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Engineering Education and Research at Yale

1. Recent History

In 1962, on the premise that the integration of applied
physics and chemistry with the more traditional enpineering dis-
ciplines would enhance the excellence of Yale's teaching and
research, the Scheol of Engineering was replaced by a new Depart-—
ment of Engineering aud Applied Sclence within the Faculty of
Arts and Sciences, The Department has proved te constitute a
rmajor improvement, but experience has shown that an organization
a0 broad and nnstructured is not the ideal neans to bring
engineering teaching and research within the peneral intellectual
1ife of the University. Admirtedly the coneept of a vital engineeriag
program within an Arts and Sclences environment is radical, but the
vision Is so promising that it werits great cffert to make it &
reality. Given Yale's particular complexiom, traditions, and size,
there is na better place to continne this unique experiment. Given
the needs of the nation today, there ls no better rime for Yale ro
re-affirm its commitmant to excellence in engineering and applied

sclence.

Since 1962, the Department of Fogineerimg and Applied
Science has achieved a nunber of notable successes: new faculky
appointments have revitalized chemical engineering; an excellent

research activity in applied physics has been established; fruitful



eroas-disciplinary reaearch ecollaborations have been nurtured;

a healthy relatfonship with the applied mechanice activity

in the Departmeat of Ceology and Geophysics has grown; modern
undergraduate programs fusing sclence with technrology have been
developed; the breadeh of the Ph.D. programs has been emphasized;

and sophisticated interdisciplinary coursea developed by the
Department offer sfgnificant technical and acientific insight

into societal problems, and are widely appreciated by Yale

students who are not majoring in science. However, while the
iaterdisciplinary aspects have flourished, our unconventicnal
orgenization has not wet with broad approval in the engineering
profession. Further, diminished support available to the Univeraity
fa the early 1970's resulted in a reduction in the size of the
faculty and the elimination of desirable areas of development in
engineering, As a consequence of this unfortunate combination of
circumstances, the national wisibility of Yale Engineering has faded.
It muat also be admitted that the merging of disciplines with
distinctly different traditions and ptiorities into a eingle department
has made it quite difficult for the faculty te harzonlze its

appointwenta strategy.

In the last four years the University's finaneinl condicion
has improved considerably. Theugh 1t is too early to clsim chat
financial equilibrium has been achieved, it 18 possible to foresee
reasonable stability fn the overall size of the Faculey of Arts and
Sclences. Despite the financial stringencies that i{ntervened, the

years alnce 1962 have witnessed progress towards the University's



II.

goal for englneering. TIn the following paragraphs, & specific
plan for a new stage of the continuing development 18 sutlined.
It iIs the result of two years of intensive effort by the faculty
of the Departmeant of Enzineering and Applled Science, the
Physlcal Sciences Advisory Committee, and the Facully of Arts
and Sciences Executive Committee. External reviewers gave
generously of thalr time and effort in Yale's behalf; the

Uaiversity is deeply indebted to them.

The Review Process

Por the last two yeara the Department and the adginistration
have jointly engaged in 2 thorough sopralsal of Yala's record in
engineering education and research. Thay hava identified strengths
and weaknesses, and have considered a variety of suggestions for
improvement. To ensure the quality and impartiality of the appraisal,
a two-stage external review was implemented. Twelve nationally
recognized leaders were assembled in four commirtees representing
chemical engineering, alectrical engineering, applied wechanics, and
applied physics. Fach group wag asked to vieit the campus and to
asaesa separately 1ts zapect of the Department. Wrltten evaluations
snd recomendations werz distributed to the faculty for comuent.

In the second stage, the four committee chalrmen reassembled in
Wew Haven, studied the separate reports and commentaries, and developed

ovarall recotmendations. Thase recormendations also generated



intense discuseion in the faculty. All reporte and faculey
comments were forwarded to the University administration for
study, and the adoinistration in turn mought the advice of othar
science faculty through the Advisory Committee on the Physical
Sciences. Final recommendations were developed by the President,
the Provest, the Dean of the Graduate School and the Dean of
Yale College, who, as the Executive Committee of the Faculty of
Arts and Sclences, must recommend any reorganization plan to

the Yale Corporation.

All parties agreed that the four groups within the present
Department merit greater autonomy than they now have in propeging
faculty appointments and promotions. Yet the intellectual content
of each ares is intimately interrelated to that of the others.

If the desired autonomy is to be attained without sacrifieing the
Dapartment's interdisciplinary strengths, new governance is

required, comprising distinct units operating uader an unbrella
orpanizatlion. WNearly all parries agreed that the overall academic
program should remain within the Faculty of Arts and Sclences.

The crucial questions concern the nature of the relationships between
the units, the unbrella organizaticn, and the Faculty of Arts and

Sclences, The plan which has ccerged is detailed below.



ITI. Sections or Departmentd

The University intends to replace the Department af
Fngineering and Applied Science with new departments organized
along traditional 1ines, but coordinated by a new Council of
Engineering, Most wodern engineering departments in aother
instituticns of guality are comprehensive and include significant
areas of interest which do not now exist at Yale. Unfortunately,
the rescurces necessary to establish all these areas are not
now availahle, and it will take time to develop them. But there
is now both desive and need for prompt action, Rather than walr,
the University intends to act icmediately, using resources in

hand to indicate decisively the direction of the near future,

Ag an intermediate and clearly trausitery first step, the
present Department of Enginecring and Applied Science will be
dissolved, aad its faculty will re-group into a Department of
Chemical Engineering, and Sections of Electrical Engineering,
Applied Mechanics, and Applied Physlem, each autoncmous as regards
its power to recommend faculty appointments and promotions directly,
following the mormal procedures for departments in the Faculty of
Arts and Sciences. To eatablish the Departument and the Sections,
all faculty membera of the present Department will be asked to
choose the unit with which they wish to affiliate. Consisteant with

normal procedures inm the Faculty of Arte end Sclences, secondary
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{joint) appointuents can be arranged later by mutual consent,
but the one-person-one-vote rule will apply unless specifie
exception 18 approved by the Provost. After appropriate
consultation, the President will appoint a chairman for esch
unit., Through its chairman, each unit will be responsible to
the Provost for its own faculty budget, and for & uinimum
administrative budeget. (As describad below, most purely
adpinistrative functions will be handled by the Council, an

organization in which all units will participate.)

The Sections will differ from most departments in the
Faculty of Arte and Sciences Iinsofar as they do not at this
time clalm couprehensive coverage of thelr fields. WNeverthelesa,
each Scction will be charged to devalop lte own educational and
research programs, and, if desirable and feasible, to grow iato
full-fledged comprehensive departments. The process of tranaition

from status as a Section ta status as a Department is described

below.

Sections to Departmwenta

The sxternal review committees and 8 majority of the
engineering faculty are convinced that the full potential of

engineering and applied science at Yale will not be realized until



full-fledged engineering departmenta are established. It is
also generally agreed that additional resources are essential
to achieve that goal. It is cbvioua that the additional
support is mot likely to be achieved by redirection of other
FAS resources, for such action would require elimimation or
severe reductions of other less desirable programa; and the

Academic Review Cormittee has not identified such programe.

It follows that external resources must be tapped to
finance the desired expansicn. Sources for such expansion are
most likely to exist in industry, im the pool of alumni of the
former School of Engineering, and in programs of the Federal
Government, Partfcularly for the first two, fund-raising efforts
have, ia the past, been sevarely hindered by a wide-spread
perception that enginearing has been badly trcated at Yale.
Announcement of the establighment of a Department of Chemical
Engineering should belp; but the negative perception will net be
coupletely removed until full-fledged Departments of Electrieal
Engineering and Mechanical Eaplneering emexrge, carrying traditional
labels and prerogatives. Yet no matter how excellent its nembers
may be, to bestow the title of Department on a faculty group that
lacks the bresdth of woat of the established departments in ita
ffeld would be unwise, Tt would dovite misunderstanding, and generate
comparlsons unfair to the group and to the University. Instead, the
University will clearly and firmly state its two-step strategy.

Sizultanecusly with the establishment of -the Sections, the President



will declare that the Sectioms, for persuasive academic reasons,
are intended to grow lnto FAS Departments of Electrical
Engineering and Mechanical Engineering (and possibly Applied

Physics).

To wove from a Section to a Department will demand
consliderable academlc and entreprencurial energy so as to meet
certain aspecific requirements., When should a Section be deemad
ready for designatlion as a Department? When resources are in

hand or firmly pledged to permit the Section

1) to mount at least one ABET-accredited
undergraduate major (Applied Physics
excepted}, a terminal master's degree
program, and a Ph.D. program, all without
lessening the Section's contributiocn to

the Council'’s interdiseiplinary programs;

2) to carry out an active research program
involving its Ph.D. students, and teo
maintain and medernize as neceapary ite

research laboratories;

and 3) to attract undergraduate and graduate
students and faculty of the highest
caliber.

Fach Section aspiring tu become a Department should prepare

a detailed plan to achieve theae goals, and submit it for consideraticn
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by the Coun:il, the Physi{cal Sclences Advisory Commiccee,

and the Faculey of Arts and Scliences Executive Committee.

The Physical Sciences Advimory Committee belleves that
one, and enly ene, of the new units now posaesses sufficient
breadth, and commanda sufficlent resources, te presently
qualify as a Department. Assuming thet all the faculty mewbers
azsociated with the current Chemical Englneeriung activity wish
to joim the new unit, and that no others so elect, the new unit
wauld have only seven faculty positions. However, departmencs
in this field of engineering are mot usuvally large, in part
bocause other sectors of engineering furnish impertant segments
of the educatiopal program in chemical eogineering. Undergraduate
accreditation in this field has beea particularly difficulc at
Yale because of a conflict between the distributicnal requirements
imposed by the Accreditation Board for Engineering and Technology
and those stipulated by Yale. There {3 a new plan which may lead
to a resolution; it will be tested in the accreditation review
this year. (This conflict 1s specific to Chemical Engineering, and
is not a problem in other ficlds of engineering.) A terminal
master's degree prograwm should be developed. The Advisory Comsittee
attests to the quality of the research program and to the
attractiveness of Chemical Engineering to students and potential
faculty. It does, however, strongly recommend that the two tenure

poattions to becoms vacant in the near future be filled, if and when
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they are reconfirmed, by persons widely respected as bhona-fide
chemical engineers; term positions should alsc be %o used, for
the Advisory Committee docs not anticlpare that faculty positiouns
additional to those mow authorized will be available in the

near future,

The Executive Committee of the Faculty of Arts and
Sciences has accepted this evaluation, and will recommend
to the Corporation the establishment of a Depariment of

Chemical Engineering.

For Electrical Engineering, the Physical Sciences Advisory
Committee sees & need to build new strength in the areas of
energy, devices, and computer hardware. It recommends that the
four faculty positions now held in reserve {one with tepure
and three on term) be allocated to the Section of Electrical
Engloeering, with first emphasis being given ta recruitment of a
senior individual in computer engineering. These resources,
plus tmpending retirements, if and when they are reconfirmed,
should provide sufficient means for building a truly first-rate
activity in electrical engineering, and merit In due time the

unit’s conversion from a Section to a Departmeat.

The Faculty of Arts and Sciences Executive Coumlttee
accepts this view, and will recammend to the Corporation the

eatablighment of & Section of Electrical Englneering.
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In order to recruit a senlor person in computer engineering,

a balanced gearch committee will be established imwedlately

by che President. It will be composed of threes members

from tha Section of Electrical Engineering, one member from
tha Secticn of Applied Physics, one member from the Department
of Computer Science, and one member who is a distinguished
electrical engineer on the faculty of esnother lmstitutiom.

The remainlng faculty positions available may be used to
construct an attractive package to aid this recruitment, It
{g intended that the senior person will provide the experlence
and statesmanship to assist in the rapid evolution of the

Section into a Department.

Both the external Review Committee and the Advisory
Committes belleve that the development of a comprehensive
Department of Mechanical Engineering requires the addicion of
4 substantial number of faculty in areas such as thermal science,
rebotice, materials, ete. The Advisory Coumittee therefore
recommends, a8 a temporary measure, establishment of a Section
of Applied Mechanics until new resources have been raised
sufficient to permit its proper evolutlion Inte the Departmeat
of Mechanicasl Engineering that must ultimately develop 1f Yale
{a to have a strong and balanced engineering program. Advantaga
must be taken of impending retirements and expiring term
appointmenty to advance towards thia goal, for the Advisory Comnittee

does not antieipate that faculty positions zdditional teo those
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presently authorized are likely to become available

in the near future.

The Faculty of Arts and Sciences Executive Committee
accepts this recommendation, recognizing that ir places a
heavy responsibilicy on the current faculty in Applied
Mechanies. Tt will recommend to the Corporation the

establishment of a Section of Applied Mechanies.

For Applied Physics, the situation 1s more cocplex.
The Advisory Committee applauds the variety and the excellence
of the research programs in Applied Physica. An undergraduate
major has been developed jointly with the Physics Department,
but it is too early to judge ite merit or its artractiveness
to students. However, there can be ne doubt of the present
walue to Yale of a Section of Applied Physica. What the optimum
course of its development may be is leas clear. On the one
hand, many of the activities of the applied physicists are to
be found in modern departments of electrical engineering. If
their activities could be congenially joined with those of the
electrical engineers, the evolution of the Section of Electrical
Engineering into a Department would be accelerated. On the othar
hand, the applied physicists have stroug disciplinary ties to
the faculty of the Department of Physics. Whether there sghould

ultizately be two Physics Departments fa debatable. Tha
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Executive Comuittee of the Faculty of Arts and Sclences
believes it would be premature to attempt a Final dispesiticn
at present; further, whatever that disposition may be, it
requires the enthusiastic support of the faculty involved.
The Executive Committee of the Faculty of Arts and Sciencea
will therefore proposa to the Corporation the establishment
of a Section of Applied Physics with the expectation that

in the next sevarzl years this unit will develop appropriata
relations with both the Section of Electrical Engineering
and the Department of Physics so es to evolve a long-term
solution which is optimum both as regarda professional

compatibility and the use of limited resources.

The creation of autonomous Sections of Electrical
Engineering, Applied Mechaniea, and Applied Fhysics, and
a Department of Chemical Engineering will enable and encourage
these units to seek sxcellence within their respective disciplines.
However, to insure that autonomy does not result In parcchialism,
a new Council of Engineering will be established to preserve and
promote Interd{sciplinary rescarch and teaching in cogineering

and applied science.
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Councl) of Engineering

The Council of Fngineering will ha composaed of the four
Section/Department Chairmen and chaired by a fifth person
appointed by the President. In broad terms the Council will
be responsible for preserving and promoting excellence in
engineering and applied science, particularly as reflected in
interd{sciplinary rtesearch and teaching. It will also ingure

that the entire Yale community bepefits from that excellence,

Speciiically, the Council is ezpected to!

. augment wather tham supplant the normal
prerogatives of the Sectiona and Departments

. provide the coordination necessary to insure
the availability of the common core of basic
engineering courses (e.g. thermodynamics,

fluid mechanices)

. support interdepartmental educational programs
(e.g. Applied Mathematica, Engineering Scilence,

the current Ph,D, program}

support Interdepartmental couxrses for

non-sclence majors
. support ccllaborative research

. coordinate, with the Development Office,

major fund-railsing efforts



16

To provide the necessary support, the Council will
manage & budgeted Faculty salary pool corresponding to the
faculty resources presently allocated to the inter-
disciplinary programs which will become irs responsibility.
However, the Council will not propose specific faculty
appointments or promotions to the Appeintments Committees;
the budpeted pool 1s over and above that reserved to the
autonomousg units, and is Intended sclely to compensate them
for faculty participation in Council pregrams. The Couunclil
will also manage the existing funds restricted to engineering
and applied science, but not designated to a specifie
discipline, using these funds to support programs, Sectioms,

or Departments as it deems most helpful.

The Councll will also agsume a significant administrative
function. In order to prevent waste, duplicatiom, and excesalve
administrative overhead, the administrative functlons and
factlities furnished by the present Department (e.g. busineass
management, secretarial pool, student shop, space) will be

retained as sssets in common, supervised by the Council,

The Council will also be responsible, through a =single
Directar of Graduate Studies, for the recruitwent and eelection
of graduate studemts for 21l Sectiocns and Departments that
comprise the Council, and will negotiate with the Dean of the

Graduate School concerning thelr admiseion and support.
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The Council Chairman will negotfste directly with the

Provost concerning the resourcea necessary to carry out the

Council’s functions.

The Divisional Committee

As in other Divisions of the Faculty of Arts and Sciences,
the Physical Sciences Advisory Committee 1s composed of senior
faculty members; it, in turn, constitutes a msjority of the
Senior Appointments Comnittee for the Physical Sciences. Iz ie
agsumed that this committee i3 qualified to understand the
full intellectual range within its Division, for the Executive
Committes of the Faculty of Arts and Sciences depends bheavily

for irs deci{sions on the wvisdom of the divisicmal advisory

committeed.

Rightly or wrongly, some engineering faculty members are
convinced that the Phyaical Sclences Advisory Cowmittee has not
always in the past fully understood their problems or apprecilated
their wirtues, The traditions and ootivations of engineers
differ from those of mcientists, and it Is esseatizl that the
divielonal comuittee he §o structured as ta always incluode an
engineering point of view. The present Advisory Comnmittee has

recommendad that a representative from each of the new Sectlons
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ot Departments be included in the Committee to ensure its
breadth. Further, it recommends that recognicion be
given to the new thrust by a new title; the Division of

Physical Sciences aad Engineering.

The Faculry of Arts and Sciences Executive Committee
accepts theee recoumendations, and w{ll implement them for
the next academic year. It recognizes however thar the
enlargement of the Advisory Committee from eight to eleven
menbers may create problems of unwieldiness, and it will,
therefore, review the composition of the Committee with the

Diractar of the Divieion after a trial period of three years.

VII. The Future

Engineering 1s at the threshold of a new era at Yale.
Bright though its future is, we chart new paths and do not,
canoot, foresee all the pitfalls., EBighteea years passed between
the last two serlous appraisals of our engiveering programs -
far too long. These appralsals were gulded by experta
sympathetic wirh Yale's goal; and we should avail ourselves of
such help more frequently. To that end the President Intends
to convene ln New Haven at least every two years visiting committees
for each Section or Department, and to ask them to scrutfnize

Yale's efforts with fmpartfal expertise, These visits should
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culminate in a comprehengive review five years from mow.

If we err, early warning can initiate correction; if we

succeed, our virtuss will be more widely noted.

Ag we phase out the Department of Enpineering and
Applied Science, it is appropriate to note again itas
accomplishments, The faculty and staff of the Department
have enriched the art of engineering education. Many of
their innovations have syrvived the test of time, and will
continue to grow. With its emphasis on applied science,
the Department has been notably succezsful in developing
regsearch programs of the highest quality in areas which
its predecesser Schoel had ignored. If the Sectlens,
Departments, and the Council which succeed Engincering and
Applied Science can summon the same level of creative
energy, the University will gain in stature and in its
ability to serve., Reorganization per se is meaningless;

a new organization can only provide an envirommeat. It 1=,
after all, the willingness, the enthusiasm, and the quality
of the studente, the staff, and the faculty thar will gain

the day.



