. Supporting the formal undergraduate curriculum will be a Faculty Handbook on
Career Guidance in Applied Biology and activities to promote the unification of undergradu-
ate students electing the applied biology option.

In addition to the figures for formal subject registration cited above, the Department's
faculty members were involved in freshman seminars, general advisory programs (e. g.,
premedical), and supervision of Bachelor of Science thesis candidates to the extent of 401
roll cards.

Graduate Program
The enrollment of 117 graduate students as degree candidates in the current academic year
(1972-73) is the largest in the Department's history. While graduate enrollment may drop
during the academic year 1973-74 because of the loss of the training grants, it is hoped
that industrial fellowship support and additional use of research funds for graduate student
assistantships will keep the enrollment high.

During this past year, Professor Gerald N. Wogan and his associates have submitted a pro-
gram for doctoral degrees in toxicology; it is hoped that this program will be approved by
the Institute's Committee on Graduate School Policy, and will enjoy the success it merits
in preparing students for the future needs of this country and the world in the field of toxi-
cology as it applies to food and other ingested substances.

Reports prepared for the Visiting Committee go into detail on the research activities and
accomplishments of the Department, and thus this will not be commented on further here.

Conferences, Symposia, and Summer Courses
On September 28, 1972, the Tenth Annual Underwood-Prescott Memorial Lectureship was
presented to Dr. Ross A.. Chapman, Special Adviser of Health to the Department of
National Health and Welfare in Ottawa, Canada. A symposium entitled Wholesome Food for

(I
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the 1970s--the Role of Government, Industry, and the Consumer was held in Kresge Audito-
rium in conjunction with the presentation of this lectureship, and was attended by over 400
food scientists, food industry leaders, and students.

During May 29-31, 1973, the Department held the Second International Conference on Single-
Cell Protein under the sponsorship of the Alfred P. Sloan Foundation, The Lord Rank
Research Centre, the International Biological Program, and the Protein Advisory Group of
the United Nations. This conference was attended by over 300 scientists, 100 of whom were
from 12 foreign countries. The First International Conference on Single-Cell Protein was
held at M. I. T. in 1967, and was devoted to the use of microorganisms as food and feed. As
a result of a great deal of progress on the problems and prospects of single-cell protein,
the second conference was devoted to the technical, economic, and nutritional aspects of
single-cell protein.

Four one-week summer school courses were held during the summer of 1972, and were
attended by industry, government, and university scientists. These programs help the
Department to keep in close contact with these scientists. The courses and their attendance
follow.

1. Enzymes and Their Use in Analysis and Clinical Diagnosis
Directors: Professors Samson T. Jacob, George Wolf, and Jean-Pierre Flatt
Attendance: 31

2. Fermentation Technology
Director: Professor Daniel I. C. Wang
Attendance: 50

3. Advances in Dehydrated and Intermediate Moisture Foods
Directors: Professors Goldblith and Marcus Karel
Attendance: 33

4. Advances in Human Nutrition Knowledge
Director: Professor Vernon R. Young
Attendance: 29

This summer (1973) five one-week courses will be offered:

1. Current Concepts and Techniques in Experimental Pathology
and Toxicology of Natural and Man-made Agents

Director: Professor Paul M. Newberne
Dates: June 5-9

2. Enzymes and Their Use in Analysis and Clinical Diagnosis
Directors: Professors Flatt and Wolf
Dates: June 25-29

3. Advances in Human Nutrition Knowledge
Director: Professor Young
Dates: July 23-27

4. Physical, Chemical, and Biological Aspects of Food Deterioration
Directors: Professors Goldblith and Karel
Dates: July 23- 27



School of Science

5. Fermentation Technology
Director: Professor Wang
Dates: July 30-August 3

Personnel
Promotions within the Department during the past year included that of Dr. Charles E.
Kimble to Assistant Professor of Food Microbiology, Dr. Padmakar P. Lele to Professor
of Experimental Medicine (joint appointment with the Department of Mechanical Engineering),
and that of Dr. Adrianne E. Rogers to senior research scientist.

New appointments during the past year were: Dr. Carl S. Apstein, Assistant Professor of
Cardiovascular Disease and assistant director of the Clinical Research Center; Dr. Zeki
Berk, Visiting Professor of Food Engineering; Dr. Loy D. Lytle, Assistant Professor of
Psychopharmacology; Dr. Isaias Raw, Visiting Professor of Nutritional Biochemistry; Dr.
Dewey D. Y. Ryu, Visiting Associate Professor of Biochemical Engineering (joint appoint-
ment with the Department of Chemical Engineering); Dr. Donald B. Zilversmit, Visiting
Professor of Biochemistry; and Dr. F. James Levinson, Office of Sponsored Programs
staff member.

Faculty members leaving were Professors Carl S. Apstein, Roland Davies, Sampson T.
Jacob, James K. Palmer, Gustav Schonfeld, Robert B. Wilson, and Emily L. Wick, who
becomes Dean of Faculty at Mount Holyoke College.

Dr. Charles N. Frey, a lecturer in the Department during the 1950s and 1960s, passed
away on September 28, 1972; Dr. Hugo Muench, Jr., a senior lecturer in the Department
since 1967, passed away on November 16, 1972.

Faculty Awards

Professor Nevin S. Scrimshaw received the first James R. Killian, Jr. Faculty Achieve-
ment Award; Professor Vernon R. Young was the recipient of the 1973 Mead Johnson Award
of the American Institute of Nutrition; Professor Wick received an Honorary Doctor of
Science degree from Mount Holyoke College and the Bronze Beaver Award of the M. I. T.
Alumni Association; and Professor Hamish N. Munro was named the 1973 Distinguished
Lecturer in the College of Agriculture and Natural Resources at Michigan State University.

NEVIN S. SCRIMSHAW

Clinical Research Center
The Clinical Research Center, which opened in 1964, is a small, fully equipped and staffed
research hospital on the M. I. T. campus. The major purposes of the Center are to enable
M. I. T. faculty m embers to apply their expertise to the problems of human disease in a
clinical setting, and to allow students at all levels to gain experience in working with
patients. Many research projects are in progress, including those in nutrition, psychology,
cardiology, endocrinology, and mechanical, chemical, and electrical engineering. The
studies in most cases are collaborative, involving both basic scientists and clinicians.

Medical services for subjects under study at the Center, including nursing care, laboratory
tests, and therapeutic measures, are provided under a grant from the General Clinical
Research Centers Branch of the National Institutes of Health's Division of Research
Resources. Patients and normal subjects therefore may be seen as outpatients or may be
hospitalized as inpatients at no cost to them. The facilities of the Center are open to all
departments in the Institute, and its staff consists of members from many of those depart-
ments. Although most patients hospitalized in the Clinical Research Center come from the



Department of Physics

Boston metropolitan area, a significant number are referred from other parts of the United
States, and some are referred from abroad.

The Clinical Research Center has been a natural focal point for some of M. I. T. 's new
programs in medicine. Under the direction of Dr. Robert S. Lees, the Center has begun
research projects in patient data management, clinical laboratory automation, computer
diagnosis, evaluation of risk factors for coronary heart disease, and several approaches
to noninvasive diagnosis of cardiovascular, particularly arteriosclerotic, disease. These
projects involve extensive collaboration with members of the Departments of Chemical,
Electrical, and Mechanical Engineering, and provide a realistic introduction to medical
science for a large number of students in both engineering and natural sciences.

ROBERT S. LEES

Arteriosclerosis Center
The Arteriosclerosis Center was established in 1971 as a Specialized Center of Research
(SCOR) of the National Heart and Lung Institute. It was set up as a collaborative venture
with members of the staff of the Massachusetts General Hospital (MGH) and Harvard Medi-
cal School. The goals of the Center include development of new noninvasive methods for
assessment of the human circulatory system, evaluation of "risk factors" or predictions of
the occurrence of atherosclerosis, computer assisted diagnosis of cardiovascular disease,
studies of the causes of atherosclerosis, and trials of treatment of patients with the disease.

The staff of the Center includes faculty and students from most of the engineering depart -
ments of the Institute, as well as from the Departments of Nutrition and Food Science and
Psychology, and from the Departments of Medicine and Pathology at the Massachusetts
General Hospital. The Center's director and clinical director, Drs. Robert S. Lees and
Gordon S. Myers, have appointments at both institutions.

Although many of the Arteriosclerosis Center's studies are being carried out in established
laboratories at both M. I. T. and MGH, the major clinical effort will be housed in two new
facilities--an Arteriosclerosis Center headquarters, now being built on campus in the
Seeley G. Mudd building, and a Noninvasive Diagnostic Laboratory, under construction at
the Massachusetts General Hospital.

ROBERT S. LEES

Department of Physics

Despite continued difficulties in funding, the Department of Physics has remained strong in
all of its basic activities. There are some signs that the decline in the choice of physics as
a subject of study and as a career by students may be ending; indeed, the number of gradu-
ate students in the Department was somewhat larger than in 1971-72, although undergraduate
enrollment did show another decrease. The numbers of degrees awarded during the year
were 96 Bachelors of Science, 15 Masters of Science, and 45 Doctors of Philosophy.

In general, the academic programs of the Department continued the pattern of the previous
year. Biologically oriented subjects attracted larger numbers of students than ever before,
and the Undergraduate Research Opportunities Program showed increased involvement by
both students and faculty. During the January Independent Activities Period of 1973, the
Department offered 19 seminars, four laboratory programs, one workshop, and two lecture
series.
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Research

Astrophysics

The Astrophysics Division of the Department of Physics has a varied program of observa-
tions across the entire electromagnetic spectrum, with principal emphasis on the radio and
x-ray ends of the spectrum, complemented by theoretical work that emphasizes high-energy
phenomena. Astrophysical plasmas also are an important area of study, both through the
use of space probes and by complementary theoretical study.

The observed radio background of the Milky Way galaxy, related in large part to cosmic-ray
production processes, indicates that a major fraction of the cosmic-ray electrons are con-
centrated in the spiral arms. A related study of radio radiation from nearby galaxies,
using the three-element interferometer of the National Radioastronomy Observatory, has
emphasized the discrete radio sources; it is now clear that our own galaxy differs from the
Andromeda Nebula in having a more open spiral structure and many more bright regions of
star formations.

Continuing microwave studies of interstellar molecules in the galaxy have confirmed that
methanol is abundant near the galactic center. In addition, the temporal behavior of OH and
H 2 O0 maser emission associated with infrared stars has been followed closely. A start has
been made in applying the microwave radiometer techniques of this work to the medically
important diagnostic problem of sensing subsurface temperature anomalies in humans. In
x-ray astronomy, the M. I. T. x-ray detectors aboard the satellite OSO-7 provided data for
the discovery of several new cosmic x-ray sources and for the investigation of spectrum
and variability of x-ray sources in general. M. I. T. position determinations showed that
the eclipsing binary source Her X-1 coincides with the optical source HZ Herculis. Rocket
observations explored the soft x-ray emission over the Cygnus Loop and the time structure
(1 msec resolution) of the pulsations of Her X-1. Exploration of high-energy sources con-
tinued by balloon. Laboratory data was collected on x-ray emissions from highly excited
heavy ions such as might occur in high-temperature plasmas in cosmic sources. Prepara-
tions continued for x-ray studies in the future satellites SAS-C, ANS, and HEAO-A.

In theoretical astrophysics, much effort has been concentrated on the nature of x-ray
sources, the diffuse x-ray background, and supernova phenomena. The "spinar" theory has
been applied successfully to binary x-ray sources. A statistical study of quasars permits
the view that there are two classes--one very luminous and of cosmological interest, the
other consisting of dwarf quasars from local explosions.

The Space Plasma group has continued its active program of analysis from experiments on
satellites in orbit, including the Interplanetary Monitoring Platform (IMP) launched in
October, 1972, which is producing important data on the interaction of the earth with the
solar plasma. Based primarily on plasma data gathered so far, and on interplanetary mag-
netic field data gathered by groups from other institutions during the flight of Mariner 5 to
Venus, the intermittent presence of finite amplitude Alfven waves propagating outward from
the solar corona has been confirmed; it has stimulated a series of theoretical investigations
concerning the role of Alfven-wave pressure in the formation and the acceleration of the
solar wind. The A.lfven waves can modify, in a substantial way, the Parker model of the
dynamic expansion of the solar corona, for their presence may lead to a state of dynamic
expansion in what otherwise would be a static atmosphere in a large class of stellar objects.
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Experimental Nuclear and Particle Physics

The research activities of the members of the Division of Nuclei and Particles" have con-
tinued very productively despite the pressure of budgetary stringencies. Research and
technical development was carried out in the broad fields of nuclear reaction and heavy-ion
physics, medium-energy physics, and high-energy particle physics.

Notable accomplishments and results were achieved this year in many aspects of the overall
program; among the highlights are the following:

1. Nuclear Reaction and Heavy-Ion Physics Experiments carried out at
Brookhaven National Laboratory on the fusion of heavy ions have revealed unusual
new nuclear structures with very large deformations and very long lifetimes,
supporting a new revision of the theory of nuclear fission which predicts, among
other things, the existence of stable super-heavy elements (mass greater than
300 atomic mass units).

2. Medium-Energy Physics The completion of the Bates Linear Accelerator
last year has been followed on March 13, 1973, by the delivery of a 125-Mev
beam and the subsequent (April 24, 1973) emergence of a 200-Mev beam from the
end port of the machine. Initial physics experiments have begun, and there is
great optimism that the completion of the large (250-ton) energy loss spectrometer
later in 1973 will bring the laboratory to the threshold of a new level of precise
"nuclear microscopy" in the study of nuclear structure and dynamics.

3. High-Energy and Particle Physics The M. I. T. group at the Stanford Linear
Accelerator (SLAC), using the SLAC focusing spectrometer facility, has continued
to perform experiments on the deep inelastic scattering of electrons by neutrons
and protons. These experiments shed further light upon the possibly particulate
substructure ("quarks"? "partons"?) suggested by the group's earlier pioneer-
ing work in this field. Complete analysis of the data should indicate the charge
and spin of the possible substructure.

Another set of experiments, based on hydrogen bubble-chamber exposures at SLAC and at
the Argonne National Laboratory, has provided new and unexpected evidence that, in the
dynamics of high-energy collisions of strongly interacting particles, the final state consists
of only two (highly excited) bodies in a very large fraction of cases. This simple result, if
confirmed generally over a wide range of energy and for many different kinds of collisions,
will simplify considerably the interpretation of high-energy interactions and will delimit
tightly the range of possible theories of their fundamental processes.

Nuclear and Particle Theory

The emphasis of research at the Center for Theoretical Physics has continued to be onunder-
standing the fundamental particles of nature as revealed by their interactions and by their
decay, and on the characteristic quantum modes of motion systems composed of strongly
interacting particles such as atomic nuclei.

*See also the report of the Laboratory for Nuclear Science, under whose aegis much of the
research of members of the Division is carried out. That report contains a more extensive
discussion of this work and many of the details of the program which are not discussed
here.
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An example of the latter is provided by the "collective motions" in nuclei, in which many of
the neutrons and protons participate. These collective motions are exemplified by rotation,
vibration, and fission of nuclei. During the past year, the techniques which have been
developed for describing these motions have been synthesized and now are being applied.
Calculations have been performed for the fission barrier of plutonium using the phenomeno-
logical density-dependent interaction described in last year's report. Attempts will be
made to provide a better physical foundation for extrapolations to "exotic" nuclei such as
supercharged nuclei and a possible island of stability around mass 300.

Work continues in the intermediate-energy region, in collaboration with experimentalists at
the M. I. T. Bates electron linear accelerator, the Los Alamos Meson Physics Facility, and
at CERN (the European Organization for Nuclear Research) and Saclay. The proton-nucleus
and pion-nucleus interactions have been investigated. The latter has been particularly
important for determining the charge and current form factors as well as the corresponding
transition form factors to excited states.

The study of low-energy nuclear reaction processes has continued at the Center. In partic-
ular there are developments in the theory of pre-compound processes which play a role
intermediate between the optical model for rapid processes and the Bohr concept of the com-
pound nucleus.

In particle physics, questions of major interest in weak, electromagnetic, and strong inter-
actions are under investigation. Rational mechanisms for the spontaneous symmetry break-
ing which separates the W+ (the carrier of the weak interaction) from the photon (the carrier
of electromagnetic interactions) have been studied. Underlying models of strong interactions
which can account for the nature of the observed weak and electromagnetic currents (such as
quark-models interacting through gauge fields) also are being investigated.

Work continues on the question of high-energy hadronic interactions, in particular on the
nature of the "pomeron" and on the mechanism by which it is generated.

Solid-State, Laser, Plasma, and Atomic Physics

During the past year, there have been several new research developments in solid-state,
laser, plasma, and atomic physics, as well as continuing research in areas previously
described. Some of these topics are mentioned in the separate reports of other laboratories
(particularly the Francis Bitter National Magnet Laboratory and the Research Laboratory of
Electronics).

In general, the faculty members supported by the Materials Research Laboratory (formerly
the Center for Materials Science and Engineering) have continued the research directions
discussed in last year's survey. Scattering of laser light from second-sound waves in pure
He 4 and in He3-He mixtures is being studied. Characteristics of the recently discovered
low-temperature phase transition in liquid He 3 (which may be the onset of superfluidity in
the simplest of all Fermi systems) have been measured. Scattering of laser light also is
being applied to the study of lens tissue in animal (and human) eyes and (via Doppler effect)to
the measurement of blood-flow rates in living retinas; both give promise of great diagnostic
value.

An extensive series of measurements of superconducting tunneling is being carried out.
Reproducible tunneling junctions have been formed on Nb (the prototype Type II superconduc-
tor) and also on the high-temperature superconductor alloys (Nb, Ge) Al.

In solid-state theory, considerable work has been done on the nonlinear interaction of light
with electron spins in semiconductors. This process (sometimes referred to as "nonlinear
spin resonance") can be used to generate tunable, coherent, far infrared radiation. Devices
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based on this principle are being constructed in collaboration with a group at Bell Laborato-
ries. The ultimate aim of this work is a continuous, tunable source for use in spectroscopy
and astrophysics. It also has been demonstrated that spin-flip light scattering is a powerful
tool for studying electron dynamics in semiconductors. The method is particularly suited
to the metal-insulator transition region (an area of great theoretical interest), and is com-
plementary to conventional transport techniques.

The atomic physics group is continuing its studies of Van der Waals molecules. Optical
techniques, especially the dye laser, play an increasing role in this research. In a particu-
larly elegant experiment, a bound system of two sodium atoms has been formed and then
shown to decay at twice the rate of the individual excited atom, because of coherence effects.

Work on the "molecular microscope" continues. A number of configurations are under
investigation, and extensive numerical studies of molecular desorption (via electron beam
heating) have been completed. Preliminary tests of a scheme to use desorbed molecules to
produce permanent "pictures" were successful.

At the Francis Bitter National Magnet Laboratory a broad program of research in magne-
tism, superconductivity, magneto-optics, and environmental problems is being carried out.
These activities are discussed in the report of this laboratory. However, one highlight
should be mentioned. A novel scheme has been developed which employs high-power CO 2
lasers and nonlinear semiconductor crystals to generate intense bursts of far infrared radi-
ation. This source may have a number of important spectroscopic applications.

In the laser group, work continues on the problems of laser frequency stabilization and non-
linear spectroscopy. A particularly interesting experiment demonstrates convincingly the
phenomenon of super-radiance. In this work, SF 6 gas is "pumped" by an HF laser. Subse-
quently, the gas--which acts as the super-radiant medium--emits an oscillatory burst of
power at a completely different optical frequency. In the interpretation it is assumed that
the HF laser "prepares" the SF 6 molecules in a super-radiant state--the subsequent decay
agrees, in all details, with theoretical predictions.

In plasma physics, operation of the Alcator machine began late in 1972, and several months
were spent on studying the device and plasmas generated in relatively low (less than 20
Kgauss) magnetic fields. The next phase will be operation at low temperature and high
field (up to 120 Kgauss). It is hoped that these experiments will give new insight into the
properties of the ultimate fusion power reactor. The plasma group also is carrying out a
series of laser experiments in plasmas. In this work, ultra-high-power (100 MW) TEA CO 2
lasers are used to study plasma nonlinearities and plasma heating. Nonlinear excitation of
plasma waves has been observed recently--a process which holds promise as a means of
heating thermonuclear plasmas.

Personnel
The following faculty members received promotions during the year: to professor, Senior
Research Scientist Vera Kistiakowsky and Professor Rainer Weiss; to associate professor,
Professors Ulrich J. Becker, Wit Busza, Michael S. Feld, Richard M. Price, and Saul A.
Rappaport. New faculty members in the Department will be Professors Min Chen, Paul C.
Joss, Marc A. Kastner, Ernest J. Moniz, Dirk J. Muehlner, Bruce R. Patton, and Charles
B. Thorn. Visiting faculty during the year were Visiting Professors Thor Rhodin, Laura
Roth (Abby Mauze Rockefeller Visiting Professor), Ramesh Sharma, Peter Zimmermann,
Malcolm Beasley, Dietrich Brandt, and Min Chen.

This year saw the retirement of Professors George G. Harvey and Laszlo Tisza.



School of Science

Professor Harvey first came to M. I. T. as an instructor in 1934, and has been a member of
the faculty continuously since he became an assistant professor in 1938. For more than 20
years, he served both as executive officer of the Department of Physics and as associate
director of the Research Laboratory of Electronics. Professor Tisza first was appointed
as an instructor in 1941, and has been a faculty m ember of the department since 1945.

The Department lost, through resignation, the services of Senior Research Scientist
Elizabeth Baranger, who was appointed Professor of Physics and Associate Dean of Arts
and Sciences at the University of Pittsburgh, and Professor Icko Iben, who has been
appointed head of the Department of Astrophysics at the University of Illinois.

During the year, Professor Herman Feshbach was awarded the 1973 Tom W. Bonner Prize
in Nuclear Physics (of the American Physical Society), and Professor Victor F. Weisskopf
was awarded the 1973 Killian Prize for his many distinguished achievements within and out-
side of M. I. T.

At the end of this academic year, Professor Weisskopf relinquished the chairmanship of the
Department of Physics, a position he had held since 1966. His successor, in whose selec-
tion the whole Department took a very active role, will be Professor Herman Feshbach,
previously head of the Theoretical Physics Division and director of the Center for Theoreti-
cal Physics.

VICTOR F. WEISSKOPF

Spectroscopy Laboratory

The main accomplishments of interest by members of the research staff of the Spectroscopy
Laboratory in the past year included the following.

Professor Richard C. Lord and his associates have extended their investigations of biologi-
cal macromolecules by laser-Raman spectroscopy to a study of conformational changes in
transfer-RNA produced by attachment of an amino acid. This attachment is an early step
in the synthesis of proteins from their constituent amino acids, and the changes produced
thereby (if any) are important to an overall understanding of the control of protein synthesis
in vivo. The tRNA used came from yeast cells, and both an unfractionated mixture of
various tRNAs as well as the specific tRNA for transfer of the amino acid phenylalanine
were studied. In the unfractionated mixture, the Raman spectrum reveals that on the aver-
age, attachment of an amino acid reduces considerably the superposition (so-called "stack-
ing") of the adenine and pyrimidine bases in the tRNA. In the phenylalanine tRNA, only the
adenine bases are significantly less stacked. In all cases, the overall structure of the
ribose-phosphate backbone of the tRNA was unchanged, so far as the Raman spectrum could
show. This work was done in cooperation with the Biochemistry Department at Boston
University (Professor Scott Mohr) and the Chemistry Department at Southeastern Massachu-
setts University (Professor G. J. Thomas, Jr. ).

Other biological systems under study by laser-Raman spectroscopy include: a thorough
investigation of structural changes in the enzyme ribonuclease when treated with various
chemical agents and with increased temperature (Dr. Michael C. Chen); a study of correla-
tions between molecular environment and the Raman spectra of amino acids (Dr. Noel
Relyea); and investigation of the structures and interaction between the carrier protein
neurophysin and its associated hormones oxytocin and vasopressin (Professor Lord and C. S.
Liu, in collaboration with Professor Esther Breslow of Cornell University Medical School).

In the far infrared region of the spectrum, the determination of potential-energy barriers to
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molecular inversion from high-resolution studies has been confirmed by temperature-
dependence measurements in the NMR spectrum by Professor Lord and Dr. R. H. Larkin.
The latter technique provides, for example, for the molecule 1, 4-dioxene a barrier of 7. 62
kcal/mol, while the far infrared data lead to a value of 7. 58 kcal/mole. This molecule is
the first one in which the barrier has been measured successfully by both techniques.

The diffraction grating ruling project, under Professor George R. Harrison, is being con-
tinued temporarily, pending the completion of the formal transfer of the large interfero-
metrically controlled ruling engine developed on the project to the National Science Founda-
tion, for installation at the Kitt Peak National Observatory. The most recent achievement
with this engine has been the ruling of a high-performance echelle weighing several hundred
pounds, suitable for use in the spectrographs of the world's largest telescopes. Six ruling
attempts extending over a two-year period were required to eliminate disturbances that
prevented the previous production of this unparalleled grating, which comprises in its sur-
face more than ten miles of mirrors, each less than one-thousandth of an inch wide and
16 inches long, all inclined at the same angle and spaced uniformly to within one-millionth
of an inch.

During the past year, Professor Jeffrey Steinfeld has visited the University of California at
Berkeley, Tel Aviv University, and the Kamerlingh-Onnes Laboratory at the University of
Leiden, and participated in the scientist exchange program at the National Academy of
Science in Russia while on sabbatical leave. His research group has acquired an optical
parametric oscillator pumped by a neodynium YAG laser which provides continuously tunable
coherent radiation from 15, 400 to 2, 850 cm - 1 . Since the frequency bandwidth may be
narrowed to 0. 01 cm-1, high-resolution spectroscopic studies may be performed. At the
present time, the spectral line shapes of vibration-rotation bands are being investigated as
functions of pressure ranging up to 100 atmospheres. Also, in the near future, the paramet-
ric oscillator will be used to further the double resonance experiments that probe intra- and
inter-molecular energy transfer in the gas phase.

In Professor Ali Javan's group, substantial progress has been made in perfecting a novel
type of light-sensitive diode with a response time shorter than 10-14 seconds. The diode
consists of a thin pointed metal whisker contacted to a metal base via a thin oxide layer.
Recently the diode has been used by Professor Javan and A. Sanchez, J. G. Small, and G.
Elchinger to generate tunable radiation at the sum frequency of two applied fields. Moreover,
the synthesized radiation has been used to obtain detailed information on the I-V character-
istics of the diode at infrared frequencies. In the experiments, the diode, subjected simulta-
neously to the radiation of a CO 2 laser and of a microwave klystron, reradiates at frequen-
cies corresponding to the first and second microwave sidebands on the 10. 6 micron CO 2
carrier frequency. The intensity of the emitted radiation is studied as a function of the bias
field applied to the point contact diode. The results are in good agreement with a theoretical
model in which the nonlinear I-V characteristics are attributed to electron tunneling across
a thin oxide layer.

In another new development, in collaboration with Lincoln Laboratory's Microelectronics
and Microsound Group, a photolithographic method has been employed to print the point con-
tact diode, together with its infrared antenna, on a sapphire substrate. The new configura-
tion is far more reliable than the old point-contact design, and is more suitable for quantita-
tive comparisons with theory. Furthermore, this technique allows one to produce two-
dimensional arrays in which hundreds of printed diodes, each occupying an area of the order
of 1 square millimeter, can act coherently. Achievement of such phased arrays opens a
host of new possibilities that are being explored currently.

The frequency of an InSb spin-flip Raman laser, pumped with a CO laser, depends on the
magnetic field surrounding the liquid helium immersed InSb crystal. During the past year,
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Professor Javan, Michael A. Guerra, and M. Ketabi have designed and constructed a novel
mechanical translation device with which one can adjust very accurately the position of the
InSb crystal in the field of a permanent magnet with shaped pole pieces, and thereby tune
the frequency of the laser accurately. The device can tune over most of the 5-6 micron
range with good frequency stability. This laser will be used to study saturation resonances
in ionized helium and atomic hydrogen in order to establish a more accurate value of the
Rydberg.

Professor Michael S. Feld and his coworkers, I. P. Herman and J. S. MacGillivray, have
observed for the first time the evolution of a coherently emitting super-radiant state in an
extended, optically thick medium. In the experiments, a low-pressure (mTorr) cell of HF
gas at room temperature is pumped optically with a pulsed HF laser from one of the rota-
tional transitions in the ground vibration state, to produce a total inversion at the coupled
rotational transition in the first excited vibrational state. There is no intentional feedback
in the apparatus and the effects of unwanted regeneration are minimal. After a delay of the
order of a microsecond, an intense short burst of ra.diation is emitted at a frequency of the
rotational transition. The envelope of this pulse is highly nonexponential, and ringing often
occurs. The peak radiated power increases as the square of the number of excited atoms.
The emitted radiation is also extremely directional. Furthermore, the effective lifetime of
the excited rotational-vibrational state is reduced from its incoherent value by a factor of
107. These features are characteristic of Dicke super-radiance, i. e. coherent spontaneous
emission. A semiclassical analysis has been developed which is in complete agreement
with the experimental observations, and leads to a new understanding of the super-radiance
process.

RICHARD C. LORD

George R. Wallace, Jr. Astrophysical Observatory

The George R. Wallace, Jr. Astrophysical Observatory is an active teaching facility as
well as a sophisticated scientific installation. It consists of two telescopes, one 16-inch
and one 24-inch, housed in separate domes, a computer facility designed to control the 24-
inch telescope and to process data on-line, and a support building.

The Observatory is overseen by a steering committee appointed by the Dean of the School of
Science and chaired by Professor Thomas B. McCord of the Department of Earth and Plane-
tary Sciences. The committee members are: Professor Alan H. Barrett, Department of
Physics; Professor Bernard F. Burke, Department of Physics; Professor George W. Clark,
Department of Physics; Robert A. A.1lberty, Dean of the School of Science; Bruno B. Rossi,
Institute Professor of Physics, Emeritus; Professor Herbert W. Schnopper, Department of
Physics; and Irwin I. Shapiro, Professor of Geophysics and Physics. Professor Herbert S.
Bridge of the Department of Physics, associate director of the M. I. T. Center for Space
Research, advises and assists the committee. This body prescribes observatory policy and
determines the direction of Observatory development. Professor McCord serves as the
director of the observatory.

The Observatory is equipped with a 24-inch and a 16-inch casse-grain-coude telescope. The
16-inch telescope is used primarily for equipment testing and teaching. The 24-inch tele-
scope is used for student projects, scientific research, and equipment testing when neces-
sary. Both telescopes are operational. In addition to these two instruments, Michael
Jordan made a gift to the Observatory of a 10-inch reflecting telescope. Two graduate stu-
dents in the Department of Earth and Planetary Sciences currently are engaged in building a
dome for this telescope. When it is installed on the platform, it will be used by Professor
William H. Pinson of the Department of Earth and Planetary Sciences for his introductory
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astronomy subject. This telescope also will be available for use by other members of the
M. I. T. community.

The computer control system for the 24-inch telescope has been constructed and installed
at the Observatory. It is being interfaced with the telescope at this time and should be in
operation by October, 1973. This newly designed telescope control and data-handling sys-
tem will operate the 24-inch telescope and its auxiliary instrumentation completely on-line.
Designed to be operated easily by observers, this system automatically will point, track,
and scan objects and handle and process incoming data in real time. The observer will be
able to evaluate reduced data while his observing program continues. A closed loop televi-
sion monitor and guiding system is under development. This will enable observers at the
computer to watch the progress of observations.

George R. Wallace, original benefactor of the Observatory, has made an additional gift
earmarked for the construction of an infrared photometer system and a silicon vidicon and
intensified vidicon photometer system for the use of observers. Both systems are now
under construction and are scheduled to be available for use by visiting astronomers within
one year.

THOMAS B. MCCORD
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The past year has seen a leveling off in the total enrollment of graduate students. Within
this total, special attention has been devoted to individual groups such as foreigners, minori-
ties, and women. With the sharp decrease in the number of Federal fellowships and the in-
crease in tuition and living costs, a record number of students have found themselves in need
of financial assistance. On the other hand, the plight of the typical student has improved with
the disappearance of Selective Service and with the improvement in the job market for most
students who hold graduate degrees from the Institute. Graduate education has become less
narrow and technically specialized and now places greater emphasis upon the application of
basic research to the solution of societal problems. This has led to an increase in the number
of students pursuing joint degrees in different departments, and in the number of those
working in interdisciplinary areas.

Enrollment of Graduate Students
The period of rapid growth in graduate enrollment at M. I. T. after World War II came to a
close in 1965 when it reached 3,200. Since then, ithas grown modestly, reaching 3,328 in
the fall of 1972 (see Table I). In addition to these regular graduate students, there were 339
special graduate students not enrolled in degree programs during that same term. The
causes of this leveling off in the growth curve of regular students seem to relate to 1) the
marked decrease in Federal and industrial fellowship support, 2) the increased costs of
graduate education, and 3) the poor prospects for employment in the last few years for stu-
dents holding graduate degrees. However, M. I. T. has not fared as badly in graduate enroll-
ment as have many private universities, in which the number of students has decreased
appreciably (up to 25 percent) during the past three years. In contrast, the state universities
and colleges, with their much lower tuition and greater availability of scholarships and
teaching assistantships, have continued to grow in graduate enrollment at the rate of five
percent per year. The outlook in enrollment for next year calls for the number of graduate
students at M. I. T. to decrease little, if at all, despite the progressive deterioration in
fellowship support. This relatively favorable projection may be related to the fact that M. I. T.
has made special efforts to provide more assistantships and fellowships for graduate students
from its own funds, as well as to a student conviction (not unfounded) that a graduate degree
from M. I. T. will be an asset in finding professional employment.

Fellowships, Scholarships, and Assistantships
Without exception, all Federal graduate fellowship programs have been reduced. Most have
been terminated, while some are in the process of being phased out over the next few years.
The most recent, and completely unexpected, development was the announcement in January,
1973, that there would be no new traineeships allowed on National Institutes of Health Training
Grants; these are scheduled to be phased out completely as students holding appointments
complete their graduate programs. Supportive services and equipment for these graduate
trainees also are in the process of being eliminated. Data on graduate student support is
summarized in Tables III and IV. In 1968, Federal fellowships and traineeships supported
approximately 800 students; the number in the fall of 1973 will have fallen to about 350.
In round figures, this represents a loss of $3. 5 million per year in fellowship support given
directly to graduate students. When all programs have been phased out completely, the number
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may be decreased to approximately 176, corresponding to an annual loss of about $5 million
in student support.

In response to the emergency presented by the precipitous drop in Federal fellowships, the
M. I. T. administration during the past year has allocated funds from the Sloan Basic Research
Fund for graduate fellowships. Some 40 fellowships, called Sloan Research Traineeships,
have been awarded to students in the fields of science and engineering and will be continued
next year. Such traineeships, equivalent monetarily to Federal fellowships, have solved a
number of emergency problems which have arisen because of cancellation of other financial
aid. These traineeships cannot be expected to be available in the future, however, since the
Sloan Basic Research Fund normally is reserved for use in support of faculty research.

Industrial fellowships for graduate students have decreased over 60 percent during the last
few years, in large part because of the recent recession. With the cooperation of the Devel-
opment Office, the Graduate School Office and individual departments are making special
efforts to increase the number of industrial fellowships for graduate students. Although this
campaign is just beginning, there is already some hope that a modest increase in the number
of such fellowships will be available during the coming year.

Assistantships constitute the major form of support for graduate students (46 percent) and
contribute to students' education and training in research. During the past year some 482
students served as part-time teaching assistants (or instructors), while 1, 036 were employed
as part-time research assistants. Since the latter are supported by research grants, there
is the possibility that the number of graduate student research assistants will increase as on-
campus research volume is augmented during the coming year.

Of modest, but by no means insignificant, importance is the fact that 50 graduate students
serve as resident tutors in the undergraduate residences. In the coming year, a new source
of financial aid will be afforded to a number of the most needy graduate students; they may
be employed up to 20 hours per week as academic or research "aides" supported by Federal
work-study funds. Finally, for students receiving inadequate aid or none at all, bank loans
can be arranged through the Student Financial Aid Office. Approximately $1 million in
guaranteed loans will be available to students, but these loans are intended to take care of
financial emergencies and should not be expected to constitute the sole support for a graduate
education.

Despite the many kinds of awards available to M. I. T. graduate students, there remain approx-
imately 15 percent (up from 12 percent two years ago) who have no support whatever, other
than from family or their own funds. The size of the potential pool of graduate students who
will pay $8, 000 per year (living costs plus tuition for 12 months) to study at M. I. T., when
they could pursue degree programs at far less cost at other institutions, is presently unknown.
It is essential that such information be obtained during the coming year.

Interdisciplinary Graduate Programs
The modern scholar needs broad training and knowledge in fields other than his major. As
more attention is focused on such societal problems as urban blight, energy utilization, pol-
lution, population control, ecological imbalance, conservation of natural resources, health
care, and oceanography, there is an increasing need for graduate students trained in these
interdisciplinary areas, which are not covered adequately by any single M. I. T. department.
In response to these obvious needs of modern society, it is not surprising that the most sig-
nificant developments in graduate education at M. I. T. have been in interdisciplinary areas for
which new courses and research programs have been developed. Each graduate student in an
interdisciplinary program has a faculty advisory committee appointed by the Dean of the Grad-
uate School. This committee supervises all aspects of the doctoral program, including
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subjects, examinations, and theses. As certain interdisciplinary areas (e. g., oceanography,
economics and urban studies, instrumentation, materials science, operations research,
biomedical engineering) become well delineated and popular with students, the Institute approves

them as permanent programs supervised on a continuing basis by standing faculty committees

reporting to the Dean of the Graduate School.

During the past year, approval has been granted for a new interdisciplinary program of subjects

plus thesis leading to the degree of Environmental Engineer. The three-year curriculum for

this degree includes not only related subjects in engineering, but electives in areas such as

management, political science, urban studies, and economics as well. This program will be

supervised by a faculty committee whose members have special interests in areas related to

environmental problems.

Joint master's degrees in the Departments of Architecture and Urban Studies and Planning
have been approved as an experiment extending over a three-year period. The typical student
in such a program must be accepted by both departments, but during the graduate career he

or she will emphasize work in only one department at a time. A single thesis approved by
both departments fulfills the requirements for the two master's degrees.

Also under consideration, but not yet approved by the Committee on Graduate School Policy,
are graduate programs in artificial intelligence, education research, astronomy, transporta-

tion, and the history, theory, and criticism of art, architecture, and urban form.

Selective Service
The termination of the draft on July 1, 1973, makes possible the closing of the Selective Ser-
vice Office at M. I. T. and the disbanding of the Advisory Committee chaired by Associate
Dean Sanborn C. Brown. During the long years of the Vietnam War, this office counseled

thousands of students and generally was regarded as one of the best run university Selective

Service Offices in the country. Special credit goes to Dean Brown, who so ably supervised
all Selective Service operations for students, faculty, and staff at M. I. T.

Minority Graduate Students
Strenuous efforts have been made over the past five years to increase the number of minority

graduate students, to provide them with special tutorials and counseling service, and to assist

them with financial support. This program now is supervised ably by Dr. Clarence G.

Williams, who assumed his duties as Assistant Dean in September, 1972. The number of

minority students has increased rapidly from 16 in 1968 to 108 in 1972. By September, 1973,
it is expected that this number will rise to approximately 130. Although the original recruit-
ment was directed toward black American students, it now includes Mexican-Americans,
Puerto Ricans, and American Indians. To assist Dean Williams, an advisory committee
consisting of student and faculty members has been established. This committee has recom-
mended increased recruitment efforts by departments during the coming year, and also has

proposed that a representative for minority graduate student affairs be appointed in each

department.

Special attention has been devoted to encouraging M. I. T. minority undergraduates to pursue

their graduate education at M. I. T. The Fort Fellowship, named in honor of one of the first
black Americans to receive a Doctor of Philosophy at M. I. T., was established and will be
awarded to the most promising senior minority student who has been accepted for graduate

study at M. I. T.
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Women Graduate Students

Although graduate study at M. I. T. always has been available to women, only recently have
they registered in significant numbers. In 1967 there were 201 women graduate students,
but by September, 1972, this number had increased to 304. An expected 10 percent increase
by September, 1973, would bring the total to 330. This continuing increase is due in part to
the fact that M. I. T. has become a more attractive place for women, by virtue of increased
housing, athletic facilities, and extracurricular activities, in addition to the excellence of
its academic programs. In order to recruit more women and to give them special counseling
and other assistance, the Dean of the Graduate School has appointed Jeanne Richard as Assis-
tant Dean with special responsibilities for women graduate students. During the past year,
a special fellowship for women, the Collamore-Rogers fellowship, was established to honor
an outstanding student and to publicize the excellent graduate opportunities for women avail-
able in all departments and interdisciplinary areas at M. I. T. During the coming year, women
will be recruited actively with the cooperation of departments; it is expected that an advisory
committee consisting of faculty and students will be set up to assist in this task, as well as
in other matters relating to women pursuing graduate work at M. I. T.

Foreign Graduate Students
As a result of the continuing improvement in M. I. T. 's international reputation, the foreign
graduate student population has increased to 927 (or 28 percent) during the past year. While
the Graduate School takes pride in having campus life enriched by the presence of these for-
eign students, problems exist as well. These result from the marked decrease in financial
aid available to all students (foreign students included), the increase in cost of living, prob-
lems of medical care, repayment of loans, and finally, the difficulty of finding employment
in their native countries once such students have obtained a degree from M. I. T. A special
committee, chaired by Assistant Dean Ronald S. Stone and Professor Judson R. Baron, was
appointed to study policy matters concerning foreign students. The thoughtful recommenda-
tions of this committee will be reviewed by the Committee on Graduate School Policy for
consideration before submitting them to the administration and faculty for final decision.

Graduate Student Affairs
Excellent cooperation has continued between the Graduate School and the Graduate Student
Council. Under their joint sponsorship and with the cooperation of Associate Dean Robert
Holden, the annual orientation and reception was held on Registration Day for all new gradu-
ate students. During the year, several joint meetings were held between the Graduate School
staff and the Graduate Student Council, including a dinner given by President Jerome B.
Wiesner and Mrs. Wiesner. The Council operated Muddy Charles Pub has become a social
center for graduate students, faculty, and friends. The Council is represented on the Com-
mittee on Graduate School Policy, and on other M. I. T. faculty committees. In this way,
graduate students contribute to and influence the academic, administrative, and extracurricu-
lar activities of M. I. T.

Housing
Although Eastgate and Westgate apartments were available to married graduate students, it
became necessary to supplement the housing provided for single graduate students in Ashdown
House. Therefore, in the fall of 1972, the attractive high-rise Tang Residence Hall was com-
pleted, which houses 400 single men and women in apartment accommodations. Also during
the fall of 1972, a complete renovation and remodeling of Ashdown House was undertaken.
When this is completed in late 1974, Ashdown House will provide excellent housing for single
graduate students. Despite this progress, there still will be insufficient housing to meet
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graduate student demand, but plans have been proposed for the next residence, which may
experiment with joint housing of undergraduate and graduate students.

Quality of Graduate Education
During the past year, a special studywas made of students who had been accepted for gradu-

ate study at M.I. T. Replies were received from 437 students who declined admission and
from 392 who accepted. Those who went elsewhere chose Harvard University, Stanford

University, Princeton University, and the University of California at Berkeley, in that order.

Complaints about M. I. T. emphasized the high cost and the undesirable climate in New England.
Those who came to M. I. T. were enthusiastic about the high quality of graduate education in

their specialities. Yale University, in a similar study, reported that students who declined

admission to Yale chose Harvard and M. I. T. as their first and second preferences.

Another indication of quality is that, once again, more National Science Foundation Fellows

have chosen M. I. T. for their graduate study than any other American institution. Since the

quality of graduate education is coupled directly to the excellence of the faculty and the on-
campus research, it is pertinent to note the many honors bestowed upon the M. I. T. faculty
and the increased support of research projects this year, at a time when research at many
other institutions is being curtailed by a decrease in funding.

Personnel
Clarence G. Williams was appointed Assistant Dean of the Graduate School in September, 1972.

He will be responsible for all aspects of graduate education concerning minority students.

Ronald S. Stone, Executive Officer, became Assistant Dean as well in January, 1973. This

change recognizes his increased responsibility for fellowships, assistantships, scholarships,
and other financial support for graduate students, as well as his concern with problems of

foreign students.

Jeanne Richard, Administrative Assistant to the Dean, was appointed Assistant Dean as of
July, 1973. In cooperation with departments, she will be concerned with counseling and re-
cruiting women in the Graduate School, administering special fellowships, and looking into

the possibility of part-time graduate study for mothers with young children.

IRWIN W. SIZER

Table I-A Graduate School Quotas and First-Term Registration, 1972-73

Humanities
All Architecture and Social

Schools Engineering Science and Planning Science Management

Quota 3,478 1, 670 1, 006 221 281 300

Regis-
tration 3,328 1,522 938 234 274 360
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Table I-B History of Quotas and Registration, All Schools, 1968-1972

19i 196b9 1970 1971 1972

Quota 3,342 3,420 3,443 3,475 3,478

Registration 3,274 3,395 3,296 3,250 3,328

Table II Graduate Degrees Awarded, 1972-73

Advanced M. Arch.
Degrees M. C. P.
Conferred M. Arch. A. S. S. M. Engineer Sc. D. Ph. D. Total

September, 1972 14 175 24 24 131 370
2 (WH)*

February, 1973 8 159 26 19 97 310
1(WH)

June, 1973 53 410 72 20 101 660
1(WH) 1(WH) 2(WH)

TOTAL 75 744 125 64 332 1,340

* Woods Hole Oceanographic Institution

Table III Graduate Student Enrollment
Fall Term 1972 -- Regular Graduate Students

Foreign* Women Minority** Total

School of Architecture and Planning 51 59 40 234

School of Engineering 474 47 19 1,522

School of Humanities and Social Science 62 48 22 274

Sloan School of Management 124 11 10 360

School of Science 216 139 17 938

TOTAL 927 304 108 3,328

* Includes Canadians
** Includes black Americans, Puerto Ricans, Mexican-Americans, and American Indians
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Table IV Summary of Graduate Financial Assistance for 1972-73

Total Regular Graduate Students 3, 328

Federal fellowships and traineeships 493 (15%)

Graduate student staff 1, 518 (46%)

Industrial and foundation awards 171 ( 5%)

M. I. T. endowed and budgeted funds 199 ( 6%)

Students sponsored by external sources 429 (13%)

Total Awards 2, 810 85%

Table V Graduate Student Support

The sources of support for most of the M. I. T. graduate students in 1972-73 are listed.
However, a single table is an incomplete reflection of the total picture, since support shifts
constantly throughout the academic year in accordance with changing status, early termina-
tion of degree program, and so on. Because of the statistical problem created by this con-

stant change, this table was devised to present a representative "snapshot, " in effect. For

purposes of this count, a full award was considered as at least full tuition support during the
fall term 1972.

Fellowships and Traineeships awarded by M. I. T.:

Atomic Energy Commission Traineeships
National Defense Education Act Traineeships
National Science Foundation Traineeships
National Institutes of Health and other Health,

Education and Welfare (HEW) Traineeships
Industrial and Foundation Fellowships
M. I. T. Endowed and other Fund Fellowships
Sloan Research Traineeships
Environmental Protection Agency Traineeships

TOTA L

Fellowships awarded by sponsors to M. I. T. students:

Atomic Energy Commission Fellowships
National Science Foundation Fellowships
National Institutes of Health and other HEW Fellowships
National Aeronautics and Space Administration

International Fellowships
Housing and Urban Development Fellowships

14
49
49

164
120
122
77

6

601

5
190

9

2
2
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Woodrow Wilson Fellowship 1
Woodrow Wilson Dissertation/M. I. T. Endowed 3
Hertz Foundation Fellowships 22
Danforth Foundation Fellowships 14
U. S. Department of Labor Fellowships 2
Ford Foundation Minority Fellowships 11
Environmental Protection Agency Fellowship 1

TOTAL 262

Student Assistantships -- Research 1, 036
Teaching 482

TOTAL 1,518

Sponsored Students

Many students are known to be receiving support from employers and sponsors. The
following reflect Student Accounts billings for tuition to such employers and sponsors,
who presumably provide stipends to such students by private arrangements.

U.S. government agencies 207
Industry and foundation 79
Foreign countries and international programs 143

TOTAL 429

TOTAL: Students considered to have received full awards --
academic year 1972-73. 2,810

Partial awards, loans, and miscellaneous programs -- tuition or lesser amounts.

Individual student support in many cases is derived from partial awards ranging from $100 to
$3, 000 each. In many cases, an accumulation of partial awards and/or loans provides a
student with essentially complete support. As a result, the number of such partial awards
does not reflect the number of student recipients.

Partial Awards

M. I. T. Endowed and Special Budget 64
Industrial and foundation 56

TOTA L 120
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Graduate Loans

M. I. T. Administered

National Defense Loans
Technology Loan Fund

Guaranteed
Non-guaranteed

TOTAL

Non-M. I. T. Guaranteed Loans

TOTAL Regular Loans

Short-Term Loans

TOTAL LOANS

Number of Loans

16

218
275
509

116

625

141

766

Total Amount

$ 18,455

306, 340
429, 210

$754, 005

$158, 502

912, 507

62, 890

$975, 397





Vice President, Administration and Personnel

This report will account for activities during the past year in those areas of administration
which are the responsibility of the Vice President, Administration and Personnel. Included
will be reports on the Admissions Office, Student Financial Aid Office, Career Planning
and Placement Office, the Planning Office, the Personnel Office, and the newly created
Office of Child Care. Also included will be an account of the work of the Educational Coun-
cil and the Advisor to Foreign Students. The full report of the activities of each office dur-
ing the past year will be available in the Institute archives.

What should emerge from a reading of these reports is a sense of the momentum, change,
and new directions which characterize much of the work of the administration of the Insti-
tute over the past year; these phenomena are reflected as well in the performance and pros-
pects of the administrative activities for which the Vice President, Administration and Per-
sonnel is accountable.

This has been the first year in the last five when it has been possible to give undivided
attention to improvements in the quality of administration and administrative services in
support of the Ibistitute's educational and research activities.

The hectic years on university campuses, which affected M. I. T. no less than they did
others, diverted energy and attention from improving present operations and setting goals
for the future to coping with day-to-day pressures. This is not to dismiss that remarkable
period in the history of American colleges solely as a diversion of administrators' energies
into unproductive channels. Profound changes were set in motion both within universities
and in society at large during that period of great unrest on campuses. For many adminis-
trators who were caught up in that swirl of events, these changes became the principal focus
of their energies to the exclusion of normal responsibilities.

This report, then, will seek to identify significant changes under way in this segment of the
Institute's administration. Some of these changes represent an awareness of and response
to events occurring in the broader society which the Institute serves. Others record a de-
termination to improve the quality of the service provided to all segments of the community,
by altering the structure and spirit in which that service is provided.

M. I. T. 's new Director of Admissions, Peter H. Richardson, was appointed in September,
1972, from the position of Associate Director of Admissions. His appointment followed the
retirement of Professor Roland B. Greeley, who served the Institute well as Director of
Admissions since 1961.

Personnel Office
In February, 1973, a major reorganization of M. I. T. personnel operations was put into
effect, following a period of extensive study which had begun the previous spring. The fun-
damental purpose of the reorganization was to provide more effective delivery of personnel
services, both to individuals and to supervisors in the Institute's departments, laboratories,
and offices. The new system differed from the previous structure in two major ways.
First, one individual from the Personnel Office was assigned to a group of departments or



Vice President, Administration and Personnel

offices as "personnel officer, " with the responsibility for providing a full range of personnel
services for all nonacademic personnel in each payroll category. Second, emphasis was
placed on specialization in such principal areas of personnel administration as employment,
wage and salary policy, union relations, training, and career development. In the reorga-
nization, all personnel operations have been grouped into three major activities, Personnel
Relations, Personnel Services, and Personnel Development, which collectively compose
the M. I. T. Personnel Office.

These were fundamental, not superficial changes. They were not rearrangements of groups
of individuals under different supervision. Rather, they involved basic changes in the duties
and responsibilities of the majority of the staff members of the Personnel Office. Pre-
viously, for example, the staff had been grouped for purposes of recruitment, policy devel-
opment, salary administration, placement, career counseling, etc., into sections orga-
nized along occupational lines (i. e., professional, biweekly, and hourly). Each staff mem-
ber acquired an expertise in personnel policy and procedure relating to the particular occu-
pational groupings of the section to which he or she belonged. His or her knowledge of per-
sonnel policy and procedure as it applied to other occupational areas was limited.

The new structure required, in effect, learning the whole range of policies and procedures
applying to all of M. I. T. 's nonacademic occupational classifications, including those in the
collective bargaining units, and specializing in the particular problems and needs of the de-
partments or offices to which the staff member was assigned. Similarly, where wage and
salary administration had been divided up among the separate sections, it became delegated
(in terms of policy and administration) to one individual designated as the wage and salary
administrator. Activities relating to training, career planning, and counseling were
brought together as a Personnel Development group, with the principal charge of assessing
and helping to meet training needs of all of the nonacademic personnel of the Institute and
initiating programs of career development and planning for this entire group.

This reorganization had been under way for four months by the end of the academic year
1972-73. Many problems of procedure and policy had to be worked out during this period,
and all the individuals involved had to learn new roles and responsibilities. The general
appraisal is that the reorganization is working, is more effective, and provides a better
service to individuals and supervisors within the Institute.

The members of the Personnel Office are, however, acutely conscious of how much remains
to be done. In a day-long goal-setting session at Endicott House in mid-May attended by all
members of the Personnel Office, a list of targets of improvement for the coming year was
developed and agreed upon as the goals of the Office. These goals included a complete map-
ping of the training needs of the nonacademic personnel of the Institute, the development of
program proposals to meet these needs, a comprehensive review of M. I. T. 's benefit pro-
grams (including the relationship between the life insurance benefit and the pension plan, the
latter's interaction with Social Security, and other similar benefits), and more effective
publication of the Institute's benefits, including a personal benefits statement.

In the field of wage and salary administration, the Personnel Office plans to develop a more
coherent system of salary administration for the administrative staff group of the Institute.
In many policy areas, it intends to clarify personnel policies and practices, and to revise
the manuals which inform employees and supervisors about personnel policy and procedure.
It is determined to make significant headway during the coming year in the continued devel-
opment and refinement of the Personnel Information file, improving the accuracy of the data
and developing a variety of applications to improve processes within the Office and to pro-
vide better information on personnel matters for the Institute's administration.

This has been a general accounting of the major changes that have taken place in the organi-
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zation of personnel operations at M. I. T., and the further improvements to be made. Within
this framework, however, there are some specific accomplishments which are worthy of
note. These include the organization of an Administrative Development Program, intended
to provide opportunity for administrative staff and exempt personnel to improve their skills
and knowledge in areas of organizational behavior and financial administration and, in
general, to improve their effectiveness as supervisors or potential supervisors. Planning
for the program began in the late fall of 1972 with the assistance of a planning group of ad-
ministrative staff members; it was launched in late February, 1973, with 22 individuals
participating.

The spring term of the Program dealt with issues of organizational behavior; the fall 1973
term will provide participants with "an M. I. T. financial perspective. " The second Program
also will begin in the fall, with 22 participants. Given the enthusiasm which this Program
has generated so far, the Personnel Office plans to continue it until the need or demand has
been satisfied. It is viewed as an important step in encouraging career development among
members of the administrative supervisory group at the Institute.

There are many key persons who contributed their time and energy to making this Program
a success, but special credit must go to Sandra Morgan, a graduate student in the Sloan
School of Management, who was in many ways the prime mover in the initiation, development,
and conduct of the Program.

Another important step which has implications both for career development and for affirma-
tive action has been the decision (embedded in the revision of M. I. T. 's Affirmative Action
Plan) to publicize all nonacademic positions which become available. It is too early to see
the full effect of this action, but those responsible for it are confident that it will do much to
encourage individuals at the Institute to think in terms of their own careers and to match
their skills and interests with announced positions, so that many more opportunities will be
opened up for individuals at every level.

At the same time, the Tuition Assistance Program is being revised in an effort to make it
more responsive to individuals' self-development needs. Among other changes, tuition
assistance is now available on a prorated basis to part-time employees who work at least
half-time at the Institute. In addition, tuition assisted subjects are available to individuals
during the five years prior to retirement, to help them during their retirement years. In
all, the Tuition Assistance Plan appears to be serving well its main purpose of encouraging
career development and self-realization, thus helping to attract and retain able employees.
In the coming year, the Personnel Office hopes to introduce still further improvements, with
the aims of broadening the scope of study available and (where possible) streamlining the
procedure for application and reimbursement.

Finally, one should note that with the reorganization, responsibility for leadership in the
personnel area has been divided among three senior administrators. Robert J. Davis con-
tinues as the Director of the Office of Personnel Relations, with particular responsibility
for union relations, wage and salary policy, and benefits policy and administration; James J.
Culliton is Director of the Office of Personnel Services, concerned with recruitment and em-
ployment, provision of personnel services to individuals and supervisors in the various de-
partments and offices, and personnel information processing; and Robert K. Weatherall,
whose principal responsibility is directorship of the M. I. T. Career Planning and Placement
Office, has assumed as well the leadership of the Office of Personnel Development as its
Acting Director, pending the completion of the search for a full-time Director.

JOHN M. WYNNE
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Office of Admissions

The maintenance of a continuing flow of qualified students is increasingly a major concern
of the Admissions Office. M. I. T. competes with less than 20 private universities for the
majority of its undergraduate applicants. The competition for these highly talented young
men and women is intense, and the Institute's understanding of the process by which they
arrive at their choice of university is still less than adequate. William J. Hecht, Director
of the Educational Council Office, has led an effort to better the Admissions Office's under-
standing of the student decision process, and comments in the Educational Council section
of this report on this work.

Competition for minority students is of particular concern, as the number of applications
continues to decline in spite of activity directed specifically toward black, Mexican-American,
Puerto Rican, and American Indian high-school students. Direct mailing to National Achieve-
ment Scholarship Program Semifinalists, on-campus conferences for potential applicants,
and the purchase of advertisements in Ebony magazine have supplemented the Office's in-
creased efforts through the more conventional secondary school contacts. The Institute's
commitment remains firm, but the results have been less auspicious than had been hoped.

The recruiting of women received a good deal of attention in this, the 100th anniversary year
of the graduation of Ellen Swallow Richards. Even today the public often does not associate
M. I. T. with the education of women, and many high-school students are unaware of the op-
portunities in science based professions; however, the percentage of women increases with
each succeeding class.

The first year of the reorganization of recruiting under the area concept of staff assignment
resulted in an increased awareness by the Admissions Office staff of the Educational Counsel-
ors, and of the particular conditions that exist in various parts of the country. The experi-
ence of each staff person is beginning to pay off in better field contacts, and these should im-
prove as the staff finds time and funds to visit its entire area.

The number of foreign applications at both the graduate and undergraduate levels remains
high. The Committee on Undergraduate Admissions and Financial Aid and a subcommittee
of the Committee on Graduate School Policy discussed at length the question of what fraction
of M. I. T. 's resources should be devoted to foreign students. Attention is directed to their
reports of May, 1973, and to the report of the Advisor to Foreign Students below.

The Institute's selection process has remained substantially unchanged for over a decade,
during which time both M. I. T. and the applicant pool have changed. There is no doubt that
M. I. T. has been served well, but the time has come again to question the procedure for re-
viewing applicants; this will be examined in the coming months. One of the real strengths of
M. I. T. 's admissions process is the involvement of faculty members in the evaluation, and
their continued support is appreciated. The total number of applications this year is approx-
imately the same as last. Because recent classes were somewhat larger than anticipated,
a decision was made to hold the class size at 900 this year, so that the quality of the educa-
tional experience could be maintained. A freshman class of 950 is expected next year.

The staff of the Office continues to undertake a variety of tasks with skill and energy, including
such activities as responding to initial inquiries from junior and senior high-school students,
advising freshmen, and advising foreign graduate students prior to their departure.

PETER H. RICHARDSON
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Office of the Advisor to Foreign Students

Since 1965, the role of American universities in world affairs has come under closer exam-
ination by those concerned than in any previous time in the history of the country. Central
to the many complex issues involved in the determination of more realistic policies was,
and still is, the place of foreign students within the total student body served by the univer-
sity. This was true for M. I. T. The Committee on Undergraduate Admissions and Financial
Aid and a subcommittee of the Committee on Graduate School Policy undertook this year to
establish guidelines for determining what conscious set of priorities should be assigned to
providing places, funds, and faculty and staff time to students who are citizens of foreign
countries. This reexamination was based upon reports and studies initiated in 1970.

The undergraduate situation was determined more easily, resulting in the establishment, at
least for the immediate future, of an upper limit of 60 new foreign students each year. This
policy is to govern both foreign students entering as freshmen and as upperclass college
transfer candidates. Further, in nominating these students, geographic diversity is to play
a part in determining who will receive offers of admission. This policy also states that
financial awards to this group of students should consume no more than 8 percent of the
scholarship funds provided by M. I. T. to the entering class. These policy guidelines
governed the selection and funding of foreign students entering in September, 1973.

The report of the subcommittee on Foreign Graduate Student Enrollment made 12 recommen-
dations with respect to the charge given it by Dean Irwin W. Sizer. These were recorded in
the memorandum of May 24, 1973, to Dean Sizer from the chairmen, Professor Judson R.
Baron and Dean Ronald S. Stone. Among the most significant of these was that the proper
foreign student proportion may be expected to differ appreciably in different departments;
it seems that the present 28 percent level is not excessive for scholarly objectives.

During the 1972-73 academic year the Institute hosted 1400 foreign students from 91 nations,
405 registered as undergraduates and 995 as graduates. This enrollment represented 18. 7
percent of the total student population (degree as well as nondegree students) reported by the
Registrar in October, 1972. The data supporting these figures is appended to this report.
Currently M. I. T. ranks second or possibly third among major U. S. educational institutions
reporting 400 or more foreign students.

Admission Trends
The outreach of M. I. T. internationally is reflected particularly by the volume of mail which
the Office of Admissions in concert with the Office of the Advisor to Foreign Students pro-
cesses in the course of the annual admissions cycle. There appears to be no lessening of
the desire to study at M. I. T. on the part of foreign young people. This is true because the
Institute has an able, energetic faculty, a diversity of curriculum offerings, a select student
body, and excellent research and laboratory facilities. All this creates a critical mass which
acts powerfully to beckon to the Institute's doors many applicants from around the globe. It
attracts these students (and foreign faculty) without conscious recruiting activities.

It is estimated that approximately 460 new foreign students will enroll at the beginning of the
fall term in September, 1973. The largest component will be those enrolling for advanced
degrees or as special graduate students within the several Schools. The undergraduates will
be limitedin number to approximately 60. Some 60 nations will be represented by the students
involved.
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Office Activities and Services
Chief among the new services initiated during the year were those involving group counseling
for foreign students concerned with problems related to their visa status, and in providing
within the Department of Humanities a specialized program of English for Foreign Students.
It is anticipated that the student initiated orientation program of 1972 for freshman foreign
students will be continued this fall. Further, initiative has been taken by a group of students
in cooperation with this Office and members of the faculty to offer during the 1973 fall term
a series of predeparture seminars designed for foreign students planning to return home.

Each member of the office staff daily provides counseling on a variety of problems, some of
which are unique to foreign students. The Office periodically must submit records about the
status of alien students on campus to legitimate inquiries from U. S. government regulatory
services. Response is given also to a host of international educational exchange agencies in-
quiring about programs of study at the Institute. These services are in addition to the under-
graduate admissions assignments carried on by m embers of the staff.

The M. I. T. Host Family Program is now under the sponsorship of the Matrons Association,
with Barbara Durland as coordinator. Robert E. Stickney resigned as chairman in Febru-
ary, 1973. This program hosted about 200 foreign students new to the Institute in the fall of
1972. Its participating families serve voluntarily.

Legal Obligations of M.I.T. in Relation to Foreign Students (Citizens)
In admitting citizens of other countries, M. I. T., specifically the Advisor to Foreign Stu-
dents, assumes certain legal obligations and responsibilities in conjunction with the Depart-
ment of State and the Department of Justice (Immigration and Naturalization Service) in ad-
ministering the laws and regulations of the U. S. pertaining to aliens. These obligations
were assumed by M. I. T. when first it admitted students from other countries and issued
the proper documentation for prospective students to obtain and maintain student status.
Regulations and interpretations of regulations are in a continual state of flux, and it is the
responsibility of the Advisor to Foreign Students to keep abreast of changes, to alter this
Office's procedures accordingly, and to inform the noncitizen population (and the general
Institute community) of those changes which may affect their status and general welfare as
temporary or permanent aliens.

EUGENE R. CHAMBERLAIN

Educational Council

The Educational Council continues to be a major source of contact, information, and counsel
to secondary schools and students throughout the world. Over 80 percent of M. I. T. 's appli-
cants and some 3, 000 schools are in contact with these men and women, who serve as local
representatives of M. I. T., counselors, evaluators, and friendly advocates for young people
in their area.

In the membership area, continued effort is being made to expand the number of women and
minority alumni, especially black alumni, in the Council. Added effort has gone toward so-
liciting recent graduates as members. While these efforts have achieved modest success,
the Council continues to press ahead. Three new membership programs were begun. First,
several areas currently served by the Council have been consolidated into regions. Second,
a state-by-state examination of areas where the Council is under-represented has begun.
Third, with the cooperation of Eugene R. Chamberlain, the Advisor to Foreign Students, a
program of expansion of the Council group outside the United States has been started.
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This year was the first in the past seven in which staff support of the Council has consisted
of only a single individual. To cope with the demand for face-to-face communication and
field work required to support Council activities, an Area Plan was conceived and put into
operation with the whole-hearted support of the Admissions staff, particularly Professor
Roland B. Greeley, the former Director of Admissions, and Peter H. Richardson, the cur-
rent Director. Travel and Admissions staff communication with Educational Counselors for
various geographic areas of the country have been delegated to various members of the Ad-
missions staff. In its first year of operation, the Area Plan has brought about increased
contact between Admissions officers and members of the Educational Council. It has begun
the foundation for a firmer understanding of local needs and conditions, and should prove to
be an effective use of resources. Overall, responsibility for Council matters remains
within the Council Office on campus, but the efforts of Admissions Office colleagues have
been of significant value throughout this scheme.

In the area of new programs and planning, four efforts should be noted. First, with the
initial support of John M. Wynne, Vice President, Administration and Personnel, Professor
Alvin J. Silk of the Sloan School of Management, and Peter H. Richardson, Director of Ad-
missions, a study of M. I. T. 's applicant "market" was launched. Subsequent aid was pro-
vided by John A. Mims, Sandra Cohen, and Cynthia Bloomquist of the Admissions Office
staff. This group initiated and carried out a second new program, the Ellen Swallow Rich-
ards Awards, honoring 62 high schools "for exceptional service, by education and counsel,
to women who aspire to careers in the professions, " and commemorating the 100th anni-
versary of Ellen Swallow Richards, the first woman graduate of M. I. T.

Third, significant promotional support was lent to publicizing the ABC-TV "What About
Tomorrow" series, produced with M. I. T. assistance. Films of these programs will be of-
fered through the Educational Council to secondary schools.

Fourth, the Undergraduate Research Opportunities Program (U. R. O. P. ) assisted study of
the college decision process of highly able college students continues. This year, in addi-
tion to the continued efforts of Joy Judell and Randy Vereen, the study was benefited by the
assistance of two more students, Steven Lubar and Paul Gaddis.

Two most able individuals who support all of the Council's efforts are Jackie Womble and
Mary Manning. Miss Manning as Administrative Assistant deserves special praise, first
for her high standards of performance, and second for having celebrated her 20th anniver-
sary in service to M. I. T. and to the Council.

WILLIAM J. HECHT

Office of Student Financial Aid

The academic year 1972-73 was another year of adjustment for the Student Financial Aid
Office. While in several areas the financial aid program continued the decade-long pro-
gression of increased costs and concomitant aid, in other areas there were discontinuities
brought about by significant shifts in the patterns of student need and of aid resources. It
seems most useful in this report to emphasize some of the shifts that seem to bear most
heavily on the future of M. I. T. 's aid program.

Of particular note was the increasing dependence on governmental aid programs. Through-
out the year, Federal and state programs of student aid grew in importance, and important
changes occurred. Working alone and in concert with other institutions and professional as-
sociations, members of the Financial Aid Office staff devoted much time and energy to
bringing about the best possible outcome. They met with considerable success in this pursuit.
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Scholarships

What has been diagnosed in past years as a temporary discontinuity now seems to be a dis-
turbing trend. New scholarship resources are coming to the Institute at a lower rate than
ever before. While the endowment for scholarships did increase this past year, through the
establishment of six new funds, the increase was the smallest in recent years. Gifts to the
Institute for current scholarships dropped to the lowest level since 1970. Scholarships
granted to M. I. T. students by agencies outside the Institute also declined for the third year
in succession. Were it not for the unusually good performance of the Institute's investment
portfolio, the net income available for the scholarship program would have been less than in
fiscal year 1971-72. As it was, the total commitment of scholarship awards was satisfied
without resort to unrestricted operating funds (with the exception of the special scholarships
to minority group students).

The Office increasingly is concerned that at the very time that students are experiencing
rapidly escalating costs, the resources available to them in the form of scholarships and
grants are in a relative decline.

Loans
As announced a year ago, the Institute inaugurated a new program of loan assistance, inte-
grated with the Federal Insured Student Loan Program (FISLP). Technology Loan Fund
notes are guaranteed by the Federal government against default, are subsidized in part by
Federal payments of interest, and will be repaid by alumni according to schedules that are
related to their presumed income expectations. This program began on a modest scale,
since most loans to undergraduates again were made from the National Direct Student Loan
Fund -- Federal dollars awarded and administered by M. I. T. under prescribed terms.

The loan program, which did involve disbursement of a larger volume of loans to students
than ever before, stood in some jeopardy until the closing weeks of the fiscal year. The
Federal administration has proposed a rearrangement of the pattern of Federal support for
higher education that would eliminate the National Direct Student Loan Fund. The success
of this proposal would have reduced available loan resources to M. I. T. by nearly $1 million.
Eleventh-hour action by Congress restored the program at its traditional level for the com-
ing year; however, its future remains in doubt.

Employment
Student employment at M. I. T. continued to provide students the opportunity to earn money
to cover part of their educational costs by working in virtually any area of the Institute. Ap-
proximately 2300 students worked on campus, and their aggregate earnings were nearly
$2 million during 1972-73, including $350, 000 under the Federal College Work-Study Pro-
gram.

Need
As in all previous years, the parents of M. I. T. undergraduate students met most of the
costs associated with students' attendance at the Institute. The overall aid program repre-
sented about 27 percent of the aggregate undergraduate expense -- that portion which stu-
dents, with their parents, were unable to provide. Defined as "need, " this incremental
portion of costs is the measure of the aid program from year to year. For the second year,
"need" was less than expected, and the number of needy individuals receiving aid diminished.
It now appears certain that the requirement of a copy of parents' income tax returns has been
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instrumental in encouraging more accurate reporting of family financial condition.

The Office expects that the deceleration in growth of total "need" is temporary--that in the
past two years the body of M. I. T. students who need help from the financial aid program
has redefined itself to some extent, and that their need for assistance now will resume the
annual increase that has been reported in the past. In this circumstance, the Institute's
decision to make student financial aid an item of highest priority in the search for new re-
sources becomes most significant. Favorable results are beginning to emerge from this
decision in the form of significant pledges to the Technology Loan Fund and in increased
interest in and awareness of the aid program among the Institute community.

JACK H. FRAILEY

Career Planning and Placement Office

Job opportunities for new graduates showed a distinct improvement this year after two lean
years. Prospects were especially bright for graduates in engineering, whether at the bach-
elor's, master's, or doctor's degree level. There was a 15 percent increase in companies
and government agencies recruiting, and starting salaries rose an average of five percent
after moving very little since 1969-70. A number of companies wished to see more students
than came forward for interviews. It was a tantalizing situation for the many foreign stu-
dents who wished to stay in this country, because the tighter immigration rules introduced
in 1971 continued to make it extremely difficult for companies to offer them employment.
Companies expressed concern over a growing shortage of engineering graduates as the eco-
nomy gathered momentum. They were pleased to hear that engineering enrollment at M. I. T.
had not suffered the sharp downturn seen at other institutions; recruiting in 1973-74 promises
to be busy.

The better economic climate was also visible in alumni placement. The number of alumni
registering with the Office dropped to 420 from 710 in 1971-72 and 972 in 1970-71, a sign
that alumni were less worried about their jobs or their chances in the job market. More
than 1600 job notices were received from employers, reporting over 5200 vacancies.

Not all fields, however, enjoyed the same good fortune as engineering. Graduating archi-
tects found that few architectural firms were hiring, and planners were hurt by cutbacks in
Federal programs for the cities. Doctoral students in the physical and life sciences whose
areas of research did not interest industry faced a shortage of teaching jobs. The outlook
was not good for nuclear or plasma physicists, nor for physical or inorganic chemists.
Theoreticians found few openings.

The Career Planning and Placement Office increasingly was sought out by students for ad-
vice on the options that might be open to them with their particular interests. Those seeking
advice ranged from freshmen still choosing a major to Ph. D. candidates and postdoctorals.
The Office was especially busy working with women and minority students. The Director was
invited to speak at several meetings concerned with women in the professions, and the Office
played a major part in organizing a day-long conference for black students on the topic
Black Science and Technology.

In early fall, 1973, the Career Planning and Placement Office will be relocated from the
Ford Building, which houses administrative activities, to the center of the campus in the
MacLaurin Building, in order to make its services much more accessible to students. This
action is being taken at the urging of Robert K. Weatherall, the Director of the Office, and
the Faculty Committee on Career Planning and Placement. The spirit of the Office has been
one of helpful service; students who were in contact with it often commented on the efforts of
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the staff to consider individual situations and to make suggestions which answer their parti-

cular needs. It is expected that the relocation will make this quality of service much more

widely available.

ROBERT K. WEATHERALL

Planning Office

During the academic year 1972-73, the Planning Office undertook a wide variety of assign-

ments.

Long-Range Planning
Long-range planning activities focused on aspects of the Institute's overall physical environ-

ment. Six major projects were undertaken this year.

A development plan for athletic facilities was prepared, which outlines a development strat-

egy whose concept is based on the existing physical organization of M. I. T. 's athletic facili-

ties. This organization consists of both a centralized core and a series of decentralized

elements. The Planning Office proposed a long-range development strategy that responds

to this arrangement by strengthening the core at the du Pont Athletic Center with new con-

struction and by improving the decentralized elements with renovation or extension of facili-

ties.

As part of an organized process of review of the Institute's environs, an inventory and anal-

ysis of the East Campus was prepared. The study provides information on the options

available for development of the East Campus land and will enable the Institute to respond

constructively to environmental design, financial feasibility, and ongoing developments.

Concern for the quality of research animal care at the Institute has stimulated the establish-

ment of the M. I. T. Animal Care Committee, and a Planning Office proposal for a central-

ized animal care facility. The proposal is based on a study of existing animal facilities at

M. I. T. and the impact of expanding Federal guidelines, growth of animal dependent re-

search, and the need for a unified administrative organization. The building program for

this facility will be developed during the next fiscal year.

The Planning team worked closely with a consultant whose task was a site design for housing

on West Campus. The purpose of the site design is to assist the Institute in establishing a

framework for specific development opportunities for both housing and related facilities,

and for evaluating specific designs for projects to be commissioned, in time, in the site

area.

The Planning Office has continued its involvement with city and state governments by sharing

both information and expertise on projects such as the Boston Transportation Planning Re-

view and Cambridge's Riverfront Zoning proposal. A report was prepared to assist the

BTPR in its study of truck traffic in Cambridge, and to evaluate the environmental impact of

a BTPR proposed truck road through the eastern section of Cambridge.

The Planning Office evaluated a proposal submitted by the Cambridge Department of Planning

and Community Development to rezone land along the Charles River from the existing office

and industry zone to a new zone for housing. Interaction with the city on this proposal is

continuing.
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Community Planning

The Planning Office has continued to identify problems and project needs within the M. I. T.
community and among its neighbors with the aim of programmatic planning to solve existing
or emerging problems. In this context, it was responsible for the creation of a child care
system at M. I. T. including a child care office and three programs serving diverse needs.
The staff has shared its experience locally by serving on the Mayor's Task Force on Child
Care for the Boston Bicentennial; state-wide by serving on the Governor's Task Force on
Family Day Care Licensing; and nationally with this Office's 250-page investigation of child
care services, published bythe Educational Resources Information Center in Urbana, Illi-
nois.

A staff planner represented the Women's Forum in helping to develop the M. I. T. Affirma-
tive Action Plan in its initial stages; in participating in the M. I. T. Equal Opportunity Com-
mittee; in developing a plan for increasing recruitment, work opportunities, and career
development for women; in working with the Personnel Office on application forms; in work-
ing on the proposal for an Assistant to the President and Chancellor for Women and Work;
and in serving on the Steering Committee to define that role.

The staff also has been responsible for Environmental Impact Statements to fulfill the cur-
rent requirements and long-range goals of the National Environmental Policy Act.

Space Administration
Planning and administrative services for over 50 space change projects were provided dur-
ing the year. Such services varied with each project, but generally included limited or ex-
tensive planning, preliminary cost estimating, scheduling considerations, negotiations with
competing activities, surveys, studies, and reports and/or presentation of information.
Approximately 400 rooms were reassigned with the authority, approval, or direction of the

Committee for Research and Space Planning (C. R. S. P. ). Such assignments were in some
cases routine, while others involved extensive negotiations, coordination, and study to en-
sure validity, viability, or general acceptance of each assignment. The unusually dynamic
nature of Institute operations and mobility of campus activities demand constant shifting,
expansion, consolidation, and reorganizing of campus spaces. Much of these transitions
(including the many evolutions involved) necessarily is planned and administered by the
Planning Office.

A major planning effort involving the reassignment of space to be vacated by the Department
of Electrical Engineering was undertaken this year and should be completed shortly.

Administration and Systems
The Planning Office met the challenge of tighter budgets this year by implementing both a

program budget and an internal project control system to track individual program progress
and expenditures.

Participation in the design and development of three unique aids to handicapped persons who
must navigate through the M. I. T. campus area was a most rewarding experience. The
first development began with a campus-wide study of physical barriers for physically handi-
capped people; the creation of a program to eliminate architectural barriers; and finally,
the creation of a special map -- or guide -- that indicates the best possible routes to use in
getting around these barriers.
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The second development was the creation of tape cassettes to guide visitors to the Institute
who are handicapped by language. Taped in several foreign languages, the cassettes were
designed to describe briefly the M. I. T. campus and to assist the foreign visitor in finding
areas of interest on campus.

The third and most significant development was the 1972 Tactual Map of M. I. T. Close work
with the two M. I. T. architectural students who designed the map as a thesis project, and
with the many other M. I. T. organizations who cooperated and collaborated on the project,
resulted in the advancement of the current state of the art in tactual mapping for the blind.

Another rewarding experience was the conjunction of Syracuse University with M. I.T., Harvard
Medical School, and Brown University in using M. I. T. 's INSITE space inventory system
and the knowledge required to utilize it for the benefit of these universities. This transfer
of technology not only is in keeping with one of the Institute's long-standing policies, but it
also provides yet another link in a chain of joint efforts among sister universities.

Space inventory information from the INSITE system was provided on a continuing basis
throughout the year to numerous M. I. T. administrators who required such data, and was
used for the fulfillment of M. I. T. 's annual space inventory reports required by the Office of
Education and the Massachusetts Board of Higher Education.

The annual updating of the Planning Office report, "Building Data: Academic Facilities, "
also was accomplished, along with other system support provided for such efforts as the
Center for Cancer Research and the Chemical Engineering Building Programs, and M. I. T. 's
capital budget system -- MITCAP.

Research and Analysis
This past year saw completion of the development of a set of concepts and techniques for
measuring and evaluating the utilization of space in buildings. Tests were made in an exper-
imental context by application to School of Engineering data, and in a real-world context by
application to some Committee for Research and Space Planning questions. These tests de-
monstrated the importance of generating the required data and measures for the entire In-
stitute, commencing with academic space and following with administrative space.

In addition, this past year saw extension of the availability of basic planning data in the form
of regularly producible computer tabulations. Together with further known required and
easily obtained computer tabulations, the foundation will be built for an annual review of pol-
icy in basic planning program areas.

Building Programming - Design Review
During the past year building programs, proposals, and studies included the preparation of
a final program for the Center for Cancer Research, a proposal for the Cell Culture facility,
a West Campus study, a Housing Development Techniques study, and a program for under-
graduate housing on the West Campus.

The design review of projects under way was accomplished in periodically scheduled meet-
ings which included the architects and members of the client team for each project. The re-
view included:

1. The Electrical Engineering and Communications Research Facility -- final comple-
tion late spring, 1973. Occupancy June-August, 1973.

2. Design review of major renovations to Ashdown House -- this project is in con-
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struction, with review of the project continuing during two-phase construction
period.

3. Design review of Chemical Engineering Facility -- construction begun April, 1973,
with completion scheduled for June, 1975.

4. Design review of the Center for Cancer Research. Review with the National Can-
cer Institute, along with client team review. Construction schedule projects occu-
pancy of fifth floor in November, 1973, with remaining floors to be completed in
February, 1974.

5. Design review of Cell Culture facility.

6. Final site development review for Tang Residence Hall, and new Electrical Engi-
neering and Communications Research Facility. These developments to be com-
pleted by fall, 1973.

7. Review of Fraternities Collaborative project.

8. Study for the landscape improvement of Amherst Alley.

9. New furnishings for the renovated Building 4 classrooms.

O. ROBERT SIMHA

Child Care Office

In November, 1972, the Child Care Office was established to coordinate child care activities
at M. I. T.

This Office has four main functions: 1) to be a focus for all issues relating to child care
throughout M. I. T.; 2) to provide parents at M. I. T. with the necessary information and as-
sistance to enable them to find suitable care for their children; 3) to be directly responsible
for Family Day Care, a program that provides licensed home care; and 4) to be a resource
to the day care and nursery school programs of Technology Children's Center, Inc. (formerly
Technology Nursery School, Inc. ).

Approximately 200 families received child care services through M. I. T. related programs
during the past year. Of that number, 55 families used Family Day Care; 13 Day Care Par-
ents gave care to 40 children. In addition, the Day Care Parents cared for 13 children of
their own, bringing the total number of children-in-care to 53.

In May, 1973, Rosemary Ralph joined Family Day Care as Placement Counselor. A graduate
of Boston University, Ms. Ralph has taught both preschool and elementary school children.
This summer she has begun a series of weekly meetings which will focus on English as a

second language, since many Day Care Parents are non-English-speaking students' wives.

It is anticipated that this group will be expanded in the fall to include all Family Day Care
Parents, as well as parents and teachers from the day care center and nursery school, in a
series of workshops that will explore materials and activities which are designed especially
for preschool children.

Technology Children's Center, Inc. is a private nonprofit corporation which operates for the

M. I. T. community a day care center and a nursery school. The nursery school, which is a
parent cooperative, provided care for over 90 children who needed part-day care during the
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academic year. Currently approximately 40 children are enrolled in a half-day summer
program, an increase of 10 over the preceding summer session.

Last fall, Technology Children's Center, Inc. agreed to expand its services to accommodate
those who needed full-day, year-round child care. On April 30, the T. C. C. Day Care Pro-
gram opened in Eastgate.

Currently 14 children are enrolled in the day care center, 10 of whom are receiving some
financial assistance from M. I. T. The center has a capacity of 20, which it expects to
reach by September.

There are two major issues that confront one involved in child care: 1) how to meet demand
for child care services effectively, and 2) how to help adults understand the children en-
trusted to their care. In the first instance, the Office believes that it is meeting the ex-
pressed need for child care services and that with a few minor changes in its present ser-
vices it can continue to do so. The second issue is much more difficult and must be ad-
dressed daily, but having committed itself to the first objective, the Child Care Office feels
an obligation to pursue the second.

MARGARET SAND

Office of Personnel Relations

Employment Levels
Nonacademic employment on campus declined by 3. 1 percent to 3957 employees during the
twelve months ending March 1, 1973, continuing a downward trend which has resulted in a
reduction of 281 employees during the past two years. Employment increased at the Lincoln
and Draper Laboratories during the year by 7. 2 percent and 5. 7 percent, respectively, re-
sulting in a small increase in total nonacademic employment, which stood at 7530 employees
on March 1, 1973.

Union Relations
Two-year agreements expiring June 30, 1974, were negotiated in the fall with unions repre-
senting 2200 Institute employees in six collective bargaining units. These agreements pro-
vided for wage increases of 5. 5 percent effective July 1, 1972, and 5. 2 percent effective
July 1, 1973, along with a revision of the pension plan which increases benefits for past ser-
vice.

ROBERT J. DAVIS

Office of Personnel Services
Total nonacademic employment at M. I. T. increased by 104 persons in 1973, bringing the
total to 7530 persons employed on campus and at Lincoln and Draper Laboratories. This in-
crease reflects a decrease in employment on campus of 126 persons and an increase at Lin-
coln and Draper Laboratories of 106 and 124 persons respectively.

The number of promotions continued to be significant. On campus, a total of 73 persons
were promoted: 14 to Division of Sponsored Research (D. S. R. ) staff, 14 to administrative
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staff, and 45 to administrative exempt. In terms of opportunities for women and minorities,
8 of these promotions were minority group members and 40 were women.

The Institute continued its effort to increase the representation of minorities and women at
the Institute. Total minority representation on campus increased to 10 percent, with 4 per-
cent black representation in administrative staff positions and 7 percent in the biweekly
area. Twenty-five percent of the Institute administrative staff are women, as well as 22
percent of the D. S. R. staff and 61 percent of the administrative exempt on campus.

The Institute also published a revised Affirmative Action Plan on April 6, 1973, with signi-
ficant objectives and goals in the continuance of efforts in Affirmative Action.

On July 1, 1973, the divestment of the Draper Laboratory was completed, with the Labora-
tory assuming autonomous operation as a separate corporation.

JAMES J. CULLITON

Office of Personnel Development

Training Section
Since the Training Section was reconsituted in November, 1972, the Section has provided in-
struction to over 180 individual employees. The Section has offered a Skills Training Pro-
gram in office skills and a program in English as a Second Language. The Skills Training
Program teaches typing (beginning and intermediate), technical typing, office practice, dic-
taphone transcription, and shorthand. The program in English as a Second Language is
available to any employee who wishes to improve his fluency in English and is offered at the
beginning, intermediate, and advanced levels. Approximately 139 employees registered
during the year in the Skills Training Program. Forty-six individuals registered for Eng-
lish as a Second Language. Since space permitted, registration in the latter program was
not restricted to employees, and those attending were as varied as the Institute community,
including janitors, secretaries, visiting scholars, foreign students, and foreign students'
wives.

Registrants were regular in attendance, and many, after completing one class, continued
with another. Their response indicates that the classes were effective and are meeting'a
real need. When shorthand was first offered in March, 30 people applied for 10 places.
The Section has counseled employees regarding their skills and their opportunities for growth
and hopes to extend its counseling role with employees.

The Training Section is endeavoring to identify employees' educational and training needs
and the best means of meeting them. Plans are afoot to help employees who lack a high-
school diploma to take the General Education Development Examination. The Section hopes
to extend its programs further during the coming fiscal year.

Much credit for the success of the Training Section is due to the instructors, Vera R. Borum,
Peter Jarvis, and Janice O. Morgan. Ada Diaz-Mieres assisted in the Skills Training Pro-
gram.

Tuition Assistance Plan
During the past year, staff members and employees continued to take advantage of the Insti-
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tute's Tuition Assistance Plan, under which they may study subjects or degree programs re-
lated to their present field of work or, in some instances, different fields in which M. I. T.
has realistic opportunities for transfer. An exact count of participants is not available, but
it appears that the numbers have been about the same as in recent years.

The Tuition Assistance Plan appears to be serving well its main purposes of encouraging
career development and self-realization and of helping to attract and retain able employees.
Its provisions compare favorably with those of other employers' plans. During the year
only two minor changes were made, which affected eligibility and grade requirements. How-
ever, a number of improvements are being formulated now for introduction in the coming
fiscal year, with the aims of broadening the scope of study available and, where possible,
streamlining the procedure for application and reimbursement.

In November, 1972, Priscilla E. Mead left her former duties of personnel placement and
salary administration to take on the administration of the entire Tuition Assistance Plan, re-
placing in this capacity Albert F. Sise, who retired in July, and Sandra J. Holland, who left
the Institute in September, each of whom had administered a portion of the Plan. Joan F.
Rice joined the group as secretary in August, and already is familiar to several hundred
users of the Plan.

ROBERT K. WEATHERALL
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The organizations which report to the office of the Vice President for Research are: the
Center for Materials Science and Engineering; the Center for Space Research; the Energy
Laboratory; the Francis Bitter National Magnet Laboratory; the Laboratory for Nuclear
Science; the Lincoln Laboratory; and the Research Laboratory of Electronics. A summary
of the year's activities for each center or laboratory appears in this section of the report.

The newest organization, the Energy Laboratory, was formed in November, 1972, and gives
focus to the ever-increasing interest in and concern about the world's pressing energy
problems. In the academic year ending June 30, 1973, the volume of research throughout
the Institute in the energy field approximates $5 million.

This new laboratory has been designated a "special laboratory" (along with the Lincoln Lab-
oratory), which emphasizes the public service nature of its objectives. The Laboratory,
which is directed by David C. White, Ford Professor of Engineering, will seek to define and
to solve the energy problems facing industry and society, and will serve to educate new
graduates with broad competence in the energy field and to upgrade the knowledge and skills
of those presently at work in the field.

While the overall volume of sponsored research on campus is expected to show about a 9
percent increase from last year, this is due largely to expansion in health related programs,
and masks the selective dislocations which have occurred in some of the more traditional
areas and which threaten the continued efforts of highly competent research teams. The un-
expected cutback of the High Energy Astronomical Observatory program in the Center for
Space R-esearch is one example. Another is the delay in completion of the Bates Linear
Accelerator (because of limited funding), and the still unanswered question of whether, when
complete, the LINAC will receive sufficient operating funds to realize its potential as a
magnificent tool for medium-energy physics research.

The outlook for these organizations in the next year is clouded by the uncertainties of the
Federal budget. It appears that activities will remain at about present levels, with perhaps
sufficient increase in support to offset inflation at least partially. There is very little hope,
however, that the volume of research contracts and grants will increase sufficiently to replace
support of graduate students that will be lost through the sharp reduction in Federal funds
for fellowships and traineeships.

In addition to Professor White's appointment as Director of the Energy Laboratory, Professor
Peter Demos resigned as Director of the Laboratory for Nuclear Science (L. N. S. ) to devote
all his energies to the direction of the Bates Linear Accelerator. His successor as Director
of L. N. S. is Professor Martin Deutsch. Finally, Joseph F. O'Connor, Assistant to the Vice
President for Research, has taken a leave from M. I. T. to accept the position of Executive
Assistant to the President of the Charles Stark Draper Laboratory, which on July 1 becomes
an independent nonprofit corporation after nearly 40 years as part of M. I. T. Mr. O'Connor
was involved deeply in the process of bringing about the separation of the Laboratory, and
his new position reflects an extension of responsibilities he assumed during the past three
years, when the Laboratory was an autonomous division within the Institute.

ALBERT G. HILL
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Center for Materials Science and Engineering

The Center for Materials Science and Engineering (C. M. S. E. ) has been housed in the Van-
nevar Bush Building since 1965. The aims of the C. M. S. E. are to initiate, encourage, fund,
and coordinate interdisciplinary research in materials, based in large part on block-funding
by the National Science Foundation, and further supported by individual grants to faculty
members and groups. Faculty, staff, and students of the Departments of Physics, Chemistry,
Metallurgy and Materials Science, Civil Engineering, Mechanical Engineering, Electrical
Engineering, and Chemical Engineering participate in the C. M. S. E.; however, funding
support is not restricted to occupants of the Center. Starting July 1, 1972, funding of a major
part of the Center's programs came from the National Science Foundation; prior to that
time, funding was provided by the Advanced Research Projects Agency.

In addition to funding support, the Center provides and maintains a series of central (service)
facilities supervised by senior faculty members, such as analytical services, testing labora-
tories, and shop facilities, in support of research throughout the Institute. The Center has
more than 80 faculty and research staff members associated through the funding program, and
on average, 40 advanced degrees per year are awarded to students through C. M. S. E. funded
programs.

Some highlights of research, greatly abbreviated, are presented below as examples of the
types of studies which are under way. The reader is referred to the Annual Report on Re-
search in Materials issued by the C. M. S. E. for a complete view of research in materials.

Transition-Metal Bonding at Interfaces
Professors Keith H. Johnson and Benjamin L. Averbach have shown that amorphous zinc
oxide and nickel oxide films produced by sputtering are not simply small microcrystals, but
consist of entirely different atomic arrangements. Investigations of these films as potential
catalysts for the oxidation of CO are in progress. The theoretical work has shown that the
nature of the local metal-ligand coordination chemical bonding is responsible for the princi-
pal features of metal-oxide and metal-adsorbate electronic structure. The nature of the
coordination chemical bonding of CO by a transition metal or its oxide is crucial to the initial
stages of catalytic oxidation.

Fluid Dynamics of Atomization
Professor J. Bruce See and Dr. Gwynne H. Johnston have constructed experimental apparatus
capable of giving close control of metal flow and easy adjustment of the impingement angle
of the atomizing nozzle in their studies of liquid metal atomization. The detailed analysis
of the effects on the atomization process of metal nozzle parameters and the nature of the
velocity distribution in the gas phase represent a significant departure from the approach of
other researchers in investigations of this atomization technique. It is anticipated that the
results of this study will be a significant contribution to the understanding of atomization
processes, and will stimulate more intelligent design of such processes in a field which is
growing rapidly and which is finding greater use for high alloy materials.

Solid-State: LED Program
Professor George W. Pratt, Jr., has been investigating means of obtaining a light emitting
diode (LED) in the blue region of the spectrum. Since red and green LEDs already exist,
a blue LED would provide the third primary color, permitting electronic synthesis of any
color or hue. A blue LED was built using a forward biased Schottky barrier diode consisting
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of an Ag contact on high conductivity n-type ZnS produced in his laboratory. This is the first
solid-state light emitter in the blue, which works via minority carrier injection. Furthermore,
a heterojunction injection scheme now being worked on offers a substantial increase in
efficiency.

The Application of High-Resolution Electron Microscopy to Materials Science
Weak-beam electron micrographs of very dense arrays of dislocations in orthopyroxene (a
mantle mineral) have been obtained with substantial resolution increases over standard
transmission electron microscopy techniques by Professor John B. Vander Sande. Similar
improvements in resolution have been obtained during the investigation of small precipitates.
Direct lattice images of G. P. -type precipitates have been obtained in GaAs. Direct lattice
images of crystalline regions within amorphous matrices, showing the structure of each,
have been obtained in C and Cu-Zr. Direct lattice images of defects in orthopyroxene have
been obtained. Both high-resolution techniques are being utilized to good advantage, making
M. I. T. a member of a select number of laboratories where such work is undertaken in a
routine fashion.

Study of Basic Parameters and Technology in Lead Salts to Improve Device Performance
Professor Clifton G. Fonstad has developed a low-pressure chlorine transport system which
has been used to grow lead sulfide crystals with electronic properties comparable to those
grown by other techniques. The system has advantages in that it can be extended readily to
grow lead-tin sulfides, selenides, and tellurides, and then will be suited ideally for growing
mixed crystal layers of carefully controlled compositions.

Processing of Electronic Materials and Its Effects on Their Physical and Chemical Properties
Professor Harry C. Gatos reports that a novel flash evaporation method was developed for
growing multicomponent systems (nonmetallic and metallic) with accurate control of chemi-
cal composition. A new theoretical model was developed for the behavior of amorphous
materials from -195. 60 to 1300 C. Surface characteristics were identified with important
implications to catalytic phenomena. Segregation was determined quantitatively on a micro-
scale together with the corresponding growth rates. Thus it became possible for the first
time to establish limitations of the prevailing theoretical approaches to solidification.

Magnetic and Dielectric Devices
A patent based on the work of Professor David J. Epstein on a technique for generating mag-
netic bubbles by combining the magnetic properties of a ferrimagnetic oxide with "designed-
in" semiconducting properties has been issued (U. S. Patent 3, 714, 633, January 30, 1973 --
"Single and Polycrystalline Semiconductors").

The Magnetic Energy Level Structure of Bismuth:
Temperature Dependence of the Energy Band Parameters of Bismuth
The first quantitative determination of the magnetic energy level structure of bismuth in the
limit of low quantum number and high magnetic field has been carried out, according to
Professor Mildred S. Dresselhaus. For the first time, the parameter describing the coupling
between the lowest quantum magnetic energy levels of the valence and conduction bands has
been determined. From analysis of the temperature dependency of Eg and mc •' , for the energy
bands about the L point, the unexpected result of a temperature dependent momentum matrix
element has been found. This unexpected result has been attributed to the role of the trigonal
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distortions responsible for producing the band gap in the first place.

Order-Disorder Phenomena

Professor Carl W. Garland reports that a high-precision a. c. calorimeter has been designed
and used for the first time at pressures up to 3000 atm. Experimental work with this appara-
tus has been completed on the variations in the head capacity Cp of chromium in the vicinity
of its antiferromagnetic transition. An a. c. calorimetric technique was modified for high-
pressure work, and four isotherms were investigated. The heat capacity data indicates a
striking change in the thermodynamic character of the transition at high pressures. At
37.40 C the heat capacity shows a small I-like peak at 490 bar. Near 34. 80 C and 890 bar,
the heat capacity peak is enormous and there is experimental evidence to suggest that it
tends to infinity at this point. At 32. 50 C, the Cp peak at the transition pressure (1060 bar)
is finite and small. At 250 C, there is no sign of any heat capacity anomaly at an expected
transition pressure of 2900 bar. A detailed analysis of this data is presently in progress.

Fiberglass Reinforced Plastics: Ships' Hulls
On the basis of fracture mechanics, Professor Fred J. McGarry has studied the probability
of catastrophic crack propagation in ships' hulls constructed of fiberglass reinforced plastics.
Test methods were developed to measure the fracture toughness of such composites and
were coupled with a cumulative fatigue damage theory. Synthesis of the data and theory,
combining concepts of fracture mechanics, have shown excellent correlations with experi-
mental behavior.

Optical Interactions in Semiconductors
Professor Peter A. Wolff and co-workers have assembled a dye laser with sheet-flow cavity.
Passive mode locking has been observed, but the laser is still unstable; this is the first
known experiment in which mode locking has been observed with sheet flow. As soon as
stability can be achieved, optical pumping experiments will be tried. A note describing this
work is being prepared.

Phase Transitions in Liquid Crystals
Professor David J. Litster and his students have concluded a series of experiments in studies
of the nematic-isotropic transition in liquid crystals that verify all aspects of the phenomeno-
logical (mean field) model proposed by de Gennes; they conclude that this model provides a
satisfactory description of the nematic-isotropic phase transition. They have developed
apparatus capable of measuring the size of particles as small as 20 A by scattering of visible
light.

Deformation at High Strain Rates at High Temperatures
Professors Regis M. Pelloux and Nicholas J. Grant and students have reexamined the super-
plastic behavior of appropriate alloys, and by a more critical test and analytical procedure
find that the stress-strain rate relationship does not achieve the high slopes of 0. 8-0. 9
reported extensively in the literature, nor does the slope peak at a critical strain rate. This
is of great importance because the maximum in the slope value was reported to suggest a
maximum in the superplastic ductility. In a stable structure neither of the maxima are
observed; instead, the ductility reaches a high plateau and stays there over a significant
range of strain rates.

NICHOLAS J. GRANT
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Center for Space Research

The Center for Space Research has continued its program of space science and engineering

studies over the past year, involving projects under the supervi sion of approximately 20

faculty members from the Departments of Physics, Earth and Planetary Sciences, Aero-

nautics and Astronautics, and Electrical Engineering. This research has been supported

by approximately 60 full-time research staff and 50 hourly and biweekly personnel. Approx-

imately 40 students have been involved directly under fellowship appointments and research

assistantships, and 35 more as part-time employees.

Significant developments in the several ongoing and proposed space flight experiments are

described here, and a summary of overall activity in the Space Center is presented. The

reader is referred to the portion of the Department of Physics report dealing with high-energy

astrophysics and interplanetary plasma research for additional discussion of objectives and

results from this research.

The Interplanetary Monitoring Platform (IMP) experiment, under the supervision of Profes-

sor Herbert S. Bridge of the Department of Physics, Associate Director of the Center, was

launched in October, 1972, into a highly elliptical earth orbit. It has been producing data

important to understanding the detailed nature of the earth's interaction with the solar plasma.

The IMP-J experiment package has been delivered to the National Aeronautics and Space

Administration's (NASA) Goddard Space Flight Center for integration into the spacecraft.

Launch of this latter spacecraft is scheduled for November, 1973.

A significant quantity of x-ray data between 1 and 60 KeV has been obtained from the Orbiting

Solar Observatory (OSO)-7 experiment since its launch into earth orbit in September, 1971.

The principal investigator is Professor George W. Clark of the Department of Physics, who

with his scientific collaborators has the rather monumental task of reducing and analyzing

the data gathered during the 20 months that the experiment operated. A new grant from NASA

has been received which will sponsor these studies through 1974.

The Small Astronomy Satellite (SAS-C) flight hardware design and fabrication is proceeding

on a schedule leading to an expected spacecraft launch into a 300-mile earth orbit in May,

1975. This experiment is expected to measure the x-ray emission of discrete sources in

the galactic region and also will monitor the intensity and spectra emissions from extraga-

lactic sources. Special provisions are being made for recording the rapid time variations

in counting rates expected from SCO X-1 and possible x-ray pulsars. Professor Clark is

also the principal investigator of this experiment. Co-investigators assisting in aspects of

the experiments are Professors Hale V. Bradt, Walter H. G. Lewin, and Herbert W.

Schnopper, all of the Department of Physics.

The x-ray astronomy experiments from sounding rockets are under the supervision of Pro-

fessor Bradt, with assistance from Professor Saul A. Rappaport of the Department of

Physics. Important new data in the 1-10 KeV energy range have been obtained from flights

made during the past year. A series of complete instrument packages for these observations

covering a total period of more than seven years has been provided by the Center's Labora-

tory for Space Experiments. (When one looks back ten years to the time when the Center for

Space Research was formed and then forward nearly as long to launch and recovery of data

from the Center's newest space experiment, the full scope of space research in the Center

takes on new significance. )

The Mariner-Venus- Mercury mission, which will study the plasma regime at the planet
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Mercury and the interaction of the planet Venus with the solar wind, is proceeding toward
a scheduled launch in November, 1973. The experiment has been built, tested, and integrated
into the spacecraft. This research is being supervised by Professor Bridge.

X-ray astronomy experiments from high-altitude balloons have been under the supervision
of Professor Lewin. A flight was made in January, 1973, from the Palestine, Texas launch
facility to obtain galactic infrared radiation source data. A second flight is planned in June,
1973. Professor Lewin also is investigating the prospects of longer-term balloon flights
with floats of 10 to 15 days, using automatic pointing controls on the x-ray telescope. This
latter research is being sponsored by the special space technology basic research funds
made available to the Space Center by NASA.

Professor Schnopper has completed the testing and calibration of the protoflight two-crystal
spectrometer for use in the x-ray spectroscopy experiments for the Astronomical Netherlands
Satellite (ANS). Launch of this satellite is planned for August, 1974.

The 1970-71 Space Center report described the high expectations for M. I. T. participation in
the NASA High Energy Astronomy Observatory (HEAO) program configured about a large
22, 000-pound earth-orbiting spacecraft carrying six to eight experiments per mission. De-
finitive contracts for two-x-ray experiments under the supervision of Professors Bradt and
Lewin had been negotiated in May, 1972, for the Mission A launch planned for 1975. A major
shift in NASA priorities during fiscal year 1973 resulted in a complete restructuring of the
scope of this program, reducing the M. I. T. participation to a collaborative role in the exper-
iment design and data analysis for two of the remaining experiments. In addition, the pro-
spective launch was moved from 1975 to 1977. These changes were a great disappointment
to the Space Center, as they necessitated the breaking up of a highly competent scientific-
engineering team that had been assembled carefully for these contracts. The remaining
scientific effort is important; however, the enthusiasm for this program has been dampened
by the great loss of time and effort over the past year.

The lunar Surface Electrical Properties (SEP) experiment was completed as part of the
Apollo mission in December, 1972. Tape-recorded data on the lunar subsurface layering
characteristics was returned and is being analyzed. Preliminary reports confirm the absence
of water in the lunar subsurface, at least at the Apollo 17 landing site. Coincident with the
further analysis and interpretation of the lunar data, parallel research studies under separate
sponsorship are being made at the Space Center on potential terrestrial applications using a
modified form of SEP-type equipment. This research has been under the supervision of
Professor Gene Simmons of the Department of Earth and Planetary Sciences, and Professor
John V. Harrington of the Departments of Electrical Engineering and Aeronautics and Astro-
nautics, Director of the Center for Space Research.

During the past year, Professor Bridge has been designated the Principal Investigator on the
interplanetary plasma experiment for the Mariner- Jupiter-Saturn mission. Other M. I. T.
co-investigators include Professors John W. Belcher, Stanislaw Olbert, and Vytenis M.
Vasyliunas of the Department of Physics, and Drs. Joseph H. Binsack and Alan J. Lazarus
of the Space Center. The experiment will make plasma measurements en route to planetary
encounter and also at encounters with Jupiter, Saturn, and several of their satellites. A
study phase B effort is currently under way for defining the conceptual design of the plasma
experiment package. The Mariner-Jupiter-Saturn mission plans call for two spacecraft to
be launched in 1977.

More recently, NASA has announced the selection of experiments for the Mother-Daughter
mission scheduled for launch in 1977. Professor Vasyliunas is a co-investigator on one of
the plasma experiments to be flown on this mission.
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A Large Orbiting X-ray Telescope (LOXT) experiment is in a Phase B study status under the
supervision of Professor Clark. The experiment contemplated will include x-ray measure-
ments using a spectrometer mounted at the focal point of the LOXT telescope. The launch
date of the LOXT mission currently is set for 1978. This is a cooperative effort with
scientists from American Science and Engineering, Inc., who have the prime responsibility
for design and fabrication of the x-ray telescope as well.

Using funds supplied to the Center by the basic NASA grant for space technology research,
Professor Clark is conducting an investigation of new approaches to the design of a second-
generation quantum camera for potential applications to the NASA Large Space Telescope
program. The camera envisioned will measure the arrival times and positions of individual
photons at a given image plane in a stream of radiation from a celestial object. By combining
the camera with appropriate optical instruments, the system has the potential capability of
"seeing" extremely faint objects.

Still another project using support from the Center's space technology grant has been under
way during the past year, involving the development of instrumentation and techniques for
observations in the infrared spectral ranges. These techniques will be important for the
monitoring of variable infrared sources and, in particular, cool stars and asteroids. Pro-
fessor Susan G. Kleinmann of the Department of Physics has been in charge of these
developments.

In addition to the several in-house studies mentioned previously as gaining support from the
NASA-M. I. T. space technology grant funds, other exploratory studies have been initiated
under such topic headings as space pharmacology, vidicon imagery, planetary surface
sampler missions, and advanced space research instrumentation.

Theoretical studies closely allied to the foregoing flight programs are being pursued in the
Space Center by Professors Olbert and Vasyliunas and Dr. Lazarus to develop new insights
into the astrophysical phenomena involved. Separate from but related to the same general
field of theoretical astrophysics is the research carried on by Professors Philip Morrison
and Kenneth Brecher of the Department of Physics under sponsorship by the National Science
Foundation (NSF). These latter studies are concerned principally with the behavior of
quasars, pulsars, supernova light emissions, and related phenomena.

The Space Center has continued to provide administrative support to other research groups
having close ties to the program of the Center. Chief among these is the research by Pro-
fessor Laurence R:. Young of the Department of Aeronautics and Astronautics and his asso-
ciates in the Manned Vehicle Laboratory. This research has concentrated in the area of
dynamic control and the role of the human vestibular organs in manned atmospheric and
space flight operations.

In order to distribute better the engineering support talents engaged in the many project

oriented endeavors of the Center and to concentrate on new exploratory research having
future potentials, the Center's administrative structure has been modified to include a new
Special Projects Laboratory with Richard H. Baker as Head. Dr. Joseph H. Binsack was
made Head of the Laboratory for Space Experiments, which continues in its role of direct
engineering and management support to the several space science experiments. Coincident
with this organizational change, Lawrence E. Beckley was named Assistant Director of the
Center and John B. Morway was made Assistant to the Director.

The overall activities of the Center have continued to show a more diversified activity,
despite a modest recession in total research volume caused primarily by the unexpected
cutback in the HEAO program. Total research volume for the year now is expected to come
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to $5 million, exclusive of major subcontracts, approximately $1 million less than had been
projected in the previous year. Assuming that new projects can be added at about the same
rate as older projects close, research volume for the next year is expected to remain at
about the same level.

JOHN V. HAR.RINGTON

Energy Laboratory

The United States is entering a difficult period of transition in its methods of energy supply
and utilization. Production technology has evolved and the American style of life has
developed on a basis of abundant and cheap energy. That situation is changing. Easily
accessible domestic fuel resources have been exploited already. Costs are rising under the
pressure of growing demand and new restrictions on environmental degradation. More
importantly, at its present scale and rate of growth, the supply system appears quite vul-
nerable to short-term local disturbances. Its vulnerability to long-term imbalances which
could cause disruption throughout the economy is not understood well.

In light of the magnitude and increasing urgency of energy related problems, M. I. T. has
reviewed intensively the appropriateness of initiating an Institute-wide commitment to develop
a national resource and a public forum that would involve M. I. T. 's unique strengths and
capabilities in a wide range of energy related problems.

The national priority assigned to defining and solving these problems which face industry
and society has made the establishment of a national energy resource at M. I. T. timely and
necessary. The commitment is taken on in the belief that the Institute has a responsibility
as a leader in science and technology to direct its resources toward the solution of pressing
public problems. It is a responsibility that M. I. T. has met successfully many times since
its founding.

The decision to establish the Energy Laboratory received impetus from M. I. T. 's extensive
involvement in the energy field. The Institute currently is engaged in work totaling $4. 9
million per year on a large number of contract energy projects. (If research on energy
related topics is included, this total nearly doubles. ) Energy related research, which is
being carried out in all of the Institute's five Schools and in 15 of its 24 departments, involves
more than 10 percent (124) of M. I. T. 's faculty and more than 5 percent (195) of its total
graduate student body. Projects encompass such specific areas as: nuclear fission and fu-
sion; electric power conversion; energy transport; thermal processes and systems; fuel
development and combustion; energy supply/demand analysis; fuel and resource economics;
energy planning and management; transportation equipment; environmental quality; and
societal and policy issues of energy supply and consumption.

Because of the inherent complexity of the energy system and its many societal ramifications,
no single organization can hope to cover all aspects of energy as it relates to modern society.
If a research program is to make a real contribution, it must focus on some central issues
in the bewildering and formidable array of problems that need to be addressed. The initial
program of the Laboratory, therefore, will develop in three specific areas of concern. These
areas are based upon research at M. I. T. that if furthered and expanded could have significant
impact. Results of research at the Laboratory no doubt will point the way to other investi-
gative areas of critical national need where the potential for maximum return is greatest.

As a result of careful evaluation of the range of energy problems and M. I. T. 's specific and
potential strengths, the goals of the Laboratory have been defined as:
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1. Basic research to achieve a deeper understanding of the societal, economic,
and technological components of the global energy problem;

2. Mission oriented research applicable to specific supply and utilization areas;

3. The education of a corps of new graduates with broad competence in the energy

area; offering educational programs to update and reorient the skills of

industrial engineers, and to strengthen their competence in new aspects of

the energy problem.

To accomplish its goals, the Energy Laboratory has been designated a Special Laboratory

of the Institute (as are Draper and Lincoln Laboratories), reporting directly to the Vice

President for Research. Such laboratories enjoy particular distinction at M. I. T. They are

organized to take advantage of the Institute's unique environment by drawing on the extensive

resources of the academic community in carrying out goal oriented research. Special

laboratories maintain a full-time professional staff and support personnel, and are able to

support programs of greater urgency and broader scope than is possible in a more conven-

tional university laboratory. The Energy Laboratory will build a research organization with

the resources necessary to define key energy problems and to work toward their ultimate

solution. This effort will be undertaken in collaboration with faculty and students from
M. I. T. and with concerned energy-intensive industries, public utilities, Federal, state,
and local governments, and public organizations.

Named as first director of the Energy Laboratory is David C. White, Ford Professor of

Engineering. In the initial phase of program formulation, an internal Policy Committee and
a Steering Committee were established. The Policy Committee, charged with broad policy

determination and administration, is chaired by Albert G. Hill, Vice President for Research.

The Steering Committee, made up of faculty members and chaired by Professor White, is

responsible for policy implementation and internal research guidance.

The Energy Laboratory is housed temporarily in the Compton Laboratories Building. Its
full-time staff includes J. Gruhl, W. Jones, Professor Leon R. Glicksman, R~esearch Asso-
ciate Martin L. Baughman, Senior Research Associate Michael Macrakis, G. Jirka, J.
Meyer, Technical Assistant N. Stauffer, and secretaries A. Rowbotham and R. Billings. An

exchange program with New England Electric System (NEES) has NEES Engineer E. Gulachen-
ski in residence at M. I. T. and Michael R~uane of the Energy Laboratory at NEES.

In February, with support from the National Science Foundation, a conference titled Energy:

Demand, Conservation, and Institutional Problems was organized by the Energy Laboratory,
co-chaired by Professor White and Senior Research Associate Macrakis, and hosted by M. I. T.

The proceedings of this conference will be published by the M. I. T. Press.

In addition to substantial efforts to define, establish, and begin work on new programs, current

laboratory activities include the following.

Professors Fred C. Schweppe (Department of Electrical Engineering) and David H. Marks

(Department of Chemical Engineering) are developing a series of models to reveal tradeoffs
between economic reliability and environmental factors in the expansion of electrical genera-
tion facilities. A generation expansion model develops the alternatives among available sites,
technology for generation, and abatement and time schedules for meeting environmental con-
straints while minimizing system cost. Probabilistic system simulation and transmission
analysis models also are being worked out. Planning is in progress for the application of
these techniques to facilities growth in Puerto Rico.
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A large-scale study of the supply, demand, and prices of natural gas and associated domes-
tic petroleum is being carried out by ProfessorsMorris A. Adelman, Gordon M. Kaufman,
Joseph B. Lassiter, Paul W. MacAvoy, and Robert Pindyck, Research Associate Baughman,
and others. This effort builds on previous work by Professors Adelman and MacAvoy on
the markets for petroleum and natural gas, on work by Research Associate Baughman on
dynamic models of interfuel competition, and on recent M. I. T. studies of offshore oil and
gas development by Professors John W. Devanney and Lassiter and others.

Theses completed include: "Impacts of New Energy Technology Using Generatized Input-
Output Analysis, " by James E. Just; "Minimizing Cost and Environmental Impact of Electri-
cal Power System Operation, " by James Gruhl; and "The Economics of Reliability for
Electric Generation Systems, " by Michael L. Telson.

Professor Jean F. Louis is heading a group of 15 faculty members who are analyzing trade-
offs in the design of high-efficiency combined cycle, low-BTU gas turbines for power gener-
ation. Related work in the materials area by Professor Arden Bement and others concerns
the long-term mechanical behavior, reliability, and chemical compatibility of ceramic and
metallic blades and vanes.

Extensive research conducted on specific problems of waste heat management has resulted
in significant advances in the understanding of related physical processes and economic fac-
tors. A Waste Heat Management Group consisting of Professors Jerome J. Connor, Glicks-
man, Michael W. Golay, Donald R. F. Harleman, David P. Hoult, David H. Marks, Stephen
F. Moore, William M. Rand, and Warren M. Rosenow and G. H. Jirka has been established
to coordinate efforts in waste heat disposal. The objectives of the group include the develop-
ment of new waste heat disposal technologies and the improvement of predictive techniques
which will result in engineering design, environmental impact assessment, and economic
evaluation of alternative heat disposal or utilization schemes.

Professors Glicksman and Rohsenow are investigating new designs of dry cooling towers which
promise to reduce the overall cost of cooling towers for power plant heat rejection. A rotary
air-water heat exchanger has been developed which has approximately one-half the cost of
conventional heat exchangers and has negligible evaporation.

Contract research in the Energy Laboratory for fiscal year 1974 currently stands at $1 million,
with the level of funding growing as research groups are formed and staffed and as prototype
development programs begin. Major discretionary grant funds are being sought to ensure the
success of the Laboratory in becoming a leading research and educational facility with hope
for attaining goals of enduring national importance. The grant of $100, 000 by the New England
Electric System, given when the Laboratory's establishment was announced, has played an
important role in initiating many of the current programs.

DAVID C. WHITE

Francis Bitter National Magnet Laboratory

The Laboratory's second year under National Science Foundation (NSF) sponsorship has been
marked by continued return to more normal conditions. Full operation of the high field magnet
facility has been reimplemented and important development programs in magnet technology
have been resumed. Increased participation by visitors and students has been very encouraging.

The hybrid water-cooled and superconducting magnet operated successfully and reached a
field of 195 kilogauss, a record for this type of magnet. Information gained from this first
prototype is being used in the design of an improved hybrid which, however, will not be
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constructed until additional funding can be obtained.

The basic research program in solid-state and plasma physics, supported under the core
support contract from NSF, continued to provide new insights in the fields of magneto-optics,
superconductivity, magnetism, and laser produced plasmas. A tunable far infrared laser
system was developed by mixing the output of two tunable CO 2 lasers using a noncollinear
phase matching scheme. Studies of the high magnetic field properties of a series of layered
superconducting compounds have provided data on the fundamentals of superconductivity and
on possible practical applications of these new materials. Studies of laser produced plasmas
in high magnetic fields have continued with support from the Air Force Office of Scientific
Research. Additional support for this program, which has significant implications for the
thermonuclear problem, is being sought.

The Alcator thermonuclear experiment, conducted at the Laboratory in collaboration with
the Research Laboratory of Electronics, has been operating at room temperature. Opera-
tion at the design temperature of 770 K(liquid nitrogen temperature) will be undertaken in
the coming year. This program is supported by the Atomic Energy Commission.

A prototype magnetic separator for semi-taconite ore (weakly magnetic) has been tested
successfully in the Laboratory. During the coming year it will be operated in a mining
company's field laboratory in Minnesota. Studies of the extremely weak magnetic fields of
the human body have led to a promising technique for evaluating the amount of asbestos in the
lungs. These latter two efforts and other applications of magnetism to practical problems
are sponsored by the RANN (Research Applied to National Needs) program of NSF.

About 3300 hours of magnet time were used in 1972-73 -- 37 percent by Laboratory projects,
20 percent by other M. I. T. organizations, 29 percent by non-M. I. T. organizations, and 14
percent in collaborative programs by the Laboratory and other organizations. Five doctoral
thesis programs were completed during the year.

BENJAMIN LAX

Laboratory for Nuclear Science

The past year saw some significant changes in the administrative structure of the Laboratory.
Professor Peter T. Demos resigned as Director of the Laboratory after guiding it for 13
years to become permanent director of the Bates Linear Accelerator (Linac) which began
operation this year. A study group under the chairmanship of Professor Vera Kistiakowsky
consisting of members of the faculty, the research staff, and the administration devoted
several months to a thorough study of the alternatives and problems facing the Laboratory.
The recommendation of the study was to continue the basic structure of the Laboratory but
to make significant changes in the mode of operation. It also was decided that the Bates
Accelerator should remain as part of the Laboratory structure, at least for the time being.
During the period of the study and the implementation of some of its recommendations, the
chairman of the Department of Physics, Professor Victor F. Weisskopf, acted as head of
the Laboratory. In January, 1973, Professor Martin Deutsch was appointed Director.

The program of the Laboratory is divided into three major areas for budgetary purposes:
nuclear structure ("low energy physics"), the Bates Linac ("intermediate energy"), and
elementary particle physics ("high energy"). In addition the Laboratory provides most of
the support for the Center for Theoretical Physics. The report on the activities of the
program suffered from decreased Federal support, which fell far below the projections made
a few years ago on which the program developments were based. Despite these difficulties
all of the programs continued vigorously and yielded important results. New projects have
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been undertaken where the development of the field indicates their relevance.

Nuclear Structure Physics

The Laboratory research programs in nuclear structure and reaction physics had a year of
vigorous progress after a period of readjustment to reduced funding levels. Valuable results
were obtained in three areas in which the Laboratory is in a leadership position: high-
resolution reaction spectroscopy, studies of nuclear moments and shapes in excited states,
and atomic or solid-state phenomena in nuclear processes.

The trend in nuclear physics experimentation is presently toward the use of heavy ion beams
in all of the fields mentioned. The Laboratory no longer operates any suitable accelerator,
and almost all of the research has become a "user program" at various accelerators. The
Laboratory is fortunate in having one of the outstanding facilities available almost within
commuting distance at Brookhaven National Laboratory (BNL). A high-precision multi-gap
magnetic spectrometer, designed by Professor Harald A. Enge for the study of the reactions
produced by light ions, has operated at the Tandem Van De Graaff Accelerator at BNL for
several years. Final results of a series of experiments, particularly on p-shell nuclei,
were published this year. This spectrometer is being replaced by a new high-precision
"recoil mass spectrometer" designed by Professor Enge and currently under construction in
the Laboratory. This is designed to be a unique instrument for identifying the reaction
products from heavy ion beams. It will be used for the study of exotic nuclei produced by the
fusion of projectile and target nuclei and for other experiments.

During the past year Professor Eric R.. Cosman and collaborators carried out studies throwing
light on quasi-molecular intermediate structure in the interaction of carbon, oxygen, and
neon nuclei. This phenomenon, which seems to imply nuclear "compounds" in which the
initial nuclei retain their identity, has attracted considerable interest. Other experiments
of this group dealt with transfer reactions and other aspects of heavy ion processes.

Professor Lee Grodzins and his collaborators are devoting an increasing part of their effort
to heavy ion reactions at BNL and at other accelerators. Grazing collisions between nuclei
in which nuclear and coulomb interactions are of comparable importance provide a powerful
probe of the internuclear potential. Studies of these processes were begun by Professor
Grodzins in collaboration with co-workers at the Niels Bohr Institute and are continuing in
collaboration with a group at the University of Rochester Tandem Accelerator.

The work of Professor Grodzins' group at BNL is oriented primarily to the study of very
heavy nuclei. Exploratory experiments have been performed to study the deformation of
heavy nuclei in heavy ion collisions by observing delayed induced fission (fission isomers).
These are believed to be states with unusual nuclear deformations.

Other experiments are planned to study the formation of heavy nuclei by the fusion of heavy
ions. Such studies are connected with the question of the existence of stable elements much
heavier than any yet discovered. Professor Grodzins and collaborators have continued
measurements of the magnetic and electric moments of excited states of nuclei by a variety
of methods including the use of light and heavy ion bombardment afd of radioactive decays.
Many of these methods are based on the interaction of the nuclear moments with atomic or
crystal fields, and involve interesting problems of atomic and solid-state physics. An out-
growth of these studies has been the extensive work of Dr. H. D. Betz with Professor Herbert
W. Schnopper of the M. I. T. Center for Space Research on x-rays emitted in the collision of
the heavy ions. Another study of transient fields in such collisions is being conducted in
Copenhagen by a graduate student of Professor Grodzins.
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Medium-Energy Nuclear Physics

The Bates Linear Accelerator commenced operation during the past year and experimentation
has been initiated. At present the Linac is operated at 200 Mev, but no serious problems
are anticipated in reaching the designed energy of 400 Mev whenever that appears desirable.
Initial experiments are exploring pion photoproduction near threshold. These experiments
necessarily are limited in scope, to avoid interference with completion of the accelerator
facility. The main program of the Linac is aimed at precision electron spectroscopy, and
depends on completion of the high-resolution magnetic spectrometer now being assembled
under the direction of Professor William Bertozzi. Completion of this crucial instrument
has been delayed by funding limitation, but it is expected that experiments can start during
the next academic year. After a period of decelerated progress due to inadequate funding,
the outstanding technical features and great scientific potential of the Bates Linac are being
recognized by the scientific community and by funding agencies. Groups from numerous
institutions are planning experiments after the initial running-in.

Elementary Particle Physics

The program in elementary particle physics is the largest single area of research of the
Laboratory. The Laboratory has a long tradition of work on electromagnetic interactions at
high energies. Several of its major experimental programs at the Cambridge Electron
Accelerator (CEA), the Stanford Linear Accelerator (SLAC), the German Electron Synchro-
tron (DESY), and the Cornell Synchrotron deal with problems in this field. The thrust of
elementary particle research is currently in the direction of very-high-energy processes.
The highest collision energy is available in the storage ring facility at the European Nuclear
Research Center (CERN) in Geneva. This provides collisions between two protons of 25 Gev
energy. Single beams of protons and mesons with the highest energies (up to 400 Gev) are
presently available at the National Accelerator Laboratory (NAL) in Batavia, Illinois. The
Laboratory for Nuclear Science is involved in major programs at both of these facilities.

This was the last year of operation of the Cambridge Electron Accelerator. Staff members
and students under the direction of Professors Louis S. Osborne and Richard C. Lanza and
Senior Research Scientist P. David Luckey participated in important experiments with the
colliding beam facility at CEA, which provided beams of positive and negative electrons
colliding with each other with a total energy of 5 Gev, the highest energy presently available.
These experiments indicate that the process in which the electrons are annihilated with the
creation of heavy, strongly interacting particles (mesons and nucleons) and their antiparticles
is more abundant than had been predicted by current theories. Professor Osborne's group
also reported the results of some experiments performed earlier at CEA, in which charged
and neutral pions were produced by polarized photons. The measurements throw light on
the structure of the nucleon's resonant states, especially in the context of the quark theory
for such states.

The group headed by Professors Henry W. Kendall and Jerome I. Friedman, in collaboration
with groups at SLAC, has continued the study of "deep inelastic" collisions of high-energy
electrons with protons and neutrons. In these collisions, electrons are deflected violently,
losing energy mainly by the creation of mesons. Earlier experiments by the M. I. T.- SLAC
team showed that these processes occur with much higher probability than had been predicted
by previous theories, which ascribed smooth, extended charge distributions to the nuclear
particles. This result has been interpreted as indicating a substructure of pointlike charged
particles which may be fundamental to the interpretation of all high-energy phenemona. The
current studies try to elucidate the number and charges of the subparticles by comparing
the probability of "deep inelastic" scattering from neutrons with that from protons.
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The Osborne/Luckey group, in collaboration with another SLAC team, is attacking the same
problem by a study of the relative probability of creating positive and negative mesons in
this process.

Two other studies of electromagnetic interactions were completed during the last year. The
group of Professor Deutsch in collaboration with a group from Tufts University reported
results on the spin polarization of protons in the photoproduction of neutral pions. The group
of Professor Samuel C. Ting reported results bearing on the validity of dispersion relations
for the elastic scattering of photons by protons at high energy.

The Ting group, in collaboration with several European groups, is preparing a series of
experiments at CERN to study the secondary particles produced in proton-proton collisions.
One of these experiments is designed to search for heavy neutral particles which may play
a pivotal role in the "weak" interactions of electrons, neutrinos, and mumesons with matter.
The same group is preparing an experiment at Brookhaven National Laboratory to search,
among other phenonema, for similar particles of lower mass.

Two groups in the Laboratory are collaborating with other institutions in preparing major
research programs at the National Accelerator Laboratory. Professors Kendall, Friedman,
and Lawrence Rosenson are participating in the installation of a large magnetic spectrometer
system at NAL. It is designed for the rapid accumulation of data on the distribution in energy
and angle of single charged secondary particles in a study of elastic and inelastic scattering
of protons and mesons, analogous to their revolutionary experiments with electrons at SLAC.
The bubble chamber group of Professors Irwin A. Pless, Robert I. Hulsizer, Richard K.
Yamamoto, and Kistiakowsky, has installed a sophisticated counter system in conjunction
with a hydrogen bubble chamber at NAL. This "hybrid" system is suited particularly to the
study of high-energy reactions resulting in several charged secondary particles. Parts of
this system are already in operation and preliminary data is expected very soon. Professor
Pless and his collaborators have shown by means of an original method of analysis called
"prism plot" that at lower energies, such reactions usually proceed by the initial production
of only two heavy unstable fragments which subsequently disintegrate. They have applied this
method successfully to interactions of pions and antiprotons with protons, and at present are
investigating the energy dependence of these processes in the region of "diffraction dissocia-
tions, " i. e., reactions in which the particle trajectories are deflected only slightly while
exchanging properties such as charge with the target. Such measurements throw light on the
Regge theory, which connects observed particles with these exchanged quantitites. Present
evidence concerning the validity of this theory is ambiguous.

In this connection, a particularly simple reaction is charge exchanged scattering, in which
a negative pion colliding with a proton becomes a neutral pion. A series of experiments by
members of L. N. S. have provided some of the most reliable data on this important process
in the energy range of a few Gev. A group led by Professor Kistiakowsky completed a
counter-experiment to study this process; another led by Professors Yamamoto and Rosenson
and collaborators is close to completion.

Logistics
Participants in the Laboratory's work during the past year totaled approximately 350 persons.
This number includes 52 academic staff members, 69 graduate students, at least 34 under-
graduates from the Department of Physics, 37 research staff members at the post-Ph. D.
level, and 176 employees in supportive categories (engineers, technicians, machinists,
administrative, computational, etc. ). A total of 17 Doctors of Philosophy, 3 master's degrees,
and 18 bachelor's degrees were completed during this period by students engaged in thesis
research in physics within the Laboratory.
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The Laboratory's financial support is derived mainly from a contract with the Atomic Energy
Commission. A breakdown of the annual support under this program is as follows (based on

fiscal year 1973 figures): for operational expenses (salaries, wages, employee benefits,
materials, services, travel, etc. ) -- approximately $2, 685, 000 for studies, both experimen-
tal and theoretical, in high-energy physics; $1, 300, 000 for medium-energy physics, largely
associated with the operation of the new 400 MeV linac facility at Middleton; and $750, 000
for low-energy studies, theoretical and experimental. Equipment funding under the AEC
program during this period totaled $780, 000, which breaks down as follows: $220, 000 for
high-energy physics, $450, 000 for medium-energy, and $110, 000 for low-energy physics.

MARTIN DEUTSCH

Lincoln Laboratory

The principal research programs at Lincoln Laboratory, in communications, air traffic con-
trol, space surveillance, reentry phenomenology, and related areas, have proceeded without
any major changes in scope, scale, or sponsorship.

Tunable semiconductor diode lasers pioneered at Lincoln Laboratory permit infrared spec-
troscopy of unprecedented resolution. This technique is finding many fruitful new applications,
including the precise measurement of atmospheric transmission and absorption, the positive
identification and quantitative measurement of air pollutant gases, the first measurements of
hyperfine structure of gas molecules, and the gain profile of laser transitions.

The discovery that a gas laser can be pumped by photo-ionization, using a seeded medium,
was a significant advance in the technology of high-intensity pulsed lasers, with possible
application to the controlled generation of power by nuclear fusion.

Tests of the experimental self-paced learning system proved so successful that the sponsor
is in the process of establishing a formal requirement for such a system, a first step toward
engineering development and large-scale application of these techniques.

Well-controlled clinical experiments at the Boston City Hospital have demonstrated and
measured physician and patient acceptance of procedures to enable paramedical personnel
to lighten the physician's load in the management of diabetes, hypertension, and cardiovas-
cular problems. The medical effectiveness of these procedures, and of similar methods for
dealing with commonly encountered acute conditions such as upper respiratory and urinary
tract infections, also has been demonstrated.

Techniques being developed in a new exploratory program for optical detection and tracking
of satellites also may be useful for the detection of novae or comets. To detect a source as
weak as 16th magnitude with a conventional photographic plate on a 31-inch telescope requires
an on-target (tracking) exposure time of approximately 15 minutes; using a sensitive electro-
optical image tube, such a source may be seen clearly on a television-type display (1/30
second per frame), and an output is available for computer processing. Thus, relatively
large regions of the sky can be searched in reasonable time periods for transient astronomi-
cal phenomena.

In February, the Laboratory initiated an Education Program designed to help staff members
maintain and extend their professional knowledge, skills, and effectiveness. During the first
term, 175 participants were enrolled in 14 subjects taught by Lincoln staff members. The
curriculum, oriented toward Laboratory programs and areas of interest, included subjects
in the fields of computer science, digital processing, communication theory, quantum elec-
tronics, solid state, and applied mathematics. Enrollment for the next term includes
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engineering and technical assistants, programmers, and some other nonstaff personnel.

GERALD P. DINNEEN

Research Laboratory of Electronics

Established at the end of World War II as the Institute's first interdepartmental laboratory,
the Research Laboratory of Electronics (R. L. E. ) has evolved a research environment for
faculty members and students. Initially organized to encourage interaction between teaching
and research in the Departments of Electrical Engineering and Physics, the Laboratory has
had projects involving participants from as many as a dozen departments. The research
groups, which currently number approximately 30, conduct research in three broad areas:
communication sciences, general physics, and plasma dynamics.

All of the research in R. L. E. involves academic faculty members and students. Approxi-
mately 93 members of the faculty are affiliated with the Laboratory, working with approxi-
mately 290 graduate students and nearly 110 undergraduates. The research in R. L. E. is
spread over a broad spectrum of topics, thus providing opportunities for a wide variety of
student thesis work. During the past year, research in the Laboratory provided the basis
for 37 doctoral, 6 engineer's, 39 master's, and 50 bachelor's theses.

Major support for the research is provided by the Joint Services Electronics Program of the
Army, Navy, and Air Force, the Atomic Energy Commission, the National Science Founda-
tion, the National Institutes of Health, and the National Aeronautics and Space Administration.

General Physics
The Laboratory's research in general physics is based largely on atomic phenomena. The
experimental techniques required to observe basic properties of matter and to exploit them
in engineering applications span most of the electromagnetic spectrum from radio wavelengths
to x-rays. Other experimental requirements include the use of extremely high-frequency
vibrational waves, the use of liquid helium temperatures, and extensive use of computers.
A few of the research topics in this area follow.

Interferometric methods in radio astronomy are being pursued by Professor Bernard F.
Burke and his students. A study of nearby galaxies has shown that the Andromeda Nebula
has a form very different from our galaxy's.

The study of background radio radiation from our galaxy, utilizing whole-sky surveys at
many frequencies, has reached a major summing-up point. Professor Richard M. Price
has shown that the radiation coming from cosmic rays near the plane of the Milky Way is not
distributed smoothly as a disk. A major fraction of the cosmic rays appears to be concentrated
in the spiral arms.

Observation of the microwave spectra of interstellar molecules has continued under the direc-
tion of Professor Alan H. Barrett. The program has led to the discovery of extensive amounts
of methyl alcohol in the region of the galactic center. In addition, the temporal behavior of
OH and H 2 0 maser emission associated with infrared stars has been followed closely.

The use of microwave radiometers to sense subsurface temperature anomalies in humans
has been initiated during the past year by Professor Barrett and his associate, Dr. Phillip
C. Myers. The technique is potentially useful in medical diagnostics.

Culminating several years of effort, the Nimbus-5 Microwave Spectrometer Experiment (NEMS)
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was launched into earth orbit on December 11, 1972, and continues to operate very well. The
experiment was proposed and operated by a team including Professors David H. Staelin
(Principal Investigator) and Barrett, Research Associates Joseph Waters and Klaus F. Kunzi,
several graduate students, and several scientists from other organizations. The experiment
demonstrates the ability of microwave sounders to yield temperature profiles and measure-
ments of atmospheric humidity and cloud water content over oceans, even in regions where
clouds hinder use of infrared instruments. Use of similar instruments in operational meteoro-
logical satellites is being explored. Novel geophysical data concerning polar ice and snow,
soil moisture, and sea state also is being obtained. Related work directed toward future
remote sensing satellites is under way.

In the past year the gravitational research group, under the direction of Professor Rainer
Weiss, has continued studies of the spectrum of the primordial cosmic fireball radiation
in the far infrared. Measurements carried out with a balloon borne far infrared radiometer
have confirmed that the spectrum of the background radiation is consistent with a blackbody
distribution of 2. 7 - . 20 K for frequencies less than 12 cm - 1 . At higher frequencies the
measured spectrum is dominated by atmospheric radiation, even at altitudes greater than
42 km. An apparatus to measure the large-scale isotropy of the cosmic background radia-
tion in the far infrared is near completion and will be flown in the fall of 1973. The first
moment of the intensity distribution may provide a measurement of the earth's velocity in
the average rest frame determined by the universe.

Professor John G. King and his associates are devoting their efforts to molecule microscopy,
a technique that uses neutral molecular emissions to image the sample. Thus far a crude
prototype has been made, and the survival of biological material in the instrument has been
investigated. This group also is developing a scanning desorption molecule microscope,
and is performing experiments to study the specificity of neutral molecule binding to biologi-
cal surfaces, the desorption of alkali atoms from surfaces (including tissues), and the nature
of directly stimulated desorption of neutrals by electrons.

A related study on electron microscopy is being pursued by Professor Edward H. Jacobson,
Dr. John Coleman, and Dr. Michael G. R. Thomson. Facilities have been set up to study
foil lenses with low spherical aberration, which, together with appropriate energy analyzers,
eventually will be used to image Auger electrons. Greatly improved contrast and resolution
should result when these features are incorporated into an electron microscope.

Professor Robert E. Stickney and his students performed both analytical and experimental
studies of the interaction of gaseous hydrogen with metals. The results of these studies
provide a more detailed understanding of the kinetics of adsorption, desorption, and permea-
tion processes for hydrogen-metal systems.

Experimental verification of theoretical predictions of the sensitivity of a second-harmonic
microwave spectrometer has been made by Professor Malcolm W. P. Strandberg. Illustra-
tive of this sensitivity is the 0. 1 microwatt of radiation of 28 GHz produced in the spectrometer
by a few cubic centimeters of ammonia gas when it is exposed to 14 GHz radiation.

During the past year the atomic resonance and scattering group, supervised by Professors
Daniel Kleppner and David E. Pritchard, extended the investigation of atomic interaction
into excited state systems. Preliminary results for free-to-bound transitions in an alkali
vapor were obtained, and a new technique for exciting forbidden optical transitions by Stark
mixing was demonstrated successfully.

By the use of laser molecular beam techniques, Professor Shaoul Ezekiel and his students
have been able to obtain long-term stability of the frequency of an argon laser to better than
one part in 1013. They also have used laser-molecular methods for high-resolution spectroscopy.
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For example, the hyper-fine structure of 12 has been observed with a resolution of five parts
in 1010. In addition, work with a single frequency tuneable cw dye laser, operating around
5900 1, has yielded hyper-fine structure in a molecular beam of 12 with a resolution of one
part in 108.

Y. Manichaikul, a graduate student, successfully cavity dumped a mode locked CO 2 laser.
In this way a single pulse of 10. 6/. radiation was produced, of 3 ns duration and 100 kw peak
power. Professors William P. Allis and Hermann A. Haus developed an analytic theory of
gas discharge pumping of molecular lasers which, supplementing the numerical analyses
presently available, helps toward an understanding of the pumping processes.

The work of Professor E. Victor George and his associates entails studies on the generation
and use of intense laser pulses. The specific program is divided essentially into three areas:
gas laser research, which investigates the plasma physics of the actual laser media; short
pulse generation, which involves the generation and amplification of short intense CO 2 laser
pulses; and laser plasma interactions, an effort that is designed to study the interactions of
intense laser pulses with target plasmas.

Under the direction of Professor Jin Au Kong, guidance by optical wavelengths and optical
behavior of bianisotropic media are being studied. Mode conversion with anisotropic media
in integrated optics is under investigation in view of applications to light modulation for

-laser communication. Theoretical models for microwave emission from solid and liquid
surfaces are proposed. These results will be useful in defining the Shuttle Imaging Micro-
wave Systems (SIMS). In geophysical subsurface probing with radio frequency interferometry,
theoretical results were obtained and used in interpretation of the interference patterns.

Plasma Dynamics

A major goal of the plasma dynamics program is extension of the basic understanding of
phenomena in ionized gases and in solids in relation to such problems as controlled fusion,
space physics, and collective phenomena in solids. The research includes methods of
producing highly ionized plasmas by electron beam injection, high-power lasers, microwaves,
low-pressure arcs, and so forth. Plasma diagnostic techniques involve measurements in
various portions of the electromagnetic spectrum (microwave, millimeter wave, infrared,
optical).

A cooperative effort between Professor Abraham Bers of the Plasma Group in R. L. E. and
Professor Joe Moses of the MATHLAB Group of Project MAC has generated the first imple-
mentation of a symbolic computation system for plasma dynamics problems. This computer
use is designed to obtain analytic solutions to problems, in contrast with the conventional
use of computers in numerical analysis. A complete formulation of the nonlinear coupling
among waves for a fluid model of a plasma in a magnetic field has been implemented, and
used for studying the possible parametric excitation of waves that may lead to heating of the
ions.

Professor Bruno Coppi reports that the Alcator machine, an advanced experimental facility
for producing and confining plasmas of thermonuclear interest, achieved first plasma opera-
tion in November, 1972. The first meaningful experimental results were obtained in January,
1973. Encouraging developments for this line of work have been provided by two devices,
whose construction started after that of Alcator, at Princeton and at Fontenay aux Roses
(France). These machines have indicated respectively that the idea for plasma heating on
which Alcator is based is, at present, the most promising one in terms of achieving temper-
atures of thermonuclear interest, and that the confinement configurations employing (like
Alcator) Bitter coils for the production of high fields are technologically feasible.



Research Laboratory of Electronics

Communication Sciences and Engineering

This research spans a broad range of topics pertinent to communication processes in man-
made and living systems, as well as interactions between them. Fundamental studies of
signals and systems are coupled with various applications such as speech and picture trans-
mission, seismic detection, and optical communication channels. A major portion of the
effort is related to the life sciences. A combined program of research and training in com-
munications bio-engineering includes areas such as communications biophysics, neurophysi-
ology, cognitive information processing, and speech communication. Much of this work
concerns the sensory or perceptual mechanisms, and the related program in linguistics seeks
to improve understanding of languages, which form the basis for communication.

Professor Arthur B. Baggeroer has been involved actively with scientists from Woods Hole
Oceanographic Institution for the International Decade of Ocean Exploration-East Atlantic
Continental Margin Program. He spent several weeks aboard the research vessel Atlantic
II, conducting experiments in seismic data processing off the West African coast. Research
on adaptive arrays, space-time process estimation, and system identification also was
pursued.

Professor Peter Elias and his students have been applying techniques and approaches from
information theory to the study of information storage and retrieval and other data-processing
problems. An interesting development has been the discovery of universal codes which can
be used to code any set of messages. If the shorter code words in a universal code are used
to represent the more probable messages, the average code word length is nearly as small
as it would be when using a code especially designed to match the set of messages.

The Cognitive Information Processing Group, under the direction of Professor Murray Eden,
has continued studies of the ways in which humans process visual information and the develop-
ment of automatic procedures and computational techniques for performing similar tasks.
During the past year, substantial progress has been made by Professor Ian T. Young and
his associates on a system for quantitative microscopy for the analysis of human leukocytes.
Dr. Goesta Granlund has proposed and is perfecting a technique for the classification of
human chromosomes and the detection of chromosomal aberrations -- a procedure which
appears to be fruitful in the diagnosis of genetic defects. Professor Barry A. Blesser and
Research Associate David Ozonoff, in collaboration with radiologists in the Peter Bent
Brigham Hospital, have been carrying out a study on the process of radiological diagnosis.
They have shown that diagnostic errors can be classified into psychophysical, psychological,
and informational errors. Their goal is to prepare objective measures of the quality of
radiological images and to indicate the circumstances under which image enhancement tech-
niques might improve diagnostic performance.

Professors William F. Schreiber and Donald E. Troxel have completed the development of a
highly reliable laser based picture transmission system, which is being adopted by the
Associated Press as the principal element in their picture facsimile network. Professors
Eden and Blesser and their colleagues have proposed a paradigm for the analysis of type
fonts and hand printing, the goal being to facilitate the construction of character recognition
devices capable of reading a multiplicity of styles. Professor Jonathan Allen has continued
the development of a system for conversion of unrestricted English text to speech. A complete
algorithm for translating typed English sentences to synthetic speech has been completed.

The Linguistics Group, under the direction of Professors Morris Halle and Noam Chomsky,
continues to pursue its long-range goals of gathering insights into the nature of individual
languages and of language in general. Among the more important projects active during the
year were: Lisa Selkirk's doctoral dissertation on the relationship between the syntax and
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the phonetics of clitics in English and in French; Roger Higgin's dissertation on the syntax
and semantics of pseudo-cleft sentences in syntax; Professors Paul Kiparsky's and Halle's
studies on the accentuation of different Indo-European languages; Professor Kenneth Hale's
work on problems of developing literacy in their native tongues among the Navahos and other
American Indian groups; Professor Chomsky's explorations in the relation between syntax
and semantics; and Professor John Ross's studies in the theory of syntax. The loss of
National Institutes of Health traineeship funds obviously has had a somewhat dampening effect
on the activities of the group, but through the exercise of extreme financial discipline, it
expects to be able to carry out its work in 1973-74 at substantially the sarme level as in pre-
yious years.

Research in the Speech Communication Group, under the direction of Professor Kenneth N.
Stevens, Professor William L. Henke, Professor Alan V. Oppenheim, and Dr. Dennis
Klatt, has led to new theoretical developments that account for the inventory of phonetic
features that occur universally in language. Further experimental findings on the production
and perception of the temporal aspects of speech are helping to resolve conflicting theories
that specify how sequences of articulatory movements are timed during speech production.
Experimental observations of the detailed vibration patterns of larynxes are leading to revi-
sions of current views of larynx behavior in the generation of speech. A recent study of
acoustic factors that contribute to inter-speaker variability has resulted in the specification
of a set of acoustic parameters which are effective in identifying a speaker under certain
conditions. The ongoing work on speech analysis and synthesis is stimulating the development
of improved methods for digital simulation and digital processing of signals.

Efforts of members of the Communications Biophysics Group (under the direction of Profes-
sor William M. Siebert) have continued to focus on ways in which modern engineering tech-
nology can add to understanding of certain physiological and behavioral problems and to the
effectiveness of health-care delivery. Professors William T. Peake and Thomas F. Weiss
and Lecturer Nelson Y-S Kiang and their students have carried out (in cooperation with
Massachusetts Eye and Ear Infirmary) further studies of the mechanical, electrical, and
neural events in the auditory structures of various animals. Professors Roger G. Mark and
Steven K. Burns have continued their efforts (in cooperation with Boston City Hospital) to
develop computer systems and other electronic devices for processing various kinds of data.

HENRY J. ZIMMERMANN

Division of Sponsored Research

During the past year, several trends noted in the report for 1972 continued uninterrupted:
the growth of research related to health and to the solution of pressing national problems,
sponsored by the National Institutes of Health and the National Science Foundation; and the
decline in Federal support of graduate fellowships and trainees.

On the administrative side, major effort (particularly during the final six months) was devoted
to the financial, legal, contractual, and other administrative problems involved in preparing
for the divestment of the Charles Stark Draper Laboratory on July 1, *1973. The principal
organizational development affecting the Division of Sponsored Research (D. S. R. ) is the
change in its name to Office of Sponsored Programs (0. S. P. ), effective July 1, 1973, in
conjunction with the reorganization of the Institute's financial administration.

New Research Facilities
Of the new research facilities and programs established during the year, the following are
representative. In December, 1972, plans were announced for the establishment of a major
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Center for Cancer Research at M. I. T., headed by Nobel Prize-winning biologist Professor
Salvador E. Luria. At the same time the National Cancer Institute announced the award of
two grants to M. I. T. for the Center: $136, 376 for operating costs during the first prepara-
tory year, and $2, 362, 500 for alterations and renovations of facilities for the Center. In
May, 1973, an additional $787, 500 was awarded by the National Cancer Institute, resulting
in a total award of $3, 150, 000 for alterations and renovations of facilities. In March, the
Institute received a grant of $1, 775, 000 from the Seeley G. Mudd Fund for a building to
house the new Center. The building will be on M. I. T. 's East Campus at the site of the
present building E18; it will undergo complete reconstruction and will be named after Dr.
Seeley G. Mudd, a physician, educator, and philanthropist who died in 1968. Partial occu-
pancy of the building is scheduled for late fall, 1973.

In November, 1972, the Institute announced the formation of the Energy Laboratory, a major
new special laboratory in which interdisciplinary teams of physical scientists, engineers,
and social scientists will conduct research on the complex problems posed by the nation's
energy crisis. Organized as a Special Laboratory, it reports directly to Vice President for
Research Albert G. Hill, as does Lincoln Laboratory. The appointment of David C. White,
Ford Professor of Engineering, as Director of the newly formed Laboratory was announced
in December.

Announced in April was the decision to construct a new facility to house the Department of
Chemical Engineering, which will enable it and the School of Engineering to strengthen
teaching and research in chemical engineering, including the related interdisciplines of
energy resources, environmental quality, biology, medicine, and management. The total
cost of the project, estimated at $15. 8 million, will come from private sources, with the
major portion having been pledged already, including an anonymous gift of $7 million.

At the close of the year, construction of the research and academic building to house the
Department of Electrical Engineering and the Research Laboratory of Electronics was
virtually complete. It has been named the Sherman Fairchild Building, in memory of the
inventor and industrialist who died in 1971. The largest single construction project at M. I. T.
since the present campus was built in Cambridge in 1916, its total cost will approximate
$17. 5 million. It is funded by a major $4 million grant from the Fairchild Foundation,
facilities grants totaling $1. 8 million from the U. S. Office of Education and the National
Institutes of Health (NIH), and contributions from a broad range of individuals, corporations,
and foundations.

Draper Laboratory Divestment
At the close of the year, the Draper Laboratory officially separated from the Institute and
began its new existence as an autonomous, nonprofit corporation chartered to engage in
scientific, engineering, and educational activities. During the closing months of the year,
the D. S. R. Office and other administrative groups within the Institute and Draper Laboratory
joined in a major effort to work out the financial, legal, and contractual arrangements re-
quired to implement the separation, including: the basis for continued interaction on educa-
tional and research programs; Draper Laboratory occupancy of M. I. T. owned buildings and
use of Institute medical, library, athletic, and other services; and the continued interaction
of Draper Laboratory, Inc., employees with the M. I. T. community.

Campus Research Volume
The total volume of on-campus sponsored research performed in fiscal 1973 by academic
departments and interdepartmental laboratories (excluding major subcontracts on space
flight experiments) is expected to exceed $72 million, once final figures have been compiled.
This represents a 9 percent increase over the comparable volume for fiscal 1972, which in
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turn represented an increase of 8. 5 percent over fiscal 1971.

The increase in fiscal 1973 research volume was attributable primarily to the expansion of
health related programs sponsored by the National Institutes of Health, and to increased
support from the National Science Foundation for programs related to the solution of national
problems.

The preliminary estimate for fiscal 1974, on the other hand, is that total on-campus volume
will remain level, with the possibility of an increase of up to 5. 5 percent, which might off-
set inflation partially. This is a difficult estimate to make, however, in view of the fluid
Federal funding picture.

Graduate Student Support Programs
In fiscal 1973, approximately 494 graduate fellows and trainees received $2, 909, 000 in Federal
support, independent of specific research projects (but including NIH training grants). These
figures compare with 614 students who received $3,446, 000 in fiscal 1972, thereby continuing
the decline from the high point of 800 students in 1969. Next year the total number of gradu-
ate fellows and trainees supported by Federal programs may fall below 350, depending on
the fate of the NIH training program.

In fiscal 1973, graduate research assistant salaries totaled approximately $6, 250, 000, paid
to an estimated 1,035 graduate students, compared with graduate research assistant salaries
of $5, 573, 000, paid to 965 graduate students in fiscal 1972. For fiscal 1974, research assis-
tant support is projected at $6, 700, 000, for roughly 1035 graduate students.

Organizational and Personnel Changes
The principal change affecting the Division was the reorganization of the Institute's financial
management (announced in May) effective July 1, 1973, in conjunction with which the D. S. R.
Office became the Office of Sponsored Programs.

As Vice President for Fiscal Relations, Paul V. Cusick will be responsible for fiscal rela-
tions with the Federal government, research sponsors, and other universities; will serve
as the contracting officer for building contracts; and will be responsible for patent and copy-
right licensing and for the M. I. T. Purchasing Office.

Stuart H. Cowen, as Vice President for Financial Operations, will have responsibility for all
aspects of internal financial management, will serve as the Institute's contracting officer for
sponsored programs, and will be responsible for policies and operations concerning procure-
ment and subcontracting for sponsored research. In addition, he will have responsibility for
the financial aspects of funding, and for the reporting, budgeting, and business administration
of sponsored research programs. These activities have been organized since 1956 as the
Division of Sponsored Research, reporting most recently to Mr. Cowen as Comptroller; as of
July 1, 1973, they will be renamed the Office of Sponsored Programs, reporting thereafter
to Mr. Cowen as Vice President for Financial Operations. The new name more accurately
reflects the additional responsibilities of the Office for Federally funded programs other
than research.

Several personnel changes have occurred within D. S. R., henceforth the O. S. P. David C.
Driscoll, Assistant Director of D. S. R., who has devoted himself during the past year to
problems associated with the divestment of the Draper Laboratory, has left the Institute to
accept an appointment as Treasurer of the new Draper Laboratory, Inc. John J. Hynes,
Assistant Director of D. S. R., was appointed D. S. R. Operations Coordinator as of January
1, 1973, with added responsibilities related to space and facilities, D. S. R. procurement
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activities, the D. S. R. budget, and liaison with the Comptroller's Accounting Office. To
assist him, Paul C. Powell joined the D. S. R. staff in February, after five years' experi-
ence in the Comptroller's Accounting Office and the Fiscal Planning Office.

GEORGE H. DUMMER
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The statements in this report, certified by the independent public accountants, indicate con-
tinued improvement in the finances of M. I. T. in 1972-73. Further growth in the endowment
and other funds, major additions to educational plant, financing of a substantial program of
student aid in the face of declining Federal support of graduate fellowships, and reduction in
the use of unrestricted resources to fund operations are clear evidence of a year of satisfac-
tory fiscal results. Most of the trends of 1971-72 were extended into 1972-73, with tuition
revenues and investment income increasing, departmental research activities well maintained,
further special and successful steps to control costs reflected in operations, and the provision
of new resources through the strong support of alumni and friends of M. I. T., the private
foundations, and industry continuing very near the level of 1971-72.

Although staff and other compensation levels and benefits were further improved, and the
general inflation adversely affected costs, unrestricted funds of $757, 000 were used in 1972-
73 to close the gap between revenues and funds to meet expenses, compared with $1, 593, 000
in 1971-72.

Total operations for 1972-73 were $269, 616, 000, up from $235, 508, 000 in 1971-72, due
largely to increased expenses in the special laboratories, particularly for outside materials
and services and subcontracts to other organizations. The Charles Stark Draper Laboratory,
with a research volume of $63, 905, 000 in 1972-73 included within the total operations of the
Institute for the year, was organized and operating separately in its corporate status as of
July 1, 1973.

Gifts
Gifts, grants, and bequests received in 1972-73 and in 1971-72 were as follows:

1972-73 1971-72
Gifts for endowment $ 2, 127, 000 $ 2, 680, 000
Gifts for buildings 5,450, 000 2,415, 000
Gifts for current use -- invested 5,402, 000 6, 172, 000
Industrial Liaison Program 1, 488, 000 1, 359, 000
Other funds for current use 3, 940, 000 5, 814, 000

Total gifts to funds $18,407,000 $18,440,000
Grants-in-aid 3,257,000 3,609, 000

Total $21, 664, 000 $22, 049, 000

Capital funds for professorships and scholarships made up a large part of the gifts and bequests
for endowment received in 1972-73. Major building resources were provided through gifts
and grants for the Sherman Fairchild Building for the Department of Electrical Engineering
and the Research Laboratory of Electronics, for the Chemical Engineering Building, for The
Seeley G. Mudd Building for cancer research and other related medical research activities,
and for the Ping Yuan Tang Residence Hall for graduate students. Support for academic
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departmental programs was added through Gifts for current use -- invested, the Industrial
Liaison Program, and Grants-in-aid in 1972-73. New unrestricted resources of $1, 474, 000
immediately available for allocation included bequests of $548, 000. A bequest of Thomas C.
Desmond, of the Class of 1909, for 37 years a member of the Corporation, established the
Thomas C. Desmond '09 and Alice Curtis Desmond Fund, subject to a life interest in income.
Unrestricted gifts of $833, 000 were included in the total of $3, 184, 000 reported by the Alumni
Fund for 1972-73.

Funds

The total book value of the funds of the Institute on June 30, 1973, was $342, 058, 000, com-
pared with $335, 318, 000 on June 30, 1972.

Endowment funds: 1972-73 1971-72
For general purposes $ 75,773,000 $ 74,199,000
For designated purposes 113,658,000 108,326,000
Net realized gains from investments 39, 896, 000 39, 302, 000

Total endowment funds $229, 327, 000 $221, 827, 000
Building and expendable funds 70, 685, 000 75, 490, 000
Other funds 42,046,000 38,001,000

Total funds $342, 058, 000 $335, 318, 000

The increase in general endowment was due largely to gains realized on a separately invested
fund when it was transferred to the general investments. The increase in endowment for
designated purposes consisted primarily of gifts and bequests for faculty salaries. Profes-
sorships were augmented in 1972-73 by the allocation to endowment of $1, 500, 000 of
unrestricted gifts and bequests received in 1971-72.

Student loan funds, unrestricted funds not allocated, funds with life income reserved, and
reserve funds accounted for the greater part of the increase in other funds during the year.

Net patent revenues of $1, 092, 000 and $1, 209, 000 from allowances for the use of facilities
derived from sponsored research, along with gifts, grants, and bequests of $1, 474, 000
provided unrestricted resources of $3, 775, 000 for the year, compared with $5, 453, 000 in
1971-72. Of the total additions in 1972-73, $2, 674, 000 was used for operations, for student
aid, and for recurring capital related charges. The remaining unrestricted resources of
$1, 101, 000 had not been allocated on June 30, 1973.

Unallocated investment income for distribution to funds was $21, 148, 000 on June 30, 1973.
This reserve has been built up over more than 20 years as a stabilizing element in the
finances of the Institute. The annual addition to the reserve since 1951 has ranged from
$173, 000 in 1956 to $1, 998, 000 in 1967.

The Research Reserve to support tenure salaries increased from $18, 341, 000 to $10, 910, 000
in 1972-73 as investment income earned thereon was added to the fund. This major resource
of the Institute has been accumulated from operating revenues and reserved general endow-
ment income since 1954, but additions to the Reserve since 1970 have consisted entirely of
investment income on the fund.

Unrestricted resources received annually during the 12 years 1962-73 have ranged from
$1, 253, 000 in 1963 to $23, 958, 000 in 1971, when most of a very substantial bequest was re-
ceived. Over this period, 44 percent of these receipts have been allocated to endowment,
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26 percent to building construction, 22 percent to operations, and 8 percent to other
purposes. Unrestricted resources of $36, 173, 000 have been added to general endowment
since 1961, making up nearly all of the $37, 980, 000 increase in general endowment during
this period.

Plant
The book value of the educational plant of the Institute increased to $182, 063, 000 on June 30,
1973, from $157, 651, 000 on June 30, 1972. The larger additions included the Sherman Fair-
child Building, the new Tang Residence Hall, the early stages of The Seeley G. Mudd Building
and the Chemical Engineering Building, the renovation of the Burton-Conner House, and
further expansion of the Institute's utility plant. Of the total additions of $24, 412, 000 to
educational plant, $4, 241, 000 consisted of a prior investment in student residences taken
into educational plant in 1972-73.

The increase in mortgage bonds and notes payable from $17, 649, 000 at June 30, 1972, to
$28, 053, 000 at June 30, 1973, included the financing of part of the Tang Residence through
the Massachusetts Health and Educational Facilities Authority, the student residences trans-
ferred from the investment portfolio to academic plant, and part of the financing of the Chemi-
cal Engineering Building.

At June 30, 1973, approximately 15 percent of the book value of the Institute's plant had
been funded by loans from the Federal government, from Massachusetts agencies, and from
commercial sources. The total mortgage indebtedness of $28, 053, 000 is made up of
$10, 961, 000 of Federal government loans and $17, 092, 000 of loans from other sources.
Advances for construction from invested resources were $7, 828, 000 on June 30, 1973, and
$6, 270, 000 on June 30, 1972.

Funding of the construction and maintenance for ten years of the Sherman Fairchild Building
was largely completed during the year. A part of the new Chemical Engineering Building
will be initially financed through the Massachusetts Health and Educational Facilities Authority
secured by a mortgage on the building and land on which it is located, with this financing
supported by a substantial pledge commitment towards this facility.

In June, 1973, $10, 400, 000 in bonds of the Authority were sold in a public offering to provide
funds for the Chemical Engineering Building, for a part of the improvement and moderniza-
tion of Ashdown House, and to refinance the costs of Burton-Conner House, Baker House, and
Ashdown House previously financed through the endowment. These student residences have
now been added to the educational plant account. Mortgages on certain of the properties were
given to the Authority by M. I. T., but these will be free and clear of all obligations when the
mortgage indebtedness has been amortized over a period of 30 years.

Investments
The year-to-year change in the endowment and other investments is shown in the following
table:

June 30, 1973 June 30, 1972
General investments Book Market Book Market

Fixed income $153,445, 000 $141,980,000 $145,998,000 $138,106,000
Equities 104,509,000 214,647,000 92,611,000 207,991, 000
Real estate

For present or
future Institute
use 12, 985, 000 12, 985, 0002 16, 158, 000 16, 158, 0002
Other real estate 28, 651, 000 30, 920, 000 28, 117, 000 31, 270, 000
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Due from Educational
plant funds

Total
Separately invested
Students' notes

receivable 3

Total

5,250, 000 5,250, 000

$304, 840, 000
18, 923, 000

$405,782,000
19, 572, 000

15, 570, 000 15, 570, 000

$339, 333, 000 $440, 924, 000

6,270,000 6,270,000

$289, 154, 000
29, 404, 000

$399,795,000
31, 877, 000

14, 194, 000 14, 194, 000

$332, 752, 000 $445, 866, 000

At cost
At values determined
Net of reserve

by professional appraisers

There were no marked changes in the composition of the portfolios in bonds, equities, and real
estate. Common stocks at market values at June 30, 1973, were more than two-thirds of the
endowment investments included within the total of general investments. The decrease in
the real estate for present or future Institute use reflected the transfer to educational plant
of the investment in student residential houses. The reduction in separately invested port-
folios was brought about by transfer of part of a large unrestricted bequest to general endow-
ment during the year.

The total income on the investment portfolio was $18, 321, 000, compared with $16, 942, 000 in
the preceding year. The increase was due primarily to higher short-term interest rates in
1972-73, although bond interest income and dividends also increased during the year.

The investment income distributed to funds was $17, 739, 000 in 1972-73, compared with
$16, 648, 000 in 1971-72. Practically all of the investment income received in 1972-73 was
used for operations and other purposes. The addition to investment income reserved for
future distribution to funds was $582, 000, compared with $294, 000 in the preceding year and
$825, 000 in 1970-71. Real estate investments for present and future use and other real
estate are held mainly for long-term Institute purposes.

Retirement Funds
The investments of the M. I. T. Pension Association, the Supplementary Retirement Plan, and
the Retirement Plan for Employees on June 30, 1973, and June 30, 1972, are presented in
the following exhibit. This is exclusive of reserves in excess of $6, 700, 000 held by a life
insurance company to provide certain benefits under the Retirement Plan for Employees.

June 30, 1973
Book Market

Pension Association $ 67, 162,000
Supplementary Retirement

Plan--Fixed Benefit 35,316,000
Supplementary Retirement

Plan-Variable Benefit 19, 165, 000
Retirement Plan for

Employees 34, 520, 000

$ 69,559,000

34, 067, 000

20, 179, 000

31, 931, 000

$156, 163, 000 $155, 736, 000

June 30, 1972
Book Market

$ 59,795,000 $ 64,600,000

31, 165, 000

16, 278, 000

30, 620, 000

19, 441, 000

29,831,000 28,904,000

$137, 069, 000 $143, 565, 000

Although the retirement plan investments are not part of the financial assets of the Institute,

Total
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$9, 120, 000 of M. I. T. pension contributions to the Trusteed plans was included in operations
in 1972-73, and $8, 426, 000 in 1971-72. On June 30, 1973, unfunded past service costs of
the Retirement Plan for employees of $5, 209, 000 remained to be amortized over 14 years.
During the year, improvements in benefits were initiated in consultation with the independent
actuaries advising the Trustees.

Financial Statements
M. I. T., in common with other educational institutions, reports its operations and financial

conditions using fund accounting, with the financial resources of the Institute called "funds. "

An accounting standards committee has defined a fund as "a sum of money or other resources

segregated for the purposes of carrying on specific activities or obtaining certain objectives

in accordance with special regulations, restrictions, and limitations. " Accounting for the

funds of the Institute provides information on the assets, liabilities, revenues, and expenses
of each fund and defined group of funds, and for the funds of the Institute in total. The fund
itself, however, in all of its parts including income and principal, remains a definite unit

with its use for designated objectives or general Institute purposes.

Unrestricted funds are resources received by M. I. T. for its general purposes, but not

restricted as to their use. By action of the President and Executive Committee of the Cor-
poration, they can be applied to support operating expenses, student aid, plant construction,
or to the creation of endowment. Restricted resources are contributed by donors or provided

by outside sponsors for defined purposes such as scholarships, professorships, plant con-

struction, or for specific research or educational programs.

The flow of revenues and funds reflects the "availed of" method of accounting. Funds accumu-

lated from prior years as well as revenues or funds received within a fiscal year may be used

for operations in that year, or set aside as endowment or for other purposes in that year, or

deferred for some operating or other use in a subsequent fiscal period. Tuition revenues, net

research revenues, and most of the income from investments are used within the year re-

ceived, but gifts, grants, bequests, and other receipts of a given year are often expended later.

Current expendable restricted gifts or grants are frequently received in one year but expended
over more than one fiscal period, and only the amount "availed of" in any given year is reported
as revenue.

Schedule A, Sources of Revenues and Funds Used to Meet Expenses of Current Operations,
shows the regularly recurring sources of revenues and funds and how they were expended in

1972 and 1973, along with the unrestricted resources required to achieve financial balance.

Total revenues and funds equal total expenses because unrestricted funds were available and

were appropriated to make this possible. Before the mid-1960s, and before the accelerated

general inflation in the country, new unrestricted funds were allocated for the most part to

endowment and buildings, but are now needed for operations as well. Schedule A is a highly

condensed statement and is not a profit and loss statement in commercial accounting terms.
While an important goal is to reach a balance between annual expenses and annual revenues
and funds, the main objective of the Institute is the productive allocation and spending of the

revenues and funds to provide the best results in instruction and research. The statement of

Revenues and Funds Used to Meet Expenses of Current Operations is only part of the total

financial picture of the Institute for the year, with the balance sheet and other statements

providing the total background of the allocation of resources in the past in preparation for the
future.

The comparative Balance Sheet, Schedule B, shows the three main classes of assets, liabil-
ities, and funds for current purposes, investments, and plant at the beginning and end of the
fiscal year. The current fund assets are the working capital resources. M. I. T. depends on

money received from sponsors in advance to finance expenses that must be undertaken or
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completed before final reimbursement from those sponsors can be received on identified
programs. Thus a large part of the working capital is provided through advances by Federal
government agencies. The several types of invested funds (such as endowment) are iden-
tified, and on the opposite side of the statement under investments are shown the types of
assets, such as equity securities, in which the invested funds have an interest. The liabil-
ities and funds side of the balance sheet recognizes the proportionate interest of the various
types of funds in the investments in fixed income securities, stocks, and real estate. The
endowment resources are represented by funds with purposes designated by the donor, as
well as endowment funds allocated by M. I. T. from funds available for immediate expenditure
for restricted or unrestricted purposes but set aside as endowment by the Executive Com-
mittee. The balance sheet investments of $335, 654, 000 are shown at cost on June 30, 1973,
but the market value of the investments on that date was $437, 245, 000. A distinguishing
financial feature of M. I. T. as an educational and research service institution is the substan-
tial capital that is represented by portfolio investments managed on behalf of the participating
funds in support of the basic tasks of M. I. T.

The plant assets and funds show how the plant of the Institute has been financed through loans
or gifts or temporary advances of other funds. According to the practice among educational
institutions, the plant of the Institute is not depreciated from year to year by charges to
operations. However, the Institute pays annually from operating revenues and funds the
amount required to meet the interest and amortization on the mortgages or other indebted-
ness that provided the money for part of the additions to plant. The use of borrowed capital
from outside sources for educational plant construction has increased greatly during the
last ten years. In 1963, the total plant had a book value of $60, 141, 000, and the mortgages
and other notes payable were $4, 109, 000, in contrast to the book value at June 30, 1973, of
$182, 063, 000 and mortgages and notes payable of $28, 053, 000.

The Statement of Funds for the year ended June 30, 1973, Schedule C, compares the funds
with the balances at the end of the preceding year, June 30, 1972, illustrates the changes in
each type of fund such as endowment and building funds during the fiscal year, and indicates
the main components bringing about these changes -- gifts and other receipts, investment
income, and expenses and other charges. This is a consolidated statement for each type
of fund and for all of the funds of the Institute, but as noted before, each fund is maintained
separately as an entity in the accounts of the Institute, with its own revenues, assets, and
liabilities. There are more than 600 endowment funds and more than 1, 100 other invested
funds, each established within the accounting for Institute affairs. There are more than
3, 000 separate accounts for the grants and contracts within the departmental and inter-
departmental sponsored research activities, each represented in the accounting for re-
search as centers of revenues and spending within the academic departments and the
interdepartmental laboratories. Schedule C provides a broad measure of the financial
ability of the Institute to fulfill its academic and research objectives in the future from
its fund resources.

Unlike Schedule C, which distinguishes the changes in the separate types of funds during a
one-year period, Schedule D, Summary of Changes in Funds for the ten years ended June 30,
1973, shows the sources and uses of funds, and the beginning and ending total consolidated
fund balances at annual intervals. This historical statement provides a measure of the
growth in the total fund resources of the Institute over a period of years and illustrates the
great influence of gifts and bequests in building the resources of the Institute. The impor-
tance of investment income and net realized gains on investments in strengthening the fund
resources over the years is brought out in this statement. The annual net increase in funds
in the last ten years ranged from $7, 071, 000 in 1972 to $38, 397, 000 in 1966, as shown in the
summary of changes in funds. The funds have grown from $150, 008, 000 in 1964 to
$342, 058, 000 in 1973.
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Schedule E, the Statement of Source and Application of Funds, is an exhibit new to the
Treasurer's Report in 1972-73 that sets out in one statement the total inflow and outflow of
funds, both restricted and unrestricted, from tuition, endowment, research, gifts, grants,
bequests, patent royalties,and other sources, for operations, for student loans, for endow-
ment, for other invested funds, and for educational plant, along with the decisions made and
implemented during the year in the allocation of new and previously received unrestricted
resources. This schedule (perhaps more completely than any one of the other statements)
discloses in meaningful ways the main changes in the financial position of the Institute during
the year.

The statement sets out the fund balances at the beginning of the year, indicates the additions
to the funds by source, shows the money expended from identified funds and for what purposes,
details the transfer of money within each type of fund classification and from one fund classi-
fication to another, and shows the resulting fund balances at the close of the year. The Source
and Application of Funds is the best measure of the Institute's performance in producing ade-
quate revenues and funds to meet its expenditures. More of the total financial picture comes
out in this schedule because the receipt and disposition of current funds is included as well
as changes in the source and application of student loan funds, endowment, and other invested
funds, and educational plant. The decisions affecting the use of the funds appear in part in
the appropriations and transfers among funds. For example, net patent royalties of
$1, 293, 000 received in 1973 were first included in the Unrestricted Current Funds, but were
then transferred to Invested Funds for other purposes. $1, 092, 000 of the Patent Resources
Fund was then allocated to meet part of the need for Unrestricted Resources during the year.
The dollars allocated or appropriated may have been received in an earlier year and may or
may not be spent in the year of transfer.

Although restricted funds are part of current funds, the gap between operating revenues and
funds and expenses can be met only with unrestricted funds without regard to the increase
or decrease in restricted funds. The Institute can apply restricted revenues or funds only
as they are spent, with current restricted revenues equal to current restricted expenses.
Any difference represents the restricted funds remaining to be spent in the future and is not
available for the current year's operating gap.

The productive allocation of resources to achieve the basic objectives of the Institute within
the constraints of continued financial integrity is the main task, and these allocations are
reflected in this statement. The Statement of Source and Application of Funds presents a
more comprehensive picture of the Institute's finances and developments during the year
than is available from the statement of Revenues and Funds Used to Meet Expenses. The
schedule shows that M. I. T. ended the year 1973 with more resources than at the beginning
of the year. According to the statement, the Institute started the year with $492, 165, 000
in fund balances, received new resources of $311,457, 000, expended and applied resources
of $282, 101, 000, closing the year with total resources of $521, 521, 000. $10, 730, 000 of the
increase in resources was provided by funds borrowed from outside agencies.

At June 30, 1972, the beginning balance of unrestricted resources is shown at zero because
on that date all available unrestricted funds had been allocated, whereas the balance at June
30, 1973, of $1, 101, 000 indicates that these resources were available but had not yet been
allocated.

The financial statements taken together provide the background on the tangible resources of
M. I. T. on which planning for the future can be based. The ordering of the allocation of the
resources of the Institute, both for the long term and for immediate operating needs, must
consider new program requirements of the academic departments, endowment strategy,
building expansion and improvements, student aid support, and the fullest possible funding
for faculty tenure and other long-term obligations, rather than a total preoccupation with the
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annual receipts and expenditures for operations. These allocations, which must be made with
great insight, direct the way the Institute steers into the future. The judgments about the
future in allocating unrestricted resources to capital or operating needs include the anticipa-
tion of future commitments and requirements compared with present and anticipated re-
sources, all of which implies an evaluation of the future trends in gifts and grants, and the
support of research at M. I. T.

General
As reported in 1971-72, the Cambridge Housing Authority, supported by the U.S. Department
of Housing and Urban Development, contracted to purchase from the Institute three sites in
Cambridge and the buildings constructed by M. I. T. on these sites for approximately
$17, 100, 000. During 1972-73, project expenditures financed by a construction loan in the
amount of $7, 787, 000 from the Massachusetts Housing Finance Agency were added to earlier
expenditures similarly financed of $7, 432, 000, bringing the amount as of June 30, 1973, to
$15, 219, 000. Total costs including interest charges may be in excess of the selling price
to be received by the Institute from the Cambridge Housing Authority.

The Northgate Community Corporation, organized by the Institute to provide faculty and stu-
dent housing in Cambridge and nearby communities, sold some properties during the year as
part of a program of liquidation. Operating losses continue; hence the estimated value of the
debentures of Northgate Community Corporation in the investment portfolio on June 30, 1973,
has been reduced to $1, 997, 000, as contrasted to $2, 995, 000 on a cost basis.

Although preparations were made for the divestment of the Charles Stark Draper Laboratory
during the year, there was no significant impact on the operations of the Institute in 1972-73.
In the year beginning July 1, 1973, the separation of the Laboratory will affect M. I. T. 's
finances. Among other commitments, certain lease obligations of the Institute for facilities
rented by M. I. T. but subleased to the Laboratory constitute contingent liabilities.

While the Institute gained moderately in financial strength in 1972-73, this favorable trend
can be sustained only by the continued careful management of costs, the prudent allocation
of existing resources, the productive investment management of endowment, and the further
strong development of new resources for the future well-being of M. I. T. The growth in the
funds of the Institute during the last ten years has worked to strengthen M. I. T., but this
growth must be sustained and possibly increased during the next five to ten years if the In-
stitute is to stabilize its finances and achieve its basic goals in education and research.

JOSEPH J. SNYDER
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Sources of Revenues and Funds Used to Meet Expenses of Current Operations

for the years ended June 30, 1973 and 1972

Schedule A

1973

OPERATING EXPENSES
Instruction and unsponsored research . ......... $ 29,449,000
Sponsored research: (Note A)

Direct costs:
Departmental and interdepartmental . ....... 58, 704,000
Lincoln Laboratory . ..... ......... . . 76,444, 000

Draper Laboratory . ............... 53,169,000

Research vacation expense . . . . .. .......... . 4,532,000

Research administration and general expenses . . . . . 1, 470, 000
Total expenses directly attributable to instruction and

research ...* . * ................... * $223,768,000

Costs applicable to both instruction and research:
Libraries . ....... . . . . . . . . . . . ... . 2,677,000

Medical . . . . . . . . . . .. .. . . . . . . . . . . 2,423,000

Plant operation and maintenance . .......... 12,656,000

Administration . . . . . . . . . . . . . . . . . . . 3,236,000

Fiscal, personnel, and other Institute-wide services . 7,842,000

General expenses . ............. . . . . . 2,764,000

Other instruction and research support activities . . . . 1, 915, 000

Student services ................ . . . . 4,400,000
Auxiliary activities . ................. 7,935,000

$ 269, 616, 000

REVENUES AND FUNDS USED
Tuition and other income . ......... . . . . . $ 24,571,000

Research revenues:
Departmental and interdepartmental . ........ 72,294,000
Lincoln Laboratory . ................ 83,248, 000

Draper Laboratory (Note F) . ............ 63,905,000

Appropriation of indirect expense allowance for use of

facilities . . . . . . .. . . . . . . . . . . . . . (1, 324, 000)

Auxiliary activities . ................. 7, 935,000

Endowment investment income (Note B):
Total income received from investments . ...... 18,321,000

Distributed to building and other invested funds .... (3, 748, 000)
Distributed to endowment funds ........ 14,573,000

Used for scholarships and fellowships . ....... (2, 329, 000)
Added to unexpended balances and transferred to other

funds . . . . . . . . . . . . . . . . . . . ... (2,451,000)

Used for operations . ............. 9,793,000

Gifts, investment income, and other receipts for designated
purposes . . . . . . . .. . . . . .. . . . . . . 8,437,000

Unrestricted funds used to meet operating expenses . . . 757,000
$ 269,616,000

The accompanying notes are an integral part of the financial statements.

1972

$ 26,976,000

56,467,000
62,999,000
38, 144, 000
4,020,000
1, 366, 000

$189,972,000

3,156,000
2,315,000
12,517,000
2,881,000
7,792,000
2,538, 000
2, 428, 000
4,415,000
7,494,000

$ 235, 508, 000

$ 22,512,000

69,671,000
69,569, 000
48,474,000

(1,285,000)
7,494,000

16,942,000
(3,251,000)
13,691,000
(1, 738, 000)

(2,351,000)
9,602,000

7,878,000
1,593,000

$ 235, 508, 000
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Balance Sheets June 30, 1973 and 1972

Schedule B

A ssets

CURRENT FUND ASSETS
Cash:

General purposes . . . . . . . . . . . . . . . . . .
Restricted, principally to research activities . . . . .

Accounts receivable:
U.S. Government . ... . . . . . . . . . . . . . ..
Other . . . . . . . . .. . ......................

Contracts in progress, principally U. S. Government . . .
Deferred charges, inventories and other assets . . . . .
Due from (to) invested funds . . . . . . . . . . . . . .

INVESTMENTS (Note B)
General investments, at cost:

Fixed income . . . . . . . . . . . . . . . . . . . .
Equities . . . . . . .. . . .....................
Real estate (including $13, 253, 000 - 1973 and

$16, 158, 000 - 1972 for present or future Institute use)
Due from Educational Plant Funds . . . . . . . . . .

Investments of separately invested funds, at cost (including
$2, 578, 000 - 1973 and $0 - 1972 due from Educational
Plant Funds) . . . . . . . . . . . . . . . . . . . .

Students' notes receivable . . . . . . . . . . . . . . .

Total investments . . . . . . . . . . . . . .

Cash held for investment . . . . . . . . . . . . . .
Receivables arising from investment transactions . . . .
Due from (to) current funds . . . . . . . . . . . . . .

EDUCATIONAL PLANT (Note A)
Land, buildings and equipment, at cost
Construction in progress . . . . . . .
Temporary investments and cash . . .

1973 1972

$ 903,000 $ 1, 843,000
5, 607, 000 5, 476, 000

5,232,000
5, 970,000

23, 741, 000
11, 122,000
5,501, 000

$ 58,076,000

$ 153, 445, 000
104,509, 000

41, 636,000
5,250, 000

$304, 840, 000

18, 923,000
15,570, 000

$ 339, 333, 000

941, 000
881, 000

(5,501,000)
$ 335, 654, 000

$ 167, 352, 000
2,620, 000

12, 091, 000

$ 182,063,000

$ 575, 793, 000

4,464,000
4,856,000
24,665,000
10,129,000

2, 769,000
$ 54,202,000

$ 145, 998, 000
92, 611,000

44,275,000
6,270,000

$289, 154, 000

29,404,000
14, 194,000

$ 332, 752,000

509, 000
217, 000

(2,769,000)
$ 330, 709, 000

$ 142, 577, 000
14,911,000

163, 000

$ 157,651,000

$ 542, 562, 000

The accompanying notes are an integral part of the financial statements.
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Schedule B (Continued)

Liabilities and Funds

1973

CURRENT FUNDS
Accounts payable and accruals . ............ $ 18,328, 000
Withholdings, deposits, and other credits . ....... 5, 788, 000
Advances by the U. S. Government for certain contracts

and grants . . . . . . . . . . . . . . . . . .. .. 22,328,000
Unexpended grants for sponsored research from private

sources . . .. . . . . . . . . . . . . . . . ...
Gifts and other receipts available for current expenses . .
Notes payable, due 1973 (Note E) . . . . . . . . . . . .
Costs incurred and advance received for community housing

project (Note E) . . . . . . . . . . . . . . . . . .

INVESTED FUNDS
Endowment funds (Note B):

Income for general purposes . . . . . . . . . . . . .
Income for designated purposes . . . . . . . . . . .
Net realized gain from investments . . . . . . . . . .

Student loan funds (Note C). . . . . . . . . . . . . . .
Building funds . . . . . . . . . . . . . . . . . . . .
Other expendable funds:

General purposes . . . . . . . . . . . . . . . . . .
Designated purposes . . . . . . . . . . . . . . . .
Unexpended endowment income for designated purposes

Agency funds . . . . . . . . . . . . . . . . . . . . .
Funds subject to life interests in income . . . . . . . .
Investment income for distribution to funds . . . . . . .

Notes payable - student loans (Note D) . . . . . . . . .
- investment real estate (Note D) . . . . .

EDUCATIONAL PLANT FUNDS
Mortgage bonds and notes payable (Note D) .
Due to invested funds . . . . . . . . . . . . .
Funds used for educational plant . . . . . . . .

2, 705,000
8,927,000

15,219,000

(15,219,000)
$ 58,076,000

$ 75,773,000
113,658,000
39, 896,000
13,958,000

7, 140,000

1,101,000
49, 510, 000

4,007,000
674,000

6,266,000
21, 148, 000

$ 333,131,000
1,232,000
1, 291, 000

$ 335,654, 000

$ 28,053,000
7,828,000

.. . 146,182,000
$ 182,063,000

$ 575, 793, 000

1972

$ 16,915,000
4, 612,000

22,600, 000

2,395,000
7, 680, 000
7,432,000

(7,432,000)
$ 54,202,000

$ 74,199,000
108,326,000
39,302,000
13,084,000
10,715,000

--

51, 841,000
5,254, 000
603,000

3,748,000
20, 566, 000

$ 327, 638, 000
1,469, 000
1, 602, 000

$ 330, 709, 000

$ 17,649,000
6,270,000

133,732,000
$ 157, 651, 000

$ 542, 562, 000
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Statement of Funds

for the year ended June 30, 1973

Schedule C

Endowment funds (Note B):
Income for general purposes . . . . . . . . . . . . .
Income for designated purposes . . . . . . . . . . . .
Net realized gain from investments . . . . . . . . . .

Student loan funds (Note C) . . . . . . . . . . . . . . .
Building funds . . . . . . . . . . . . . . . . . . . .
Other expendable funds:

General purpose . . . . . . . . . . . . . . . . . .
Designated purposes . . . . . . . . . . . . . . . . .
Unexpended endowment income for designated purposes .

Agency funds . . . . . . . . . . . . . . . . . . . . .
Funds subject to life interests in income . . . . . . . . .

Investment income for distribution to funds . . . . . . .

Balance
June 30, 1972

$ 74,199,000
108,326,000
39,302,000
13,084, 000
10, 715,000

51,841,000
5,254,000

603,000
3, 748,000

20,566,000

Current year's general investment income . . . . . . . . . . . . . .
Total invested funds . ............ . $ 327,638, 000

Gifts and other receipts available for current expenses

Gifts and bequests received during the year added to funds
(Note A) . . . . .....................

Royalties received net of related costs .. . . . . .
Receipts from foundations and agencies for student aid . .
Net gain on sales of investments . . . . . . . . . . . .
Appropriations from research contract allowances . . ..
Government student loan support . . . . . . . . . . . .
Government construction grants . . . . . . . . . . . .
Fees, services,and other receipts . . . . . . . . . . .

7, 680, 000

$ 335, 318, 000

Gifts and
Other Receipts

$ 1,529, 000
2,660,000

594,000
1, 117, 000
6,455,000

2, 762,000
2,766,000

77,000
2,520, 000

$ 20, 480, 000

11,079, 000

$ 31,559,000

$ 18,407,000
1,310,000
3,999, 000
2,429, 000
1,457,000

816,000
651,000

2,490,000

$ 31,559,000

Endowment investment income used to meet expenses of current operation . . . . . . . .
Gifts, investment income, and other receipts used to meet expenses of current

operation . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . ..

Scholarship and fellowship awards for tuition and stipends . . . . . . . . . . . . . . . . . .
Expenditures for buildings added to educational plant . . . . . . . . . . . . . . . . . . . . .
Expenditures of service activities and other charges to funds not representing operating

expenses . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .
Operating expenses recorded in direct expenses of the Division of Sponsored Research .

The accompanying notes are an integral part of the financial statements.
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Schedule C (continued)

Investment
Income

(Note B)

$ 5,975,000

577, 000
8, 000

575,000

34, 000
2,901,000
8,021,000

34,000
191,000

18,463,000
1, 129, 000

17, 339, 000
$18, 321, 000

$18, 321,000

Transfers
In-(Out)

$ (2,000)
2,672,000

(577,000)
(68,000)

1,251, 000

197,000
(5,379,000)
(2,938,000)

(8,000)
(17, 000)

577, 000

(17,339, 000)
$ (4,292,000)

4,292,000

Expenses

$ 5,928,000

183,000
126,000

757, 000
1, 101,000
3, 866,000

$11,961,000

7,026,000

$18,987,000

Other
Charges

$ 11,730, 000

1, 135,000
1,518,000
2,464, 000

32,000
176,000

$17,055,000

7,098, 000

$ 24, 153, 000

Balance
June 30, 1973

$ 75,773,000
113,658,000
39, 896,000
13,958,000

7, 140,000

1, 101,000
49,510,000

4, 007,000
674,000

6,266,000

21,148,000

$333,131,000

8,927,000

$342,058,000

. . . . . . . . . . . . . . $ 9,794,000

. . . . . . . . . . . . . . . . . . . . . 9, 193,000
$18,987,000

$ 7,965,000
11,969,000

. 2,579,000

. 1,640, 000

$ 24,153,000

Investment income on endowment funds for designated purposes is included under the

caption "Unexpended endowment income for designated purposes. "
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Summary of Changes in Funds

for the ten years ended June 30, 1973

(In thousands of dollars)

Schedule D

1973 1972 1971

Fund balances at beginning of year . ........... $335,318 $328,247 $302,901

Sources of funds:
Gifts and bequests (Note A) . ............ . . $ 18,407 $ 18,440 $ 35,591
Investment income (Note B). . ............. . 18,321 16,942 15,498
Net gain on sales or exchanges of investments ...... 2, 429 1, 931 7, 598
Royalties received net of related costs ..... ..... 1,310 978 1, 058
Receipts from foundations and agencies for student aid 3, 999 4,280 4, 787
Appropriations from research contract allowances. .. 1, 457 1, 383 1, 209
Government construction grants . ....... .... . 651 776 . . . .
Government grant for student loans . ........ 816 923 874
Fees, services,and other receipts . ....... . . . 2,490 2,778 2,781

$ 49,880 $ 48,431 $ 69,396

Use of funds:
Used to meet expenses of current operation:

Endowment investment income (Note B) . ...... $ 9, 794 $ 9,602 $ 8,435
Gifts, investment income,and other receipts. ..... 9, 193 9,471 14,529

Scholarship and fellowship awards for tuition and
stipends . . . . . . . . . . . . . . . . . . . . . . . . 7, 965 8, 162 7,999

Additions to educational plant ............. . . 11, 969 9,151 6, 513
Operating expenses recorded in direct expenses of the

Division of Sponsored Research . .......... 1, 640 2,246 2, 869
Other charges to funds not related to current operation 2, 579 2, 728 3, 705

43,140 41,360 44,050
Net increase in funds . .................. 6, 740 7,071 25,346

Fund balances at end of year. . .............. . 342,058 335, 318 328, 247
Less gifts and other receipts available for current
expenses . . ... ... ...... ... . .... . . . 8,927 7,680 6,893

Total invested funds. . ............... $333,131 $327,638 $321,354

The accompanying notes are an integral part of the financial statements.
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Schedule D (continued)

1970

$290,598

$ 15,878
15, 523
6,768

963
4,441
1,698

92
556

3, 141
$ 49,060

1969

$259,882

$ 25,069
14,579
14,068

1, 772
4,624
1,405
2,188

639
2,921

$ 67,265

1968

$239,902

$ 22,147
13, 502
9,221

698
4,698
1,627
2,028

699
3,007

$ 57,627

$ 7,354 $ 7,351 $ 6,865
13,704 10,344 11,113

7,533
4,283

2,627
1, 256

36, 757
12, 303

302,901

8, 900

$294,001

7,279
7,067

1,957
2,551

36,549
30, 716

290,598

7, 775

$282,823

7,566
10,076

1,062
965

37,647
19,980

259,882

6,441

$253,441

1967

$229, 119

$ 16,019
12,788
3,008

709
4,881
1,921
1, 793

677
1,276

$ 43,072

$ 4,859
9,970

6,879
8,509

1,241
831

32,289
10, 783

239,902

6,939

$232,963

1966

$190, 722

$ 39, 186
10,455

5, 153
519

4,821
1,571
1,294

850
1,078

$ 64,927

$ 4,490
8,242

5, 703
6, 815

72
1,208

26,530
38,397

229, 119

7,064

$222,055

1965

$173, 910

$ 21,690
9,482
3,155
1,234
4,207
1,471
3, 148

686
875

$ 45,948

$ 2,810
6,833

4,673
13,096

261
1,463

29, 136
16,812

190, 722

5, 880

$184,842

1964

$150,008

$ 20,221
8,039
4,328

13, 134
1,843
1, 236

755

1, 197
$ 50, 753

$ 2,667
6,223

2,635
10, 725

144
4,457

26, 851
23,902

173,910

4,658

$169,252
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Notes to Financial Statements
A-ACCOUNTING POLICIES
The accompanying financial statements of the Institute have been prepared on the accrual
basis and in accordance with the principles of fund accounting as described earlier in this
report.

Sponsored Research
Revenue associated with contracts and grants is recognized as related costs are incurred.
Government grants and contracts provide for a use allowance in lieu of depreciation which is
reflected as unrestricted revenue.

Educational Plant
Educational Plant, representing land, buildings,and equipment, is shown at cost. No provi-
sion for depreciation has been charged to operations. Costs associated with the construction
of new educational plant facilities are shown as construction in progress until the completion
of such projects.

Gifts
Gifts are recognized upon receipt. Gifts other than cash are recorded at their fair market
value as of the date of contribution.

Other Accounting Policies
Other accounting policies are set forth in the following notes.

B-INVESTMENTS
Total market value of investments approximated $440, 924, 000 and $445, 866, 000 at June 30,
1973 and 1972. Such amounts include market values of certain real estate which were deter-
mined by professional appraisers.

C-STUDENT LOAN FUNDS
National Direct Student Loan Funds of $6, 893, 000 and $6, 077, 000 at June 30, 1973 and 1972,
respectively, are ultimately refundable to the United States Government.

D-MORTGAGE BONDS AND NOTES PAYABLE
Mortgage Bonds and Notes payable consist of the following at

M. I. T. Construction and Consolidation Bonds of 1968:
Series A, 3 1/2%, due 1973-2003
Series B, 3 3/4%, due 1973-2015
Series C, 3%, due 1973-2018

June 30, 1973 and 1972:

1973
$ 5,178,000

3, 816, 000
1,640,000

$10,634,000
Dining facilities bonds, 3 1/8%, due 1973-1999 327,000
Mortgage notes payable, 5 1/4%, due 1973-1978 576,000
Mortgage notes payable, 5 1/4%, due 1973-1981 602,000
Residential facility lease purchase obligation (note E) 5, 514, 000
Mortgage notes payable, 5-6 1/2%, due 1973-2003 (note E) 10,400,000

Total related to educational plant $28, 053, 000.:
Notes payable 6%, due 1973-1976 279, 000
Notes payable 6%, due 1973-1978 816, 000
Note payable, non-interest-bearing, due 1973-1977 196, 000

Total related to investment real estate $ 1,291,000
Notes payable to bank, 4 3/4-5 1/2%, due 1973 for student

loans $ 1,232,000
At June 30, 1973, the Institute had pledged securities with a market value of

annual unrestricted operating revenue of $2, 120, 000, and certain other project
ply with the terms of bond indentures.

1972
$ 5,283,000

3, 851, 000
1,655,000

$10, 789, 000
335,000
663,000
678, 000

5, 184, 000

$17,649,000
372, 000
985, 000
245,000

$ 1,602,000

$ 1,469,000
$4, 403, 000,
revenue to com-



Vice President and Treasurer

E-COMMITMENTS
1. During 1970, the Massachusetts Health and Educational Facilities Authority agreed to
construct a residence facility and provide additions to heating and chilled water plant for
lease to the Institute, with title passing to the Institute upon expiration of the leases. Con-
struction costs of $10, 500, 000 were met by an issue of Authority Bonds,with the Institute
paying the additional costs required to complete the residence facility.

Construction costs of the residence facility incurred to date, recorded as educational plant,
amount to $7, 410, 000 of which $5, 514, 000 represents the associated liability to the Autho-
rity. Annual payments under the 30-year lease purchase agreement approximate
$350, 000.

Annual rentals for the utility facilities, which are being leased for their estimated 25-year
useful lives, approximate $400, 000,and are being charged to plant operations as incurred.

2. On June 6, 1973, the Massachusetts Health and Educational Facilities Authority financed
the retirement of advances previously made by the Institute in connection with existing dor-
mitory facilities, and in part, construction of the Chemical Engineering facility and renova-
tion of a dormitory facility. Project costs of approximately $17, 478, 000 are being met, in
part, by an issue of Authority Bonds of $10, 400, 000,which are supported by mortgages given
by the Institute on certain of the project facilities.

Costs of the project incurred to June 30, 1973, recorded as educational plant, amount to
$5, 678, 000.

3. On June 30, 1971, the Cambridge Housing Authority, supported by the U. S. Department
of Housing and Urban Development, contracted to purchase from the Institute three low-
income housing facilities for the elderly for $17, 092, 000. During 1972, the Institute obtained
construction financing for the project from the Massachusetts Housing Finance Agency in the
amount of $15, 600, 000. Interest is payable monthly at an annual rate (4. 98% in fiscal 1973),
with principal due October, 1973. The remaining costs will, in part, be paid directly from
the proceeds of the sale. Total costs, including interest charges, are estimated to exceed
the present contract price and accordingly, a reserve has been established.

F-DRAPER LABORATORY
Effective July 1, 1973, The Charles Stark Draper Laboratory, Inc. was organized and
operating in a separate corporate status, having been formally divested from the Institute.
The Institute has entered into an agreement with all Federal government agencies sponsor-
ing research activity at the Institute relative to certain procedures in the methods of reim-
bursement for indirect costs. The divestment may create an additional demand on unre-
stricted resources in fiscal 1974 and thereafter.

During fiscal 1973 and 1972, total revenues of the Laboratory were $63, 905, 000 and
$48, 474, 000 respectively, including reimbursement for part of the Institute's indirect ex-
penses.

G-RETIREMENT FUNDS
The Institute's retirement plans, which cover substantially all employees, are under the su-
pervision of trustees. Plan assets are not included in the Institute's financial statements.
Current service costs of the plans are funded as incurred; prior service costs are expected
to be fully funded in approximately 14 years. Pension expense charged to operations
was $9, 465, 000 and $8, 516, 000 in fiscal 1973 and 1972,respectively.
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Auditor's Report

TO THE AUDITING COMMITTEE OF THE MASSACHUSETTS INSTITUTE OF TECHNOLOGY:

We have examined the following financial statements of Massachusetts Institute of Technology:

Schedule A - Sources of Revenues and Funds Used to Meet Expenses of Current Operations
for the Years Ended June 30, 1973 and 1972.

Schedule B - Balance Sheets as of June 30, 1973 and 1972.
Schedule C - Statement of Funds for the Year Ended June 30, 1973.
Schedule D - Summary of Changes in Funds for the Ten Years Ended June 30, 1973.
Schedule E - Statement of Source and Application of Funds for the Year Ended June 30, 1973.

Our examination was made in accordance with generally accepted auditing standards, and
accordingly included such tests of the accounting records and such other auditing procedures
as we considered necessary in the circumstances. In our opinion, said statements present
fairly the financial position of Massachusetts Institute of Technology at June 30, 1973 and

1972, and the results of its operations for the years then ended, source and application of
funds for the year ended June 30, 1973, and changes in funds for the ten years then ended,
in conformity with generally accepted accounting principles applied on a consistent basis.

COOPERS & LYBRAND

Boston, Massachusetts, September 7, 1973

Report of the Auditing Committee
TO THE CORPORATION OF THE MASSACHUSETTS INSTITUTE OF TECHNOLOGY:

The Auditing Committee reports that Coopers & Lybrand were engaged to make an audit of

the books and accounts of the Institute for the fiscal year ended June 30, 1973, and their re-

port is submitted herewith.

Respectfully,
Donald F. Carpenter
David A. Shepard
Frank R. Milliken, Chairman
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Overall, the preoccupation of the operational service elements of the Institute this year

continued to center on cost reduction and the streamlining of services. This was the third

consecutive year of such effort, which has brought these services to an encouraging level

of cost effectiveness without serious damage to the service provided to the Institute community.

During the year, Laurence H. Bishoff left his position as assistant to the Vice President,
Operations to assume new administrative responsibilities in the Medical Department. He

contributed in a major way to the efforts of the operational group over the past several years.

Fortunately, Richard A. Sorenson has joined the office as Executive Assistant to the Vice

President, Operations. Formerly Associate Dean for Student Affairs, his broad background

and proven abilities bring important new dimensions to the area of Institute operations.

Chief Norman S. Sidney retired in June, after 16 years in charge of the Campus Patrol. He

has been a key figure in the organization since its inception, and much of the high reputation

and record of accomplishment that this group enjoys today is the result of his efforts in

creating and molding the organization over the years. Mr. Sidney will be succeeded as

Chief on July 1, 1973, by James Olivieri, whose distinguished service in the Campus Patrol

is attested to by every section of the M. I. T. community.

PHILIP A. STODDARD

Physical Plant

Operations
With the continuing emphasis on energy conservation, cost effectiveness, environmental

awareness, and the like, several new programs have been initiated in the Department of

Physical Plant.

During the past year, the Physical Plant operating budget was put on the computer. In addi-

tion to coordinating the distribution of expenses, a uniform output has been derived which

saves from eight to ten man-weeks of clerical effort with every revision. A utilities billing

sub-routine has been incorporated into the accounting system and is now in full operation.

In addition to producing a detailed distribution of energy costs, it provides consumption figures

which play a vital role in the Department's energy conservation program. Beginning July 1,

1973, the telephones will be "piggy-backed" onto the utilities billing sub-routine, which will

allow, for the first time, accurate cost reporting as the first step in controlling this most

significant operating expense.

During the year a Work Control Center was organized and was made fully operational. This

has raised operating effectiveness by providing a centralized access to Physical Plant services

to the entire community, and has provided greatly improved coordination among trade shops,

the stockroom, the general foreman, and the purchasing function.
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The demands on the Building Services operation have increased steadily over the last several
years because of reduction in personnel, growth of the physical facilities at M. I. T., and
the number and diversity of special events taking place. In order to meet these demands and
to staff this operation with supervisors 24 hours per day, seven days a week, several new
procedures have been instituted. Nonessential services have been eliminated or curtailed.
A job analysis of hourly personnel to effect the best utilization of existing manpower has been
conducted. Additional mechanization of the cleaning operation to reduce manpower costs
and to improve the general quality of cleaning have been undertaken. The development and
implementation of a supervisory training program to provide an effective and efficient man-
agement team to carry out Building Services objectives was accomplished.

During the year, the chiller capability of the Central Utilities Plant was more than doubled
with the Phase II addition of Refrigeration Machine No. 3, a 3, 500-ton steam driven centri-
fugal chiller unit. This machine, with its auxiliary pumps and circulators, supplements
the 3, 000 tons installed in Phase I of the Central Refrigeration Development.

An important decision in favor of the operating economies inherent in increased central re-
frigeration utilization was put into action during the year with the extension of the chilled
water mains into the Main Group at two locations. These mains eventually will service the
total conditioning requirements of the main group of buildings. In a related activity, the
decision was made to utilize further the Central Plant by mothballing as many of the large
local compressor/chiller systems as possible and by assuming their refrigeration require-
ments from the central mains. This operation is economically desirable as long as excess
capacity is available in the central chillers.

As a result of an engineering survey and study of the present primary electrical systems,
coupled with a projection of the future requirements for power development on the main
campus, both the 13. 8 KV and 2. 3 KV primary distribution cable systems on campus were
realigned and simplified to utilize better the committed underground duct and cable plant.
The resulting cable reconnections have made available roughly 10 percent of the present
plant for growth capacity within the existing cable system.

With a greater consciousness of efficiency, more emphasis has been placed on preventive
and programmed maintenance. Outstanding in this area is a relamping program in which
entire buildings are relamped at one time on a scheduled basis. In addition, the Department
has standardized on lamp types, and is using long-life bulbs to extend its relamping cycle
further. Other areas in which it is endeavoring to increase efficiency and to cut costs are
venetian blinds, filters, motors, and mechanical systems.

During the fiscal year 1972-73, the Building Service and Grounds section cooperated with
student researchers in analyzing the possibilities of a "clean paper" conservation program.
This was accomplished by examining the type and quantity of solid waste generated within
the areas covered by custodian job assignments. Kraftboard wastebaskets with the recycling
symbol were bought and distributed to offices and work areas where paper acceptable to the
program was evident. This paper currently is collected by the custodians twice a week, with
the unacceptable refuse being picked up on alternate days. Although the early weeks of the
project were somewhat confused, the principle of conservation and the two-basket program
were accepted by the Institute community. With a continued publicity effort by the student
environmental organizations, this program can persist and serve both to save on operating
costs and to support the efforts of the Ecology Action Group.

With the approval and adoption of rules and regulations for the Metropolitan Boston Air Pollu-
tion Control District (MBAPCD) of the Environmental Health Division of the Massachusetts
Department of Public Health, the Department of Physical Plant took necessary action to
comply with the various regulations by gathering data on M. I. T. 's fossil-burning equipment.



Physical Plant

In November, an Emission Reduction Plan (ERP) was filed with the District in compliance
with the regulation for the prevention and/or abatement of air pollution episode and pollution
incident emergencies.

In the water pollution field, the application for permits to discharge cooling water into the
Charles River basin (filed with the Corps of Engineers in June, 1971, and changed to the
jurisdiction of the Massachusetts Department of Natural Resources, Water Pollution Division,
jointly with the Federal Environmental Protection Agency in October, 1972) is expected to be
acted on during the summer or fall of 1973. The thermal change and chemical treatment of
discharged water is not expected to cause any delay in an enactment of the permits, which
formally will authorize use of the river water for research and air conditioning.

Construction

In the construction area, the Tang Residence Hall, located on the West Campus, was completed
and was occupied by 400 graduate students in the fall of 1972. The Sherman Fairchild Elec-
trical Engineering and Electronics Complex, the largest single building project at M. I. T.
since the present campus was built in Cambridge in 1916, was completed four months ahead
of schedule in June, 1973, and is being occupied by the Department of Electrical Engineering
and the Research Laboratory of Electronics.

Major new academic and research projects on which construction was initiated during the
year were the Chemical Engineering Building, an architectural reinforced concrete structure
with five floors above grade located on Ames Street adjacent to the Whitaker Building; and
the Seeley G. Mudd Building, on Ames Street adjacent to the Ford Building, which will house
health related facilities. This latter construction involves the complete renovation of a former
Institute investment property to accommodate a cancer research facility, a cellular tissue
laboratory, and an addition to the M. I. T. Clinical Research Center.

In the housing category, a major renovation of Ashdown House was started in February,
1973, with completion scheduled in two phases, fall 1973 and summer 1974. Preliminary
studies are under way for additional housing planned for the West Campus area.

The main focus of renovation work is in the reuse of space in the main group of buildings
vacated by the Department of Electrical Engineering and the Research Laboratory of Electronics.

Telecommunications
The major activity of the Telecommunications Office this past year involved the introduction
of Centrex telephone service and the replacement (in August, 1972) of the former electro-
mechanically switched telephone service system by an electronic switching system. With
the introduction of Centrex, the labor force was reduced significantly. The reduction from
31 full-time operators three years ago to 17 at present was accomplished on a programmed
basis without layoff. The operator work week has been reviewed, and beginning September
1, 1973, operators will go on an experimental four-day work week. It is hoped that this new
schedule will improve operator performance and morale, and lessen operating costs.

There has been established an on-campus cable network for data transmission, which inter-
connects the Information Processing Center with its major remote user sites, such as the
Sloan School of Management and the Office of the Registrar. The cable network is M. I. T.
owned and maintained.

HOWARD F. MILLER
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Housing and Food Services

Several changes of management personnel and responsibilities in Housing and Food Services
have taken place during this year. Arthur Beals was promoted to Assistant Director; Daniel
Bloom was appointed Assistant House Manager, East Campus and Senior House; Salvatore
Lauricella was promoted to Special Assistant to the Director, Food Services from the posi-
tion of Manager, Student Center Dining; and John McNeill was promoted from Manager,
Ashdown House Dining to Manager, Student Center Dining.

Beatrice Santos, a member of the housekeeping staff at Burton-Conner House, was the reci-
pient of the James N. Murphy Award at the annual Awards Convocation. This award is
presented annually to an M. I. T. employee whose spirit and loyalty exemplify the service of
Mr. Murphy, especially with regard to students.

Tang Residence Hall (Westgate II) was opened for partial occupancy in late September, with
construction and occupancy continuing until completion in early November. This new facility,
housing 401 single graduate students, was dedicated following 1973 commencement exercises
to the memory of P. Y. Tang, an M. I. T. alumnus of the Class of 1923.

The construction phase of the restoration/renovation of Ashdown House began in January of
this year. This construction will be in two phases, with the west wing and center section
due for completion in early September, 1973. The second phase, which will be the east wing,
will start at that time with completion due during the late summer of 1974.

The dining facility at Ashdown was closed in December prior to the start of construction.
This decision was made after careful consideration of the fiscal problems which face the
dining system. These problems, and the fact that there will be half as many students living
in Ashdown House for approximately two years, made this course of action the only fiscally
responsible one.

Baker House was closed last summer for the first time since it was opened in 1948. During
this closing, a number of projects were completed in the building. A major one was the
replacement of all windows on the south side of the building along Memorial Drive. In addi-
tion, student members of the house assisted the Planning Office and the Housing Office in
planning the renovation of the lobby area of the house. This project was completed during
the summer, with the exception of some furnishings which were installed during the fall term.

HARMON E. BRAMMER

Campus Patrol

During the past year, the Campus Patrol has pursued its mission of providing for the safety
and welfare of students, faculty, staff, and visitors seven days a week, 24 hours a day. The
Patrol is concerned not only with its protective role, but (more importantly) with its service
role, through cooperation with various administrative departments, such as the Office of the
Dean for Student Affairs, the Medical Department, the Safety Office, and others. Excellent
communications have been maintained with these groups, resulting in coordinated efforts that
provide a high standard of service to the community.

Patrol activity on campus during 1972 continued to follow upward trends in most categories,
while showing some decline for the first time in others. Recorded complaints dropped from
1, 561 in 1971 to 1, 421 in 1972. Medical ambulance or emergency service runs indicated a
marked increase, from 588 in 1971 to 714 in 1972. Sixty arrests on campus were reported
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during 1972, including 24 serious offenses, compared with 22 serious offenses in 1971.

This year an Institute-wide night escort service was initiated by the Patrol for persons required
to move through remote or quiet areas of the campus during off-hour periods. This service,
which utilizes radio dispatched patrols, was received well, especially during the "early
darkness" months.

Loss of Institute property showed a marked increase, from $24, 000 in 1971 to $33, 000 in
1972. The largest increase occurred in the office machine category. Loss of personal
property, for the most part from dormitories, rose from $14, 000 in 1971 to $16, 000 in 1972.
In an attempt to combat thefts from the open dormitory system, Campus Patrol initiated
Operation Identification, which provides a means for marking all personal property with
electric scribers available on loan at Campus Patrol headquarters. Each participant is
supplied with a warning decal for display on his or her door. Warning bulletins containing
up-to-date information on specific problems were posted in particular dormitories as the
problems surfaced.

Bicycle and auto thefts decreased in 1972; there were 119 bicycles stolen in 1972, compared
with 246 in 1971, and 136 stolen automobiles in 1972, compared with 169 in 1971. During the
year, the Patrol distributed a special paper concerning anti-theft devices for both cars and
bicycles.

The use of illegal keys continues to plague the Institute. This phenomenon has resulted in
increased installations of electronic alarm devices (which can be monitored at Campus Patrol
headquarters) in critical areas, another part of the effort to reduce the loss of Institute
property.

Campus security and crime prevention has to be everyone's responsibility. The Patrol con-
tinues to seek the help of an informed community.

JAMES OLIVIERI

Safety Office

The compliance inspection by the Occupational Safety and Health Administration (OSHA) in
October, 1972, was responsible for generating the most significant activities in this Office
during the past year. The impact is and will continue to be felt for some time to come. In
addition to achieving compliance by correcting violations for which the Institute was cited,
an expansion of the safety program has been undertaken, which will include conducting OSHA-
type inspections for all Institute facilities. In addition to the 30 buildings inspected by OSHA,
the Office has completed inspections of 40 buildings or departments since February. These
inspections have been conducted with departmental safety coordinators.

As directed, each Institute department has appointed one or more safety coordinators to be
responsible for liaison on matters of safety and health between their departments and the
various professional safety staffs. Some 130 coordinators have been appointed. To date, the
coordinators have participated in an orientation program, an electrical safety workshop, fire
extinguisher training, and as guides on inspections of their departments.

The number of fires during the year increased from 40 last year to 44 this year. Fire damage
was slight, with no fire loss approaching the $5000 deductible applied to the Institute's insur-
ance coverage in 1971. Of the 12 dormitory fires recorded, nine were controlled by automatic
sprinklers, reemphasizing the value of sprinklers in these occupancies. Sprinklers also
were actuated two times in laboratory fires and two times in other areas.
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The installation of automatic sprinkler systems was delayed somewhat by the time devoted
to OSHA compliance, but is now again in full swing. The major emphasis continues to be
placed on dormitories and student activity areas. Bexley Hall is approximately 50 percent
sprinklered; the upper floor corridors and public areas of Eastgate and Westgate are nearly
completed; the Senior House program of sprinklering corridors and some living areas is in
its second year; and many small areas of the Student Center have been equipped with sprinklers.

The volume of chemical waste handled during the year was greater than in any other year.
This is directly attributable to the increase in health science research and to the concern of
generators of waste about pollution and personal safety. The Office presently is facing a
potential crisis, as its disposal contractor has been denied permits for ocean-dumping. If
safe storage space is not available, the Institute will have to stockpile wastes or discontinue
collecting from laboratories until solutions (which currently are being sought with environ-
mental agencies) can be devised.

The acquisition of the Haystack facility in Westford has required that this Office provide
safety services formerly provided by Lincoln Laboratory. A complete fire and industrial
safety audit of this radar site has been completed with appropriate reports and recommenda-
tions. First aid and fire fighting training also were undertaken.

Donald Batson, formerly of Lincoln Laboratory, and William MacLachlan, formerly of Draper
Laboratory, have been added to the Safety Office staff as engineering assistants, as part of the
expanded safety inspection program.

JOHN M. FRESINA

Graphic Arts and Audio-Visual Service

The fiscal situation of the Graphic Arts Service for the year is slightly improved over 1971-
72, although budget cutbacks in the user elements of the Institute community continue to affect
the results. The gross dollar volume of work during the year is up approximately 12 percent
from 1971-72 for all Graphic Arts operations; quick copy centers and offset printing lead the
way.

Amateur photographers have taken over much of the work previously done by professionals
in the photographic section, and the addition of photographic darkrooms in many of the depart-
ments has decreased the demand for custom photofinishing and slides. Looking toward the
future, investigations are being made of the feasibility of including color processing and
automated equipment to produce photomechanical transfer prints and slides in the Office.

After a study of the reproduction and copy needs and trends at the Institute, a program of
expansion of the quick copy centers and price reductions was instituted. This has worked out
well, as volume has increased, and more elements of M. I. T. have used centralized copy
facilities (thereby reducing costs).

After a comprehensive study of the audio and visual needs and trends at the Institute, a deci-
sion was made to concentrate all video needs, planning, and service in the Center for Advanced
Engineering Study, where expertise and first-rate studio and other facilities existed. This
was effected in February, 1973; preliminary indications are that it will work out successfully.
The Audio-Visual Service continues to serve the Institute's audio and projection needs.

JAMES W. COLEMAN
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Academic Calendar
The New Independent Activities Period Calendar

The academic year 1972-73 was the third year of a three-year experiment with a 4-1-4
calendar which provided an Independent Activities Period (I. A. P. ) for students and teaching
staff during the month of January. A special evaluation committee, chaired by Professor
Kent F. Hansen of the Department of Nuclear Engineering, was joined by a monitoring sub-
committee of the Committee on Educational Policy (C. E. P. ) in recommending to the faculty
in February that this experimental calendar be adopted as the permanent calendar of the In-
stitute, effective 1974-75. In view of the strong support for the new calendar from both stu-
dents and teaching staff, the faculty voted overwhelmingly to accept their recommendation.

Certain restrictions with respect to academic credit and grades for students' work during
I.A. P. were established as part of this action. In addition, the faculty established a regular
I. A. P. Policy Committee of faculty, students, and staff to deal continuously with matters of
policy and evaluation of I. A. P.; to work with the C. E. P. to review I. A. P. within the con-
text of the total academic program; and to report fully to the faculty at intervals of not more
than four years. Thus, from time to time, the Institute may anticipate that changes in oper-
ating guidelines will be made, as experience with this relatively new form of calendar con-
tinues to evolve.

With the "regularizing" of the new 4-1-4 academic calendar and of the associated monitoring
committee structure, administrative responsibility for I. A. P. has been shifted to the Office
of the Provost.

Among the several administrative problems associated with the new calendar is the very lim-
ited time schedule between the close of final examinations and Commencement Day in the
spring term. Even under the older two-term calendar, this period has always been a hectic
one for the several faculty committees and the Registrar, who seek to review each degree
candidate to make certain that he or she has completed satisfactorily all graduation require-
ments, and that he or she receives certification of this fact in the form of a diploma pre-
sented individually at the Commencement exercises. The new I. A. P. calendar provides
even less time for this important faculty business to be conducted.

Although administrative officers had hoped to find ways to expedite these processes during
the three-year experiment with the I. A. P. calendar, that experience clearly indicates that
they will have to find ways to provide a somewhat longer period between the close of



Vice President

examinations and Commencement. Consequently, one of the first problems facing the new
I. A. P. Committee will be to recommend for faculty action appropriate modifications to per-
mit a somewhat less hectic end-of-spring-term schedule.

Year-round Operation

During the academic year 1971-72, the Analytical Studies Group undertook an intensive study
of the possibilities of expanding M. I. T. 's Summer School operations. As their report was
discussed, it became increasingly clear that it would be advisable to consider an even more
substantial calendar change, because significant benefits might accrue if the Institute were to
convert to some form of year-round academic calendar. Among the several potential benefits
discussed at several sessions of the Academic Council and the Committee on Educational Pol-
icy were the opportunities to experiment with new forms of educational programs, to increase
slightly the total student population, and hence to provide for a slight increase in the size of
the faculty without the usual accompanying requirement of increased space.

At the close of the spring term of 1972, the Vice President agreed to undertake a low-key
staff study of these matters -- working with a small C. E. P. subcommittee which provided
overall faculty guidance, coordination, and evaluation. This subcommittee was chaired by
Professor Wilbur B. Davenport, Jr., Director of the Center for Advanced Engineering Study.

In addition to studying the experience of other academic institutions which operate on various
forms of year-round calendars and discussing these ideas with several student-faculty com-
mittees at the Institute, the Vice President undertook a series of individual interviews with
approximately 100 members of the faculty, who represented a broad spectrum of discipline
and age. The underlying presumption in seeking strong faculty involvement in the early stages
of the study was that year-round operation would be successful only if such operation could
enhance the success of those educational programs and/or professional development programs
toward which a significant number of faculty members were motivated strongly. Subsequent
studies of the relative success of moves toward year-round operation at other educational
institutions seemed to validate this assumption. Where year-round calendars have been
adopted to forward strong educational objectives, they seem to be successful. On the other
hand, where they have been adopted primarily for administrative ("efficiency") reasons
without strong faculty involvement, they appear to be either qualified or marginal successes,
or in some cases, failures.

Unlike the faculty of those educational institutions which do not have a strong research thrust,
M. I. T. 's faculty expends a considerable fraction of its total effort during the summer on
Institute related work. This research/scholarly effort is enhanced by the relative "tranquility"
of the summer, when faculty members do not carry their usual term-time teaching responsi-
bilities. Typically, a current summer requires of an individual faculty member a relatively
small amount of student counseling (except for graduate thesis supervision, which is almost
always an enhancement of the faculty member's own research interests), a relatively small
number of departmental demands, and very little faculty committee or all-Institute faculty
business. Thus, if the Institute were to adopt a year-round calendar, many faculty members
see the problem of isolating themselves from these matters as being not unlike that of arrang-
ing to take short sabbaticals.

If M. I. T. were to adopt a year-round calendar, it probably would wish to continue academic
appointments on a nine-month basis, but with appointment dates staggered. Faculty members
generally approve the idea that appointments for any year-round operation should be on such
a "modified-modified annual plan, " rather than on an 11 or 12-month basis, but they do express
grave concern as to whether individual faculty members will be able to devote during each
calendar year three months of relatively undisturbed time to their own research or profes-
sional development. In particular, those whose work requires the use of on-campus facilities
express considerable skepticism about their ability to work effectively if they request and
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receive their "time off" during the fall-winter-spring, or if their time off is in a summer
which surrounds them with academic-year-like activities.

This "tranquility issue" traditionally has been more of a problem at M.I. T. than at many
other educational institutions. It has taken on added importance for many faculty members
in recent years -- particularly as budgets have tightened and as the pressures to locate new
sources of research funding have increased -- within a framework of considerable emphasis
on democratization of departmental and faculty decision making, and with heightened student
expectations for curricular flexibility and career counseling. Thus, if the Institute were to
move toward a year-round academic calendar, it would have to develop extraordinary pre-
cautions to safeguard this very important "period of tranquility. "

There is a broad spectrum of faculty and student opinion regarding the impact of year-round
operation on undergraduate educational programs. At the risk of extrapolating from, say,
100 faculty opinions to that of the entire faculty, the Vice President believes there is general,
but not strong, support for the view that year-round operation could be beneficial in several
ways to undergraduate educational programs. Some of the positive considerations are:

1. the "fall-out" result of achieving what many regard as desired curricular reforms
through the vehicle of a major calendar change;

2. the greater opportunities to develop three-year Bachelor of Science (S. B.) programs;

3. the provision of better continuity for cooperative programs and other forms of
internship in which there is increased interest;

4. the enhanced job opportunities in fall and winter for undergraduates vacationing
in those periods rather than in the summer;

5. the enhanced opportunities to change style and format of teaching and to undertake
new experiments in the summer; and

6. the opportunity for more flexibility in staggered freshman admissions, new
college transfer programs, etc.

Almost every one of the above "positive" considerations also is viewed as a negative by some
members of the faculty and student body. For example, there is considerable reservation
expressed about any overt move toward three-year bachelor's degree programs. If such a
program would require a student to spend more time each calendar year at the Institute, the
resulting lack of opportunity for students to find physical and psychological release and
"steeping time" is seen as a serious drawback. Even if the three-year S. B. programs were
developed so that little, if any, additional time each calendar year was spent at the Institute,
some feel that pressures would be increased further on that significant fraction of undergrad-
uates who currently are "at sea" with respect to their identity and direction. Some worry
that three-year S. B. programs might exacerbate further the "M. I. T. machine" image, thereby
restricting further the range of personal qualities in what they perceive to be the relatively
narrow spectrum of students who apply to M. I. T. Finally, financial aid resources probably
would require augmentation if the annual "self-help" contribution of undergraduates in three-
year programs were reduced.

Given the broad spectrum of departmental styles in the Institute's graduate programs, it is
even more difficult to construct a set of all-Institute pros and cons for graduate education.
Nevertheless, with the precautionary note that the following considerations may be advantages
to some departments or disciplines and drawbacks to others, the following advantages might
enhance graduate educational programs as a result of year-round operation.
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1. An increase in the size of the undergraduate body could provide opportunities
for more teaching assistant appointments, thus helping to ease graduate
support problems.

2. An increase in faculty size probably would result in an increase in graduate
enrollment, which is desirable if it can be done selectively, in those areas
which are subcritical in size or which can develop support.

3. Increased subject offerings in the summer could be developed, particularly to
assist the transition from non-M. I. T. level and pace for students coming
from other institutions, and to prepare them to enter research earlier in their
careers.

4. Summer operation could provide for more one-year Master of Science (S. M.)
programs (e. g. the new 12-month Sloan program), and might help toward reduc-
tion of the total time spent in pursuit of the Doctor of Philosophy.

5. Summer operation of new programs could offer valuable new interdisciplinary
opportunities, particularly for graduate students.

In view of these neutral or, at best, mildly positive student and faculty attitudes toward year-
rmind operation, the Vice President recommended last fall that the Institute adopt an "evo-
j!'i i,nary experimental" approach. Under such an approach, M.I.T. would seek to identify
aiiii to mount experimentally a number of programs whose broad educational value would be
enhanced by year-round operation -- programs sufficiently large to form "critical experiments,
but at the same time, sufficiently small to permit termination without undue hardship on the
individuals involved or on the rest of the institution. The C. E. P. and the Academic Council
generally approve this recommendation.

The Vice President expended some effort with the several academic areas of the Institute in
seeking to identify and to mount such experiments. Subject offerings for the Summer Session
were increased modestly; the undergraduate residential and social programs for the summer
also were upgraded. A few experiments were formulated to encourage summer admission of
students who normally would arrive as freshmen in September, but in the final C. E. P. review,
the offering of these programs in the summer of 1973 was deemed premature.

The Vice President's Office plans to continue the relatively low-key evolutionary experimental
approach during the coming year. In addition to possible programs for early admission of
freshmen, other new educational programs (most in the School of Engineering) are in the de-
sign stage.

R tc istrar

ih Rtegistrar's statistical report follows. As a supplement to the information provided therein
by the Registrar, the Vice President has commented briefly on certain administrative con-
cerns within that Office.

In cooperation with the Institute's Office of Administrative Information Systems (O.A. I.S.),
the Registrar is supervising a completely new software development for M. I. T. 's academic
records systems. The actual design and programming effort is being performed under contract
by the Systems and Computers Technology Corporation of Philadelphia, Pennsylvania. Since
M.I.T. 's present computer record-processing systems are antiquated, not well documented,
and subject to breakdown at critical times, the advent of new, well-documented, and hopefully
efficient and reliable systems in September, 1973, is viewed with anticipation both by the Reg-
istrar's staff and by the many faculty counselors and committees which that Office serves.
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Responsibility for the Institute's classrooms and other teaching space belongs, for the most
part, to the Schedules Section of the Registrar's Office. For many years, the combination
of the Institute's new building programs and physical plant maintenance schedules provided
an adequate number of spaces, maintained usually, but not always, at satisfactory levels.
It became clear a few years ago that this process of providing and maintaining teaching spaces
had become inadequate, and that a considerable number of the Institute's classrooms had de-
teriorated to an unsatisfactory level. This situation led to the establishment of a special
classroom renovation program, but recent budget stringencies have forced a significant cur-
tailment of this effort.

Thus, responsibility again falls on the Registrar (and the Planning Office, Department of
Physical Plant, and others) to develop a new program for upgrading teaching spaces. In
addition to the problems posed by the shortage of funds for such purposes, this effort must
come to grips with the problem of providing for changes and diversity in teaching styles, and
with assessment of the cost/benefit trade-offs produced by the Institute's traditional practice
of attempting to meet the daily schedule preferences of both teaching staff and students.

Finally, two significant personnel changes in the Registrar's Office staff should be noted.
Robert H. Cook, Associate Registrar, resigned at the close of this year to accept an appoint-
ment as Registrar and Assistant to the Director at the Eastman School of Music. Karl K.
Singer, Assistant to the Registrar, also resigned at the close of this year to complete his
formal collegiate studies at the University of Cincinnati.

Medical Department
As Dr. Albert O. Seeler, Director of the Medical Department, observes in his report, this
has been a critical year for that Department, as the staff prepared to mount a new pilot pro-
gram to deliver comprehensive health care to 1000 employees and their dependents. A
period of three years has been set for evaluation of this effort.

Those who are involved are acutely conscious of the added responsibilities which they will
assume under this program -- not only for the individuals who look to the Medical staff for
their complete health care, but for the institution as well. In this latter regard, it is neces-
sary to avoid the "company-town relationship" between employer and employees, and to co-
ordinate the M. I. T. program's development carefully and effectively with other health care
delivery systems in the Cambridge area. The Institute's decision three years hence whether
or not to continue or to expand the program will be influenced strongly by assessments of its
success "internally, " and by assessments of promise or success of developments in health
care "externally, " i.e., in the surrounding community.

The year also has been a critical one for the staff of the Environmental Medical Service
(E. M. S. ) of the Medical Department. The increased responsibilities associated with ever
more stringent safety and environmental control regulations, the growth of new areas of
research and teaching -- particularly in the areas of chemistry, biology, and high-energy
physics -- and the assumption by E.M. S. of responsibility for animal care have placed unu-
sually heavy demands upon this group. The Vice President's office hopes that over the coming
year it can build upon the experience and intense study efforts of this past year by moving de-
cisively toward providing adequate facilities for those areas of concern to E. M. S., especially
for animal care and for controlled-environment laboratories in which the use of hazardous
material can be controlled more expeditiously.

Housing
The Dean for Student Affairs reports on the significant progress made this past year in the
Institute's on-campus housing programs for single graduate students, and on the status of
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M. I. T. 's undergraduate housing programs.

The two-year phased remodeling program for Ashdown House, scheduled for completion in
September, 1974, will give new life to that structure and will provide top-flight accommodatinins
for approximately 400 single graduate students in a modified suite-dormitory scheme. P. Y.
Tang Residence, the Institute's new apartment tower for 401 single graduate students, opened
this past fall and was dedicated formally on June 1. Upon the completion of the remodeling
of Ashdown, the combination of Tang and Ashdown will provide a total of on-campus housing
accommodations for single graduate students which will be essentially equal to the target figure
for this segment of M. I. T. 's student body -- 800, or approximately one-half of the total single
graduate student enrollment.

At the undergraduate level, the Institute continues to be "embarrassed by its success. " Al-
though M. I. T. does not require upperclass undergraduates to live on campus, in each suc-
ceeding academic year many upperclassmen are opting to live in the Institute Houses.
The Vice President believes that this rather unique exception to the "flight from campus"
experienced by most urban educational institutions is the result of M. I. T. 's efforts to develop
a residential program of high quality, one which provides a wide variety of choices. However,
the high cost and generally poor quality of accommodations available to students in the sur-
rounding community are probably also significant factors in upperclass students' decisions
to remain in the Institute Houses.

Earlier the Vice President's office projected a need for additional undergraduate accommodations
by September, 1974; it was confronted by this problem, however, for September, 1973. After
considerable study of the alternatives, the office decided to reduce the September, 1973, fresh-
man admissions target to 900 -- the number which it projects can be accommodated in the
residences with modest overcrowding. Concurrently, it accelerated planning for the next
addition to the undergraduate housing system. As of this writing, this planning effort is in
its final stages. Given some success in developing a viable financing scheme, the added resi-
dential space should be available for occupancy in September, 1975. Current projections indi-
cate that the Institute will be able to return in 1974 to a freshman admissions rate of approxi-
mately 950, which has been about the average of the past several years.

Construction of the new Fraternities Collaborative (Alpha Tau Omega and Kappa Sigma) build-
ing on Memorial Drive, between Burton-Conner House and the Delta Kappa Epsilon House, is
progressing well. This structure will be the first new independent residence construction
since well before World War II, and it represents a major cooperative accomplishment between
the chapters and the Institute. The favorable financing rates of the Independent Residence
Development Fund (I. R. D. F. ) proved to be the key factor in making this a financially viable
project. Other fraternities may be sparked into following in this mode, thus necessitating
large new infusions of capital into the I. R. D. F.

At the present time, the Vice President's office does not have other additions to on-campus
housing in the active planning stages. It is quite probable that it will encounter the need to
add even more undergraduate capacity as rapidly as financing can be made available. It is
also apparent that the Institute could fill several additional married student accommodations
equal to the entire capacities of the present married student facilities, Eastgate and Westgate
(approximately 400 units), if it could build such accommodations to rent at levels equal to the
present Eastgate and Westgate rents.

The dilemma, of course, involves finding a way to construct satisfactory buildings at suffi-
ciently low project costs, with sufficiently favorable financing to permit rentals that M. I. T.
students can afford. Presently, estimates of new building costs and of the probable costs of
financing make the Vice President's office skeptical of students' ability to pay. With the
demise of the Federally backed college housing loan program, at least for the present, the
most favorable funding available appears to be through bond issues under Massachusetts Health
and Educational Facilities Authority (HEFA) sponsorship. However, even with the anticipated
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interest rates of HEFA bonds, which are low compared to normal commercial financing, the
projected rental rates appear to be too high. Thus, even for married student apartment proj-
ects which are leased on a 12-month-year basis, the Institute must search for gift or "free"
capital to add to that borrowed capital (which student rentals can support) in order to make
the project financially viable.

This relatively bleak picture is clouded further by developments in the residential markets
surrounding M. I. T. The imposition of rent control in Boston and Cambridge appears to have
had the effect that its opponents predicted. Construction of new unsubsidized multi-unit res-
idential buildings for the rental market has slowed to almost nothing. Almost all new com-
mercially financed construction now appears to be developed for sale as condominiums.
Practically all of the existing good- to high-quality buildings which have been operated as
rental units have been, are being, or are scheduled to be converted to condominiums. Thus,
those individuals or families who are least able to purchase housing because they have little
or no equity are competing for a progressively smaller pool of rental units, and these, in
turn, are of lower average quality than formerly.

This situation is particularly serious for M. I. T. 's married student population, which gener-
ally has little or no equity and is essentially a transient population. During the coming year,
the Vice President's office hopes to find some additional vehicles to assist them in locating
satisfactory housing. It is not inconceivable that some form of mortgage insurance scheme
might be developed to assist these students in purchasing condominiums. Alternately, or in
addition, the decision may be made to build Institute owned rental units despite the unfavorable
financing projections. In this latter regard, studies indicate that if the present Cambridge
real estate tax policies continue, units in new on-campus construction could be rented at sig-
nificantly more favorable levels than units of comparable quality in new off-campus construc-
tion. This situation derives primarily from the very high real estate taxes levied on gross
rental income in off-campus buildings.

The residential problems faced by new members of M. I. T. 's staff, particularly younger
persons who have not had the opportunity to develop significant equity capital, are not very
different from those of married students. The Vice President's office therefore is undertaking
a study of M. I. T.'s present second-mortgage program to determine whether, through this
vehicle or through some new mode, it can assist Institute personnel further with their indivi-
dual problems.

The Northgate Community Corporation was formed several years ago to provide high-quality
new housing resources close to the Institute, primarily for members of the staff. For many
reasons, most of which the Vice President elaborated on in his report last year, this effort
changed from an asset to a liability over the past four years. Accordingly, the Northgate
Board made the difficult decision during the past year to divest itself of the rental properties
owned or leased by Northgate. This divestment process is now under way, but it is too early
to predict what the full financial impact of its completion will be.

The condition of the local real estate economy, as well as that of the nation as a whole,
have made it difficult to progress in the Northwest Area-Simplex development. The Institute
continues to seek that combination of commercial and residential development which will be
financially viable and sufficiently large to act as a catalyst for the redevelopment of this en-
tire area.

Finally, the Institute's Turnkey projects for the elderly, located in three different areas of
Cambridge, are nearing completion. There remain several problems which need to be re-
solved among the Cambridge Housing Authority (the ultimate owner), the Department of Hous-
ing and Urban Development (the financing agency), and M. I. T. (the developer). However, the
completion of this extraordinary effort is on the horizon, and it is hoped that the projects will
be occupied fully and in satisfactory operation long before the preparation of next year's report.

KENNETH R. WAD LEIGH
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Medical Department

M.I.T. Health Plan

This has been an exciting and critical year for the M. I. T. Medical Department. In July,

1972, the Department received permission from the administration to undertake a prepaid,

comprehensive health program for 1, 000 M. I. T. families. This is to be a pilot program,

with the decision about continuation or expansion of the program to be made during the third

year. Many members of the Department have spent a great deal of time during the year in

negotiating with Blue Cross-Blue Shield for a benefit package, developing arrangements with

physicians and hospitals, and in working out intra-Departmental methods to insure efficient

service to the new patients.

Early in May, 1973, a brochure was sent to all members of the M. I. T. community, except

for Draper Laboratory personnel, explaining the Health Plan; numerous meetings were held

on campus and at the Lincoln Laboratory to answer questions about the Plan. Once the rela-

tionship between Draper Laboratory and M. I. T. resulting from divestment has been clarified,

the Department hopes to offer the Laboratory's personnel an opportunity to join the Plan. Re-

sponse to the Plan has been gratifying; as of June 15, there were approximately 750 subscrib-

ers, representing approximately 1, 800 individuals. The Department will begin delivering

health services to these people on July 1, 1973.

Laurence H. Bishoff joined the Department as Assistant Medical Director for Administration.

Mr. Bishoff, an alumnus of M. I. T., has had a great deal of administrative experience at

M. I. T., first in the Office of the Dean for Student Affairs and then as Assistant to the Vice

President, Operations. He came to the Department in September, 1972, and has borne most

of the responsibility for getting the M. I. T. Health Plan under way.

Remodeling

Extensive remodeling of the Department's first floor was carried out during the year. It now

has a consulting room for each of its nurse practitioners, and a new medical record room

which contains space for open shelf filing. Furthermore, the reception and waiting areas

have been redesigned, thereby improving the reception and appointment functions and providing

patients with a cheerfully decorated and comfortable waiting room. The designs for remodel-

ing were done by Earl M. Harvey, M. I. T. Staff Architect, who achieved excellent solutions

to problems made particularly difficult by space limitations. Members of the M. I. T. Depart-

ment of Physical Plant saw to it that this extensive remodeling was accomplished between the

start of the Christmas vacation and the beginning of the second term, thus minimizing

dislocation of Medical Department functions as much as possible.

Utilization

Because of a breakdown in the Department's computer program, satisfactory statistics con-

cerning the utilization of the Medical Department this year are not available. In January,

1973, the Department resorted to hand counting of patient visits, and the data for the period

January 1-May 31 shows an increase of approximately six percent over the previous year.

By extrapolating this figure to the whole year, the Department estimates that it had approxi-

mately 77, 000 visits to the clinics, an increase of approximately 4, 500 visits. The total

number of visits to the Medical Department, including the Lincoln Laboratory medical unit
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and the emergency clinic at the M. I. T. Infirmary, rose from 88, 000 to approximately
93, 000. There were no major epidemics during the year.

Members of the limited M. I. T. Health Plan probably will represent only approximately ten
percent of the Department's patient load. Its experience for many years has been an average
increase in utilization of approximately five percent per year, but the Department has expected
no increase this year, assuming that the "normal" increase in utilization would be offset by a
decrease in Institute population. It is apparent that regardless of whether the M. I. T. Health
Plan is continued beyond the pilot phase of three years, the Medical Department will need
additional space. The Department hopes to start planning for a new facility next year, as
soon as site studies have been completed.

Expanded Activities
A significant and unexpected increase in the demands on the Department's physicians has re-
sulted from the expansion of the activities of the Committee on the Use of Humans as Experi-
mental Subjects and from the marked growth of the Premedical Advisory Program. Several
years before it was required by Federal law, a Committee of the M. I. T. Medical Department
was established to review all projects involving human subjects to make sure that such sub-
jects were not being exposed to physical or psychological harm. With the advent of Federal
regulations, the Committee was enlarged to include nonphysician members and became a
Committee reporting to the President of M. I. T. During the past year, changes in Federal
requirements combined with increased clinical research have more than doubled the work
load of the Committee. It is chaired by Dr. Warren Point and includes two other members
of the Department, Dr. Lora H. Tessman and Dr. H. Walter Jones, Jr.

The surge of interest in medicine as a profession among M. I. T. students has led to a marked
increase in the number of requests for advice. While members of other departments help
with premedical advising, the Medical Department does much of the work, because students
want to confer with physicians who are practicing medicine.

Demands on the Psychiatric Service have increased tremendously this year, because of changes
in the laws of the Commonwealth which make it impossible to commit even a very seriously
disturbed person for temporary observation unless the individual is dangerous to others or to
himself. Consequently, there have been several very disturbed individuals on campus who
have required vast amounts of time from the psychiatrists, and from other members of the
community such as the Campus Patrol. Some of these patients have been willing to stay in
the Infirmary. This use of the Infirmary has been very helpful to the patients and the Institute,
but has presented Infirmary nurses with difficult problems.

Personnel
Appointments to the Medical Department in 1972-73 included: Laurence H. Bishoff, Assistant
Director for Administration; Robert R. Foster, Orthopedic Surgeon; Rochelle R. Friedman,
Psychiatrist; Gerard F. Kenney, Radiologist; and Barbara L. O'Pray, Pediatrician. Resig-
nations during the year included: Edwin D. Flack, Radiation Protection Biochemist; and
Kenneth M. Goddard, Veterinarian.

Clinics
Though satisfactory data is not available for the whole year, reliable figures for the period
January 1-May 21 suggest that the total clinic load increased approximately six percent. As
usual, utilization of the Surgical Clinic remained unchanged, and the increases occurred in
the Medical and Specialty Clinics.



Vice President

There were about the same number of athletic injuries as last year; fortunately none of them
was very serious. Whereas in previous years touch football caused the greatest number of

injuries, this year basketball led the list with 85 injuries, hockey and football following with
69 and 58 injuries respectively. While the Department's records of injuries handled entirely

by outside hospitals are not complete, it has knowledge of injuries from 47 bicycle accidents,
15 automobile accidents, and nine motorcycle accidents.

The staff of the Pediatric Department was augmented in August, 1972, when Dr. Barbara L.

O'Pray joined the staff full-time. Dr. O'Pray came from the Children's Hospital Medical

Center of Boston, having completed a Fellowship in Adolescent Medicine. In September,
1972, Marcia West, R. N., a graduate of the Bunker Hill Pediatric Associate Program,

joined the Department; she too came from the Children's Hospital Medical Center. Both

of these professionals work part-time in the Pediatric Clinic and devote the rest of their

time to adult medicine.

The Pediatric Clinic continued to operate on a fee-for-service basis. During the year, 862

clinic visits were made, compared to 774 in the previous year. In April, 1973, pediatric

care was made available on a 24-hours-a-day, seven-days-a-week basis. This was accom-

plished by rotating the on-call roster with the three pediatricians of the Harvard University

Health Plan; this development anticipated the inauguration of the M. I. T. Health Plan.

Dental Service
There was a 12 percent increase in the number of visits to the Dental Service. Although

dental care is offered only to students and their spouses (except in emergencies), the Service

cannot meet the demand for care and must refer some patients to the few private dentists

willing to accept students. Drs. Owen W. Kite and George Christman, the Department's

dentists, are attempting to increase the capacity of the Service by exploring various ways

of scheduling patients and by maximizing the use of dental assistants. The Service has ini-

tiated a formal program which instructs students about caring for teeth and gums properly,
to prevent dental problems later in life.

Health Surveys
During the past year, 1, 125 complete medical examinations for faculty, administrative staff,

and senior Division of Sponsored Research staff members were performed, an increase of

approximately five percent over the previous year. These examinations are optional, but

the percentage of those eligible who request such an examination is increasing steadily. Since

each of these examinations takes at least an hour of a physician's time, they are very costly.

The Department is experimenting with health survey procedures designed to identify treatable

disease in early stages -- procedures which will minimize physician time and be acceptable

to the patients. Currently, the Department is trying a computer based history machine, but

it is not prepared yet to adopt it as a standard method for health survey.

Employee Health Program

The number of physical examinations given was 2,339, about the same as last year. These

examinations were performed for such reasons as preemployment evaluation, monitoring the

health of individuals in hazardous occupations, and retirement evaluation.

Among the 1, 040 preemployment health surveys, only three applicants were found to have

health problems of a nature such that they could not meet the demands of the job for which
they had applied. Twenty-two applicants were found to have significant health problems, but

were hired nonetheless. It is the Department's practice to inform each person of significant
problems that are discovered in the preemployment examination and to offer to report the
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findings to his or her personal physician.

Including retired employees, there were 26 deaths in the Institute community during the year.
Heart disease, cancer, accidents, and chronic lung disease caused most of the deaths.

Psychiatric Service
Data on the activity of the Service is presented in Table I. Much of the following information
has been provided by Dr. Merton J. Kahne, Psychiatrist in Chief.

The rising interest in professional careers, so evident in students during the past year, con-
trasts sharply with the intense antagonism and contempt for career preoccupation recently
displayed by students. Some faculty members and administrators have understood this as a
return to traditional values and outlooks -- reflecting a return to the Tech of yesteryear, to
normalcy. However, the burgeoning interest in premed and prelegal curricula and the like
appears to be motivated more by a concern with finding a place for oneself in a socially uneasy
and economically insecure world than by curiosity and challenge. There is more desperation
than joy in the social interests of the new careerists.

Perhaps the Service's single most important achievement during the past year has been the
successful promotion of mandatory hospitalization insurance for foreign students. Providing
effective care (medical, surgical, and psychiatric) for this group of patients long has been
recognized as difficult. More often than not, optimal treatment is compromised by problems
arising from differences in cultural traditions and attitudes towards health care, by misunder-
standing and confusion in social assumptions about relations between medical personnel and
patients, and by differing assumptions about how scarce economic resources ought to be allo-
cated. As a result of the combined efforts of many concerned people, the Medical Department
was able to effect authorization for this much-needed first step toward providing an adminis-
tratively sound basis for more effective hospital care for foreign students.

Myra Rodrigues, Charlotte Schwartz, and Dr. Menzin continue to explore with personnel in
the Foreign Student Office ways and means of improving the social experience of foreign stu-
dents and their families. Their energies have been addressed to making more effective use
of resources already available at M. I. T. and in the Boston community, and toward helping to
structure new programs addressed to specific needs of foreign students. They hope to be
able to launch the first of these programs in conjunction with Freshman Week this fall, and
to continue selected small group discussion programs throughout the academic year.

Premedical freshman advisory responsibilities have increased for all the full-time staff, but
except for the activities of some of the Fellows, work in the living groups has been sporadic
and limited mostly to emergencies and crises. Doctors Alfred J. R. Koumans and Friedman
have acted as regular consultants to specific housemasters, but the Service's accessibility
and involvement have been uneven. During the coming year, the Service expects to launch a
much more systematic and comprehensive living group program.

The Psychiatric Service staff continues to try to find effective ways of bringing together mem-
bers of the M. I. T. community whose work affects each other's, but who ordinarily do not
have any regular opportunity to compare their divergent perspectives. Dr. Friedman has
been active in the Women's Forum, and Dr. Koumans has been experimenting with small
group discussions among faculty, administrators, and deans.

This year saw the initiation of Psychiatric Service staff assistance to the Committee on Grad-
uate School Policy in their student review process.

The increasing competition for scarce fellowships and assistantships, the centralization of
undergraduate support programs, the diminution and limitations of academic appointments --
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all have had effects on the faculty and students. There was a noticeable increase in the num-
ber of clinical depressions among the Service's patients, and a rather startling increase in
hypomanic excitement states. Although both the number of individuals consulting the Service
and the total number of visits fell off slightly this year, the number of socially complex cases
requiring protracted and complicated involvement increased sharply. The Infirmary staff was
of immeasurable assistance in helping to care for many persons who otherwise would have
required hospitalization.

Although the use of major hallucinogens within the M. I. T. community has not been extensive,
those cases which have come to the Service's attention often have been complicated by the
difficulty of accurate identification of the drug being used. A few students continue to exper-
iment with a wide variety of substances. There is little talk of deep insights resulting from
drug use; most of the experimentation seems to be in finding novel sensory experiences or in
controlling "downs" or "highs. "

There were few staff changes in the Psychiatric Service. Early in the year Dr. Rochelle R.
Friedman joined the Service; although technically she is only available on a part-time basis,
the vigor and interest which she brings to bear in her work already have made her a full par-
ticipant in all aspects of the Service's work. Concepta Siembab, whose grace and wit more
than once helped the Service through a crisis, left to devote herself to raising a family. For-
tunately, Marianne Koppelman arrived to help fill the void.

Finally, the end of the academic year brought sudden anguish to the campus. In the short
space of six weeks, four students took their lives. The loss of these four young men for
whom life had lost its promise is a painful reminder of how fragile the human journey is.

Social Work Service
Data on the activity of the Social Work Service is presented in Table II. The following infor-
mation was provided by Jacqueline A. Buck, Chief Social Worker.

There were 1, 293 visits to the Social Work Service from June, 1972, through May, 1973. This
year there was an increase of 50 percent in the number of staff visits and an increase in un-
dergraduate visits. More time was spent with foreign students and their wives. This group
needs a great deal of support; each academic year, there is a small percentage of foreign stu-
dents which requires much professional time.

Many hours were spent with people designated as "other, " which reflects the Service's in-
creasing utilization by administrative offices in a consultative capacity for their special
problems. This interesting and worthy group of referrals includes: alumni; widows of de-
ceased faculty members; prospective students and their families, referred by the Admissions
Office; retired and disabled employees; relatives of students; terminally ill employees; non-
M. I. T. residents of M. I. T. owned housing; visiting professors and guests of the Institute;
and "drop-ins" to M. I. T. referred by the Information Office, Campus Patrol, and occasionally
by the President's Office. The Institute has a responsibility to make some appropriate (and
kindly) disposition for all of these people.

In addition to seeing clients directly, the Service also has endeavored to remain active in
other areas. This past year it has worked with other M. I. T. staff members on issues of
child care. Myra Rodrigues supervised the Family Day Care Program (essential to many
families), and the Service has taken an active part in the establishment and operation of the
new Day Care Center serving M. I. T. families, many of whom are sponsored by the Affirm-
ative Action Program.

During the latter part of the academic year, the Service joined in the formation of an
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inter-varsity group in the Boston area concerned with the welfare of blind and handicapped

students on college campuses, an area of concern that long has been neglected. It is hoped
that colleges, by sharing expertise and resources, may add immeasurably to the comfort
and well-being of this group of students. M. I. T. has developed several very important aids
for its blind students, and has worked hard to modify its environment to make it less hostile

to the handicapped. The Provost's Office has given research money to one of M. I. T. 's hand-

icapped students to develop an advocacy model for blind and handicapped college students,

and to create a compendium of available resources. This project is important because of its
potential as a vital contribution by the Institute to the larger blind and handicapped community.
The Social Work Service hopes to work this summer with this student and with others who are

involved in this area.

Mrs. Rodrigues served for a second year on the Board of the Cambridge Family Service
Agency, and has extended her concern for black students, employees, and professionals at

M. I. T. She participated this spring in a black science and technology panel, and served this
year as an advisor to several students and student groups.

Infirmary
The Infirmary statistics are given in Table III. There was increased use of the Infirmary

this past year by nonstudent members of the M.I.T. community, although the total number

of patient days was slightly less than the previous year. As usual, the most common diag-

noses were viral infections and gastroenteritis, but there was a wide variety of pathologies,

including tropical diseases such as malaria and schistosomiasis. While no major surgery

is performed at the Infirmary, there were 422 minor operative procedures, most of which
were suture of lacerations and excision of benign skin lesions.

The Infirmary offers care for urgent medical problems throughout nights, weekends, and

holidays. There is always an internist, a surgeon, and a psychiatrist on call. During the

past year, there were 5, 243 off-hours clinic visits at the Infirmary, of which 2, 680 were

medical, 2, 422 were surgical, and 141 were psychiatric.

Clinical Laboratory, Electrocardiography, X-ray

Except for blood lipid chemistry, which was done by the laboratory of the M. I. T. Clinical

Research Center, the Medical Department's clinical laboratory work was handled under con-

tract by the Commonwealth Clinical Laboratory. Unfortunately, they were unable to supply

coverage for emergency laboratory work during nights, weekends, and holidays, so special

arrangements were made with the laboratory service of the Mount Auburn Hospital to meet

this need. The total number of tests performed at the various laboratories was 34, 376 --
about the same as the previous year.

The number of electrocardiograms taken (1, 594) and the number of x-rays (9, 420) were

about the same as last year.

Sanitation
Routine bacteriological monitoring of the Institute's food services and the swimming pool

continues to be handled by the Massachusetts Dairy Laboratories. Fred E. Smith, the con-

sultant Sanitary Engineer, reviews the bacteriological reports and inspects the facilities
regularly. There were no epidemics of food-borne infection on campus during the year.

The intense use of the swimming pool by children during the summer created problems.

There was an outbreak of impetigo in a day camp group, which may have been related to

pool usage. The pool was closed temporarily and the floors and benches were scrubbed
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with a disinfectant. When the pool was reopened, all children were required to have a skin
examination before entering the pool area. Later in the summer, pool water samples
showed coliform organisms. This problem was solved by increasing chlorination through
manual control. Subsequently, a new automatic chlorine and pH controller was installed.

Student Health Insurance
All regular M.I. T. students are required to pay a Health Service fee, which covers all diag-
nostic and therapeutic care given by the Medical Department, as well as hospitalization in
the Infirmary. Beginning next year, foreign students will be required either to carry the
Medical Department's Student Hospital and Accident Insurance, or to demonstrate equivalent
coverage. The reason for this decision is that many foreign students have had either totally
inadequate insurance or none at all. Since they are not U. S. citizens, they are not eligible
for welfare or Medicaid; many of them will have no way of repaying loans. As a consequence,
community hospitals have become increasingly reluctant to admit foreign students unless pay-
ment of the hospital bill is guaranteed.

Environmental Medical Service
This Service, under the general direction of Dr. Franklin D. Aldrich, is charged with the
protection of the M. I. T. community and its neighbors from exposure to harmful amounts of
radiation and to toxic materials. During the year, administrative responsibility for the
Institute Animal Care Service was given to the Environmental Medical Service. This pro-
gram, which has increased tremendously in size in recent years, is an interdepartmental
operation that cannot be attached appropriately to an academic department, yet is not large
enough to justify an independent administrative structure. It therefore seemed logical to
couple it with the Medical Department.

An Animal Care Committee of representatives from the various animal-using departments,
currently chaired by Dr. Melvin H. Rodman, Associate Medical Director, establishes policies
for animal care. The operation of the program is the responsibility of the Institute Veteri-
narian. Dr.Kenneth M. Goddard has resigned as Institute Veterinarian, and a search is
under way for a successor. Many changes in the handling and housing of experimental ani-
mals will have to be made if the Institute is to be accredited for continued work with animals.

Industrial Hygiene O/fice
This unit is supervised by Richard I. Chamberlin. The basic services of the Office, including
evaluation of potentially hazardous environments, the respiratory protection program, hearing
conservation program, and exhaust hood surveys, continue unchanged. During the past year,
34 new laboratory hoods were installed, many of which required special design. The Depart-
ment's industrial hygiene engineers are devoting a great deal of time to the planning and design
of proper hazard control equipment for the Cancer Center and for the new Chemical Engineer-
ing building. They also are involved heavily in the planning for a proposed central animal
care facility.

Radiation Protection Ofi'ce

Samuel Levin, the leader of this unit of the Environmental Medical Service, has summarized
its activities for the year as follows.

The demands for regular Radiation Protection Office (R. P.O. ) services on campus and at
the Bates Accelerator (LINAC) in Middleton resulted in a significantly increased work load
during the past year. The proliferation of new regulations by the Atomic Energy Commission
and other Federal agencies also has necessitated additional man-hour commitments to eval-
uate changes needed in existing R. P.O. programs in order to achieve compliance.
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In addition, an unusual number of special projects were worked on, some of which are sum-
marized in the following list:

1. On-campus radiation protection

a. The removal and shipment of a 15, 000-curie Cobalt-60 source from
Building 66

b. The installation of a new 7, 300 Cobalt-60 irradiation unit in the
basement of Building 16

c. The development and submission of an application to the Atomic
Energy Commission for a new by-product material license, to
cover Draper Laboratory's continued use of radioactive material
after divestment from M. I. T.

d. Monitoring of the radiation emitted during preliminary operation
of the new Alcator controlled-fusion research machine

2. Reactor radiation protection

a. Implementation of a telephone-line system for transmission of data
from one-fourth mile distant environmental monitoring stations to
the Reactor R. P.O. Laboratory

b. Implementation of a new compactor device for compressing solid
radioactive waste

c. Participation in detailed planning for the forthcoming Reactor core
change (now scheduled to begin in February, 1974)

3. LINAC radiation protection

a. Expansion of the Beam-shut-off Ion Changer system and expansion
of the area monitoring system

b. Design and installation of a series of Compton-detectors to aid
in beam steering

c. Relocation of all radiation monitor readout to the Central Control Room
d. Calculations of additional shielding requirements
e. Participation in the expansion of the search-and-secure system to

cover the enlarged restricted zone
f. Participation in the planning for 48-hour, 72-hour, and 96-hour

LINAC beam-runs during the coming fiscal year.

ALBERT O. SEELER, M. D.
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TABLE I PSYCHIATRIC SERVICE

June 1, 1972 - May 31, 1973

Total individuals seen 1, 161

Total number of visits (excluding group therapy) 4, 380

Analysis of caseload Number of patients seen

Freshman
Sophomore
Junior
Senior

Special*"
Uncertain
Graduates
Spouses

Faculty
Staff
Employees
Other
Alumni

Total number of patients hospitalized*'

Total number of patients referred to clinic
to private doctor

Total number of patients hospitalized at Infirmary

Total number of patient days of occupancy at Infirmary

Group Therapy -- Total number of patients
Total number of visits

Combined graduate and undergraduate
At hospitals other than M. I. T. Infirmary

60
123
117
113

18
11

184

51
109

118
100

816

9
180
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TABLE II SOCIAL WORK SERVICE

June 1, 1972 - May 31, 1973

Total Visits

Student
Undergraduate 93
Graduate 88

Student Wife
Undergraduate 24
Graduate 51

Foreign Student
Undergraduate 55
Graduate 95

Foreign Student Wife
Undergraduate 0
Graduate 65

Faculty 10
Staff 187
Employee 347
Other 225
Clinical Research Center 52

TOTAL 1, 292

Source of Referrals

Medical 87
Psychiatry 119
Self 289
Other Departments 180
Personnel 10

TOTAL 685
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TABLE III INFIRMARY

June 1, 1971-
May 31, 1972

405

156

38

599

Admissions

Medical

Surgical

Psychiatric

TOTAL

Patient Days

Faculty

Staff

Student

Employee

Student Spouse

Other

TOTAL

June 1, 1972-
May 31, 1973

400

172

51

623

135

120

2,032

480

201

28

2, 996

37

245

1,835

614

86

45

2,862
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Registrar

All statistics on registration and staff in the following tables are given as of the fifth week
of the fall term, except: 1943-44 as of August 2, 1943; 1944-45 as of November 27, 1944;
and 1945-46 as of July 30, 1945.

TABLE I STUDENT REGISTRATION SINCE THE FOUNDING OF THE INSTITUTE

Number of Number of Number of
Year students Year students Year students

1865-66
1866-67
1867-68
1868-69
1869-70
1870-71
1871-72
1872-73
1873-74
1874-75
1875-76
1876-77
1877-78
1878-79
1879-80
1880-81
1881-82
1882-83
1883-84
1884-85
1885-86
1886-87
1887-88
1888-89
1889-90
1890-91
1891-92
1892-93
1893-94
1894-95
1895-96
1896-97
1897-98
1898-99
1899-00
1900-01

From 1943 to
1943 to 1946).

72
137
167
172
206
224
261
348
276
248
255
215
194
188
203
253
302
368
443
579
609
637
720
827
909
937
011
060
157
183
187
198
198
171
178
277

1901-02
1902-03
1903-04
1904-05
1905-06
1906-07
1907-08
1908-09
1909-10
1910-11
1911-12

1912-13
1913-14
1914-15
1915-16
1916-17
1917-18
1918-19
1919-20
1920-21
1921-22
1922-23
1923-24
1924-25
1925-26
1926-27
1927-28
1928-29
1929-30
1930-31
1931-32
1932-33
1933-34
1934-35
1935-36
1936-37

1,415
1,608
1,528
1,561
1,466
1,397
1,415
1,461
1,479
1,506
1.559

1,611
1,685
1,816
1,900
1,957
1,698
1,819
3,078
3,436
3,505
3, 180
2,949
2,938
2,813
2,671
2,712
2,868
3,066
3, 209
3,188
2, 831
2,606
2,507
2,540
2,793

1937-38
1938-39
1939-40
1940-41
1941-42
1942-43
1943-44
1944-45
1945-46
1946-47
1947-48

1948-49
1949-50
1950-51
1951-52
1952-53
1953-54
1954-55
1955-56
1956-57
1957-58
1958-59
1959-60
1960-61
1961-62
1962-63
1963-64
1964-65
1965-66
1966-67
1967 -68
1968-69
1969-70
1970-71
1971-72
1972-73

2, 966
3,093
3, 100
3, 138
3,055
3,048
1, 579
1, 198
1,538
5, 172
5, 662

5,433
5,45R
5, 171
4, 874
5,074
5, 183
5, 348
5,648
6,000
6, 179
6,259
6,270
6,289
6,454
6, 695
6, 925
7, 151
7,408
7, 567
7, 730
7, 764
8, 024
7, 799
7, 717
7,850

1946 Army and Navy students are omitted (see Table 3-B in reports for
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TABLE I-A STUDENT REGISTRATION IN THE SUMMER SESSION SINCE 1948

+ +
In Regular In Other In Regular +In Other

Year Subjects Subjects Year Subjects Subjects

1948 2,146 - 1961 1,668 1,412
1949 1,875 171 1962 1, 748 1,763
1950 1,852 259 1963 1,808 1,397
1951 1,861 813 1964 1,882 1,492

1952 1,689 832 1965 2,090 1,568
1953 1,672 1,289 1966 2,054 1,787
1954 1,675 1,398 1967 2,218 1,829

1955 1,619 1,653 1968 2,490 1,842

1956 1,553 2,497 1969 2,241 1,938

1957 1,548 1,757 1970 2, 185 1,666

1958 1,650 1,752 1971 2, 197 1, 109

1959 1,635 1,510 1972 2, 121 1,235
1960 1,600 1,696

Students attending regular subjects from M.I.T. curricula.
Students attending professional and technical subjects which
curricula and in general carry no academic credit.

are not part of M.I. T.
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TABLE III- A WOMEN STUDENTS BY SCHOOLS, COURSES, AND YEARS, 1972-731

Year
Course 2 3 4 G Total

SCHOOL OF ARCHITECTURE AND PLANNING
Architecture (IV) 5 5 7 44 61

Urban Studies and Planning (XI) 5 3 2 32 42

Total 10 8 9 76 103

SCHOOL OF ENGINEERING
Aeronautics and Astronautics (XVI) 1 - 1 3 5

Chemical Engineering (X) 3 5 2 7 17
Chemical Engineering (X-C) - - 1 - 1
Civil Engineering (I) 2 7 1 15 25
Electrical Engineering (VI) - - - 28 28
Electrical Engineering (VI-1) 6 5 1 - 12
Electrical Engineering (VI-3) 7 3 3 - 13
Mechanical Engineering (II) 5 1 2 2 10
Mechanical Engineering (II-A) 1 - - - 1

Mechanical Engineering (II-B) - 1 - - 1

Metallurgy and Materials Science (III) 1 3 3 3 10

Nuclear Engineering (XXII) -

Ocean Engineering (XIII) - 1 - 1 2

Ocean Engineering (XIII-W)(Woods Hole) - - - 1 1

Center for Advanced Engineering Study (EN) - - - 4 4

Total 26 26 14 64 130

SCHOOL OF HUMANITIES AND SOCIAL SCIENCE
Economics (XIV) 2 2 2 7 13
Foreign Literatures and Linguistics (XXIII) - - - 14 14

Humanities and Engineering (XXI-A) -

Humanities and Science (XXI-B) - 5 2 - 7

Philosophy (XXIV) - - - 3 3
Political Science (XVII) 2 1 1 19 23
Psychology (IX) - - - 8 8

Total 4 8 5 51 68

ALFRED P. SLOAN SCHOOL OF MANAGEMENT

Management (XV) 5 2 3 16 26

SCHOOL OF SCIENCE
Biology (VII) 22 20 10 51 103
Biology (VII-A) 2 2 4 - 8

Biology (VII-B) 1 1 3 - 5
Biology (VII-W)(Woods Hole) - - - 3 3
Chemistry(V) 14 9 5 24 52
Earth and Planetary Sciences (XII) 8 2 1 7 18
Earth and Planetary Sciences (XII-W)

(Woods Hole) - - - 3 3
Interdisciplinary Sciences (XXV) 2 1 2 - 5
Mathematics (XVIII) 21 13 17 7 58
Meteorology (XIX) - - - 4 4
Meteorology (XIX-W)(Woods Hole) - - - 1 1
Nutrition and Food Science (XX) - - - 34 34
Physics (VIII) 7 7 4 11 29
Health Sciences and Technology (HST) - - - 4 4

Total 77 55 46 149 327

Undesignated 44 44

First Year Students 118 118

Grand Total 118 166 99 77 356 816
Included also in Table III



TABLE III-B SPECIAL STUDENTS BY SCHOOLS, COURSES, AND YEARS, 1972-731

YearCourse
2 3 4 G Total

SCHOOL OF ARCHITECTURE AND PLANNING
Architecture (IV) - - - 19 19
Urban Studies and Planning (XI) 1 - - 36 37

Total 1 - - 55 56

SCHOOL OF ENGINEERING
Aeronautics and Astronautics (XVI) 1 - - 14 15
Chemical Engineering (X) - - - 2 2
Civil Engineering (I) - - - 17 17
Electrical Engineering (VI, VI-3) 1 1 - 75 77
Mechanical Engineering (II) - 1 - 9 10
Metallurgy and Materials Science (III) - - - 6 6
Nuclear Engineering (XXII) - - - 2 2
Ocean Engineering (XIII, XIII-A) - - - 9 9
Center for Advanced Engineering

Study (EN) - - - 26 26

Total 2 2 - 160 164

SCHOOL OF HUMANITIES AND SOCIAL SCIENCE
Economics (XIV) - - - 5 5
Foreign Literatures

and Linguistics (XXIII) - - - 5 5
Humanities and Engineering

or Science (XXI-B) 1 - - - 1
Philosophy (XXIV) - - - 2 2
Political Science (XVII) - - - 9 9
Psychology (IX)

Total 1 - - 21 22

ALFRED P. SLOAN SCHOOL OF MANAGEMENT
Management (XV) - 1 - 23 24

SCHOOL OF SCIENCE
Biology (VII) - - 1 9 10
Chemistry (V) 1 - - - 1
Earth and Planetary Sciences

(XII, XII-B, XII-W) - - - 3 3
Interdisciplinary Sciences (XXV) - -
Mathematics (XVIII) - - - 4 4
Meteorology (XIX) - - - 6 6
Nutrition and Food Science (XX) - - - 7 7
Physics (VIII) - 3 - 13 16
Health Sciences and Technology (HST) - - - 38 38

Total 1 3 1 80 85

Undesignated 65 65

First Year 1 1

Grand Total 1 70 6 1 339 417

Included also in Table III
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TABLE IV CONTINUED, FORMER, AND NEW STUDENTS

1968-69 1969-70 1970-71 1971-72 1972-73

Continued Students

Undergraduate and graduate
students registered at the
end of the last academic
year (including special students) 5,426 5,471 5,474 5, 332 5, 337

Noncontinued Students

Former undergraduate and
graduate students who previously
attended the Institute but were
not registered at the end of the
last academic year (including
special students) 260 308 304 291 273

Undergraduate students who
enrolled for the first time
since secondary school
(excluding special students) 963 956 942 979 1, 041

Undergraduate students who
enrolled for the first time
at the Institute and who transferred
from another collegiate institution
(excluding special students) 85 98 102 90 104

Graduate students who enrolled
for the first time at the
Institute (excluding special
students) 756 883 759 786 883

Special undergraduate and
graduate students with no
previous Institute registration 274 308 218 239 212

Total 7, 764 8, 024 7, 799 7, 717 7, 850



TABLE V REGULAR STUDENTS FROM OTHER COLLEGES AND GRADUATES OF M. I. T.
CLASSIFIED BY SCHOOLS AND COURSES, 1972-73

Entered Entered with Entered Graduate
with no bachelor's School with bache-
previous degree from lor's degree
degree other colleges from M. I. T.

Under-
graduate Graduate

SCHOOL OF ARCHITECTURE AND PLANNING
Architecture (IV, IV-B) 14 - 97 33

Urban Studies and Planning (XI) 3 - 96 8

Total 17 - 193 41

SCHOOL OF ENGINEERING
Aeronautics and Astronautics (XVI) 3 - 99 52
Chemical Engineering (X) 17 - 111 28

Civil Engineering (I) 3 - 144 38
Electrical Engineering (VI,

VI-1, VI-3, VI-A) 61 - 230 222
Mechanical Engineering (II, II-A, II-T) 20 1 144 65
Metallurgy and Materials Science (III) 2 - 80 43
Naval Construction and Engineering (XIII-A) - - 59
Nuclear Engineering (XXII) - - 103 12
Ocean Engineering (XIII, XIII-W) 6 - 80 10
Shipping and Shipbuilding

Management (XIII-B) - - 2 -

Total 112 1 1,052 470

SCHOOL OF HUMANITIES AND SOCIAL SCIENCE
Economics (XIV) 6 - 100 7
Foreign Literatures and Linguistics (XXIII) - - 31 1
Humanities and Engineering

or Science (XXI-A, XXI-B) 3 - - -

Philosophy (XXIV) 1 - 25 2

Political Science (XVII) 1 - 69 12

Psychology (IX) - - 21 6

Total 11 - 246 28

ALFRED P. SLOAN SCHOOL OF MANAGEMENT
Management (XV) 7 - 293 67

SCHOOL OF SCIENCE
Biology (VII, VII-A, VII-B, VII-W) 14 - 103 19

Chemistry (V) 11 - 190 2

Earth and Planetary Sciences
(XII, XII-B, XII-W) 6 - 89 20

Interdisciplinary Science Program (XXV) - -

Mathematics (XVIII) 29 - 97 20

Meteorology (XIX, XIX-W) - - 45 10

Nutrition and Food Science (XX) - - 91 16

Physics (VIII) 32 - 151 85

Total 92 - 766 172

Undesignated 5 - - -

Grand Total 244 1 2,550 778
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TABLE VI LIST OF COLLEGES AND UNIVERSITIES WITH NUMBER OF GRADUATES
ENTERING THE INSTITUTE AS REGULAR STUDENTS, 1972-731

United States

Air Force Institute of Technology
Akron, University of
Alaska, University of
Alfred University
Amherst College
Antioch College
Arizona State University

Babson College
Bard College
Barnard College
Bates College
Baylor University
Bellarmine College
Boston College
Boston University
Bowdoin College
Brandeis University
Brigham Young University
Brooklyn College
Brown University
Bucknell University

California, University of, Berkeley
California, University of, Davis
California, University of, Irvine
California, University of, Los Angeles
California, University of, Riverside
California, University of, San Diego
California, University of, Santa Barbara
California, University of, Santa Cruz
California Institute of Technology
California State College, Fullerton
California State Polytechnic College
Carnegie-Mellon University
Case Western Reserve University
Catholic University of America
Central Michigan University
Chicago, University of
Cincinnati, University of
Citadel, The
City College, The
Clarkson College of Technology
Clemson University
Colgate University
Colorado, University of
Colorado School of Mines
Columbia University
Connecticut, University of
Cooper Union, The
Cornell University

Da rtmouth College
Delaware, University of

Denison University
Denver, University of
Detroit, University of
Dickinson College
Drexel Institute of Technology
Duke University

Emory University
Fisk University
Florida, University of
Florida Atlantic University
Florida Institute of Technology
Florida State University
Franklin and Marshall College

Gannon College
General Motors Institute
George Washington University
Georgetown University
Georgia Institute of Technology
Georgia, University of
Gettysburg College
Goucher College

Hampton Institute
Harvard University
Harvey Mudd College
Hawaii, University of
Hofstra University
Houston, University of
Howard University
Hunter College

Illinois, University of
Illinois Institute of Technology
Indiana University
Iowa, University of
Iowa State University

Jackson College
Johns Hopkins University
Kansas, University of
Kent State University
Kentucky, University of
Kirkland College

Lafayette College
Lehigh University
Lousiana State University (New Orleans)
Louisiana Polytechnic Institute
Lowell Technological Institute
Loyola University, Los Angeles

Maryland, University of
Massachusetts Institute of Technology

1 Graduates of 203 colleges and universities in the
the Institute.

United States and 141 foreign colleges entered

358

1
24

2
4
1
1
2
2

3
4
3
2
1

1
5
1
2
1
1

3
3
1
3
2
1

9
220



Registrar

TABLE VI continued

Massachusetts, University of
Miami, University of
Miami University (Ohio)
Michigan, University of
Michigan State University
Michigan Technological University
Middlebury College
Minnesota, University of
Missouri, University of
Missouri, University of, Rolla
Mt. Holyoke College

Nebraska, University of
New Hampshire, University of
New Mexico, University of
New School for Social Research
New York University
New York, State University of, Albany
New York, State University of, Buffalo
New York, State University of, Maritime

College
New York, State University, Stonybrook
Newark College of Engineering
North Carolina, University of, Chapel Hill
North Carolina State University, Raleigh
North Texas State University
Northeastern University
Northwestern University
Notre Dame, University of

Oberlin College
Occidental College
Ohio Wesleyan University
Ohio University
Oklahoma, University of
Oregon State University

Pennsylvania, University of
Pennsylvania State University
Pittsburgh, University of
Polytechnic Institute of Brooklyn
Pratt Institute
Princeton University
Principia College
Purdue University

Radcliffe College
Reed College
Rensselaer Polytechnic Institute
Rhode Island, University of
Rice University
Rochester, University of
Roosevelt University
Rose-Hulman Institute of Technology
Rutgers, The State University

St. Ambrose College
St. John's College (Maryland)
St. Joseph's College (Pennsylvania)
St. Louis University
St. Mary's University
St. Peter's College
San Fernando Valley State College
San Francisco, University of
Sarah Lawrence College
Simmons College
Smith College
South Carolina, University of
South Dakota School of Mines and Technology
Southeastern Massachusetts University
Southern California, University of
Southern University and Agricultural

and Mechanical College
Stanford University
Stevens Institute of Technology
Swarthmore College
Syracuse University

Tennessee, University of
Texas A & M University
Thunderbird Graduate School of

International Management
Trinity College (Connecticut)
Tufts University
Tulane University

Union College and University
U. S. Air Force Academy
U. S. Coast Guard Academy
U. S. Merchant Marine Academy
U. S. Military Academy
U. S. Naval Academy
Utah, University of
Utah State University

Vanderbilt University
Vassar College
Virginia, University of
Virginia Commonwealth University
Virginia Polytechnic Institute

Washington, University of
Wayne State University
Webb Institute of Naval Architecture
Wellesley College
Wesleyan University

Westminster College
West Virginia University
Wheaton College
William and Mary College
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TABLE VI continued

Williams College
Wisconsin, University of
Worcester Polytechnic Institute
Wooster, College of
Wright State University

Yale University

Total U. S.

Foreign

Adelaide, University of (Australia)
Alexandria, University of (United

Arab Republic)
Allahabad, University of (India)
American University of Beirut (Lebanon)
Asian Institute of Technology (Thailand)
Assumption University of Windsor (Canada)
Ateneo de Manila University (Philippines)
Australian National University (Australia)

Banaras Hindu University (India)
Bombay, University of (India)
British Columbia, University of (Canada)

Cairo, University of (United Arab Republic)
Calcutta, University of (India)
Cambridge University (England)
Chen Kung University (Republic of China)
Chulalongkorn University (Thailand)
Chung-Yuan College of Science and

Engineering (Republic of China)
College of Technology (Ireland)

Dalhousie University of Halifax (Canada)
Danmarks Tekniske Hojskola (Denmark)
Das-Abend-Technikum Zurich (Switzerland)
De La Salle College (Philippines)
Delhi, University of (India)
Det Kongelige Danske Kunstakademi

(Denmark)
Denki Tsusin Daigaku (Japan)

Ecole Centrales des Arts et Manufactures
(France)

Ecole des Hautes Etudes Commercials
(France)

Ecole nationale superieure d'Arts et
Metiers (France)

Ecole nacionale superieure de Chimie
(France)

Ecole nationale superieure de Mecanique
Advancees (France)

Ecole nationale superieure des Mines de
Saint-Etienne (France)

4 Ecole nationale superieure du Genie
9 Maritime (France)
5 Ecole polytechnique (France)
1 Ecole polytechnique de 1'Universite de
1 Lausanne (Switzerland)

Ecole Polytechnique de Montreal (Canada)
11 Ecole superieure d'Electricate (France)

Eidgenossiche Technische Hochschule
881 (Switzerland)

Escola Brasileira de Administracao
Publica (Brazil)

Escola de Engenharia Maua (Brazil)
1 Essex, University of (England)

Ethnikon Metsovion Polytechneion
Athinai (Greece)

Ewha Yeo Ja Dai Hak Kyo (Republic of Korea)
Freie Universitat Berlin (West Germany)

Ha'Technion-Machan Technologhi Li
Israel (Israel)

Imperial College (England)
2 Indian Institute of Technology (Bombay, India)
2 Indian Institute of Technology (Khanpur, India)
2 Indian Institute of Technology

(New Delhi, India)
1 Istanbul State Academy of England (Turkey)
1 Institut Catholiques des Hautes Etude
8 Commercials (Belgium)
2 Instituto de Estudios superiores de
2 Administracion (Venezuela)

Instituto de Matematica Pura e
1 Applicada (Brazil)
1 Instituto technologico y de Estudios

superiores (Mexico)
1 Instituto Universitaro des Pesquisas (Brazil)
1
1 Kanazawa Daigaku (Japan)
2 Karnatak University (India)
2 Katholuke Universiteit te Leuven (Belgium)

Kiensku Institut Gragdanskogo Vozusnozo
2 Flota im. K. E. Vorosilova, Kuv.(U.S.S.R.
1 Kings College (England)

Kungliga Tekniska Hogkolan (Sweden)
Kyota Daigaku (Japan)

1 Kyushu Kogyo Daigaku (Japan)

1 Lancaster, University of (England)
Laval University (Canada)

3 Libera Universita Degli Studi di Urbino (Italy)
Liverpool, University of (England)

3 London, University of (England)
London School of Economics (England)

1
Manitoba, University of (Canada)

1 Mary Knoll College (Philippines)
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TABLE VI continued - Foreign Colleges and Universities

McGill University (Canada)
McMaster University (Canada)
Melbourne, University of (Australia)

Nairobi, University of (Kenya)
National Central University

(Republic of China)
National Taiwan University

(Republic of China)
National Tsing Hua University

(Republic of China)
National University (Philippines)
Newark College of England (England)
Norges Handelshogskole (Norway)
Norges Tekniske Hogskole (Norway)
Nottingham, University of (England)
Nova Scotia Technical College (Canada)

Odense Teknikum (Denmark)
Osmania University (India)
Oxford University (England)
Panjab, University of (Pakistan)
Pontificia Universidad Catolica (Brazil)
Pontificia Universidade Catolica

del Peru (Peru)
Puerto Rico, University of, at Mayaguez

(Puerto Rico)

Quebec, University of (Canada)
Reading, University of (England)
Rhodes University of Grahamstown

(Republic of South Africa)

Seoul Dai Hak Kyo (Korea)
Seoul National University (Korea)
Surrey, University of (England)
Sveuciliste u Zagrebu (Yugoslavia)

Tatung Institute of Technology
(Republic of China)

Technion, The (Israel)
Teknillinen Kockeakoulu (Finland)
Technische Universitat Carlo-Wilhelmina

Zu Braunschweiz (West Germany)
Tokyo Daigaku (Japan)
Toronto, University of (Canada)

Universidad
Mexico

Universidad
Universidad
Universidad
Universidad
Universidad
Universidad

6 Universidad del Valle (Colombia)
1 Universidad nacional autonoma de Mexico
1 (Mexico)

Universidad nacional de Colombia (Colombia)
2 Universidad nacional de Cordoba (Argentina)

Universidad nacional de Ingenieria (Peru)
1 'Universidade de Lourenco Marques

(East Africa)
6 Universidade de Sao Paulo (Brazil)

Universidade tecnica de Lisboa (Portugal)
1 Universidade federal de Minas Gerais (Brazil)
1 Universidade federal do Rio de Janeiro (Brazil)
3 Universita commerciale Luigi Boccini (Italy)
1 Universita degli Studi di Parma (Italy)
2 Universita degli Studi di Roma (Italy)
1 Universita degli Studi di Torino (Italy)
1 Universitat Fridericiana Karlsruhe

(West Germany)
1 Universite d'Aix-Marseille I (France)
2 Universite de Clermont-Ferrand (France)
2 Universite de Grenoble I (France)
1 Universite de Lille I (France)
1 Universite de Paris I (France)

Universite de Paris VI (France)
1 Universite de Rennes I (France)

Universite libre de Bruxelles (Belgium)
4 Universitet Druzby Nordov im. Patrisa

Lumumby (U. S. S. R. )
1 Universitet u Beograde (Yugoslavia)
1 University College (Ireland)

1 Victoria, University of (England)

Waseda Daigaku (Japan)
West Indies, University of (West Indies)
Western Ontario, University of (Canada)

York University (Canada)

Total Foreign

1

222

Grand Total 1, 103

Autonoma del Estado de
(Mexico)
Catolica de Valparaiso (Chile)
central de Venezuela (Venezuela)
de Buenos Aires (Argentina)
de Chile (Chile)
Iberoamericano (Mexico)
de los Andes (Colombia)
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TABLE VII GEOGRAPHIC DISTRIBUTION OF STUDENTS, 1972-73

United States

Alabama
Alaska
A riz ona
Arkansas

California
Colorado
Connecticut

Undergrad. Grad.

13 Rhode Island

166
26

138

Delaware
District of Columbia

3
13

6

169
22
77

10
27

South Carolina
South Dakota

Tennessee
Texas
Utah

Vermont
Virginia

103Florida

Georgia

Hawaii

Idaho
Illinois
Indiana
Iowa

Kansas
Kentucky

Louisiana

Maine
Maryland
Massachusetts
Michigan
Minnesota
Mississippi
Missouri
Montana

Nebraska
Nevada
New Hampshire
New Jersey
New Mexico
New York
North Carolina
North Dakota

Ohio
Oklahoma
Oregon

Pennsylvania

9
154
39
27

42 Washington
West Virginia

17 Wisconsin
Wyoming

U. S. Territories
and Dependencies

Puerto Rico

Virgin Islands

U. S. Citizens
Foreign Address

27
146
477
100

32
6

54
10

18
4

32
254

8
797
30

1

158
15
22

249

13

17
70

611
61
28

3
35

1

5

18
154

7
462

24

113
13

5

149

Total U. S. 3, 768 2, 677

Foreign Countries

Afghanistan
Algeria
Argentina
Australia
Austria

Bangladesh
Belgium
Bermuda
Brazil
Bulgaria
Burma

Cameroon
Canada
Ceylon
Chile
China, Republic of
Colombia
Costa Rica

* Country of Citizenship

Undergrad. Grad.
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TABLE VII continued

Undergrad. Grad.

Cuba
Curacao
Cyprus
Czechoslovakia

Denmark
Dominican Republic

Ecuador
El Salvador
England
Ethiopia

Finland
France

Germany
Ghana
Greece
Guatemala
Guyana

Haiti
Honduras
Hong Kong
Hungary

6 Netherlands
- New Zealand
3 Nicaragua
5 Niger

Nigeria
4 Norway

Pakistan
Panama
Peru
Philippines
Poland
Portugal

Rhodesia
Rumania

Saudi Arabia
Scotland
Sierra Leone
Singapore
South Africa,
Spain
Sudan
Sweden
Switzerland

Iceland
India
Iran
Iraq
Ireland
Israel
Italy
Ivory Coast

Jamaica
Japan
Jordan

Kenya
Korea
Kuwait

Lebanon
Luxembourg

Taiwan
Tanzania
Thailand
Trinidad
Turkey

Uganda
United Arab Republic

(Egypt)
United Kingdom
Uruguay

Venezuela
Vietnam

Yugoslavia

Zambia

Stateless

Total Foreign 415 990

Grand Total
Nepal

Undergrad. Grad.

Republic of

Malaysia
Mexico
Morocco

4,183 3,667
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Vice President

TABLE XV SUMMARY OF DEGREES AWARDED
(1868-1973)

Bachelor of Science 42, 638
Bachelor in Architecture 765
Bachelor in City Planning (discontinued after 1954) 31
Master of Science 21,330
Master in Architecture 648
Master of Architecture 43
Master of Architecture in Advanced Studies 39
Master in City Planning 438
Master in Public Health (discontinued after 1944) 104
Advanced Engineering 2, 149
Advanced Engineering awarded jointly with

Woods Hole Oceanographic Institution 6
Doctor of Philosophy 5,203
Doctor of Philosophy awarded jointly with

Woods Hole Oceanographic Institution 16
Doctor of Science 2,430
Doctor of Science awarded jointly with

Woods Hole Oceanographic Institution , 3
Doctor of Public Health (discontinued after 1944) 9
Doctor of Engineering (discontinued after 1918) 4

Grand Total 75, 856

See 1959 Report of the Registrar for details.

WARREN D. WELLS



Vice President and Secretary of the Institute

The assignment of the Vice President and Secretary of the Institute is to provide staff support

to the Corporation and to the Committees of the Corporation. At midyear, the responsibility

for coordinating the Institute's relations with industry and for supervising the ongoing program

to develop private support for M. I. T. was transferred to the Vice President for Resource

Development. His summary of these activities for the full year is included elsewhere in the

Report of the President. The Director of the Registry of Guests and the Manager of Endicott

House have submitted reports to the President which are part of the formal record of the

Institute. This report summarizes their work along with the activities of the Corporation.

Corporation Membership

At the academic year's end there were a record 87 Members of the Corporation -- 77 Active

Members, 9 Life Members Emeriti, and one Member-Elect of the Corporation due to assume

office at the October 5, 1973, Meeting of the Corporation as a Representative from Recent

Classes. During the year, the Corporation regained (through election at the October 6, 1972,
Annual Meeting) the membership of H. I. Romnes, former Chairman of the American Tele-

phone and Telegraph Company, for a second five-year term. Rebecca A. Donnellan, a new

Representative from Recent Classes, also took office as a Member of the Corporation at that

Annual Meeting.

On October 7, 1972, the Corporation lost through death Life Member Thomas C. Desmond,
Class of 1909, former State Senator of the State of New York; on October 15, 1972, Life

Member Gilbert M. Roddy, Class of 1931, Chairman and President of Arkwright-Boston Manu-

facturers Mutual Insurance Company and of the Mutual Boiler and Machinery Insurance Company;

and on October 20, 1972, Life Member Emeritus Harlow Shapley, Paine Professor of Practical

Astronomy at Harvard University.

After four years in office, Dr. Neil V. Sullivan announced his resignation as Commissioner

of Education of the Commonwealth of Massachusetts in the summer of 1972. In this capacity

he also served as one of three ex officio Representatives of the Commonwealth on the M. I. T.

Corporation. On September 17, 1972, he was succeeded by Dr. Thomas J. Curtin, longtime

Deputy Commissioner, who was succeeded by Dr. Gregory Anrig, the new Commissioner, in

February, 1973.

At its June 1, 1973, Meeting, the Corporation elected the following to five-year terms: Angus

N. MacDonald, Class of 1946, President, Angus MacDonald & Company, Inc.; Charles B.

McCoy, Class of 1930, Chairman and President, E. I. duPont deNemours & Company; Frank

R. Milliken, Class of 1934, President, Kennecott Copper Corporation; Ellmore C. Patterson,
Chairman, Morgan Guaranty Trust Company; Gregory Smith, Class of 1930, former President

and General Manager, Eastman Gelatine Company; Laurence Storch, Class of 1971, student

at Harvard Law School; James E. Turner, Class of 1933, former Group Vice President, Tex-

tron, Inc.; and Edward O. Vetter, Class of 1942, Executive Vice President, Texas Instruments,
Inc. One Member, William S. Edgerly, Class of 1949, Financial Vice President of Cabot Cor-

poration, assumed the additional position of ex officio Member of the Corporation by virtue of

his election as the 1973-74 President of the Alumni Association. Dr. Howard W. Johnson
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resumed full-time duties as Chairman on June 1.

In a year marked by important changes in the bylaws and membership changes, Vice President
and Treasurer Joseph J. Snyder became Vice President Emeritus, having served since 1951
in the former position. He continues full-time duties as Treasurer of the Corporation and as
an Officer of the Corporation, responsible for the investments of the Corporation and for the
audit function of the Institute relative to fiscal and budgetary operations. Mr. Snyder has been
a bulwark in the financial management of the Institute for more than a quarter of a century.
He is regarded widely as the leading university treasurer in the nation. The growth of the
Institute's investments over this period speaks eloquently for M. I. T. 's great fortune in having
his continued services.

Life Member Thomas D. Cabot, former Chairman of Cabot Corporation, transferred to Life
Member Emeritus status after 26 years of active service. Expiration of term membership
has cost the Corporation the formal services of William E. Hartmann, Class of 1937, Partner
in Skidmore, Owings & Merrill; James A. Hester, Jr., Class of 1965, Director of Health
Studies, Health Services Administration of New York City; Henry E. Singleton, Class of 1940,
Chairman and Chief Executive Officer, Teledyne, Inc.; and Thornton A. Wilson, Class of
1953, President, The Boeing Company. These retiring Corporation Members continue their
association with the Corporation in important ways as members of various Corporation
Committees.

The Corporation held five meetings during the year. The additional Meeting was held on April
6, 1973, to facilitate the issuance of M. I. T. bonds related to the financing of several construc-
tion projects at the Institute. In a year when President Wiesner and Chancellor Gray demanded
an extra effort from all segments of the Institute community, the Corporation played a central
role in communicating with students, faculty, alumni, and general public on the range of ques-
tions and issues before M. I. T. Special thanks are due the Ad Hoc Committee on Shareholder
Responsibility, under the chairmanship of Jeptha H. Wade, and the Corporation Joint Advisory
Committee on Institute-wide Affairs (C. J. A. C. ), under the chairmanship of James A. Champy,
for their invaluable assistance to the Executive Committee and to the Corporation, respectively.
Walter L. Milne, Assistant to the Chairman of the Corporation, served again as Secretary to
the Corporation on Shareholder Responsibility. Additional thanks are due the Corporation
Screening Committee, under the chairmanship of Ralph M. Davison, and the staff of the Alumni
Association for the devoted effort they made in conducting the expanded format of alumni elec-
tions and in conducting the special alumni election needed to fill a vacancy in the membership
category, Representatives from Recent Classes.

The election of Richard A. Knight as Secretary of the Alumni Association occurred during the
year; it brought back to the Institute a longtime friend and seasoned administrative officer.
He succeeds Frederick G. Lehmann, Class of 1951, who was promoted to Vice President and
Treasurer of the Association. No words could express adequately the appreciation of the
Corporation for Mr. Lehmann's long and distinguished service as Secretary of the Alumni
Association and his contribution to the growth of alumni participation in the work of the Insti-
tute's governing body.

Corporation Joint Advisory Committee on Institute-wide Affairs

This Advisory Committee to the Corporation completed its fourth year of operation and its
second year under the chairmanship of James A. Champy. The Committee held ten regular
open meetings during the year, as well as one closed meeting; these included sessions with
the President, Members of the Corporation, and various officers of the administration.
Special attention was given by C. J. A. C. to issues involved in the assessment of M. I. T. 's
financial priorities, the size and growth of the M. I. T. administration, the size and care of
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the foreign student population, the delivery of social services at M. I. T., and child care.
C. J. A. C. has made a remarkable contribution while dealing with these and other questions
in building respect and mutual understanding within the M. I. T. community. Particular credit
is due the chairman, Mr. Champy, for his skillful and stimulating leadership of C. J. A. C.
The Committee was assisted in its deliberations for a second year by the able staff support
of Robert D. Blake and his office.

Dedications

The Office of the Vice President and Secretary maintained prime responsibility for the dedi-
cation of major facilities. Notable ceremonies this year included the dedication of the Ping
Yuan Tang Residence Hall at 550 Memorial Drive, the initiation of construction of the new
Chemical Engineering Building, and the announcement of the naming of the new Electrical
Engineering and Electronics Complex (to be dedicated formally in the fall of 1973) in honor
of Sherman M. Fairchild. The Department of Humanities took responsibility for dedicating a
room in memory of Professor Henry G. Pearson, longtime head of the Department.

The Vice President and Secretary received invaluable assistance from Paul E. Johnson of the
Office of Institute Information Services and Richard A. Sorenson of Plant Operations in managing
the P. Y. Tang Residence Hall dedication, and from Special Assistant Leslie M. Boring, Jr.,
in the Chemical Engineering Building ground breaking.

Corporation Visiting Committees

The expansion of each Visiting Committee virtually was completed in 1972-73, instituting a
new compound of three Corporation nominees, six Presidential nominees, and six Alumni
nominees -- or 15-member Committees in place of the previous nine-member Committees.
The intent of this move has been to strengthen the Visiting Committees, to recognize the
growing numbers of distinguished alumni who are eligible and anxious to serve on these Com-
mittees, and to support greater attendance at midwinter meetings of Visiting Committees.
The expansion process was begun three years ago. There are now 395 individuals holding 443
positions on the 29 Visiting Committees.

The past year was a good one for the Corporation Visiting Committees; 15 meetings were
attended by 177 members, including the meeting of the Visiting Committee of the Joint
Harvard-M. I. T. Center for Urban Studies. As distinguished from the past several years,
there was no surfeit of meetings in one or two spring months. April did contain six meetings,
there was one meeting in December, and the remainder were spread evenly from February
through June. Two additional meetings were planned tentatively, but had to be postponed until
the fall.

A major change this year in Visiting Committee procedure was the decision to elect the Chair-
men of the Committees at the March Meeting of the Corporation, instead of in October. This
change had been proposed as a means of promoting better scheduling of academic-year meetings,
since it would provide working time for planning for the fall. The results to date seem to bear
out the wisdom of this move; eight committees are planning actively for this coming fall, with
at least one more considering doing so.

Two features of the meetings that have proved successful in the past were continued by most
of the Committees this year. All but two of the meetings included dinner, at which Committee
members were brought together informally with members of the faculty and administration,
and in a few cases with students. Also, the Committees made effective use of sessions with
students on their agenda, formalizing further this valuable means of gaining insight into the
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various departments' activities. Several of the committees for larger departments held
similar, separate sessions with junior faculty members. Discussions with departments had
many common themes, including the review of departmental progress in recruitment of
minorities and women as students and faculty members.

This year, the Philosophy Visiting Committee held its first meeting, and for the first time in
the 42-year history of Corporation Visiting Committees at M. I. T., the Committee was chaired
by a woman -- Dr. Mary Frances Wagley. At year's end, Dr. Wagley was elected to serve
on the 1973-74 Executive Committee -- another significant first in M. I. T. 's history.

Attendance by members of the Visiting Committees has been excellent this year. The 15
meetings had an average of more than 11 members per meeting, slightly higher than the pre-
vious year. In addition, the participation of senior officers and deans of the Institute in this
year's series of meetings continued at a high level. The presence of these officers at various
meetings enhances the communication between the individual Committee and the individual
department, and often provides a welcome catalytic effect which contributes to the success of
the meeting. Special thanks are due Provost Walter A. Rosenblith for his energetic partici-
pation both in the meetings and in the selection of new Committee members.

Of the 24 Committees which met this past year, all of the Chairmen have reported orally to
the Corporation, and 18 now have submitted written reports. These reports to the Corpora-
tion are vital to the successful operation of the Committees; they also provide a broadened
forum in which to consider the plans and progress of each department. They are invaluable
to the functioning of trusteeship at M. I. T.

The increased size of the Committees has resulted in a proportionately larger number of
members requesting reimbursement, as well as increased costs associated with the meetings
themselves.

On March 31, 1973, Robert D. Blake assumed new duties in the operation of the Visiting
Committees, succeeding David J. Tobin, who resigned to return to industry. The Institute
deeply appreciates Mr. Tobin's many years of devoted service, first as a development officer
and later in the administration of the Visiting Committees. He will be missed sorely. Mr.
Blake has been appointed Special Assistant in the Office of the Vice President and Secretary,
to assist the undersigned in providing staff support to the Corporation Visiting Committees
and to C. J. A. C.

Finally, the Vice President and Secretary wishes to acknowledge a lasting debt to the Institute
Secretaries, and to the staffs of the Development Office, Industrial Liaison Office, and M. I. T.
Associates Office. They are carrying out vitally important work under the effective leadership
of James B. Lampert, Vice President for Resource Development. The record of their accom-
plishment during the past ten years speaks for itself; it augurs well for M. I. T. 's future.

VINCENT A. FULMER

Registry of Guests

The Registry of Guests logged a total of 750 visitors from 77 countries during the year, a
decrease of about one-third from 1971-72. For the second consecutive year, France topped
the list with 86 short-term visitors; Japan, which had led the list consistently in earlier years,
was second. The number of foreign groups taking special guided tours of the Institute was
reduced greatly this year, primarily by the necessity of charging a minimum of $5 for each
15-member segment of such a group.
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The number of foreign staff and faculty recorded by the Registry fell about 10 percent to 466,
from last year's unusually high total of 515 long-term visitors. Again this year, England was
well in the lead; in all, 53 countries were represented, including nine long-term visitors
from the Soviet Union. As the complexities of visa affairs increase, the Registry is devoting
increasing time and attention to these matters. The problem of unemployment of scientists
and engineers on a worldwide basis has contributed to this complexity, both here and abroad.

The Registry is grateful for the generous assistance given by the Office of the Advisor to Foreign
Students and the Admissions Office, and for the willingness of faculty, students, and staff to
join in extending courtesies and visit privileges to foreign visitors. Without this strong help,
the steady increase of administrative work required to handle visas, visitor orientation, and
protocol connected with the Immigration Act of 1965 could not be managed. This year, a
trend toward more specificity in visitor interests and greater uncertainty in visitors' schedules
led to greater scheduling difficulties.

As usual, a considerable amount of Registry time was expended in preparing for Commence-
ment. With the current trend toward more traditional inauguration ceremonies, there was an
increase in the number of delegates needed to represent M. I. T. at academic functions at other
institutions, and there was a continuing demand for a number of formal Institute Greetings
prepared by the Registry.

Each year, as the Institute moves into new fields of research and teaching, the international
dimensions of its program bring a widening network of educators, scientists, engineers, and
managers to M. I. T. While the visitor and nation counts may fluctuate from year to year,
depending upon the dynamics of international relations and economics, the constant elements
of diversity and change represent a tall challenge to this small Office, which seeks to extend
M. I. T. 's hospitality on a worldwide scale.

CAROLYN B. COX

M.I.T. Endicott House

A turnaround in demand for M. I. T. 's conference center in Dedham, Massachusetts, a second
consecutive year of income improvements under a 1971-72 rate structure and cancellation
policy authorized by the Endicott House Board of Governors, and continued capital improve-
ments were among the significant developments during the year.

For the second consecutive year, Endicott House remained open the full 12 months; the House
logged a disappointing result during the January Independent Activities Period, with only two
days of use during that period. It continued to play a key role in expanding educational oppor-
tunities for the departments and laboratories of the Institute. The Alfred P. Sloan School of
Management continued to be the heaviest user of the House, as it held two sessions of the
Program for Senior Executives, and other programs in the urban and health care management
fields.

Given the general depression in higher education, Endicott House has fared remarkably well.
At the same time, the House remains underutilized, and will have to await a sustained economic
upturn at M. I. T. to realize its full educational potential -- or the addition of another major
resident program, perhaps one comparable to the Senior Executives. The House was used
only two-thirds of the time in 1971-72.

The nationwide demand for conference facilities continued to decline, as academic budgets
reflected stringent conditions throughout the country. However, Endicott House experienced
a slight increase in bookings. M. I. T. groups accounted for roughly 90 percent of the resident
conference volume, and roughly 75 percent of the nonresidential conference volume.
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The following comparisons highlight the turnaround situation over a three-year period:

1970-71 1971-72 1972-73

Days Used (Total) 256 243 250
Nights Used 180 193 199
Resident Groups 26 22 24

Overnights 3,951 4,612 5,209
Average Number of Overnight

Guests 21.5 23.5 26.0
Nonresident Guests 6,258 4,647 4,641

Meals Served 18,354 17,739 19,018
Average Meals per Day of

Operation 71.5 73.0 76.0

A further increase in the 1973-74 income of the House is expected, under an adjusted rate
schedule to take effect with bookings in the summer of 1973. The announcement of a second
price increase in two years was made reluctantly this past spring; it reflects the sharp in-
creases in food, materials, and supplies used to operate Endicott House.

During the year, Professors Mildred S. Dresselhaus, Ira Dyer, and Edgar H. Schein were
added to the Board of Governors, succeeding Vice President John M. Wynne, Dean Robert
A. Alberty, and Professor Harry C. Gatos, whose long and valuable service on the Board
was concluded. The Institute is grateful to these retiring Board Members for their contribu-
tion to the governance of Endicott House through the years.

MIMI PIERSON
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On January 15, 1973, the office of the Vice President for Resource Development was estab-
lished. A reorganization of the former M. I. T. development organization, it includes
responsibility for the Institute Secretaries, Development Office, Industrial Liaison Program,
and the M. I. T. Associates, which previously were under the purview of the Vice President
and Secretary of the Institute, Vincent A. Fulmer. Mr. Fulmer, a principal architect of
the M. I. T. development effort, moved to other responsibilities.

General James B. Lampert, after a long and distinguished military career, was appointed
Vice President for Resource Development. Major appointments in the reorganized develop-
ment effort were that of Kenneth S. Brock as Director of Resource Operations, and Nelson
C. Lees as Director of Resource Planning.

Highlights of the past year's activities are reported below; they are described in greater
detail by the Vice President and Treasurer of the Institute.

Gifts reached $21, 663, 396, as contrasted with $22, 059, 349 in 1971-72. This result, while
healthy, is short of the level that must be achieved to meet the long-term financial require-
ments of the Institute and to provide the new programs, student aid facilities, and faculty
which M. I. T. will require in the 1970s and beyond. The demands on science and technol-
ogy to help resolve the basic societal concerns confronting the United States clearly fall in
large measure on M. I. T.

Individual donors, alumni and friends, represented the largest gift source--$7, 764, 839.
Furthermore, the number of living donors who have given M. I. T. $25, 000 or more
increased to 239. The faith evidenced by these gifts is demonstrated further by the extra-
ordinary performance of the Alumni Fund, which reached a record high of $3, 183, 680,
with 21, 796 donors, the second largest number in the Fund's history.

Corporations contributed $7, 332, 416, $903, 305 more than the previous year, as a continua-
tion of their growing support of the Institute. This amount is among the largest received by
any U. S. university; it testifies to the roles which M. I. T. alumni play in industry, and to
corporate recognition of M. I. T. 's unique position in serving the needs of society. It also
represents a keen industrial awareness of the needs of higher education.

Foundation income declined to $6, 564, 055 from the 1971-72 total of $7, 057, 937. However,
pledges reached a figure equal to nearly twice the corresponding figure for each of the four
preceding years.

Donors of all types are legion, and they deserve accolades beyond the scope of this report.
Many are noted in the annual report of the Vice President and Treasurer; others are
recorded by the Alumni Fund. Their regard for the Institute, their understanding of the
educational necessity for strong private institutions, their perception of the specific needs
of M. I. T., and their constructive participation in the development of the Institute's pro-
grams are assurances for the future of M. I. T.
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Organization

The development effort at M. I. T. is overseen by the Council on Resources of the Institute,
or C. R. I., organized last year and made up of senior Institute officers. Its regular meet-
ings were chaired by Howard W. Johnson, Chairman of the M. I. T. Corporation. It identi-
fied priorities, set long-range development programs, and established policies necessary
for the fulfillment of objectives.

A major element of the development program is the Corporation Development Committee,
comprising 132 members from all parts of the United States. Its annual meeting was held
in New York City on November 16, 1972. Mr. Johnson presided in the absence of Commit-
tee Chairman James R. Killian, Jr. He outlined the Institute's funding needs, and pro-
gress toward their attainment. Members of the Committee assumed numerous formal and
informal roles--on sponsoring committees, with the Alumni Fund, as meeting sponsors,
and assisting Institute officers on specific projects. Newsletters of November, 1972, and
March, 1973, noted many of these activities. In March, Kenneth S. Brock became Execu-
tive Officer of the Committee, succeeding Vincent A. Fulmer.

The Committee lost through death during the year three devoted members: Arthur Harvey,
Robert Hancock, and John Hennessy.

Under the Vice President for Resource Development, contacts with current and prospective
donors and other outside activities now come under the purview of the Director of Resource
Operations, Kenneth S. Brock; responsibilities for planning and support of preparations
for donor contacts fall to Nelson C. Lees, in his position as Director of Resource Planning.
This three-person structure is designed to meet the increased requirements made of the
development organization, and to provide in-depth knowledge and direction of the overall
effort.

Extensive effort went into program evaluation and plans for reorganization to meet
M. I. T. 's future needs for increased support. Special attention was directed to enhance
teamwork and cooperation between the M. I. T. Alumni Fund staff and the development
organization, with highly encouraging short-term results.

A major effort was made to evaluate existing programs, to project them into the future,
and to assess the personnel and policy requirements involved. Several lengthy staff meet-
ings and a two-day planning session held at the Wellesley College Club culminated in a
detailed written program for fiscal year 1974. This program, with the active involvement
of the Alumni Fund staff as well as that of Resource Development, will lead initially to
staff additions of several new people and to the establishment of identifiable and measurable
goals for each activity. The ultimate objectives to be sought in an evolutionary and dynamic
context are a professional staff, adequate in number and in talent, which will undertake
new funding initiatives and programs consistent with central funding priorities of the
Institute, will provide in-depth staff support to the development activity of senior officers
of M. I. T., and will carry on a systematic, organized, and highly coordinated cultivation
and solicitation of sources of private support.

Essential to this renewed effort was the complete understanding and support of the Alumni
Association, notably President Breene M. Kerr and Executive Vice President Donald P.
Severance.
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Individual Donors

As in the past, gifts from generous public minded individuals--alumni and friends--
continued to be of the greatest importance to M. I. T.'s future. Senior M. I. T. officers
gave extensive personal time to meetings with such individuals.

Younger Alumni
During the past two years, special attention has been directed toward potential alumni
donors who had not received personal attention in the past. Those visited have been primar-
ily a relatively young group, in close contact with M. I. T. The typical potential donor
visited has been a member of the M. I. T. classes of between 1940 and 1955. This group
has a particular interest in M. I. T., and is reaching an age and financial position where
many wish to consider serious financial assistance to the Institute. Also, they often are
able to suggest other individuals who have a similar capacity to give.

Planned Giving
The Institute Estate Secretary had many contacts with donors or potential donors. Further
major efforts at centralizing records and systems have been effective, and will serve to
reinforce development activity in the field. The year has been marked again by continuing
adjustment to Federal tax law, and by close attention to emerging proposals for further
change in the law which might be detrimental to private gift support.

In talking with donors and potential donors, emphasis has been placed on the interests of
those contacted, in order to reflect individual circumstances. During the year, visits with
44 individuals were made. In addition, counsel and support service on many other situa-
tions were given to M. I. T. officers and staff, including the Alumni Fund staff.

As of June 30, 1973, the report on planned future gifts shows 25 estates in process of
settlement; 41 life income trust donors (some 50 funds are held in trust, as some donors
have more than one trust); and 781 other plans on record, making the total of plans and
trust funds 847.

During the year, final distributions were made from 21 matured estates. The result is a
net increase of 22 plans on record for future gifts. Substantial time and effort have been
given this past year to legal questions. Questions concerning Securities and Exchange
Commission regulation of pooled income funds finally were resolved at midyear, and pro-
posals have been made to the Council on Resources of the Institute for comprehensive
arrangements on gifts in trust. Final regulations on separately invested trusts were
issued by the Internal Revenue Service, and forms for such trusts have been developed at
M. I. T. and are being submitted to the IRS for a ruling. Continuous attention was directed
to possible legislative changes which could affect philanthropically supported institutions
adversely.

Foundations and Charitable Trusts
During fiscal year 1973, 134 foundations and charitable trusts made 192 gifts and grants to
M. I. T., totaling $6, 564, 055, or 31 percent of the $21, 663, 396 received from all sources.
The ten largest foundation donors represented 70 percent of the total foundation support.

Total foundation pledges this past year amounted to $11, 371, 512, nearly double the compa-
rable figure for each of the four preceding years. The total of foundation pledges unpaid at
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fiscal year's end was $11, 717, 002, substantially higher than the figure for each of the four
preceding years and 55 percent greater than for fiscal year 1972.

Foundation income this year was $493, 882 less than in fiscal year 1972, and $36, 494 less
than in 1971. These differences are partly due to reductions in payment from two major
sources of support to M. I. T. The total yearly income from all other foundations has risen
steadily, from $3, 073, 229 in fiscal year 1969 to $4, 700, 244 in fiscal year 1973;.this rise
has been accompanied by continued broadening of the base of foundation support. The num-
ber of foundation donors has increased from 89 in fiscal year 1969 to 134 in 1973. In fiscal
year 1973, 27 foundations made gifts and grants to M. I. T. for the first time, accounting
for $491, 046 paid on pledges totaling $2, 419, 975.

A significant increase was recorded this past year in both the number of contributions made
and in dollars contributed by medium-size foundations and charitable trusts, typically those
with assets ranging from several hundred thousand dollars to $10 million. In 1973, a total
of $907, 600 was contributed by 45 of these foundations and trusts. In 1972, 20 such founda-
tions made grants amounting to $446, 000. The increase reflects several factors, including
more development activity by senior officers of the Institute, some large personal grants
given by individuals through their foundations, and the opportunity for the Vice President
for Resource Development to concentrate on this field of activity without extensive involve-
ment in other nondevelopment functions.

Several steps were taken to improve the effectiveness of this effort. The approximately
5, 000 medium-size foundations and charitable trusts were screened and sorted into classi-
fications, to further the selection of the most promising sources of support. A system was
designed to monitor more effectively the foundation activity undertaken both for general
Institute priorities and for specific faculty projects. Also, efforts were begun to identify
and to utilize more fully the foundation contacts of Corporation Development Committee
members and other prominent Institute alumni.

Corporations
Corporate gifts and grants this year continued the long-term growth pattern of recent years.
The climate of the economy and corporate profits established an atmosphere of greater
feasibility for corporate giving. Increased activity in the corporate area by officers of
M. I. T. was very effective and marked by success in two large fund drives, for the Electri-
cal Engineering and Electronics Building and for the Chemical Engineering Building. A
high percentage of the support for these drives came from corporate sources. Total indus-
trial support increased by 12 percent to a record total of $7, 332, 416. This represented 34
percent of the total support which M. I. T. received from private sources during the year.
The large portion of M. I. T. 's support which is received from corporate sources demon-
strates both the extent of M. I. T. 's reliance on industrial support and the confidence in
M. I. T. that this exceptional support implies.

Extensive effort was initiated to increase participation in the Industrial Liaison Program
(q. v.).

Special Efforts
The capital drive for the new Chemical Engineering Building, at fiscal year's end, was
within $1 million of the target of $13. 1 million. The National Sponsoring Committee was
chaired by J. Kenneth Jamieson, Board Chairman of the Exxon Corporation, and its mem-
bers contributed in large measure to the campaign. The Committee met at M. I. T. on
April 13, 1973, officially approved the start of construction, and formally broke ground to
start construction.
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A highlight of the April 13 meeting was the announcement by Chairman Johnson and Presi-

dent Jerome B. Wiesner that M. I. T. had received an anonymous gift from an alumnus of

$7 million, of which $5 million is to be applied toward the new Chemical Engineering

Building. In close cooperation with the M. I. T. Alumni Association and the M. I. T. Alumni

Fund, 424 Course X alumni have made individual pledges and gifts totaling $346, 410.

Another major special effort, the joint Harvard-M. I. T. Program in Health Sciences and

Technology, continued to receive strong support from the Resource Development organiza-

tion. Although separately administered, the Program drew regularly on the facilities of the

Development Office.

Resource Planning
This vital area, headed by Director of Resource Planning Nelson C. Lees, was expanded

to strengthen the role of the Development Office as the base of development planning record

keeping, proposed formulation, and in-depth prospect evaluation for the entire Resource

Development organization. The Director serves as Executive Secretary of the Council on

Resources of the Institute.

Gift Income
Total gifts, grants, and bequests for the year amounted to $21, 663, 396. This compares

with $20. 1 million in fiscal year 1972. Sources of gifts for fiscal 1973 were: alumni and

alumni clubs--$6, 623, 454; nonalumni friends--$1, 057, 821; corporations, corporate founda-

tions, and trade associations--$7, 332, 416; foundations and charitable trusts--$6, 564, 055;

and others--$85, 650.

Among the major purposes for which gifts were designated by the donors in both endowed

and expendable funds were: unrestricted--$6, 513, 426; departmental--$5, 538, 942; faculty

salaries--$1, 127, 089; graduate scholarships and fellowships--$465, 619; undergraduate
scholarships, awards, and loan funds--$1, 093, 676; building construction funds--$5, 729, 054;

and other funds--$1, 195, 590.

Reorganization
In the reorganization of the Resource Development area, the Director of Resource Planning

set up the new Resource Planning activity to include four key elements:

1. The Development Office, which continues as the driving force for much of

the operation. James W. Lambert was promoted from Associate Director to

Director of the Office.

2. A donor relations section, under Barbara V. DeMaio, with responsibility for

initiating acknowledgments (for signature by the President and other senior
officers) to all individual and most corporate donors of $500 or more, and a

broadened concern with cultivation activities and stewardship reports.

3. A proposal and publications section staffed by Joseph G. Carr, who joined

the organization as staff writer, with responsibility for major statements
and proposals and developmental publications. In addition, Joyce Bowden has

accepted a position as staff writer and will join the section in September.
She will work with Mr. Carr to provide badly needed additional writing
strength in support of solicitation activities by the senior officers and staff
members.
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4. A new computer systems section, which will be under the guidance of
Jurate J. Barnes, who accepted the position of coordinator of electronic data
processing (EDP) resource systems in June, and will begin her duties in
September. She will take full-time responsibility for management and opera-
tion of the growing number of EDP programs and systems which support all
phases of resource development work.

This reorganization of resource planning and the key staff additions that were requested and
authorized will provide a greatly strengthened basis for funding efforts by the Institute.

Other Activities
The Council for the Arts has been expanded and strengthened. On recommendation of the
Director of Resource Planning, responsibility for the Council was transferred to Professor
Roy Lamson, Special Assistant to the President for the Arts. Strong support was provided
to several ongoing funding efforts -- including the Chemical Engineering Building, the Joint
Program in Health Sciences and Technology, and many smaller projects -- and to the
annual Corporation Development Committee meeting, held in New York this year. Several
new computer programs were initiated to support the identification and evaluation of donors,
analysis of gift data, and other concerns. A project of special significance late in the year
was a comprehensive review of M. I. T. 's funding potential to provide the basis for exten-
sive discussions by the Council on Resources of the Institute. An even heavier load of
support activities was carried on for staff members and senior officers, including exten-
sive visit recommendations, visit backup, and prospect evaluation. As part of intensified
acknowledgment activities, more than 317 personal letters to donors from the President
and other senior officers were drafted. Further progress was made in collaboration with
the Alumni Association including definition of plans for a joint, computerized, biographical
data system.

The Director of Resource Planning initiated and hosted with Dartmouth College a special
conference on the use of computers in development, held at M. I. T. in January and attended
by representatives from seven eastern colleges and universities. He gave a seminar on
developmental information techniques at the annual District I American Alumni Council
Conference, held this year at Amherst College.

Industrial Liaison Program

The Industrial Liaison Program, directed by Charles J. Sheehan, was expanded to 95 mem-
ber organizations during the past year--a net increase of five from the previous fiscal year.
Income was approximately $100, 000 higher than in the preceding year. Eight new members
were added during the year, while three were terminated reluctantly. One of the new mem-
bers is the Calouste Gulbenkian Foundation of Lisbon, Portugal, the first foundation to
participate in the Program. The Foundation has its own research facilities, which makes
a strong association with the Institute desirable. Plans are under way to add a government
laboratory to the roster of organizations participating in the Program.

Analysis of corporate participation has shown a potential for doubling the size of the
Industrial Liaison Program (I. L. P. ). As a first step in this direction, an additional staff
member has been approved for the Resource Development area. This individual will have
as a primary responsibility the solicitation of I. L. P. prospects.

This past year has seen changes in the staff of the Industrial Liaison Office. Three
Liaison Officers returned to industry. Laurence Feder, Eric Johnson, and Arturo Rosales
accepted appointments as Industrial Liaison Officers, joining Dennis Jedlinsky and Anne
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Hirsch in working with member companies. At the end of the year, one additional position

remained to be filled. Gretchen Kurth joined the staff as Administrative Assistant.

As a result of these significant changes in staff, those activities which must be initiated by

Liaison Officers were at a lower level this past year. Visits by Liaison Officers to the

member companies were down approximately 40 percent to 143 visits, while only 81 visits

were made by faculty and staff to member company locations, a reduction of more than 50

percent. Although the effects of this reduced activity are not harmful in the short run,

they will be deleterious if allowed to continue, for the strength of the Program lies in fre-

quent personal contact with member organization personnel by the Liaison Officers and by

the Institute's faculty and staff.

A highlight of this year's activity was a three-day Energy Conference held in February.

Originally conceived as a one-day symposium for the fall of 1972, the meeting was expanded

at the request of the National Science Foundation so that, in its final form, some 70 parti-

cipants from across the country took part. Over 780 individuals attended, including more

than 200 from member companies.

During the year, the Industrial Liaison Office continued to work with the Undergraduate

Research Opportunities Program (U. R. O. P. ) in seeking out member organizations which

might be interested in having a student participate in the firm's research program. It is

expected that during this coming year the Liaison Officers will carry their contacts on

behalf of U. R. O. P. further--perhaps even to the point of securing written proposals from

interested companies.

As always, the Industrial Liaison Office owes much to the faculty and staff of the Institute

for their assistance during the year. Their enthusiastic support is essential in maintaining

an effective program of service for the member organizations. The implementation of the

expansion plan for the Industrial Liaison Program over the next few years will be success-

ful only if the Institute's faculty and staff continue to be involved actively with the member

firms.

M.I.T. Associates Program

Currently in its twelfth year, the M. I. T. Associates Program, directed by Jerome J.

Schaufeld, has grown in membership to 30 participating companies and has generated a

record 25 percent increase in the level of unrestricted funds available to the Institute.

The primary service offered to participating companies is access to the Institute's faculty

and research staff. A record number of visits by Associates Program company representa-

tives to M. I. T. occurred this year. Fifty-nine individuals from member companies met

with 128 faculty members. Other services, such as the distribution of publications, atten-

dance at colloquia, and the issuance of library cards, also were at record levels.

The Associates Program Round Table discussions, initiated last year, have continued to

attract much response. Two sessions were sponsored: International Opportunities for New

England Firms, which was attended by 20 representatives; and A Perspective on the

Changing Environment of Business and Government in an Expanding Economy, attended by

17 representatives.

The Associates Program again planned and executed the New England Executives Conference

in the fall of 1972. The all-day session, which was attended by 185 participants, centered

on the theme of "Productivity: A Technological Challenge. " The chairman, Dr. J. Herbert

Hollomon, Director of the Center for Policy Alternatives, led a series of discussions on
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several aspects of this issue, which is of great national concern. A presentation by Dr.
Frank E. Morris, president of the Federal Reserve Bank of Boston, on Productivity and
Monetary Policy followed the evening dinner session.

Outlook
The burden of the development effort outside of M. I. T. is borne by the Institute
Secretaries--Malcolm G. Kispert, D. Hugh Darden, Paul H. Burr, Arnold H. Singal, and
C. Warren Smalzel. Project Officer for the Chemical Engineering Program was Leslie
M. Boring, a veteran of the Industrial Liaison Program. The important roles of Kenneth S.
Brock, Nelson C. Lees, James W. Lambert, Charles J. Sheehan, and Jerome J. Schaufeld
are described above. The members of the development organization realize fully their
heavy responsibilities in helping to find the support so vital to M. I. T. as it moves to meet
the demands of the future.

JAMES B. LAMPERT
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Alumni Association

Alumni Fund
The 1973 Alumni Fund received $3, 183, 680, a gratifying 14 percent increase over the pre-
vious year's all-time record of $2, 793, 743. On Alumni Day, the Class of 1923 announced
that its fiftieth reunion gift of $8, 098, 300 shattered all previous records for these class
gifts, which comprise all contributions to M. I. T. from members of the class during the
five years immediately preceding the reunion. Furthermore, this Class's report of known
bequests and similar deferred giving established yet another record -- $9, 563, 000, com-
pared with the previous record of $2, 410, 450, set by the Class of 1917.

Of the 1973 Alumni Fund, $138, 261 was designated by donors for the Independent Residence
Development Fund.

For the first time in ten years, though, the Fund failed to set a new record in number of do-
nors. Although the number lagged behind the previous year's totals by 1700 during the early
months of the campaign, the final count of 21, 796 represented a loss from fiscal year 1972
of only 271, or one percent.

Telethons continued to receive added emphasis. During the course of the year, 820 alumni
callers spoke to 9, 847 alumni (18 percent of the alumni with known addresses) and secured
6, 244 pledges for the 1973 Alumni Fund. This represented an increase of 20 percent in
alumni callers and 23 percent in pledges from 1972. Average redemption on these pledges
is 70 percent. The major component of these increases was in the regional program, where
28 cities participated in telethons (up from 18 cities in 1972). This continued shift toward
regional telethons (from the personal solicitation program, which has been in operation since
1956) resulted in fewer regions organized for personal solicitation (113 in 1973, compared to
163 in 1972).

Other major programs for the Alumni Fund continued: the Area Councils, Class Agent Pro-
gram, and Major and Leadership gifts operations. Altogether, the Alumni Fund, with over
2, 000 volunteers, remains the activity involving more M. I. T. alumni than any other.

This year James N. Phinney was assigned full-time to the Alumni Fund in New York, having
been Executive Secretary of the Alumni Center of New York since August, 1963. The Alumni
Fund Board and the Association's Board of Directors concluded that this experiment should
be continued, and Mr. Phinney was appointed Regional Director of the Alumni Fund for the
New York area.

Finally, it is important to note that this year's Alumni Fund record was achieved in spite of
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the fact that the Director of the Fund, Kenneth S. Brock, left in January to assume a new
position at the Institute, Director of Resource Operations. Mr. Brock has been a member
of the Alumni Fund staff since 1963, and Director since 1966. During his tenure, the Fund
has increased 36 percent in contributors and 57 percent in dollars contributed.

Although his leadership will be missed sorely, Mr. Brock's new assignment, together with
James B. Lampert's appointment as Vice President for Resource Development, has sig-
naled a new era of close cooperation between the Alumni Fund and the M. I. T. Development
Office staffs, which will be of inestimable importance to the success of their joint efforts.
The position of Director was assumed by Frederick G. Lehmann in March, 1973.

Technology Review
For Technology Review, 1972-73 was a year of consolidation. Its management attempted
few innovations, concentrating instead on perfecting the magazine as it existed at the end of
Volume 74.

Editorial

The editorial value of the Review has been higher in Volume 75 than in most recent volumes.
There was no single major thrust as in Volume 74, when "Energy Technology to the Year
2000" was an outstandingly successful project (6, 000 copies of the book containing the ten
articles in this series are now in print, and the demand from general readers and for
classroom adoptions continues). However, there were several outstanding articles, and
the staff contributions to "Trend of Affairs" have been timely, interesting, and perceptive.
Certainly the coverage of Institute news for alumni (and for non-alumni, in a new feature
called "Institute Informant") has been more comprehensive than in many recent volumes.

The magazine lost a very popular feature when Robert C. Cowen became Features Editor of
the Christian Science Monitor, and so felt that he could not continue his monthly "Science
Review" column for Technology Review. Enough interesting book reviews have been pub-
lished to justify maintenance of that section of Technology Review, though space limitations
are severe. There has been a steady flow of letters for publication, some of them very
thoughtful. The gratifying number of requests, domestic and foreign, for reprints of Tech-
nology Review material indicates that the Review has influence far beyond its modest circu-
lat ion.

Circulation

Technology Review's circulation to M. I. T. alumni, governed by the same policies (with one
exception) which have prevailed for the past five years, continued essentially -changed.
The exception is that some members of the Class of 1966, having received the Review with-
out charge since graduation, were asked to give a positive indication of their interest in the
future. Sixty percent of those queried replied, and 100 percent of those replying stated
their interest in receiving the Review in the future.

Nonalumni paid circulation dropped slightly during 1972-73. This was by design;the intent
was to make fewer promotional mailings to more highly selected lists, in order to decrease
the cost to Technology Review of adding a new subscriber. Unfortunately, inflation robbed
the Review of most of these savings. A $10 annual subscription rate (up from $9) has been
tested in 1972-73, and will be established effective with Volume 76, if and when Federal
price guidelines permit.

The renewal rate for expiring nonalumni subscriptions in 1972-73 is substantially higher
than ever before; indeed, this increase is the single most favorable development of the year.
The Review's management attributes it to the somewhat reduced proportion of first-time
subscribers and presumably to the higher editorial achievements of Volume 75.
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Advertising

Although some new national advertising campaigns have used Technology Review in 1972-73,
success in attracting substantial new advertising (commensurate with management's view of

the Review's editorial quality and its subscribers' value to advertisers) remains elusive.
New campaigns this year included those of TRW Systems Group, International Weekends,
Inc., GTE Sylvania, Institute for Defense Analysis, Electronic Associates, Inc., First Na-

tional City Bank, Hughes Aircraft Co., Hewlett-Packard Co., and United Aircraft.

Advertising volume for the 1972-73 year is somewhat higher than a year ago, while several
other magazines in Technology Review's field have experienced declining advertising vol-
ume over the same period. Many offer the encouraging suggestion that patience and persis-

tence will bring an increased volume of national advertising.

Advisory Board

Since 1967, the Review has benefited from comments by an Editorial Advisory Board,
which this year was expanded considerably to include representatives of most academic in-
terests at M. I. T. and of most fields of publishing outside the Institute. The response of
the augmented Board was reassuring. The members of the Board were concerned princi-
pally with only two issues: the accessibility of the editorial content to its readers (a matter
of typography and display); and the relationship between the Review and the Institute, from
the standpoint of nonalumni readers. Gregory Smith continues to serve as Chairman of
this Board.

Prospectus

Aside from the principal concerns of editorial content and the need for increased advertis-
ing revenue, two large issues confront Technology Review. It must find a way to maintain
its present cost per new subscriber and its relatively high renewal rate, while adding con-
siderably more nonalumni readers to the Review's subscription list. It seeks increased
nonalumni circulation for three obvious reasons: increased subscription income, increased
advertising appeal (and eventually, higher advertising rates), and increased influence for
the magazine and hence for M. I. T.

Second, the Review's management must restore some of the visual distinction which grad-
ually has been compromised during the past two or three years, under the pressures of
decreasing production budgets. M. I. T. publications have had the benefit of distinguished
typography and graphic design for more than two decades, and -- though a magazine pre-
sents problems of design very different from those of promotional publications -- Technol-
ogy Review needs a similar level of distinction.

A lower priority is assigned to one other issue confronting the Review. Far more effort
must be devoted to promotion, in bringing the content of the Review to the attention of
more potential subscribers and to more opinion leaders here and abroad, and in promoting
the magazine more aggressively among advertisers and the publishing community.

Alumni Relations

From the following table it is obvious that the alumni relations program reached many more
alumni than usual, with a much different combination of events.
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1972-73 Attendance 1971-72 Attendance
Total Alumni Total Alumni

Annual Campus Events 3, 110 2,050 3,245 1, 830
General Club Activities 8, 600 5, 400 8, 600 5, 400
Special Convocations and Conferences 1, 160 700 725 500
M. I. T. Symphony Tour 9,500 3,500 ---

22,370 11,650 12,570 7, 730

The most significant series was the coast-to-coast tour of the M. I. T. Symphony Orchestra,
through Philadelphia, Dallas, Los Angeles, San Francisco, and Chicago. The performances
were highly professional, well publicized, and well received by the press. They presented
to alumni and their friends, school counselors, and students a different impression of the
Institute.

Although there were fewer special conferences this year (all held in Cambridge), the atten-
dance was nearly double that of the previous year, when ten programs were run in five dif-
ferent cities. All of this year's conferences were cooperative ventures with other M. I. T.
organizations, including the Sloan Management Conference in October, 1972, the Energy
Symposium in February, 1973, and the AMITA Centennial Conference in June, 1973.

Even excluding the Symphony tour, this was a good year for Club activities, which involved
139 events and 8600 people. These events featured 50 speakers from the M. I. T. faculty
and administration, who participated in 47 meetings, five of which were conducted overseas.

The Twenty-fifth Annual Mexico City Fiesta in March was a superbly planned and imple-
mented three-day affair, attended by 325 alumni and their spouses, including 63 from the
Class of 1931. Other unique programs were the Sloan School Colloquium on Management
Science, held in Denver; the M. I. T. night at the United Nations, featuring Secretary Gene-
ral Kurt Waldheim; Boston Pops Nights featuring Arthur Fiedler, in San Francisco and Den-
ver; and two new, well-attended Boston Club evening meetings on the Route 128 periphery.
For the first time, 19 clubs invited undergraduates to Christmas vacation meetings for the
purpose of assisting students in finding summer employment.

Nominations and Elections

The Association nominated three alumni for membership in the Corporation, and one addi-
tional candidate in the category of Representatives from Recent Classes. For the first time
in 40 years, this year's national ballot presented a choice of candidates: 29 candidates for
15 positions. The purpose underlying this move was to increase interest and participation
in the election; however, the number of those casting ballots dropped from 3, 569 to 3, 453.
The same apparent lack of interest was observed in the number of eligible alumni balloting
for Representatives from Recent Classes, which has declined steadily since the first such
election: in 1971 -- 1, 240 (22. 2 percent); 1972 -- 1, 096 (15. 6 percent); and in 1973 -- 665
(10. 9 percent). The cost of these elections seems excessive, given the limited response:
out-of-pocket expenses were $6, 000 for the national ballot, and $3, 500 for the young alumni
ballot.

Seventy-nine alumni were nominated to fill vacancies on the Corporation Visiting Commit-
tees, and 27 alumni were nominated to fill vacancies on national committees and boards of
the Alumni Association.

The Constitution of the Association was amended to add the office of Financial Vice Presi-
dent; the Board of Directors elected Frederick G. Lehmann to this newly created position,
and to serve as Director of the Alumni Fund.
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Alumni Records

As of May, 1973, the rolls of living alumni included 60, 028 names, a net increase of 588
which resulted from adding 2, 230 members of the Class of 1972, removing the names of
532 alumni reported deceased, and removing 1, 110 from the rolls in a continuing effort to
refine the files. In March, 1973, all alumni records were converted from an IBM sequen-
tial tape file to an index sequential random access disc file. Address changes totaled
16, 971 -- slightly higher than the previous year -- and the number of alumni in the "address
missing" category totaled 3, 505, or 6. 0 percent, compared with the previous year's 6. 2
percent.

Staff Changes
As mentioned above, Mr. Brock resigned as Director of the Alumni Fund to accept the posi-
tion of Director of Resource Operations, and Mr. Lehmann was elected Financial Vice Pres-
ident and Treasurer of the Association and Director of the Alumni Fund. Mr. Brock's ap-
pointment typifies the free exchange of staff between the Institute and Association which helps
to insure that the Association maintains top quality staff, and that this staff has the widest
possible opportunity for advancement within the Institute community.

Richard A. Knight, who joined the staff in the fall, replaced Mr. Lehmann in March as Sec-
retary of the Association. Joseph J. Martori, Administrative Officer, was promoted to Di-
rector for Alumni Services. Allan S. Bufferd joined the Alumni Fund staff as Associate Di-
rector. He was most recently Director of Engineering of the Nuclear Metals Division of the
Whitaker Corporation in West Concord, Massachusetts.

The vacant position of Managing Editor of Technology Review was filled in November by
Ralph Segman, formerly Public Information Officerforthe National Oceanic and Atmospheric
Administration Research Laboratories in Boulder, Colorado. Michael Feirtag, a Contrib-
uting Editor of The Tech, was elected Assistant Editor of the Review. At the close of the
1972-73 year, Janet Kreiling, Associate Editor, left the Review to accept an exciting post
at television station WGBH. She has been a particularly valued associate during the past 12
months.

The listed accomplishments of the Association reflect the thoughtful efforts of thousands of
volunteers and their leaders. A very special tribute is due Breene M. Kerr, who, as Presi-
dent of the Association and Member of the Corporation, practically commuted between Cam-
bridge and Oklahoma. This dedicated service -- especially in the interest of more effective
communication between the Association and the administration of the Institute -- has been an
inspiration to staff and alumni alike.

DONALD P. SEVERANCE

Council for the Arts

As of June 30, 1973, there were 60 members of the Council for the Arts at M. I. T. The
Executive Committee had been expanded to 16. Armand Bartos was asked to serve as Vice-
Chairman of the Executive Committee, and others were asked to join the Executive Commit-
tee because of their committee chairmanships and M. I. T. staff involvement. Angus Mac-
Donald resigned from the Executive Committee, but continued to serve as a member of the
Council. In June, 1973, Peter Spackman, formerly of the M. I. T. News Office, was ap-
pointed Director of the Council, and Ellen Burbank was appointed Associate Director. Karen
Mathiasen resigned as Administrative Officer of the Council. On June 30, 1973, the Execu-
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tive Committee consisted of:

Anna Bing Arnold, Vice-Chairman of the Education Committee;
Armand P. Bartos, Vice-Chairman of the Council and Chairman of the

Planning and Facilities Committee;
Leo Beranek, Chairman of the Program and Information Committee;
Ellen Burbank, Associate Director;
Vincent A. Fulmer, Vice President and Secretary of the Institute;
I. Austin Kelly III, Co-Chairman of the Financial Development Committee

and Curator of Rare Books at M. I. T.;
Roy Lamson, Special Assistant to the President for the Arts and Class of

1922 Professor in the Department of Humanities;
Nelson C. Lees, Director of Resource Planning;
Frederick G. Lehmann, Financial Vice President and Treasurer of the

Alumni Association;
Ida Rubin, Chairman of the Acquisitions Committee;
Peter M. Spackman, Director of the Council for the Arts at M. I. T. and

Editor of the Council NewsLetter;
Catherine N. Stratton, Secretary of the Executive Committee;
George Taber, Chairman of the Education Committee;
Paul Tishman, Chairman of the Council for the Arts at M. I. T.;
Max Wasserman, Chairman of the Financial Development Committee; and
Jerome B. Wiesner, President of M. I. T.

The Executive Committee held six meetings during the year, all at the M. I. T. Faculty Club.

First Annual Meeting

The first Annual Meeting of the Council was held on October 12, 1972, at the President's
House, and was attended by the Executive Committee, Council members, and husbands and
wives. The group met for a buffet luncheon, a business meeting, site visits to M. I. T. proj-
ects in the arts, and concluded with cocktails and dinner at the President's House. Several
members of the M. I. T. faculty, staff, and student body were invited to participate in the
day's activities. A total of 98 persons were present for at least a portion of the meeting.

Formation of Council Committees
Following the first Annual Meeting, Mr. Tishman invited Council members to join one or
more of the following Committees: Information, Education, Financial Development, and
Acquisitions. It was decided later to create two more committees -- Planning and Facili-
ties, and Program -- and further decided, at the Executive Committee's last meeting of the
year, to merge the Information and Program Committees into one.

The Council NewsLetter
Mr. Spackman, while assistant director of the M. I. T. News Office, was asked to edit the
Council NewsLetter and to join the Executive Committee. The first issue of the NewsLetter,
with a print run of 10, 000, was produced in February, and 5, 100 copies were distributed to
members of the Council, the Corporation, the M. I. T. faculty and staff, several visiting
committees, key alumni officers, alumni of Course IV and XXI, several M. I. T. student or-
ganizations, and to various cultural organizations. An additional 4, 900 copies were distrib-
uted to concertgoers during the M. I. T. Symphony Orchestra tour. The second issue of the
NewsLetter, with a print run of 6, 000, was distributed in late May to the same list, with ad-
ditional copies distributed about the campus in connection with Commencement and Alumni
Day activities.
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Reactionto the NewsLetter was favorable: over 450 return coupons (approximately 175 M. I. T.
and 275 non-M. I. T. ) were received in response to the first issue, and by June 30, some
100 coupons had been received from the second issue. There were also several letters of
praise, checks totaling $55, and one poem.

Funding
During the course of the year, a three-part initial plan for funding the arts at M. I. T. was
worked out. Mr. Wasserman, Chairman of the Financial Development Committee, and Mr.
Kelly, Co-Chairman of that Committee, undertook to locate ten donors, each of whom
would pledge $25, 000 a year for five years, to provide the Council with $1, 250, 000 in ex-
pendable operating funds. The Institute agreed to try to match this sum for endowment pur-
poses; at its fall meeting the Corporation Development Committee recommended, and the
Corporation subsequently approved, the inclusion of $2. 5 million for the arts as a priority
need. In addition to seeking funds for operations and for endowment, it also was proposed
that a President's Arts Fund be established to receive future gifts. At the final Executive
Committee meeting of the year, Mr. Wasserman reported that four donors had pledged
$25, 000 apiece for the next five years, thus assuring the Council of nearly half the total
sought at the outset.

Programs
The Council supported a variety of programs during the year, as the Executive Committee
acted for the Council, pending the formation of the Program Committee.

M.I.T. Symphony Orchestra Tour

The Council's largest undertaking by far was sending the 97-member M. I. T. Symphony Or-
chestra on a ten-day national tour of Philadelphia, Dallas, San Francisco, Los Angeles, and
Chicago during the M. I. T. spring vacation. In early September, approval of the project was
given by President Wiesner, and throughout the fall and winter, members of the Council's
Executive Committee, the M. I. T. Alumni Office, the M. I. T. Music faculty, and the M. I. T.
Educational Council met to formulate plans for the tour. Rosalind Van Gelder, a New York
based free-lance public relations expert, was hired to assist with national publicity. Pro-
fessor Lamson agreed to serve as director of the tour, Mrs. Burbank of the M. I. T. News
Office became tour manager, and Miss Mathiasen assisted with logistics. In addition to ac-
companying the Symphony Orchestra while on tour, Professor Lamson, Mr. Lehmann,
Mrs. Burbank, and Miss Mathiasen made advance trips shortly before the tour to meet with
alumni concert committees and the press.

In all of the tour cities, M. I. T. -Wellesley Concert Committees were organized to promote
ticket sales and to plan special events in connection with the concerts. These events tended
to consist of a preconcert reception for members of the Orchestra, alumni guests, and area
high-school students. In Dallas, the Orchestra also was treated to a special brunch recep-
tion. Before the five-city tour, a March 17 performance was given at Kresge Auditorium,
which was followed by a reception in the Stratton Student Center for Orchestra members,
area students, and guests.

The tour was acclaimed a great success by music critics, by M. I. T. and Wellesley alumni
and friends, and by members of the Orchestra. After the tour, several letters were re-
ceived which praised the concerts, and $1, 200 in unsolicited checks was received by the
Council in support of the tour. Many members of the M. I. T. faculty and administration,
hearing of the warm reception accorded the Orchestra, expressed their positive feelings
about the undertaking.

It was felt widely that the tour accomplished its stated purposes:
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1. To inform alumni and friends of the high quality of the M. I. T. Symphony Orches-
tra, which is composed of many persons who are committed professionally to
science and engineering;

2. To share the Orchestra's good music with audiences in the tour cities;

3. To bring together alumni, friends, and members of the Orchestra; and

4. To lend visibility to the Council for the Arts.

The benefits were not confined to the tour itself. An audio tape, made during the San Fran-
cisco concert, was to be aired in northern California on July 1. After the tour, television
station WGBH- Boston made, with the assistance of the Council, a one-hour videotape of the
Orchestra in a special concert at Kresge Auditorium. The videotape, which was of exceed-
ingly high quality, was broadcast three times locally over Channel 2 this spring, and will
be seen nationally over the Public Broadcasting System network on September 18. Finally,
the M. I. T. News Office prepared a booklet containing reviews and pictures of the tour.

Student Study of Arts Facilities

The Council allocated $5, 000 for the salaries and project expenses of M. I. T. students con-
ducting a study of arts facilities at five American universities: Dartmouth College, Mount
Holyoke College, Yale University, University of Chicago, and Carnegie-Mellon University.
The four students were: Robert Klein, Course XV, management undergraduate student;
Paul Pangaro, Course XXI, humanities and engineering undergraduate student; Martin Ros-
enberg, Course V, chemistry undergraduate student; and Karen Wheeler, Course IV, archi-
tecture graduate student. During the fall term and January Independent Activities Period,
members of the group visited the universities, examined and evaluated their arts facilities
and programs, and worked closely with Professor Lamson, Director of Planning O. Robert
Simha, Professor Donlyn Lyndon, and Miss Mathiasen. The students completed their report
in February, 1973, and made an oral presentation to the Executive Committee at its May 3
meeting. The report was considered a useful adjunct to the Council's Planning and Facili-
ties Committee.

Film on the Arts at M.I.T.

With a grant of $10, 000 from the President's Office, Professor Richard Leacock began work
on a film about the arts at M. I. T. On the basis of reaction to an initial version of the film
shown October 12, it was suggested that if the film could be edited and revised, the Council
might want to use it as part of an information package about M. I. T.

Other Programs

The Council awarded $2, 600 to Professor Robert O. Preusser for a student directed autumn
exhibit in Hayden Gallery, entitled "Lightworks: Student Experiments with the Visual
Idiom. " The Council gave $3, 730 to the Laboratory for Research on Archaeological Materi-
als for the purchase of equipment. An award of $1, 500 was made to the Student Art Asso-
ciation to support a part-time instructor. The M. I. T. Dance Workshop received $1, 750 to
support a visiting instructor in Afro-American dance, a modern dance instructor, and a
Chinese dance performance. Dr. Wiesner awarded $1, 500 to the Poetry Workshop from
the President's Office discretionary funds. The Council awarded $300 for a student directed
film on Balinese dancers by Rafal Zielinski, who worked under the guidance of Professor
Leacock. Finally, the Council gave $150 to the Burton House Music Committee in partial
support of a performance by Boston Symphony Orchestra wind players.

Faculty Involvement
Professor Lamson, as Special Assistant to the President for the Arts, continued to serve as
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the formal liaison between the Council and the faculty. During the fall, a Faculty Advisory
Committee was organized to advise the President and the Council. Members of the group
were Professor Lyndon, Chairman; Professors Wayne V. Andersen, John Buttrick, Joseph
D. Everingham, Jonathan W. Green, Albert R. Gurney, Lamson, Leacock, Henry A. Mil-
lon, William L. Porter, and Barry B. Spacks. Mrs. Wheeler served as the student rep-
resentative. During Professor Lyndon's spring sabbatical, Professor Millon assumed the
Committee chairmanship. The Faculty Advisory Committee met regularly with Professor
Lamson and had several meetings with Dr. Wiesner. During the spring term, the Commit-
tee circulated a preliminary report on needs for the arts at M. I. T. and suggested some
philosophies that ought to underlie any major development of physical facilities in the arts
at M. I. T. At its final meeting, the Executive Committee voted to invite members of the
Faculty Advisory Committee to join the Council as regular members.

KAREN MATHIASEN

Institute Information Services

The past year has been one of further adjustments to the two-year-old I. I. S. structure,
carried out in order to improve services in a wider variety of areas and to utilize the tal-
ents of I. I. S. personnel more appropriately.

In order to identify its past and continuing role more accurately, the Office of Publications
was renamed the Office of Design Services. Jacqueline S. Casey was named Director of
that Office, succeeding William T. Struble, who joined the I. I. S. News Office as Manager
of News Office Publications.

Susan C. Knight, a former member of the Office of Publications, was promoted to staff as
Editorial Manager of the M. I. T. Bulletin, including the General Institute Catalogue and the
Report of the President and the Chancellor. During the year, major revisions of the cata-
logue were reviewed with various departments and with the Committee on Educational Pol-
icy; under Miss Knight's supervision, a two-year editorial and design project will be under-
taken.

News Office

The year 1972-73 was extremely active in terms of news about M. I. T. and its people. Na-
tionwide news media gave coverage to such items as: establishment of the M. I. T. Cancer
Research Center, headed by Professor Salvador Luria; student efforts in the Department of
Aeronautics and Astronautics to build a pedal powered airplane; the Draper Laboratory
guidance systems for Apollo mooncraft; a ten-day national tour of five cities by the 95-piece
M. I. T. Symphony Orchestra; the conclusions of an M. I. T. Offshore Oil Task Group concern-
ing the potential effects of an oil discovery in the North Atlantic; election of Dr. James R.
Killian, Jr., as the new chairman of the Corporation for Public Broadcasting; development
of a new laser-type wirephoto transmission system for the Associated Press by Professor
William F. Schrieber of the Research Laboratory of Electronics; divestment of the Draper
Laboratory after a 40-year association with M. I. T.; studies by the M. I. T. Network News
Group (led by Lecturer Edwin Diamond) indicating that Watergate coverage by news media
could endanger the civil rights of those involved; and work on magnetic separation of low-
grade iron ore and on a magnetically supported "magneplane" for mass transportation, both
projects at the M. I. T. Francis Bitter National Magnet Laboratory.

Statistically, News Office operations during 1972-73 increased markedly over previous
years. During the year, the Office issued 304 different general news releases to the news
media, ranging in subject matter from results of specific research and the introduction of
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new educational programs to grants, contracts, appointments, and new buildings. The news
release is one of the primary News Office modes of publication.

As part of a renewed effort, the Office this year issued nearly 1, 000 news items about
M. I. T. individuals to their hometown newspapers. For the most part, these concerned
students who received degrees. However, they included (at an increasing rate during the
year) items of hometown interest about students, faculty, alumni, and staff who have been
distinguished by honors, awards, elections, and other forms of recognition.

The weekly newspaper Tech Talk, published by the News Office, carried 416 pages over a
50-week period. Included in the newspaper during the year were more than 1, 250 news sto-
ries and, as a free service to those connected with M. I. T., more than 6, 300 classified ad-
vertisements. Circulation -- which is free on the M. I. T. campus, and costs $5 per year at
home by first-class mail -- reached 20, 000 per week.

Reports on Research, a four-page summary of selected research news published monthly
during the school year by the News Office, continued to be a popular form of technical and
science reporting. Many items in Reports on Research this year were picked up by general
news media. Staff turnover at times forced undesirable delays in publishing frequency dur-
ing the year, but the News Office looks forward to resuming normal frequency in the coming
year.

M. I. T. Observer, the fourth of the News Office publications, was revived during the year
and had its format changed. Before publication was suspended several years ago, M. I. T.
Observer was a four-page printed newsletter, addressed to parents five times a year. In
its new form, M. I. T. Observer is a 24- to 36-page digest of news about the Institute, as
presented in clippings from all kinds of other news publications. The format thus far has
proven popular with parents and, because of its general approach, equally popular among
students, faculty, staff, alumni, and friends. Many find it a convenient way to survey sig-
nificant M. I. T. news periodically (it still is published five times per year). Circulation has
reached 7, 000.

The statistical volume of operations is not particularly significant, however, unless it is
coupled with effectiveness. M. I. T. is an open university. The objective of the M. I. T. News
Office is to gather news about the Institute and its people in an interesting, engaging form.
The Office's obligations include providing the 15, 000 people -- students, faculty, staff, em-
ployees -- who live and/or work at M. I. T. daily with regular access to news about events
at the Institute. Although perhaps entailing less detail, the News Office's obligation is the
same with respect to those with continuing interest in M. I. T. -- alumni, friends, associates,
etc. Equally important are the general news media and, through them, the general public.
M. I. T., as one of the great institutions of its kind in the world, holds great public trust,
and recognizes its obligation to account for its stewardship of that trust to the public. The
M. I. T. News Office made significant progress in 1972-73 in meeting its obligation.

Staff departures during the year included John G. N. Rushbrook, Marc PoKempner, Michael
Seif, Peter M. Spackman, and Ellen Burbank. Mr. Spackman and Mrs. Burbank left to join
the staff of the newly organized M. I. T. Council for the Arts. Staff additions during the year
included Charles H. Ball, former city editor of the Boston Herald-American; Dennis L. Me-
redith, former science editor at the University of Rhode Island news bureau; Margaret W.
Foote, photojournalist in the M. I. T. News Office; and Robert Di Iorio, former reporter
and feature writer with the Boston Herald-American and the New Bedford Standard Times.

During the year, William T. Struble, a veteran news writer and editor who was formerly
in the News Office and more recently was head of the M. I. T. Publications Office, returned
to the News Office as Managing Director of News Office Publications -- news releases,
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Tech Talk, Reports on Research, and M. I. T. Observer.

Also during the year, Cynthia Freda, longtime News Office secretary, retired to devote
full time to homemaking, and Linda Omohundor, long a reporter for Tech Talk and before
that a News Office secretary, left to accept a position at the University of Rochester. Mrs.
Freda was succeeded by Katharine Jones.

Design Services
The Office of Design Services completed 233 graphic design and publishing projects in 1972-
73. The design work of the Office was exhibited in the London School of Printing, the Bath
Academy of Art, and Ravensbourne College of Art and Design in England, and at Princeton
University. As in the past, M. I. T. graphic design was displayed widely in competitive ex-
hibitions and in prominent international periodicals. Mrs. Casey, the Office's Director,
was a guest lecturer at Yale University School of Design and was invited to serve as a mem-
ber of a design panel evaluating Federal government graphics for the National Endowment of
the Arts in Washington, D. C.

Information Center

In order to continue needed expansion of its services to visitors and to the M. I. T. commu-
nity at large, the Information Center extended its hours of operation to weekends, holidays,
and evenings, starting in July, 1972. This new service was planned in cooperation with the
M. I. T. Physical Plant, which simultaneously suspended its after-hours Rogers Building
information desk.

The distribution of M. I. T. 's printed reports, publications, and notices has continued to be
a large part of the Center's operation. In addition, the Center continued to undertake many
projects in conjunction with other departments in the area of information exhibits and pub-
lications, as well as maintenance of M. I. T. mailing lists.

Mary L. Morrissey, the Center's Director, was elected Secretary of the M. I. T. Matrons
during the year and served as a member of an ad hoc committee reviewing the potential
uses and design of the Rogers Building lobby.

ROBERT M. BYERS

Information Processing Services

During the year 1972-73, administration of the Institute's computer and information process-
ing activities was conducted by the Information Processing Services (I. P. S. ) Office and its
three constituent departments: the Information Processing Center (I. P. C. ), the Office of
Administrative Information Systems (0. A. I. S. ), and the Programming Development Office
(P. D. O. ). This organization provides the planning focus for information processing activi-
ties at the Institute and, through the I. P. C. and the O. A. I. S., supplies a substantial per-
centage of the computer services used by the community. Additional computer services
complementary to those provided centrally are furnished through several computer facilities
located within academic departments and interdisciplinary laboratories.

One year ago, this organization established for itself five goals: 1) the implementation of
the Time-Sharing Option (TSO) within the IBM System/370 computing environment at the
I. P. C., and the transfer of users of the CP-67/CMS service to TSO; 2) implementation of
the Multics system on new, current generation hardware within the I. P. C.; 3) installation
of a System/370, Model 135 facility within the O. A. I. S. to replace two System/360, Model
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30s and to integrate their two workloads; 4) preparation of an appropriate framework and a
comprehensive plan for the development of information systems to serve the needs of the
Institute's administration; and 5) identification and selection of ways to improve the Insti-
tute's ability to use information processing services in its educational programs. During
the year, the first three of these goals were achieved in their entirety and substantial prog-
ress was made toward achieving the last two.

This report highlights the activities of the past year and outlines the goals established for
1973-74.

Provision of Services
Information Processing Center

The I. P. C. continued during the year to provide over half of the computer service used by
the M. I. T. community. Support of I. P. C. operating systems and major computer program-
ming languages was provided by the Programming Development Office.

Following plans initiated in 1971-72, on July 3, 1972, the I. P. C. installed the TSO environ-
ment within the operating system running on the System/370, Model 155. During the month
of July, a large majority of the users of the CP-67/CMS service operating on the System/
360, Model 67 were transferred from that system to TSO, and on July 31, the Model 67 was
removed. On September 5, the Model 155 was upgraded to a Model 165, thus providing the
community with a substantial increase in capacity. This series of changes was made to pro-
vide an integrated environment for System/370 based batch processing and time sharing, to
reduce total costs, to decrease the unit cost of computing, and to increase the ease of sys-
tem growth.

Following this transition, use of the TSO service grew substantially. During the spring,
average monthly TSO usage by the M. I. T. community stood at 4, 100 terminal hours, an in-
crease of 22 percent over the comparable index the previous year on CP-67/CMS. More-
over, the average console session was 23 percent longer and consumed 9 percent more central
processor (CPU) time. Of greater importance, the average charge to users per console
hour, despite the greater resources consumed, was decreased by 40 percent from the aver-
age charge on CP-67/CMS.

The Job Processing System (JPS), operating on the new Model 165 hardware, experienced a
substantial increase in usage volume, with the number of jobs processed growing by 20 per-
cent. Average CPU usage per job grew by 36 percent, while the number of cards read per
job decreased by 20 percent, reflecting the planned growth in the use of terminals as input
devices. Turnaround improved substantially, with 50 percent of all jobs returned in under
12 minutes during the busiest months.

During the year, the average cost to M. I. T. for each batch job processed fell by 8 per-
cent, and the average per-job income received from users increased by 14 percent to
$6. 80. The percentage of total System/370 costs (both JPS and TSO) recovered from users
rose to 91 percent from an average level of 80 percent the year before for the JPS and CP-
67/CMS systems. At year's end, approximately 3, 000 individuals at M. I. T., together with
nearly 2, 000 at other institutions, were registered as users of the System/370 system. Ap-
proximately 20 percent of these individuals also use TSO.

During the fall of 1972, the Honeywell 6180 hardware was installed to replace the Honeywell
645 hardware, on which the Multics system had been operating for approximately three
years. Initial system development and transition took place during the winter, and in Feb-
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ruary, all system development activity was moved from the H645 to the H6180. The tran-
sition of the user community will begin on July 9, 1973, and will be completed by August 31,
1973.

In January, 1973, Honeywell announced that the Multics system would become one of its
standard products; interest in this system throughout the computer-using community, both
here and abroad, has grown substantially since that time. The new hardware will provide a
substantial unit cost reduction and capacity increase for the Multics service, which contin-
ues to be the Institute's most advanced, flexible, and heavily used time-sharing system.

During the year, use of the Multics service on the H645 hardware decreased slightly, due
to the transition of the development activities to the new equipment. A monthly average of
9, 900 terminal hours was recorded, a decrease of 10 percent. However, the average CPU
use grew by 10 percent, indicating the expected continual increase in sophistication of use.
In June, 1973, Multics was serving 974 registered users associated with 149 separate proj-
ects. The number of projects essentially is unchanged from the year before; however, the
number of users represents an increase of over 70 percent, primarily as a result of the
elimination of a user registration fee.

The cost of providing the Multics service increased from $9. 30 to $10. 40 per session, pri-
marily as a result of the reduction in the number of sessions. However, increasing sophis-
tication caused the revenue generated by the average session to rise from $8. 50 to $10. 90,
with the result that cost recovery rate rose from 91 percent to 100 percent.

The user services provided by the I. P. C. during the year continued to expand in sophistica-
tion as well as in volume. A new APL (A Programming Language) system compatible with
the IBM standard was installed under TSO on the Model 165, to provide a substantially in-
creased volume of APL service at decreased cost. Several improvements were made in the
quality of the language processors and applications packages available to users. Through
professional training and personnel recruitment, the average level of education and experi-
ence of the professional staff in the I. P. C. grew substantially. During the year, the number
of students employed by the I. P. C. more than tripled, reflecting the decision to create as
many part-time jobs for undergraduates as possible.

The Center continued to develop its own internal management support tools, in order to pro-
vide both flexible reports on performance and statistics for planning new services and for
predicting usage levels. The total operating cost of the I. P. C. for the year was reduced to
$4, 153, 000, from $4, 260, 000 the year before, and the percentage of costs recovered from
all users -- both internal and external -- rose from 83. 9 percent to 88. 6 percent.

Office of Administrative Information Systems

In November and December, 1972, the O. A.I. S. removed two System/360, Model 30 sys-
tems and replaced them with a single System/370, Model 135 equipped with new tape drives
and new unit record equipment. This physical change forced the complete integration of the
separate workloads of the two offices that, in August, 1971, were merged to form the
O. A. I. S. Following this installation, a substantial reorganization was initiated within the
operations staff of the 0. A. I. S., in order to permit the Office to meet the increasing re-
quirements placed upon it by the Institute and to recognize the increasing sophistication of
the environment.

During the year, the total workload processed by the O. A. I. S. grew by approximately 10
percent. However, the expanded computer environment, together with improved operations
procedures, allowed this increased workload to be processed in fewer hours. Resources
thus were made available for new applications, for system development and testing, and to
meet increased volume. During the year, the O. A. I. S. operations costs grew by six per-
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cent, reflecting the increased accent on higher documentation standards. Usage billed to
clients grew by two percent, and 91 percent of operations costs were recovered from users.
The major client continued to be the Comptroller's Office, which accounted for 65 percent
of client billings.

In the fall, the Chancellor asked the Administrative Operations Subgroup of the Academic
Council to serve as a committee to review operations performance criteria and to establish
priorities for the development of new administrative systems for the O. A. I. S. This group,
which consists of Vice Presidents of the Institute with major responsibilities for finance and
operations, devoted considerable time and effort to this task during the year. As a result
of the careful consideration of the needs of the Institute's operating departments for infor-
mation, increased awareness and understanding of the importance of planned, coordinated,
and well-managed information systems have emerged. Through extensive discussion with
this group and with the Institute's administrative offices, the O. A. I. S. developed the frame-
work for a systems development plan for the Institute and defined concrete development ob-
jectives for the coming year within the context of that plan.

By the end of the year of report, the O. A. I. S. had developed the capacity to function as an
integrated and controlled organization with stated and accepted goals, and as the central co-
ordinating force for administrative information systems at M. I. T. This development al-
lowed the Office to be perceived, both internally and externally, in a manner which allowed
considerably more flexible use of personnel to achieve assignments of growing breadth.

Other Facilities

During the year, the separate computer facilities operated by the Departments of Mechani-
cal Engineering and Civil Engineering were merged into a single facility serving several
departments in the School of Engineering. Two IBM 1130 computers were removed, and
were replaced by a single complex including three Interdata-70 computers and associated
peripheral equipment, at a net annual cost saving. This new facility will provide five ser-
vices in an integrated fashion to the departments involved: quick turnaround batch process-
ing, remote job-entry to the I. P. C., analog-digital services, interactive graphics, and lab-
oratory automation.

As a result of this change, the number of departmental computer facilities at year's end
stood at 10. These included facilities to serve the School of Engineering (Interdata Facility),
the Center for Advanced Engineering Study (IBM 1130), the Department of Chemical Engineer-
ing (IBM 1130), the Laboratory for Nuclear Science (IBM System/360, Model 65), the
Research Laboratory of Electronics (TXO and DEC PDP-11), the Dynamic Modeling Research
Group at Project MAC (DEC PDP-6 and PDP-10), the Automatic Programming Group at
Project MAC (DEC PDP-10), the Artificial Intelligence Laboratory (DEC PDP-6 and PDP-
10), the Atomic Physics Collaboration Group in the Laboratory for Nuclear Science (DEC
PDP-6 and PDP-10), and the School of Architecture and Planning (Interdata Facility).

During the year, several small computers were purchased, not to operate as service cen-
ters, but to support specialized programs of research and instruction within the Institute's
departments and laboratories. Programs are being started to improve the general level of
knowledge about such facilities and to improve communications between the approximately
150 research groups at the Institute that operate such equipment.

Development and Plans
In the past year, the I. P. S. Office has directed most of its attention toward understanding
and describing the unfilled needs of the Institute community for computer services. The fo-
cus of this effort is long-term rather than short-term, on understanding qualitative changes
necessary to achieve major improvements in the ability of the community to use computer
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services, rather than on incremental changes in existing services (which would serve pri-
marily to improve short-term performance). A preliminary study to describe the computer
service needs of the School of Architecture and Planning was undertaken, and an extensive
study was performed of the requirements of the Sloan School of Management. Additional
studies in other Schools, laboratories, and research areas will be performed next year.
Based on these studies, new organizational forms, new systems development activities,
and experiments with new services will be initiated in 1973-74, to facilitate the use of com-
puter services by different components of the community.

With sponsorship from the IBM Corporation, the Institute began a study effort in the area of
secure computer operating systems. This activity, which will continue during the coming
year, involves the I. P. C., the P. D. O., and a group of faculty and students in the Sloan
School of Management. The program focuses on understanding and specifying the needs of
communities of computer users for secure computer operating systems, and concentrates
on those features which facilitate the controlled sharing of information.

An additional aspect of the study involves experimentation with a version of the OS/360 oper-
ating system that provides greater system integrity and several features for access con-
trol. This system will be installed in the I. P. C. on July 12, 1973, and will serve as a ve-
hicle for several experiments with the extension of controlled accessibility. In addition,
this modification is expected both to improve the stability of the system and to reduce its
vulnerability.

During the year, the National Science Foundation announced its support of a research pro-
gram at the New England Board of Higher Education directed at developing a Northeast Aca-
demic Science Information Center. This research program will involve substantial M. I. T.
participation, and will draw on staff from the Libraries, information processing areas, and
the Electronic Systems Laboratory, where extensive research and development in the area
of information service networks has been in progress for some time.

Applications and Interfaces for Instruction and Research

Within the Information Processing Center, the direction of operations is turning increasingly
from the tasks of system consolidation and expansion toward the issues of the provision of
more cost-effective computing service to the user. Between fiscal year 1971 and fiscal year
1974, the I. P. C. budget will have grown at an annual average of only 3. 2 percent, yet the
computer power available will have increased to more than twice the initial level during that
period. As it will be some time before needs for increased capacity cannot be met by incre-
mental expansion of existing systems, the I. P. C. will direct its efforts toward the issues of:
system stability; enhancements, user aids, and cost reductions, particularly for Multics;
higher-level user consulting; more efficient tools for computer use, particularly in the un-
dergraduate program; expansion of the user community; increased and improved communi-
cations with users; staff development; and in general a more simplified, coordinated menu
of computer services.

Within the Programming Development Office, activity also is concentrated on the user inter-
face. Increasingly, the P. D. O. will direct its efforts towards the support of subsystems --
collections of programs that build upon the facilities of the basic operating system, that pro-
vide a user interface independent of the operating system, and that are designed to aid in the
solution of a specific class of problems. This new activity builds on experience during the
past year with the development of an APL environment within TSO; with the development of
an experimental subsystem to provide the BASIC language for student use in the Department
of Physics; and with the assumption of responsibility for the Relational Data Management
System, initially developed for data management within the School of Engineering. A group
to provide subsystem development, support, and maintenance for the Multics environment
has been formed, and a similar group for the System/370 environment is contemplated. The
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resources of the P. D. O. will be directed toward subsystems and away from the operating
system itself.

In addition, the coming year will see the P. D. O. expand its interactions with the O. A. I. S.
and augment its ability to assist users of departmental computer facilities and laboratory
computer equipment. In 1973-74, the P. D. O. will continue the program initiated this year
to identify, to protect through copyright, and to exploit software development efforts at
M. I. T. for which a general market exists.

Applications and Interfaces for Administration

Within the O. A. I. S., the coming year will see a substantial expansion in the coordinated
development of information systems to support the Institute's administrative offices. Plans
laid in 1972-73 form the basis for the following major activities during the coming year:
establishment of a data base standard and system for the Institute; the first half of the con-
version of all IBM 1400-generation software into new systems designed specifically for the
System/370; establishment of a data based system to meet the needs of the Alumni Associa-
tion; establishment of effective data control and a data based orientation for the Institute's
personnel system; implementation of a modest teleprocessing system to support several ad-
ministrative offices; continuation of the existing level of system modification and mainten-
ance; and establishment of accurate and effective reporting on operations activities and sys-
tems development progress to client offices and to the Institute's senior administration.

The development budget of the 0. A. I. S. has been increased to support these activities,
which will permit substantial short-term improvement in the administrative control and in-
formation systems of the Institute and in their coordination.

Personnel
In November, 1972, Janet S. Tuttle joined the Information Processing Services Office as
Assistant to the Director, following a career in industry concentrating on the use of comput-
ers within universities. She will work with the Director in the development of comprehen-
sive plans for providing computer service to the instructional, research, and administrative
components of the community.

James P. Donohue joined the Programming Development Office in January, 1973, as Man-
ager of Systems Programming, with primary responsibility for the System/370 systems de-
velopment, installation, and maintenance. Mr. Donohue brings to this position substantial
industrial experience in computer applications and in operating systems maintenance.

In April, 1973, David M. Carney was appointed Assistant Director of the O. A. I. S., with
responsibility for the operations, systems development, and technical services areas of the
Office and with emphasis on the achievement of defined operations and systems development
objectives. In February, Gerald M. Ponce joined the O. A. I. S. as Manager of Operations,
coming to the Institute from a similar position in one of the leading data -processing facili-
ties in New England.

In March, Dr. Myer M. Kessler joined the Information Processing Services Office as Coor-
dinator of Technical Data Services, following a long career in the application of computing
techniques to library problems. In this new position, Dr. Kessler will assist the I. P. S.
organization in defining M. I. T. 's needs for computer based information services, and will
work to increase the level of cooperative activity between the Institute's computer and lib-
rary functions.

ROBERT H. SCOTT
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The M.I.T. Press

The M. I. T. Press continued to serve the world of international scholarship during the year
of report with resources which were in many ways unique. It issued under the Institute im-
print a total of 91 titles, raising the number of titles published since the Press became an
independent publishing organism to 1, 068. Its design standards again were recognized in
competition -- the Press received a larger number of citations in the New England Book
Show than any other house in the history of the awards -- and, as has become its firm prac-
tice, the Press published far more titles in the pure and applied sciences than any other
university house. Its books were reviewed in major media to a degree probably unmatched
by other university publishing organizations. The flow of new projects was large -- over
1, 200 manuscripts and manuscript proposals were reviewed by the acquisitions department
during the year -- even though a steady effort was made to accept for consideration only
those manuscripts that, judging by subject and promise, seemed to be viable candidates for
publication.

The book output during fiscal year 1973 was smaller than that of recent years (119 were is-
sued during fiscal year 1972). This output level, however, did not indicate a deliberate
reduction, but rather a peculiarity of final manuscript availability and length of manufacture.
During the next fiscal year, the Press plans to return to the desired average output (approx-
imately 110 titles annually -- original hardcover, imports, and paperbacks).

This fluctuation of output had a clear impact on gross sales, which were $2, 823, 000 (all fig-
ures in the text of this report are rounded to the nearest thousand), compared to $3, 005, 000
in fiscal year 1972. Net sales for fiscal year 1973 were $2, 379, 000, compared to
$2, 637, 000 in 1972 (see Table 1 for extended review). Two points of analysis: during the
past fiscal year, the Press enjoyed the benefit of its special direct-mail book sale, which
grossed approximately $350, 000; and it may be calculated that the target annual output of
new books would have produced a noticeable increase from the previous year's figure, had
the target been met.

If net sales were lower by some $260, 000, operating expenses ran over budget by some
$58, 000 (principally in marketing). Interest due the Institute also was very much higher
than budgeted, owing to the effect of operating at a stable level of inventory investment
while actually receiving, within the fiscal year itself, fewer books to sell. At the time this
report was prepared, instances of prime interest rates as high as 9. 75 percent were re-
corded, and further problems in this regard may be anticipated in the year ahead, unless
adjustment is made.

In addition, the Press experienced during the year of report a severe write-down expense.
Recently the Press has been considerably more critical in projecting edition sizes and in
calculating profitability, in response to changing exterior circumstances, but the effects of
these policies are slow to be felt. Write-down, according to the Press's standing proce-
dures, does not occur until at least two years after the year of publication, and the volumes
now being written down were published in 1968-69, 1969-70, and 1970-71.

Further, the Press's returns expense (the cost of industry-wide refund privileges to book-
stores and wholesalers for unsold books) was very high. This was a not uncommon experi-
ence in book publishing this past year; the absolute numbers rose ($368, 000 in 1971-72,
compared to $444, 000 in 1972-73), as did those figures expressed as a percentage of net
sales (14. 0 and 18. 7, respectively). The percentage figure gives an exaggerated sense of
the difference, since the sales figure was artificially low because of lower output, and it is
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The M.I.T. Press

older rather than new books that are returned. Further, the Press deliberately has been
more rigorous in registering returns, and the returns figure extends in reality over a 15-
month period.

These summary observations contain critical implications which are important and which
already are being acted upon. It is necessary to ensure that the lapse in pace of new books
issued (a lapse, incidentally, not unparalleled in the history of the Press, which in fiscal
year 1968 showed a reduction of 25 percent in new title output from the previous year) does
not continue and is compensated for in the current year. In view of sharply rising prime
rates, to which the Press's interest costs are pegged, it is necessary to renegotiate the
Press's interest relationship with the Institute, so that it is not in effect in the position of
amortizing its entire indebtedness each year and duplicating it at higher rates than would
have applied to large segments of it. The Press must persist in its intention to publish real-
istically, given the financial expectations which are made of it; and it must seek, with ac-
tive Institute support, exterior grant funding which will permit it to discharge the special
responsibilities that belong to the university press.

Last year the Press operated approximately at a break-even level. It is, of course, a mat-
ter of serious concern to the management of the Press to show a net loss from operations
this year of $300, 000. However, the Press's retained earnings -- "surplus income" of the
Press from previous accounting periods -- have covered all but $95, 000 of this amount, and
it should be noted that, taking into account the Press's general publishing objectives and pol-
icies, the accounting system accumulated these retained earnings precisely as a reserve
against the long-range effects of those objectives and policies, which now require these
funds. Fairness demands that one also recognize that approximately $171, 000 of that net
loss from operations this year is due to interest charges by the Institute and to the Press's
continuing payments on the cost of its new quarters.

The citation of the preceding figures has ignored the central element of the Press's opera-
tion: the achievement of the Press as scholarly publisher, the complex of delicate and deft
actions in many professional areas -- some of them located in territories of intellectual
imagination and discretion entirely like those in which faculty colleagues work, and others
in the specific topography of publishing technique -- which has created that achievement,
and the extraordinary exertions of a staff that in quality of commitment seems unsurpassed.

Acquisitions Department
The acquisitions department brought 87 book proposals before the Editorial Board of the
Press (consisting of nine members of the faculty in addition to the chairman, Dean Robert
A. Alberty) at six meetings of that body. Three projects were declined (a rate of disapprov-
al of approximately three percent) and three were deferred for reconsideration. A total of
450 publishing projects were reviewed by exterior referees, and 750 were declined without
reference to outside readers.

The following table tracks the proportion of published titles by broad discipline over a re-
presentative period of time:

Social Science and Art and
Year Science Humanities Engineering Mathematics Architecture

1969-70 28% 15% 24% 16. 5% 16. 5%
1970-71 26 12 23 26 13
1971-72 22 11 27 27 13
1972-73 28 14 19 27 13
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Proportions in some disciplines have been altered in response to changing market conditions.

Thirty-one percent of the Press's authors this past year were M. I. T. related. Professors

Bernard Burke, Kevin A. Lynch, and Gardner D. Swain completed their terms on the Edi-

torial Board this year, and the Press deeply appreciates the counsel they gave unstintingly

during their terms of office. Professors Stanford Anderson, Morris Halle, and Elting Mor-

ison have been appointed to fill the vacancies thus created.

In the course of the year, Frank Satlow was appointed senior editor in the engineering sci-

ences; Thomas McCorkle (of the Press's text editorial department), paperback editor; and

Barbara Ankeny (also formerly of the text editorial department), editorial coordinator. At

the close of the year, the Press was completing arrangements for the appointment of Arnold

C. Tovell, formerly of Beacon Press, as editor-in-chief.

The Press also was completing plans for an experimental sub-board in architecture and ur-

ban planning, in coordination with the Dean of the School of Architecture and Planning, to

serve in an advisory capacity to the Board and the Director in this important field. Other,

similar sub-boards may follow.

Editorial Department
The editorial department demonstrated, as has become its habit, a degree of polish of per-

formance that distinguishes it among editorial enterprises and that distinguishes the Institute

as its home. The department processed in some form a total of 180 books during fiscal year

1973, and in addition to free-lance assistance (of which progressively more use will be made),

its permanent members edited approximately 28, 000 pages of text in that period, much of it

demanding special expertise.

Media Department
The media department labored this year under very heavy burdens, as it was responsible

not only for normal production activities, but also for an intensified rebind and reprint ac-

tivity typical of a mature publishing organization, a growing journals program, and an unu-

sually complex new-title design activity. It is probably true that the M. I. T. Press pro-

cesses a more demanding variety of text than any university house, perhaps more than any

other American publisher, and that the Press's ability to process difficult text is related

closely to its reputation in architecture and the sciences. In addition, the department has

developed an in-house composition and makeup capacity, in order to reduce the cost of man-

ufacture for selected titles and the complex accounting systems required to charge this kind

of expense against inventory cost. This department has been required to accomplish too

much with the resources available to it, and it is clear that some adjustments will be neces-

sary.

Journals Department
The journals department, now under the management of Deborah Weinstein, has made steady

progress in regularizing its operation and in deliberate expansion up to critical mass.

Marketing Department
The marketing department achieved a gross income for the year that, in view of the number
of new books available to it, must be seen as satisfactory, in comparison with earlier years.

In addition to its responsibilities in book sales, advertising, and promotion, it continued to
oversee the fulfillment function of the Press and the conduct of its relationship with Device

Development /Technical Impex, the exterior data-processing and warehousing service em-
ployed by the Press. That service remains under review, and formal studies were under-
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taken of the relative advantages of alternate distribution systems.

General return on marketing investment over a representative period of time may be consi-
dered as follows (bearing in mind the effect of the unusual returns factor encountered during
the year of report).

1968-69 1969-70 1970-71 1971-72 1972-73
Total marketing expense $ 346, 000 492,000 511,000 493,000 553,421
Net sales 1, 905, 000 2, 572, 000 2,435, 000 2, 637, 000 2, 379, 000
Volume of sales per

dollar invested 5. 51 5. 23 4. 77 5.35 4. 30

The percentage of marketing expense to net sales was 22. 8. (During earlier years it has run as
high as 20. 5. ) The reference figure for the most profitable university presses during the
last calendar year was 15. 7, but notice should be taken also of an average figure for scien-
tific and technical publishers during the same period of 18. 7.

During the year of report, the Press's three domestic salesmen called on 625 accounts,
many of them four or more times. The direct-mail effort reached 712, 000 potential book-
buyers, announcing or reannouncing 154 books (apart from general catalogue announcements).
All new titles appeared in list ads in at least four media and at least once in descriptive ad-
vertisements. A total of 141 advertisements were run, and approximately 100, 000 copies
of the Press's seasonal catalogues were distributed by mail or directly, at exhibits or by
other means. During fiscal year 1973, the Press exhibited its books at 61 scholarly or
trade meetings, manning its own booths at 18 of these. A total of 11, 400 review copies were
dispatched, generating an average of 50 reviews of Press books each week.

The composition of all sales during the year was 41 percent backlist and 59 percent new list
(within 18 months of publication). The Press's London sales office, operated in cooperation
with the University of Chicago Press, generated $357, 000 in sales, a very slight decrease
from the previous year.

Business Office
The business office provided essential support devices for the remainder of the operation.
Important new responsibilities for planning and control have been placed upon it, particularly
in view of the complex financial challenges which the Press is encountering.

Considerable attention continues to be paid to the administration of accounts receivable, to
coordination with the financial officers of the Institute, and to the development of cost-center
budgeting for the several elements of the Press operation. During the year, calculation of
author royalties was computerized, and systems were developed for allocation of grant funds
and (in conjunction with the media department) for assignment of in-house inventory costs.
A revised accounting and cash administration structure for the Press's London operation was
developed, in view of its incorporation as a limited company under British law.

In common with the rest of the Institute, the Press set revised Affirmative Action goals for
itself and produced an explicit plan for their achievement. Of the five major departments
into which the Press is divided, three are headed by women, and of the ten subdepartments
or operating sections of the Press, seven are headed by women. Distinct progress is re-
quired in increasing the number of black employees.

The Press is grateful to the Mellon Foundation for the subsidy of books in the social sciences
and humanities which the Press received through its grant.



Other Offices

Additional progress was made this past year in the development of the Press's electronically
based editing and composition system, the only such system operated by any university
press. With the continued assistance of many Institute faculty and staff members, and par-
ticularly of Professor Nicholas Negroponte and his students (under the U. R. O. P. program),
new editing programs were created for the basic PDS-1 IMLAC minicomputer installation
which, in the Press's judgement, are the most powerful programs existing for such hard-
ware. The contribution of one student, Larry Fagan, in the creation of these programs de-
serves special recognition; his extraordinary gifts and deep sense of commitment were ba-
sic to this programming achievement. In addition, disc and magnetic-tape capabilities were
acquired during the period of report.

At the close of the year, the Press was preparing, in coordination with the User Support
section of the Office of Science Information Service of the National Science Foundation, a
grant application to fund further development and application activities, among them the
creation of an optical-scan capacity. The goals of the Press's work in this area remain the
same: increased speed in processing complex text and increased editing convenience and
flexibility, without sacrifice of graphic standards, and at controlled cost. There are, of
course, other implications in the area of information management. This activity is located
in the media department of the Press.

The Management Board of the Press, constituted one year ago as a body collateral to the
Editorial Board, consists, in addition to its chairman, Vice President Constantine B. Simon-
ides, of: Dean Robert A. Alberty, current chairman of the Editorial Board; Howard R.
Webber, the Director of the Press (these individuals serving ex officio); two members of
the M. I. T. faculty, Professors Michael S. Scott-Morton and Michael L. Dertouzos; and two
representatives of the publishing profession, Jack Schulman, Managing Director, American
Branch, Cambridge University Press, and G. M. Fenollosa, Senior Vice President, Hough-
ton Mifflin Company. The Board met twice during the year, and considered the budgets of
the Press, operating figures, special programs, and a variety of other appropriate matters.
The Press is grateful to all the members of the Board for their counsel, particularly to Mr.
Fenollosa, whose resignation from the Board was tendered at the conclusion of the year, in
view of his retirement from Houghton Mifflin. He will be succeeded by W. Bradford Wiley,
Chairman, John Wiley & Sons, Inc.

HOWARD R. WEBBER


