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A period in which engineers will ex-
pand the range of their activities and
participate more visibly in economic
planning, public affairs, and interna-
tional development was projected by
Edmund T. Cranch in a recent inter-
view with the editor of the Quarterly.
Cranch, who became dean of the Cor-
nell College of Engineering in Decem-
ber (see the Autumn 1972 issue of
this magazine), also discussed ways in
which he feels engineering schools can
and must adapt their programs to meet
changing conditions in society. Some
questions and answers emerging from
the interview may help give readers
interested in the future of the College
an idea of what the character of Dean
CrancKs leadership is likely to be.

ENGINEERING TODAY

Some Views of Cornell's New Dean

What is the status of engineering as a
profession today? Are the functions
of engineers changing?

The engineering profession is by na-
ture characterized by change because
its role is to apply new techniques and
materials in meeting the evolving needs
of man. Thus, in our rapidly develop-
ing technological society the engineer-
ing profession has assumed an im-
portant role—one which has led to a
heightened societal awareness of the
impact of technological change. The
innovative, adaptive, and planning
roles of engineers have not changed
appreciably, but engineers are now
being called upon to perform these
functions in an ever widening arena.
For example, they are becoming heav-
ily involved in issues of public plan-
ning and policy; and the resolution of
these issues involves important ques-
tions of public safety, welfare, and
finance. I believe that we will see in
the years immediately ahead a more
apparent movement of young engineers
into work with a public-needs dimen-
sion. This is bound to be reflected in

the professional organizations and edu-
cation of engineers.

What kind of activity do you mean by
"work with a public-needs dimension?"

There is a high probability that an en-
gineer beginning his career, whether in
industry or government, will become
involved within a very short time in
economic concerns. Alternatives are
not only technological in nature, but
almost always involve economic and
social parameters. Such considerations
are important from both the corporate
and public points of view. If we want
to do significant things—if we are to
improve the quality of life for a
much greater number of people—large
amounts of capital must be committed
and economic, social, and environ-
mental consequences of great magni-
tude are often involved.

Committing large amounts of money
and large segments of society to new
ventures requires wise planning. It is
easy to squander resources in programs
that at the outset are not well planned.
For instance, the implementation of a
mass transportation system entails mat-



". . . expanding opportunities for
engineers will exist beyond the basic

and traditional categories."

ters such as land acquisition and en-
vironmental quality which affect many
people; large-scale housing projects
have extensive socio-economic ramifi-
cations. The time dimension of such
projects is often significant, for once
embarked upon, they are part of our
system for long periods of time. Plan-
ning and policy determination are tre-
mendously important at every level and
in every aspect of technological and
economic development.

How do you think this affects engineer-
ing students and engineering schools?

Those who are involved in the educa-
tion of engineers must raise the con-
sciousness of students to embrace both
planning and technological considera-
tions. Engineers are eminently equipped
to participate in the decision-making
functions I have cited because their
analytical background enables them to
evaluate technological and economic
trade-offs from a knowledgeable posi-
tion. But they must be willing and pre-
pared to deal with other issues as well.
Engineering students will to an increas-

3 ing extent be exposed to the kind of

integrating process required in solving
the problems of the real world. We
must provide students with the oppor-
tunity to study in areas that not only
broaden their basic education but also
provide, in a much more visible way,
educational experiences that relate
their studies to an integrated whole.
It is this process of integration that
will be recognized as an increasingly
important part of the professional
component of engineering education.

How do you think this kind of ap-
proach could be infused into the en-
gineering curriculum at Cornell?

A natural way for engineering would
be the case-study approach, which has
been used successfully, for example,
in business schools. At one time, some
years ago, many disciplines did include
the relationship of technical skills with
economics and management, for exam-
ple, but this was done in a much nar-
rower sense than present circumstances
require. We must now make another
try. The basic difficulty is that, as a re-
sult of ever-increasing complexity and
depth of understanding, we have di-

vided our education into increasingly
specialized units. Very little attention
has been given to the interrelationships
and interactions among specialties, so
that we are now in a position of having
virtually no educational experience or
materials available for this mode of
education.

I would like to see more of our fac-
ulty become involved in professional
activities, through working or consult-
ing in industry or governmental agen-
cies, and thus make themselves familiar
with the relationship between their
field of expertise and the wider social
context of its applications. Our staff
should be encouraged to extract from
such experiences material that has po-
tential instructional value, and to con-
vert it for educational purposes. Cer-
tainly this will not be an easy process,
for it must be done without eroding the
technological strength of the curricu-
lum. The establishment of priorities is
involved: we have been under pressure
to increase the scientific content of our
curriculum as well as provide the
broadening component. Nevertheless,
we must direct a certain fraction of



"I would like to see
more of our faculty

become involved
in professional
activities.

our efforts in this new direction. The
basic question is one of implementa-
tion. Should a separate unit be estab-
lished to meet these needs, or should
a broader consciousness be infused
through the offerings and activities of
the various schools and departments?

Are there constraints applied by gov-
ernment, industry, or professional so-
cieties on engineering education?

Engineering educational institutions are
and must be guided by the nation's
overall manpower needs, and as An-
drew Schultz, Jr., has pointed out re-
cently (in ENGINEERING: Cornell
Quarterly, Vol. 7, No. 2, Summer
1972), a shortage in numbers of en-
gineering graduates is a certainty in the
immediate future. Historically, man-
power predictions have not been very
accurate as far as engineering is con-
cerned, however. One difficulty is that
they have usually been based on a nar-
row conception of the potential roles
of engineers—assessments are made
within defined categories that are no
longer adequate.

It is estimated that about fifteen

million new jobs will open up in the
1970s and that of these, thirteen mil-
lion will be in the so-called service
industries. The services needed by our
society are shifting and changing and,
in so far as engineering is concerned,
job classifications can no longer be
confined to the traditional categories.
Clearly, engineers are going to be mov-
ing into these positions, in business,
government, education, and industry.
For example, we can look to such a
critical area as energy production and
see whole new areas of energy sources,
modes of distribution, and manage-
ment. Questions of environmental im-
pact, societal cost, and equity must be
investigated and resolved. Similar ex-
amples can be drawn from the field of
health care and delivery, in which anal-
ysis and planning of complete systems
will be a necessity. Engineers will be
needed to work in areas, such as these,
which have not been itemized in man-
power reports under the traditional
categories of engineering. Students
should feel free and be encouraged to
consider a wide range of activities not
only in engineering per se, but in ad-
joining areas. Our engineering schools
will best meet the overall needs of so-
ciety if they prepare students for entry
into a variety of new engineering-
oriented pursuits, as well as the tradi-
tional specialties.

At the present time, the organization
of the engineering profession into spe-
cialties does have a considerable influ-
ence on the character of engineering
education, even though no monolithic
organization, such as exists in medi-
cine, controls both the profession and
education for it. With respect to en-
gineering, industry and government are 4



The expanding compass of engineering
is evident in the activities and specialty
fields of many College of Engineering
faculty members, including those pictured
here.

1. Pollution control has emerged as a
prime concern in the research of pro-
fessors in several departments. One is
Joseph L. Rosson, professor of electrical
engineering, who is working with students
on the development of an electric car as
an alternative to combustion-powered ve-
hicles. This prototype, designed and built
by electrical engineering students, won
the Emissions Award at the 1972 Urban
Vehicle Design Competition and has been
in daily operation for the past year.

2. Research on the development of myo-
electrically controlled prosthetic devices
is directed by Donald L. Bartel, assistant
professor of mechanical engineering.

3. Bioengineering of a different kind is a
principal interest of Kenneth B. Bischoff,
professor of chemical engineering, whose
work includes the mathematical modeling
of drug distribution in the body.

4. Environmental law is the specialty of
Philip Bereano, assistant professor of en-
vironmental engineering, who holds de-
grees in chemical engineering, regional
planning, and law.
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Interdisciplinary research is conducted by
members of all engineering departments
at Cornell. Some of this activity is coordi-
nated in University centers in which col-
laboration among professors and students
from various Cornell units is facilitated,
and some is developed independently.

1. Among engineering professors active
in the interdisciplinary Laboratory of
Plasma Studies is Hans H. Fleischmann,
who is using the laboratory's high-power
electron beam to develop novel methods
of plasma heating and containment.

2. Robert W. Balluffi is one of a number
of professors in the Department of Mate-
rials Science and Engineering whose re-
search is connected with Cornell's Ma-
terials Science Center, which provides
extensive research and facilities support
for various groups in the University.
Balluffi and his associates are studying
imperfections in solids by electron mi-
croscopy.

3. Biophysics is an interdisciplinary field
in which several College of Engineering
professors are working. Miriam M. Sal-
peter, who holds a dual appointment at
Cornell in applied physics and in neuro-
biology and behavior, is studying the
physiology of nerve cells using electron
microscopic techniques.

4. The study of laser Raman scattering
from biologically important molecules is
a special research interest of biophysicist
Aaron Lewis, new this year to the faculty
of the School of Applied and Engineering
Physics.

5. Research in atmospheric phenomena
is a province of several engineering fac-
ulty members, including Neil M. Brice
of the School of Electrical Engineering.
Much of the work in this area makes use
of data from the giant radar installation
operated by Cornell in Puerto Rico.

6. Engineering activity in the geological
sciences has increased rapidly in recent
years, and a Department of Geological
Sciences was incorporated into the Col-
lege of Engineering in 1971. Professors
Jack E. Oliver (left) and Bryan L. Isacks
are directing research in seismology and
its relation to the recently proposed the-
ory of plate tectonics. The theory is pro-
viding an integrating basis for research
in several disciplines, including geology,
physics, and chemistry.





Environmental engineering is emerging as 2
an important field. Current research ac-
tivities of professors in this department
at Cornell illustrate this development.

1. Planning for the use and development
of natural resources is facilitated by tech-
niques, including air-photo interpretation,
developed in faculty-directed research
projects in geophysical engineering. A
current contracted project, for example,
is helping Puerto Rican planners apply
land classification and resources inven-
tory methods. Professor Ta Liang, shown
with Cornell staff members, is serving as
a consultant.

2. Working in the area of public systems
planning and analysis is Professor Walter
R. Lynn, who has a major interest in the
administration of public health programs.
In one project he is developing computer
procedures for predicting the probability
and course of an epidemic; he is shown
sending and receiving data at a typewriter
terminal of Cornell1 s computer facility.

3. Alonzo Wm. Lawrence is directing re-
search in the area of water quality control
technology and environmental protection.
Here he confers with a graduate student
on analytical techniques for the determi-
nation of heavy metals in natural waters.



Associate deans of the College of Engi-
neering confer with Dean Edmund T.
Cranch. Left to right are A. Richard
Seebass, whose main concern is with re-
search and graduate education; John F.
McManus, who is in charge of financial
and personnel matters; Cranch; and Mal-
colm S. Burton, whose area of responsi-
bility is undergraduate education.

structured around the established spe-
cialties, so that although schools have
been broadening the educational base,
students do tend to confront, upon
graduation, a "channeled" job market
in which openings are quite naturally
classified in terms of required special
expertise. As I have suggested, how-
ever, I believe that expanding oppor-
tunities for engineers will exist beyond
the basic and traditional categories.

You have recently been involved, at
Cornell, in the Program on Policies for
Science and Technology in Developing
Nations. Would you like to comment
on international aspects of engineering?

To an increasing extent, the United
States is no longer self-sufficient in
either a resource or economic sense,
for we are inextricably involved with
all of mankind. The entire world com-
munity is changing rapidly. I believe we
are now experiencing a period of transi-
tion from societies based on the concept
of nationalism to a system in which
the interactions among groups will be

9 dominant. The importance of world

trade and its political consequences is
brought home to us every day.

Clearly, the world of engineering sees
this changing situation through a wide-
spread interchange and flow of tech-
nological information, and also through
an awareness of the importance of tech-
nology in international business enter-
prises. This is another realm in which
engineers must cope with nontechno-
logical factors, including economic, cul-
tural, and geographic considerations.

They must also be prepared to con-
front a rising level of technical as well
as economic competition from other
nations. The United States will be con-
fronted with a succession of techno-
logical equals—Japan is an obvious
example—and because of differences
in economic levels, some of these na-
tions will be able to compete success-
fully with us. Engineering educators
must recognize the international rami-
fications of the profession and help
raise the level of students' conscious-
ness of them so that they will be pre-
pared for careers having an interna-
tional component.

The emerging world of engineering

will be different in many ways from the
traditional one. Engineering schools
and, indeed, all components of the pro-
fession must adapt to the changing
attitudes of man and his society.

Edmund T. Cranch became dean of the
College of Engineering last December
after serving as an associate dean for al-
most six years and as a member of the
theoretical and applied mechanics faculty
for almost twenty-three. He was educated
at Cornell, also, earning the B.M.E. de-
gree in 1945 and the Ph.D. in 1951.

During his years in administration,
Dean Cranch has continued an active
teaching interest in the fields of me-
chanics and engineering mathematics,
and has maintained a research program
in his specialty areas of wave propagation
in solids and the dynamics of shells. He
also has an extensive record of service as
an industrial consultant.

He is a member of a number of engi-
neering societies, including the American
Society of Mechanical Engineers, the
American Society for Testing and Ma-
terials, the Society for Experimental
Stress Analysis, the American Society for
Engineering Education, Sigma Xi, and
Tau Beta Pi.



WIDENING THE

PROFESSIONAL SPECTRUM

by Robert E. Gardner

Like many of his peers, Bill Brown had
arrived for his admission interview fif-
teen minutes early, and was now sitting
outside my office, well groomed and
polished, nervously waiting. As I
glanced down the interview informa-
tion sheet, nothing unusual appeared
until I reached the line, "What voca-
tion^) are you considering?" Bill had
responded, "Medicine, Law, Business."

A year ago any of these goals would
have struck me as very unusual, but
now that familiarity had produced ac-
ceptance, I was really taken aback
only by the fact that Bill had mentioned
all three as goals, without so much as
a nod to a single "engineering" field.
In this respect, Bill is an extreme case.
More frequently students emphasize
"professional" and "engineering" alter-
natives equally.

The idea of engineering students who
don't plan to become engineers may
seem shocking to those who have not
been in close contact with engineering
education the past few years, although
it is not an entirely new phenomenon.
Actually, Bill is in part a member of
a group with some historical tradition

in the College, in part a reflection of
recent changes that have taken place
in society and in education, and in part
a forerunner in advance of a wave
portending future shock. It matters
little if Bill's plans strike one as un-
usual, for, like it or not, Bill is electing
to enter one of the more rapidly grow-
ing areas in engineering education.

While I was busy interviewing Bill,
Professor Andrew Schultz, Jr., then
dean of the College, was drafting an
article for Engineering Education on
engineering and the professions. In his
paper the dean traced the evolution of
undergraduate curricula over the past
decade toward flexible, basic programs
of study, and concluded that " . . . it
is no longer necessary to surmise that
an undergraduate engineering educa-
tion is an excellent foundation for
many of the professional activities de-
manded by our society." Almost all of
us in engineering education would
agree, because it certainly appears that
undergraduate engineering education
provides all the ingredients necessary
for preparing students to enter a variety
of professions. 10



"Interest in law and medicine among
beginning engineering students seems
to be entering the takeoff stage."

What makes the situation crucial at
the present time is that students in the
class of 1976 and aspirants to the class
of 1977 are suddenly hearing the
dean's message loud and clear, forcing
us to carefully evaluate our programs
to make sure we can produce what we
have promised. There are serious over-
tones to the evaluation, because it is
not at all clear that the admissions per-
sonnel of the respective graduate
schools are tuned in—and they may
hold the key to the aspirations of stu-
dents enrolling at the undergraduate
level now. What are the prospects for
students entering the College who want
to have the option of pursuing a profes-
sion other than engineering?

BUSINESS—THE LEADING
NONENGINEERING CHOICE

The historical development of student
interest in nonengineering preprofes-
sional education within the College is
perhaps best revealed by the Confiden-
tial Placement Reports of the College,
though these reports did not include
information on fields other than engi-

11 neering until 1964.

A bar graph (see Figure 1) based on
the reported plans of graduates during
the years 1965 to 1972 shows that busi-
ness and public administration was the
most significant area of interest outside
engineering. The number of individuals
who intended to undertake graduate
study in law or medicine, the most gen-
erally recognized professional areas,
was small and relatively constant. Even
if it is supposed that the number of
students who actually entered these
fields is double that shown—which
seems reasonable, since the Reports are
based on a 50% response—one cannot
escape the conclusion that during the
past seven years undergraduate engi-
neering education has been used as a
principal route to nonengineering pro-
fessional graduate work in one area
only: business and public administra-
tion.

LAW AND MEDICINE
AS CAREER OPTIONS

At first glance, the absence of growth
in the number of engineering students
preparing for careers in law and medi-
cine seems incongruous, for these fields

have been the fastest growing areas of
undergraduate interest for a decade.
The number of individuals applying
each year to medical schools has nearly
doubled in this period, and the total
number of applications they have filed
has more than tripled (see Figure 2). An
even more phenomenal upsurge of in-
terest has been directed to graduate
study in law. At Cornell the number of
applications to the law school has al-
most tripled within the past five years
(see Figure 3), and other law schools
have experienced similar increases. Yet
the intentions of engineering graduates
at Cornell have not mirrored these dra-
matic growth patterns. Why?

The reasons are not obscure: (1)
None of the students who reported ma-
triculated in the College's present, more
flexible curriculum. (2) In the past, stu-
dents who planned to study law or
medicine after completing their under-
graduate education did not apply to the
College of Engineering. (3) Students
who did enroll in the College of Engi-
neering and subsequently decided to
study law or medicine were at a slight
disadvantage because of their late de-



Figure 1. In recent years the dominant
nonengineering professional field that
College of Engineering graduates have
planned to enter is business and public
administration. Present indications are
that law and medicine are now experi-
encing a marked growth in interest among
students in the College. The data shown
are from the Confidential Placement Re-
ports of the College, and represent in-
formation obtained from about half the
number of students in each graduating
class.
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cision. As a result of these factors, it
has been primarily the College of Arts
and Sciences that has educated the Cor-
nell students who later entered these
graduate fields.

But times are changing. Interest in
law and medicine among beginning
engineering students seems to be enter-
ing the takeoff stage. This year, for
the first time, a sizeable number of in-
coming freshmen indicated their inten-
tion of preparing for graduate school in
these areas; in the past, such decisions
were not made until the junior or senior
year. Last fall there were nearly a
dozen matriculants who expressed the
hope of pursuing graduate study in law.
Last year sixteen seniors registered with
Cornell's Premedical Advisory Com-
mittee with the intention of applying
to medical schools; this number may be
compared with a projected figure of
perhaps three times that many for the
class of 1976, this year's freshmen.

FLEXIBILITY IN THE
NEW CURRICULUM

What is responsible for the broader in-
terests of freshmen entering the Col-
lege of Engineering? Recently—just
three years ago—the College incorpo-
rated at the visible freshman and soph-
omore level a new flexible curriculum,
which for the first time brought stu-
dents to view engineering as a solid
choice for preprofessional training in
nonengineering fields. This new curric-
ulum introduced a natural or social
science elective course each semester
of the freshman year, and offered a
wider choice of sophomore-year engi-
neering sciences. It cleared the way for
the adaptation of an engineering pro-

13 gram to meet the requirements for

graduate professional study.
At the same time, the new curricu-

lum has raised the expectations of stu-
dents interested in preprofessional edu-
cation, and created an unmistakable
break with the past. Unlike their prede-
cessors, current underclassmen do not
expect to suffer the old problems inher-
ent in making a late decision within a
rather rigid engineering curriculum;
rather, they expect a curriculum that
will allow them to prepare themselves
with minimum inconvenience and with
maximum emphasis on their areas of
interest.

ADAPTABILITY OF THE
PRESENT CURRICULUM

Can the new curriculum produce what
these students expect of it? Can they
elect the courses they need?

There is no problem for undergradu-
ates who wish to prepare for graduate
study in business or public administra-
tion. The necessary behavioral sciences
may be taken during the first two years
in the Division of Basic Studies as nat-
ural or social science electives, and the
required educational breadth may be
obtained through the choice of liberal
electives throughout the undergraduate
years. These electives can include a
course or two in economics, but busi-
ness and law courses are excluded as
liberal electives for engineering stu-
dents. Concern is frequently voiced
about this apparent shortcoming, but
actually these courses are not necessary
or even recommended at the under-
graduate level.

As upperclassmen, students prepar-
ing for advanced study in business and
public administration may choose any
one of a number of appropriate engi-

neering fields as their specialty. The
one most frequently selected is indus-
trial engineering and operations re-
search, primarily because the mathe-
matical and analytical skills emphasized
in that field are similar to those called
for in the first year of graduate work
and so constitute the best general prep-
aration. Particularly perceptive students
have used their upperclass field pro-
gram as a foundation for a specific
marketable specialty: students inter-
ested in hospital administration, for
example, have selected electrical engi-
neering and taken electives in medically
oriented courses.

It is not possible to state categori-
cally that the new engineering curricu-
lum is appropriate preparation for law,
because in terms of curricula there is
no "best" or "most appropriate" prep-
aration for law school. There are no
specific courses required for admission.
The essential element is not the content
of the courses studied, but the way they
are presented. Engineering students
interested in preparing for law would
do well to select elective courses that
emphasize logic, require oral presenta-



Business, law, and medicine are the lead-
ing nonengineering fields of interest to
students in the College of Engineering.

Top: Conrad Kenley, a junior, is plan-
ning to enter Cornell's Graduate School
of Business and Public Administration
after he completes his engineering edu-
cation in operations research. He is hop-
ing to organize an engineering-based busi-
ness enterprise.

Center: Carl Ferrentino, a senior in envi-
ronmental engineering, has applied for
admission to law school. He will probably
specialize in environmental law.

Bottom: Taking a premedical course in
the College of Engineering is Norman
Marcus, a junior enrolled in the Field
Program in Electrical Engineering. He
hopes to work in biomedical engineering,
perhaps designing electronically operated
prosthetic devices.

tion of written material, and incorpo-
rate critical commentary by members
of the class. Such courses are offered
usually by the College of Arts and Sci-
ences and the School of Industrial and
Labor Relations, though more recently
by the College of Engineering also.

Prelaw undergraduates in the Col-
lege of Engineering have ample oppor-
tunity to fit appropriate choices into
their schedules for there are available
eight liberal studies electives, two nat-
ural or social science electives, and two
free electives. Moreover, the number of
electives is sufficient to allow students
to obtain a broad foundation and still
specialize in several areas; many prelaw
students have concentrated on govern-
ment, history, labor relations, econom-
ics, or assessment of technology. De-
pending on the area of law that
interests an individual, a degree of
specialization at the upperclass level is
possible. Students in the College may
use mechanical engineering as a back-
ground for patent law, or civil and
environmental engineering as prepara-
tion for environmental law.

Students who are considering gradu-
ate study in medicine have an entirely
different problem because they must
meet extensive entrance requirements.
The present engineering core curricu-
lum provides more than enough phys-
ics and mathematics, and includes suffi-
cient liberal studies electives to meet
the English and foreign language re-
quirements and sufficient science elec-
tives to meet the chemistry require-
ments. Fitting enough chemistry into
the underclass schedule means, how-
ever, that only one semester of biology
can be included, and then in subsequent
years the student runs into problems of 14



course prerequisites in trying to fulfil
his biology requirements. The net result
is that premedical students now face
minor curricular problems not encoun-
tered by those headed for law or busi-
ness. This situation is in the process of
being remedied, however.

Overall, then, the new curriculum
has created an opportunity for premed
and prelaw students similar to the one
that was always present for students
interested in business and public ad-
ministration: the principal require-
ments for entry into the professional
school can be met within the prescribed
curriculum. More importantly, this has
been done without forcing students to
seriously compromise either their engi-
neering education or their professional
goals. This is not to say that the cur-
rent curriculum is designed to allow
one to have his cake and eat it too. By
no means is this true, as there are
trade-offs to be made all along the way.

Nevertheless, it is now possible for
a student to arrange a course of study
that will enable him to choose among a
number of possibilities for further
study. He can, for example, simultane-
ously meet the requirements for medical
school, study bioengineering with an
emphasis on, perhaps, electrical or me-
chanical engineering, and prepare for
traditional graduate study in either of
these traditional engineering fields.

THE PROSPECTS FOR
ENGINEERING GRADUATES

The next question is, how have engi-
neering graduates fared in applying for
admission to professional schools?

For engineers interested in business
and public administration, success has

15 been good to excellent. Especially at
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Cornell the prospects for engineers ap-
pear bright, according to George Ride-
nour, director of admissions and stu-
dent affairs in the Graduate School of
Business and Public Administration,
partly because historically engineers
have made up a substantial portion of
the entering class (see Figure 4). Engi-
neering graduates appear to be valued
for their analytical training and famili-
arity with technology: experience has
shown that it is normally easier to ori-
ent a person with quantitative training
to behavioral modes of thought than to

Figure 2. National figures show that over
the past decade the number of applicants
to medical schools has nearly doubled
and the total number of applications they
filed has more than tripled. (This year the
average number of applications per indi-
vidual is seven.) A comparable increase
on the part of engineering students has
not yet occurred, although indications are
that this situation is changing rapidly.

accomplish the reverse.
The Cornell School of Business and

Public Administration is particularly
interested in engineering graduates as
candidates for degrees in the areas of
public administration and of hospital
and health administration. The reason
is that engineers can elect a course of
study that is especially relevant to these
areas while they are undergraduates.
For example, a student with an under-
graduate major in civil engineering and
specific course work in transportation
systems followed by graduate study in
public administration has a desirable
background that commands a very at-
tractive salary. Similarly, a student in
electrical engineering or operations re-
search who has had course work in
biology or bioengineering would be an
excellent candidate for graduate work
in hospital and health administration,
and would have several different paths
open after completing graduate study.
It is, in fact, possible for Cornell engi-
neering students to apply for a special
program that permits matriculation in
the business school at the end of the
junior year. These students simultane-
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Figure 3 (left). Throughout the nation,
applications to law schools have almost
tripled within the last five years. These
data are for the Cornell Law School.

Figure 4 (right). Historically, engineering
graduates have constituted a substantial
proportion of the students enrolled in the
Graduate School of Business and Public
Administration at Cornell, and this sit-
uation is expected to continue.
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ously complete their baccalaureate de-
gree work and begin graduate studies.

The situation for engineering stu-
dents who intend to enter law school
is considerably different, largely be-
cause of different admissions criteria.
One criterion is performance on the
Law School Admission Test, the so-
called "law boards," which is required
by the majority of law schools. Avail-
able results of this examination indicate
that Cornell engineering students have
done at least as well as those from
other colleges of the University. This is
not surprising, since the examination
measures abilities and aptitudes rather
than knowledge of specific areas.

The question that remains is whether
able engineering graduates have an
equal chance in the competition for
law school admission. Responses from
those who should know—the admis-
sions personnel—vary depending on
the institutions they represent. J. David
Cullings, director of the Prelaw Ad-
visory Committee at Cornell, feels that
the good performance of a relatively
few first-rate engineering graduates ac-
cepted "experimentally" by the Cornell

Law School in the early 1960s paved
the way for others and resulted in a
"loosening" by the late 1960s. It is his
impression that if engineering is not al-
ready a generally accepted prelaw cur-
riculum, it soon will be. A rough indica-
tion may be that whereas the Cornell
Law School admitted about one out of
every twenty applicants last year, it is
estimated (exact figures are not avail-
able ) that at least two out of every five
applicants from the Cornell College of
Engineering were accepted by some law
school.

Such figures may not cause a stam-
pede to the College of Engineering by
freshmen intending to go to law school,
but it can be concluded that an under-
graduate engineering education will
certainly not hurt a candidate's chances
for law school acceptance if he has the
ability. Indeed, it might prove to be an
asset; for example, if the volume of
environmental legislation continues to
grow, undergraduate studies in environ-
mental engineering would provide a
valuable background for a law special-
ity in that area.

Earlier the point was made that

preparing for medical school differs
considerably from preparing for law or
business because of the large amount
of required undergraduate course work.
Before the Cornell College of Engineer-
ing instituted its "new" curriculum
three years ago, it was extremely diffi-
cult for engineering students to fit the
prerequisites into their schedules, and
those who were successful in gaining
admittance to medical school often did
so not because they were engineers,
but in spite of that fact. It may be that
there will be a time lag before the value
of engineering education is recognized
by medical school admissions personnel.

One advantage of using an engineer-
ing curriculum as preparation for med-
ical study is that an engineering grad-
uate has other viable alternatives should
he not be accepted by a medical school.
As an example, a recent Cornell elec-
trical engineering student who failed to
gain admission to a medical school was
admitted to a top-notch program in
hospital administration and health care
delivery—a program designed espe-
cially for engineers.

The importance of the present com- 16
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Interest in nonengineering or interdisci-
plinary fields is an increasingly significant
trend in undergraduate engineering edu-
cation.
1. Jerry Tobler, a senior, plans to do
graduate work in biochemistry. Rather
than specializing in a particular engineer-
ing discipline, Tobler arranged an indi-
vidual upperclass College Program that
permits the curricular flexibility he needs.

2. Sherri Koenig, a senior in industrial
engineering and operations research, is
applying for admission to the Ph.D. pro-
gram in operations research, a relatively
new specialty that is interdisciplinary in
nature. The analysis and design of opera-
tional systems, applications of probabil-
ity and statistics, and information pro-
cessing are among the functions of op-
erations research, and disciplines that
may be involved include mathematics,
computer science, business and public
administration, and city and regional
planning.

3. Bill Dobbs, a freshman, plans to con-
centrate on anthropology as well as struc-
tural engineering. After graduation, he
hopes to participate in the development
of South American countries—where he
spent much of his childhood—perhaps in
the building of culturally and structurally
suitable housing. He finds his hobby of
photography a useful skill in projects
such as the field study of a housing proj-
ect in Mexico that he conducted last
summer.

4. A career in physics is the goal of
Steven Beckwith, a junior majoring in ap-
plied and engineering physics. He would
like to do research or teaching, but feels
that his engineering background will pre-
pare him well for an alternate career in
industry after he completes a Ph.D. de-
gree in physics.



mitment of the College to the philosophy
of "keeping the options open" cannot
be overemphasized. The response of
the College to the demand for premed-
ical training, for example, has not
been to start a rigorous separate pre-
medical program with either a direct
pipeline to an established medical
school or an alluring six-year total
package. Such an arrangement would
force students to make a "hard" deci-
sion when they entered at the freshman
level, and this can be an unfortunate
thing for those who subsequently fail
to handle certain rigorous courses or
have a change of heart. Moreover, such
an approach is not attractive to the
great majority of students who are
undecided. For these students, the
prospect of making a wrong choice and
backing up to pursue a different course
of study is discouraging. It is much
preferable if decisions can be made in a
progressive fashion as experience grows.
To be sure, the luxury of maintaining
options has its cost as well: the student
may be obliged to take more course
work and work harder than his peers
who are single-minded about their goals.

For a variety of reasons, the College
has a valuable asset in its ability to
offer preprofessional training within an
engineering curriculum. Graduates can
acquire a unique background while
maintaining the option of pursuing a
profession other than engineering if
they so desire. It is healthy to have
persons with an engineering point of
view in all professions, and for this
reason too engineering students should
be encouraged to consider other pro-
fessional alternatives.

The problem of facilitating prepro-
fessional education within an engineer-
ing school is essentially one of formu-
lating a flexible curriculum that allows
students to participate in the engineer-
ing course and still have sufficient
elective choices available at appropriate
times so that they can acquire the pre-
requisites for admission to a nonengi-
neering graduate program. Considered
in this light, the encouragement of pre-
professional education may be one of
the healthiest challenges the College
has yet encountered, because it forces
us to ponder what undergraduate engi-
neering education is really all about.

Robert F. Gardner, director of the Engi-
neering Advising and Counseling Center,
assistant to the dean, and lecturer in
engineering, writes about needs and trends
in engineering education from the van-
tage of daily experience in working with
students on their curricular and career-
planning problems.

The Center, now in its third year of
operation, helps coordinate the efforts of
individual faculty advisers, provides career
information, publishes an informational
handbook and periodic newsletters for
freshmen, and offers counseling on many
kinds of student problems by a staff that
includes College seniors.

This spring Gardner is teaching two
half-semester sections of the freshman
course in Engineering Perspectives. These
"mini courses" are Technological Inno-
vation and Social Change, and Creativity
in Science and Engineering.

Gardner joined the College staff in
1971 after completing his Ph.D. studies
at Cornell in the history of science. He
received his undergraduate education at
Linfield College, earning the B.A. degree
in chemistry in 1966. He is a member of
the American Historical Association and
the History of Science Society.



TRANSFER TO CORNELL:

A NEW ROUTE TO ENGINEERING

by David G Johnson
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Within the past three years, a new kind
of undergraduate engineer has begun
to appear at Cornell. Typically, his age
is around twenty-four, he may be mar-
ried and have a family, he has had
several years of experience in the armed
forces or in general employment, and
he knows where he wants to go from
here: to a professional job in an estab-
lished field of engineering. He is a
transfer student from a two-year com-
munity college, and he represents a
significant development in higher edu-
cation at Cornell and throughout the
nation.

Since the fall of 1969, when the Col-
lege of Engineering began an active
program to recruit community college
graduates as upperclass engineering
students, their number at Cornell has
increased to almost one hundred in the
current academic year, and plans call
for the matriculation of one hundred
new transfers annually by 1976. More-
over, the basic commitment of the Col-
lege to encourage the enrollment of
community college graduates has been
backed up by the allocation of engi-
neering scholarship funds specifically

for transfer students. The education of
community college graduates at the
Cornell College of Engineering is evi-
dently here to stay for some time to
come.

What are the reasons for the dra-
matic rise of community colleges, and
what effects are they likely to have on
our society and our universities? What
is the present and future relation-
ship between the new publicly sup-
ported two-year colleges and the more
traditional public and private institu-
tions, including Cornell? What are the

potentials of the transfer student at
Cornell and in the engineering profes-
sion? These are among the questions
that concern us in the Office of Engi-
neering Admissions, and others inter-
ested in the future of engineering
education.

THE DRAMATIC GROWTH
OF TWO-YEAR COLLEGES

America is rapidly approaching the
realization of a national goal: to make
higher education accessible to every
qualified student. Since World War II,



college enrollments have steadily in-
creased, and although the population of
college-age Americans has reportedly
crested, the percentage of those who
enroll in collegiate programs is still
rising. Without a doubt, the most dra-
matic growth has been experienced by
state-supported educational systems, in-
cluding two-year community colleges.

National enrollment figures released
by the United States Office of Educa-
tion reveal that total enrollment in two-
year institutions rose 5.4% between
the fall of 1971 and the fall of 1972,
while total undergraduate enrollment
in universities and four-year schools
dropped almost 2% over the same pe-
riod. This means that with the start
of classes this past September, public
two-year colleges were making room
for 135,000 more freshmen than were
enrolled one year earlier, while at the
same time the country's senior insti-
tutions were reporting 175,000 unfilled
freshman class openings.

What accounts for the increasing
popularity of community colleges? Cer-
tainly geographic accessibility, curricu-
lar flexibility, and virtual open-door

admissions are contributing factors.
Even more important are the financial
advantages. To the student, the ability
to complete a full academic year of
study for normally less than $800 while
living at home and often while holding
a part-time job means a financial sav-
ing simply not possible at either state
or private four-year institutions.

There are benefits also for the com-
munity and for the state. The funding
formula for most community colleges
requires that costs be shared equally by
the state and by the sponsoring local
governmental unit. This arrangement
has a twofold advantage. The state
educational dollar may be spread over
a broader base of the population
through the support of schools that
typically have no expensive research
programs or dormitory facilities. And
the fact that local money is being spent
obliges a community college to be re-
sponsive to the educational and voca-
tional needs of the local constituency.

THE TRANSFER ROUTE
TO FOUR-YEAR COLLEGES

Another important aspect of the rise of
two-year colleges is the fact that in
addition to offering vocational training,
they generally serve the second purpose
of providing access to baccalaureate
programs in four-year institutions. It is
conservatively estimated that at least
500,000 students sought transfer ad-
mission to four-year schools last fall,
and that at least half of this group
were from two-year colleges. Commun-
ity colleges have been successful in this
role largely because the transfer phe-
nomenon has received the recognition
of the educational community and of
state legislatures. Many states have re-

designed their educational programs to
accommodate two-year college systems;
and some states, including Florida,
Illinois, Texas, and New York, are
creating "upper level" colleges that will
enroll only juniors, seniors, and grad-
uate students, and that will guarantee
transfer admission to two-year college
graduates who satisfy program require-
ments.

CORNELL ENGINEERING AND
THE TWO-YEAR COLLEGE

Transfer programs offered by a com-
munity college may include, in addition
to liberal arts subjects, a preengineer-
ing or engineering science curriculum
that a graduate with a good record may
use as the basis of continuing study at
a recognized engineering school.

In the early years there were prob-
lems in effecting transfer because of
the lack of similarity between preengi-
neering curricula and the underclass
programs of established four-year
schools. In response, the New York
State Department of Education chal-
lenged all schools in the state to de-
velop a common basic engineering
curriculum that would facilitate the
transfer of students without significant
loss of time or academic credit. A
task force to make recommendations
was assembled in 1968. Cornell's rep-
resentatives were headed by William H.
Erickson, then an associate dean of
the College, and included several fac-
ulty members who served on subcom-
mittees responsible for the evaluation
and recommendation of courses in
mathematics, physics, chemistry, and
the engineering sciences. A curriculum
proposal, two years in the drafting, was
unanimously approved at a joint meet- 20



UNDERCLASS ENGINEERING CURRICULA AT CORNELL
AND AT COMMUNITY COLLEGES IN NEW YORK STATE

Subjects

Mathematics

Physics

Chemistry

Humanities/Social Science

Mechanics 1 (Statics)

Technical Electives*

Other Engineering Courses
(Graphics, Computers, etc.)

Minimum Number of Semester Courses

Cornell Community Colleges

4

3

1

6

-

4

2

20

(66 credit hours) (70-72

4

3

2

4

1

3

3

20

credit hours)

* Suggested technical electives for the Engineering Science curriculum at two-
year colleges are: Mechanics II (Dynamics), Circuits (Electrical), Strength of
Materials, Thermodynamics, and Materials Science. At Cornell the technical
electives are chosen from a variety of sophomore Engineering Core Sciences.
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ing of engineering deans in the spring
of 1971, and was subsequently ratified
by the state Department of Education.
This standardized Engineering Science
Curriculum is now available at most
community colleges in New York State.

Actually, Cornell had anticipated by
a year the adoption of the standardized
curriculum. In 1970-71 the College of
Engineering had introduced a revised
Basic Studies program for freshmen
and sophomores, which the recom-
mended preengineering curriculum re-
sembles (see the chart).

CORNELL'S EXPERIENCE
WITH TRANSFER STUDENTS

Cornell's recent interest in the two-
year college reflects the University's
recognition that many talented students
are choosing to initiate their studies at
less costly institutions. Moreover,
there is an advantage to the University
in that the matriculation of new stu-
dents at the junior-year level helps
keep enrollments in upperclass courses
at appropriate and economical levels.
Especially in engineering, significant at-

trition occurs during the freshman and
sophomore years and as a result upper-
class courses may be underenrolled.

The College of Engineering imple-
mented its decision to encourage the
entrance of qualified two-year college
students through a series of visits by
Office of Admissions personnel to com-
munity colleges in New York and
contiguous states. The purpose was to
publicize Cornell's interest and also the
availability of financial assistance for
transfer students. Contacts were estab-
lished with transfer counselors and
special efforts were made to communi-
cate with the community college fac-
ulty members who were responsible
for the preengineering programs. These
faculty contacts proved to be very im-
portant to the Cornell effort, for the
lack of centralized counseling activities
at most community colleges results in
considerable guidance on the part of
the faculty.

The visits to community colleges
revealed some interesting facts. It be-
came apparent that Cornell was one of
the last engineering schools in New
York State to take an active interest in
community college students.

A second fact that emerged from
the visits was that the general reputa-
tion Cornell enjoys as a large, highly
selective, and expensive institution
frightened away many qualified stu-
dents. In the first year, visits to com-
munity colleges were largely ineffective
in allaying these fears, and so the Col-
lege sponsored "Community College
Days" in an effort to bring interested,
qualified students and faculty members
of these colleges to the Cornell campus
for a first-hand experience. The College
has sponsored this program each fall
since 1970, and attendance has risen



substantially each year. The three-day
program typically starts on Sunday
evening and concludes by noon on the
following Tuesday. During their stay,
the visitors are free to attend engineer-
ing classes of interest, inspect the Col-
lege facilities, meet with current Cornell
undergraduates and professors, and
generally acquire a "feel" for Cornell
education. We believe that "Commun-
ity College Days" have been instru-
mental in demonstrating the accessibil-
ity of Cornell engineering.

These efforts have been very suc-
cessful in increasing the College's en-
rollment of transfer students. In 1970-
71 seventeen students from community
colleges entered Cornell; in 1972-73
ninety-five are enrolled. Fifty-five new
community college graduates joined the
College this past fall, and by 1976 the
number of new transfers is expected
to rise to one hundred each year. Such
an input would almost totally offset the
attrition experienced at the underclass
level at Cornell.

THE SUCCESSFUL TRANSFER:
A PREDICTIVE MODEL

Since the fall term of 1970, the College
of Engineering has maintained per-
formance records for each transfer
student in an effort to identify signifi-
cant factors contributing to success or
failure at Cornell. With few excep-
tions, the typical first-term transfer
student experiences a considerable drop
in earned grade-point average (GPA)
from that achieved at the two-year
school. The mean drop in GPA has
been 0.51, which is equivalent to one-
half of a letter grade. Generally, this de-
cline is followed by some improvement.

Anticipating this downward shift,

These three transfer students at the Col-
lege of Engineering are typical of the
nearly one hundred enrolled this year.

1. Larry Dannenberg enrolled as a soph-
omore in the fall of 1971 after four and
one-half years of active duty with the
United States Army and then a year's
study in the engineering science program
at Rockland Community College, Suffern,
New York. This year, as a junior, he
entered the Field Program in Civil and
Environmental Engineering and is spe-
cializing in structures. He was selected
as one of five advisory aides at the Col-
lege's Engineering Advising and Coun-
seling Center, and has responsibility for
assisting other veterans and transfer stu-
dents from two-year colleges.

2. Joseph Krieger entered Cornell as a
junior transfer student from the Agricul-
tural and Technical College at Farming-
dale, a two-year school of the State Uni-
versity of New York system, and he is
now enrolled in the fifth-year Master of
Engineering (Civil) degree program. He
is specializing in aerial photographic in-
terpretation and is carrying out a mas-
ter s project on the location of preglacial
buried channels by remote sensing tech-
niques—information that is potentially
useful in finding sand and gravel deposits
and ground-water supplies. Krieger has
augmented his studies with short-term
jobs on sponsored projects related to his
specialty.

3. Arthur Harris entered the engineering
science program at Bronx Community
College in 1969, but had to leave after
a year and a half for financial reasons.
After working for an air-conditioning
firm in New York City for a year, he
visited Cornell, was interviewed by Col-
lege admissions officers, and matriculated
in January, 1972, as a second-term soph-
omore. A participant in the Engineering
Cooperative Program, Harris spent the
fall term this year on assignment with
the Raytheon Corporation, working in
sonar research. He is now a junior in
electrical engineering. 22
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the College sets admissions standards
that require a minimum two-year col-
lege average of 2.70, equivalent to the
letter grade of B —. At the present
time, this required average is the most
selective index reported by any engi-
neering school in New York State; in
fact, several schools admit any Engi-
neering Science graduate. We feel,
though, that selectivity in admissions
is a safeguard to the student as well as
to the school: The junior-level transfer
—unlike his freshman counterpart—
has only two years at the engineering
college in which to prepare himself for
graduate work or employment, and if
his record during those two years is
poor, so too will be his employment
opportunities.

It is apparent that the measures of
achievement and potential used in
assessing freshman applicants—aca-
demic standing in the high-school class
and standardized test data—are of
questionable value in predicting suc-
cess or failure for the transfer student.
The vast majority of the current trans-
fers in the College were, at best, mod-
estly successful at the high-school

level, and their Scholastic Aptitude Test
(SAT) scores run considerably below
those of Cornell's freshman engineers.
On the other hand, motivational fac-
tors—which are not found to be sig-
nificant in predicting the academic
success of freshmen—appear to be
highly important for transfer students.

In fact, motivation and maturity
seem to be the keys to success for the
two-year college graduates. They have
made a firm commitment to engineer-
ing at a level (the two-year college)
where educational changes may be
accommodated without penalty. Fur-
thermore, they have, typically, a mature
insight into the nature of engineering
—both educationally and profession-
ally—as a result of academic exposure
at the community college and, fre-
quently, military or job experience.

A recent national study conducted
by Warren W. Willingham of the Edu-
cational Testing Service corroborates
the Cornell experience with transfer
students. The study shows that while
first-semester transfers suffer a rather
marked drop in grades, at least three-
fourths of them do earn the baccalaur-

eate degree within two years of their
enrollment at the senior institution.
Perhaps these findings are finally pro-
viding some real ammunition for the
proponents of the "late bloomer—"
the student who needs a year or two of
exposure to college or work before he
is willing or able to produce in a com-
petitive academic environment.

THE GOAL OF A DIVERSE
STUDENT POPULATION

During the past decade, Cornell has
shared with most institutions the desire
to enroll a student body that represents
all factions of contemporary society.
Realizing this objective has been par-
ticularly difficult for established, tradi-
tional universities accustomed to meet-
ing the educational and personal needs
of a relatively elite clientele. In con-
trast, the community college was first
designed to accommodate the needs of
students of modest financial and educa-
tional backgrounds, and its students
have tended to represent a wider cross
section of the population. It quickly be-
came the school for the masses.



The community college appears to
meet the needs of many kinds of peo-
ple. With its modest tuition charges, it
is often the only school that returning
veterans can afford on the G.I. Bill. It
often becomes a training center for
career people who want to upgrade
their skills. Because of its virtual open-
door admissions, the two-year school
provides a second chance for those
students whose educational opportuni-
ties are limited because of marginal
achievement in high school. Most im-
portantly, the community college pro-
vides an environment in which students
can define uncertain interests; it pro-
vides an important link in the educa-
tional chain for those contemporary
adolescents who initially reject the pres-
sure inherent in a more traditional
collegiate setting.

CAREER GOALS OF
TRANSFER STUDENTS
Two-year college graduates now en-
rolled in Cornell engineering include
all these student types. As a general
group, transfer students have added
two salient dimensions to the under-

graduate student body: maturity and
career motivation. Of the ninety-five
transfers now at the College, only one-
third enrolled in community college
directly from high school; most of them
had spent at least a year in the armed
forces or in general employment. Re-
gardless of age, they are characterized
by strong engineering career goals.
Almost all of them—as compared to
only 50 to 60% of the freshmen at
the College—plan to become practicing
engineers. Many of the transfer stu-
dents have specific interests in such
specialities as structures, electronics,
and mechanical systems and design,
and most of them select the more tradi-
tional, design-oriented upperclass fields
of civil, electrical, or mechanical en-
gineering.

At the time of matriculation at Cor-
nell, few transfer students indicate any
definite plans for the future other than
to obtain appropriate employment. Any
decision to pursue graduate study is
commonly deferred until the senior
year, and the usual choice is the one-
year professional master of engineering
degree program. So far, few have ex-

pressed any interest in using engineer-
ing as a springboard into other fields,
but this situation is expected to change
as community colleges enroll students
of greater affluence and educational
background.

THE OUTLOOK FOR
TRANSFER TO CORNELL
It is apparent that community college
graduates will have greater representa-
tion on the Cornell campus in the very
near future. A special University com-
mittee for the study of long-range fi-
nancial planning (a group headed by
engineering dean Edmund T. Cranch)
recently recommended that undergrad-
uate enrollment be increased by 2,000
students, and it is reasonable to assume
that such growth would be taken up
largely by transfer students. Cornell's
three statutory divisions—Agriculture
and Life Sciences, Human Ecology,
and Industrial and Labor Relations—
are currently working under a legisla-
tive mandate designed to facilitate the
transfer of students from state-sup-
ported two-year colleges.

The College of Engineering, having 24



"It is clear that the tax-supported
community college has become
a permanent and vital educational resource."

developed strong ties with many two-
year schools, now hopes to expand its
interaction with them. Developments
may include formal agreements with
certain community colleges, guaran-
teeing transfer for engineering science
graduates with prescribed credentials.
The College may offer an informal
community college referral service to
freshman candidates who are not ad-
mitted to Cornell, in the hope that they
might gain transfer admission after a
successful experience in a two-year
college. The College is presently work-
ing with several New York State com-
munity colleges to develop a coopera-
tive effort to increase the enrollment in
engineering of minority-group students.
Such a program would seek to identify
interested but educationally disadvan-
taged minority students, and place
them in a remedial/engineering science
program at the two-year college with
the assurance that those who are suc-
cessful will have the opportunity to
continue their studies at Cornell. Both
schools would share in the provision
of support services such as recruitment,

25 financial aid, and counseling.

A recent development has been a
proposal by the faculty of the School
of Electrical Engineering at Cornell to
prepare a "packaged" version of its
introductory circuit analysis course for
use at community colleges which can-
not offer such a course themselves. The
course would be coordinated by Cor-
nell professors operating through com-
munity college instructors who would
follow a recommended course outline
and administer examinations provided
and graded by Cornell. It is expected
that this introductory electrical engi-
neering course will be the first of sev-
eral Cornell engineering courses to be
made available in "packaged" form.

In a report prepared for Governor
Rockefeller this past fall, the New
York State Board of Regents estimated
that by the fall of 1974 collegiate en-
rollment within the state will increase
by at least 120,000 students, with the
largest growth expected at the two-
year college level. It is clear that the
tax-supported community college has
become a permanent and vital edu-
cational resource. Anticipating this
growth, the College of Engineering has

moved effectively to assure its ability
to work cooperatively with the two-
year college system.

David C. Johnson, associate director of
engineering admissions and chairman of
the Transfer Admissions Committee of
the Cornell College of Engineering, has
been largely responsible for the develop-
ment of the program for transfer students.

He has been a member of the admis-
sions staff since 1969. Previously he
served for two years as assistant director
of admissions at Ohio Wesleyan Uni-
versity.

Johnson was graduated from DePauw
University in 1967 with a major in Eng-
lish and a minor in economics. Since
coming to Cornell, he has undertaken
graduate studies in the areas of guidance
and student personnel administration.

He is a member of the National Associ-
ation of College Admissions Counselors,
the American Association of College
Registrars and Admissions Officers, the
New York State Personnel and Guidance
Association, the American Personnel and
Guidance Association, and the American
Association of Junior and Community
Colleges.



VANTAGE

A New Format for Teaching Engineering Design

Intersession may be a lax period in
some parts of the University, but at the
School of Civil &nd Environmental
Engineering last January some thirty
Master of Engineering degree candi-
dates designed a bridge and a regional
water supply system.

The activity was part of a newly re-
vised Master of Engineering (Civil)
degree program that features an inten-
sive three-week course in engineering
design. During the time between the
regular fall and spring terms, students
in this program participate in full-time
work on large-scale engineering prob-
lems based on actual situations. They
work under the supervision of regular
faculty members and visiting consulting
engineers.

The purpose of the new program is
to heighten the effectiveness of the stu-
dents' instruction in design, according
to Professor Dwight A. Sangrey, who
is chairman of the School's Graduate
Professional Program Committee. They
spend about the same total amount of
time on the design project that has
always been required for the degree,
but they do so in a concentrated way.

The students this year were divided
into two main groups, one in the area
of structural and soil engineering, and
one in environmental engineering. Each
group consisted of a dozen or so teams
assigned to particular aspects of the
overall problem. The consulting en-
gineers spent several days on campus
working with the students and returned
later, during the spring term, for a
presentation of the completed designs.

The project for the structural en-
gineering group, headed by Professor
Richard N. White, was to design a
bridge for a crossing of Milwaukee
Harbor. The consulting engineer was
Gerald Fox, a principal partner of
Howard, Needles, Tammen and Ber-
gendoff, consulting engineers of New
York, who designed the actual bridge,
now under construction, for the site.
The environmental engineering group,
headed by Professor Vaughn C. Behn,
worked on the updating of a design for
a water supply system to serve the
geographical area in which the Cornell
campus is situated. Serving as profes-
sional consultant on this project was
Arthur Adams, principal engineer with

Greeley and Hansen Engineers of Chi-
cago. Both Fox and Adams are Cornell
engineering graduates.

The "new" M. Eng. (Civil) format
for teaching engineering design may
remind some graduates and faculty
members of the summer surveying
camps that used to be held twenty or
more years ago. The innovative aspect
of the current program, Professor Sang-
rey says, is that experience in the basic
engineering function of design is ac-
quired in work on a "real life" prob-
lem under professional supervision. 26
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Intensive work on Master of Engineering
(Civil) design projects was carried out
during a special three-week session be-
tween semesters.

1. Brian Grinter (at center), student proj-
ect leader for the bridge design project,
confers with Professor Richard N. White.
Student teams were set up to design such
components as the piled foundation, the
pier structure, the bridge deck, and the
tower and cable structure. Other groups
studied loading due to wind and traffic,
and designed approach ways and a high-
way underpass.

2. Consultant Gerald Fox analyzes de-
sign codes with student team members.

3. Professor Vaughn C. Behn, faculty
adviser for the project to design a water
supply system for Tompkins County, dis-
cusses chemical treatment processes with
Robert Morehouse (at center) and Robert
Lyon.

4. Hydraulic aspects of the water supply
system are discussed by (left to right)
John Puzauskas, Robert Taylor, and Paul
Lewis. Other teams worked on an under-
water intake structure, a plant facility, a
distribution network, an economic analy-
sis, and a study of projected population
growth and water use. The final design
will be presented to local authorities now
involved in the planning of such a water
supply system for the county.



1. Gerald Fox discusses a small-scale
model for a cable-stayed bridge with (left
to right) James Reid, Victor Bochicchio,
and Brian Grinter. Of the several models
built, this is the one the group selected
for the final design.

2. Individual students sometimes worked
on several project teams, each of which
was responsible for a specific part of the
overall design. Michael Collins (left) and
Steven Schleede confer on the foundation
design.

3. The group that designed the bridge
piers was primarily concerned with the
esthetics of the total structure, and con-
sulted Cornell architecture professors as
well as engineering specialists. Team
members included (left to right) Charles
Griffes, Carl Rentschler, Satish Vij, and
Steven Knauss.

4. Finally, Schleede describes the design
at a final presentation climaxing the en-
tire project. The bridge design group ac-
complished the equivalent of three man-
years of effort and feel that they have
designed a bridge that would be up-to-
date, economical, and visually pleasing.
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FACULTY

PUBLICATIONS

The following publications and conference
papers by faculty members and graduate
students of the Cornell College of Engineer-
ing were published or presented during Aug-
ust, September, and October 1972. Earlier
publications inadvertently omitted from pre-
vious listings are included here with the date
in parentheses. The names of Cornell per-
sonnel are in italics.

• AGRICULTURAL ENGINEERING
Ko, H.-S., and Levine, G. 1972. On Farm
Irrigation and the Off-Farm System of Water
Delivery in the Chianan Irrigation Associa-
tion, Taiwan, Republic of China. Paper read
at ADC/RTN Seminar on the Management
of Irrigation Systems for the Farm Level,
16-18 October 1972, at Cornell University,
Ithaca, New York.
Loehr, R. C. 1972. Agricultural Waste Con-
trol Legislation in the United States. Paper
presented to officials of the Ministry of So-
cial Affairs and Public Health, The Nether-
lands, 25 September 1972, at The Hague,
The Netherlands.

. 1972. Animal Waste Management—
Needs and Approaches. Paper read at Farm
Waste Disposal Conference sponsored by the
Agriculture Research Council of Great Brit-
ain, 14 September 1972, in Glasgow, Scot-
land.
Parchomchuk, P., and Cooke, J. R. 1972.
Vibratory fruit harvesting: an experimental
analysis of fruit-stem dynamics. Transactions
of ASAE 15(4):598-603.

• APPLIED AND ENGINEERING
PHYSICS

Abermann, R., and Salpeter, M. M. 1972.
29 High resolution shadowing of DNA. In 30th

annual proceedings of the Electron Society
of America, ed. C. J. Arceneaux, pp. 310-1.
Baton Rouge: Claitor.
Abermann, R., Salpeter, M. M., and Bach-
mann, L. 1972. High resolution shadowing.
Chapter 5 in Principles and techniques of
electron microscopy, ed. M. J. Hayat. New
York: Van Nostrand Reinhold.
Brinckmann, H. F., Fromm, W. D., Heiser,
C, Rotter, H., Clark, D. D., Hansen, N. J. S.,
and Pedersen, J. 1972. Nuclear isomers in
113Sn, n iSn, 117Te, and 115Te. Nuclear Phys-
ics A193:236-46.
Buhrman, R. A., Halperin, W. P., and Webb,
W. W. 1972. Thermodynamic Fluctuations in
"Zero-Dimensional" Superconductors. Paper
read at 13th International Conference on
Low Temperature Physics, 20-25 August
1972, in Boulder, Colorado.
Claassen, J. H., and Webb, W. W. 1972.
Fluctuation-Induced Diamagnetism in Bulk
Al and Al Alloys above the Superconduct-
ing Transition Temperature. Paper read at
13th International Conference on Low Tem-
perature Physics, 20-25 August 1972, in
Boulder, Colorado.
Diederich, M.E. (1972). An Audio-Tutorial
Course in Physics for Engineering and Phys-
ics Majors. Paper read at Summer Meeting
of the American Association of Physics
Teachers, 22-24 June 1972, in Albany, New
York.

. (1972). The context of inquiry in
physics. American Journal of Physics 40:
449-57.

. 1972. Materials to facilitate the use
of discussion in science teaching. Journal of
General Education XXIV(3): 184-7.
Dolan, G. J., and Silcox, J. 1972. Transition
to the Mixed State in Lead Films at 4.2K.

Paper read at 13th International Conference
on Low Temperature Physics, 20-25 August
1972, in Boulder, Colorado.
Downing, K. H. (associate of B. M. Siegel).
1972. Compensation of lens aberrations by
single-sideband holography. In 30th annual
proceedings of the Electron Microscopy So-
ciety of America, ed. C. J. Arceneaux, pp.
562-3. Baton Rouge: Claitor.
Faeder, I. R., and Salpeter, M. M. 1972.
Chlorpromazine Induced Inhibition of Glu-
tamate Uptake by Insect Nerve. Paper read
at 2nd Annual Meeting of the Society for
Neuroscience, October 1972, in Houston,
Texas.
Frank, J. (associate of B. M. Siegel). 1972.
Observation of the relative phases of elec-
tron microscopic phase contrast zones with
the aid of the optical diffractometer. Optic
35:608-12.

. 1972. Two-dimensional correlation
functions in electron microscope image anal-
ysis. In Proceedings of the 5th European
congress on electron microscopy, pp. 622-3.
London: Institute of Physics.
Halperin, W. P., Buhrman, R. A., Webb,
W. W., and Richardson, R. C. 1972. Prop-
erties of He3 on the Melting Curve. Paper
read at 13th International Conference on
Low Temperature Physics, 20-25 August
1972, in Boulder, Colorado.

Jackel, L. D., Kurkijarvi, J., Lukens, J. E.,
and Webb, W. W. 1972. Intrinsic Fluctua-
tions in a Superconducting "Flux Detector"
Ring Closed by a Josephson Junction: The-
ory and Experiments. Paper read at 13th
International Conference on Low Tempera-
ture Physics, 20-25 August 1972, in Boulder,
Colorado.

Krakow, W., Endres, G. F., Siegel, B. M.,



and Scheraga, H. A. 1972. An electron mi-
croscopic investigation of the polymerization
of bovine fibrin monomer. Journal of Mo-
lecular Biology 71:95-103.
Krakow, W., and Siegel, B. M. 1972. Char-
acteristics of an electrostatic phase plate. In
30th annual proceedings of the Electron
Microscopy Society of America, ed. C. J.
Arceneaux, pp. 618-9. Baton Rouge: Claitor.
Lewis, A. 1972. Laser Raman Spectroscopy
and Neutron Inelastic Scattering of Biolog-
ical Molecules. Paper read at conference on
Neutron Inelastic Scattering in Chemical
Physics and Biology, 31 July-4 August 1972,
at the Massachusetts Institute of Technol-
ogy, Cambridge.
Liboff, R. L., and Faulconer, D. W. 1972.
Relativistic cyclotron resonance heating.
Physics of Fluids 15:1831-41.
Magde, D., Elson, E., and Webb, W. 1912.
Thermodynamic fluctuations in a reacting
system—measurement by fluorescence cor-
relation spectroscopy. Physical Review Let-
ters 29:705-8.
Nelkin, M. 1972. Inertial effects in motion
driven by hydrodynamic fluctuations. Phys-
ics of Fluids 15:1685-90.
Rhodin, T. TV. 1972. Recent approaches to
atom-surface interactions. In Proceedings of
the 7th international conference on reactiv-
ity of solids, ed. M. W. Roberts. London:
Chapman & Hall.
Salpeter, M. M., and Bachmann, L. 1972.
Autoradiography. Chapter 6 in Principles
and techniques of electron microscopy, ed.
M. J. Hayat. New York: Van Nostrand
Reinhold.
Watts, D. R., and Webb, W. W. 1972. Criti-
cal Opalescent Light Scattering in the 3He-
4He Mixtures near the Tricritical Point.

Paper read at 13th International Conference
on Low Temperature Physics, 20-25 August
1972, in Boulder, Colorado.

• CHEMICAL ENGINEERING
Anderson, J. L., and Quinn, J. A. 1972. Dif-
fusion of small particles: Electrostatic ef-
fects. Journal of Colloid Interface Science
40:273-7.

Edwards, V. H. 1972. Origins of separation
systems. In Recent developments in separa-
tion science, vol. II, ed. N. N. Li, pp. 269-
80. Cleveland: Chemical Rubber Co.

. 1972. Towards an Urban Farm:
The Conversion of Organic Wastes to Edi-
ble Protein. Paper read at Section VII East
Meeting, Institute of Food Technologists,
29-31 October 1972, in Boston, Massachu-
setts.
Finn, R. K., and Tannahill, A. 1972. The
"Azotopure" Process for Treating Nitrogen-
Deficient Aqueous Wastes. Paper read at
164th Meeting of the American Chemical
Society, 27 August-1 September 1972, in
New York, New York.
Jackson, J. V., and Edwards, V. H. 1972.
Induction of linear growth in Candida utilis
by temporary cessation of growth. Biotech-
nology and Bioengineering 14(5):851-5.

. 1972. Steady-State Kinetics and
Mechanism of Acetate Inhibition of Yeast
Growth with Sodium Acetate as Limiting
Carbon Source. Paper read at 164th Meeting
of the American Chemical Society, 27 Aug-
ust-1 September 1972, in New York, New
York.
Laptewicz, E., Jr., and Finn, R. K. 1972.
Drag-Reducing Biopolymer from a Meth-
anol Fermentation. Paper read at 164th
Meeting of the American Chemical Society,
27 August-1 September 1972, in New York,
New York.
Li, D., Tarn, K. T., and Edwards, V. H.
1972. Catalysis Using Immobilized Enzymes:
Trypsin Covalently-Bound to Porous Glass.
Paper read at 164th Meeting of the Amer-
ican Chemical Society, 27 August-1 Septem-
ber 1972, in New York, New York.
Pironti, F., and Finn, R. K. 1972. Kinetics
of the Alcohol Fermentation. Paper read at
164th Meeting of the American Chemical
Society, 27 August-1 September 1972, in
New York, New York.
Quinn, J. A., Anderson, J. L., Ho, W. S.,
and Petzny, W. J. 1972. Model pores of
molecular dimension. The preparation and
characterization of track-etched membranes.
Biophysical Journal 12:990-1007.
Von Berg, R. 1972. Permeability of Ice
Beds. Paper read at Office of Saline Water

Symposium on Freezing, 20-22 September
1972, in Boston, Massachusetts.
Zichy, E. L., Morley, J. G., and Rodriguez,
F. 1972. The Adsorption of Partially Hy-
drolysed Polyvinyl Acetate at the Solution/
Air Interface. Paper read at Vlth Interna-
tional Congress on Surface Active Sub-
stances (IUPAC), 11-15 September 1972,
in Zurich, Switzerland.

• CIVIL AND ENVIRONMENTAL
ENGINEERING

Falkson, L. M., and Laessig, R. E. 1972.
Racial disparity in housing quality in
urban areas of the United States. In Pro-
ceedings of the 8th annual meeting of the
Society of Engineering Science, ed. N. Sing-
purwolla, pp. 125-42. Washington, D.C.:
George Washington University.
Gallagher, R. H. 1972. Applications of finite
element analysis. In Advances in computa-
tional methods in structural mechanics and
design, ed. J. Oden, R. Clough, and Y. Yu-
mamoto, pp. 641-78. Huntsville: University
of Alabama Press.

Gallagher, R. H., and Mau, S.-T. 1972. Fin-
ite Element Method in Limit Point Calcu-
lation. Paper read at National Meeting of
the American Society of Civil Engineers,
16-19 October 1972, in Houston, Texas.

. 1972. A method of limit point cal-
culation in finite element structural analysis.
National Aeronautics and Space Adminis-
tration report CR-2115.

Krizek, R. J., and Kay, J. N. 1972. Uncer-
tainty of settlement analysis for overconsoli-
dated clays. Highway Research Record 405:
143-51.

Mau, S.-T., and Sexsmith, R. G. 1972. Min-
imum expected cost optimization. Proceed-
ings of the ASCE, Journal of the Structural
Division 98(ST9):2043-58.
Mirza, M. S., White, R. N., Roll, F., and
Batchelor, B. 1972. Materials for direct and
indirect structural models. In Structural con-
crete models—a state of the art report, ed.
M. S. Mirza, pp. 1-78. Montreal, Canada:
McGill University.
Phoenix, S. L., and Sexsmith, R. G. (1972).
Clamp effects in fiber testing. Journal of
Composite Materials 6:322-37.

Reichman, S., and Stopher, P. R. (1971).
Disaggregate stochastic models of travel
mode choice. Highway Research Record
369:91-103.
Sexsmith, R. G., and Mau, S.-T. 1972. Re-
liability design with expected cost optimiza-
tion. In Safety and reliability of metal struc-
tures, pp. 427-43. New York: American
Society of Civil Engineers. 30



Shoemaker, C. 1972. Systems Analysis in
Pest Control. Paper read at Eastern Branch,
Entomological Society of America, 18-20
October 1972, in Atlantic City, New Jersey.

White, R. N. 1972. Models in structural de-
sign. In Symposium on models in structural
engineering, pp. 1-22. Montreal: ACI Cana-
dian Capital Chapter.

. 1972. Models of shells and folded
plates. In Symposium on models in struc-
tural engineering, pp. 23-69. Montreal: ACI
Canadian Capital Chapter.
White, R. N., and Holley, M. J. 1972. Ex-
perimental studies of membrane shear trans-
fer. Proceedings of the ASCE, Journal of
the Structural Division 98:1835-52.

• ELECTRICAL ENGINEERING

Ballantyne, J. M. 1972. Effect of phonon en-
ergy loss on photoemissive yield near thresh-
old. Physical Review B 6:1436-55.
Brice, N. 1972. Ionosphere-Magnetosphere
Coupling. Paper read at XVII General As-
sembly of URSI, 21-29 August 1972, in
Warsaw, Poland.

-. 1972. Outer_ Atmosphere of Jupiter.
Paper read at NATO Advanced Study Insti-
tute on Planetary Atmospheres, 22 August-
1 September 1972, in Istanbul, Turkey.

Eastman, L. F. 1972. High Mean Power,
Efficient LSA Oscillators. Paper read at
IEEE Workshop on Microwave Semicon-
ductors, 25-27 October 1972, in Aviemore,
Scotland.
Frey, J. 1972. Multimesa versus annular
construction for high average power in
semiconductor devices. IEEE Transactions

31 on Electron Devices ED-19.981-5.

Linke, S. (1972). Transmission systems and
networks. In Briefings before the task force
on energy, committee print of the Commit-
tee on Science and Astronautics, U.S. House
of Representatives, 92nd Congress, 2nd Ses-
sion, vol. II, pp. 16-24. Washington, D.C.:
U.S. Government Printing Office.
Ossakow, S. L., Haber, I., and Ott, E. 1972.
Simulation of whistler instabilities in aniso-
tropic plasmas. Physics of Fluids 15:1538.
Scott, P. E., and Thorp, J. S. 1972. A des-
cent algorithm for linear continuous Cheby-
shev approximation. Journal of Approxima-
tion Theory 6(3):231-41.
Tang, C. L. 1972. Nonlinear Optical Suscep-
tibilities of Semiconductors. Paper read at
Gordon Conference on Nonlinear Optics, 30
July-4 August 1972, in Madison, Wisconsin.

• GEOLOGICAL SCIENCES
Bird, J. M., and Dewey, J. F. 1972. Orogeny.
In McGraw-Hill yearbook of science and
technology, ed. D. N. Lapedes, pp. 302-7.
New York: McGraw-Hill.
Bonnichsen, B. 1972. The geologic occur-
rence of nickel deposits. In Proceedings of
33rd annual mining symposium. Duluth:
University of Minnesota.
Kiersch, G. A. 1972. Supplement to geologi-
cal investigations, Aquirre nuclear power
plant. In PSAR, Puerto Rico Water Re-
sources Authority-U.S. Atomic Energy Com-
mission report, docket no. 50-376, amend-
ment 17.

. 1972. Triassic Basin geologic con-
siderations. Chapter X in Conceptual analy-
sis report, Savannah River plant bedrock
waste storage project, U.S. Atomic Energy
Commission, pp. x-l-x-36.

Travers, W. B. 1972. Miocene subduction in
northern Italy. In Proceedings of the Inter-
national Geologic Congress, pp. 180-8. Mon-
treal, Canada: International Geologic Con-
ference.

• INDUSTRIAL ENGINEERING
AND OPERATIONS RESEARCH

Billera, L. J., and Bixby, R. E. 1972. A
Characterization of Pareto Surfaces. Paper
read at 77th Summer Meeting of the Amer-
ican Mathematical Society, 29 August-1
September 1972, at Dartmouth College,
Hanover, New Hampshire.
Frey, S. C, Jr., and Nemhauser, G. L. 1972.
Temporal expansion of a transportation net-
work—I. Transportation Science 6(3):306-
23.
Garfinkel, R. S., and Nemhauser, G. L. 1972.
Integer programming. New York: Wiley.
Nemhauser, G. L., and Yu, P. L. 1972. A
problem in bulk service scheduling. Opera-
tions Research 20(3) :813-9.

• MATERIALS SCIENCE
AND ENGINEERING

Balluffi, R. W., Sass, S. L., and Schober, T.
1972. Grain boundary dislocation networks
as electron diffraction gratings. Philosophical
Magazine 26:585-92.
Chaudhari, P., Herd, S. R., Ast, D. G.,
Brodsky, M. H., and Gutfeld, R. V. 1972.
Structure of laser written lines in a Te-Ge-
As glass. Journal of Non-Crystalline Solids
8-10:900-8.
Ruoff, A. L. 1972. Prospects for Metallic
Hydrogen. Paper read at conference on
High-Pressure and Cryogenic Materials, 16-
17 October 1972, in Fort Monmouth, New
Jersey.



. 1972. Ultra Pressure at Cryogenic
Temperatures. Paper read at Cryogenic Con-
ference, National Bureau of Standards, 6-10
August 1972, in Boulder, Colorado.
Sass, S. L. 1972. The structure and decom-
position of Zr and Ti B.C.C. solid solutions.
Journal of Less Common Metals 28:157-73.
Seidman, D. N., and Balluffi, R. W. 1972. A
critique of L. M. Brown's "A simple ex-
planation of voids in materials under irra-
diation." Scripta Metallurgica 6:789-92.
Seidman, D. N., and Lie, K. H. 1972. On
contrast patterns produced by self-interstitial
atoms in field ion microscope images of a
B.C.C. metal. Ada Metallurgica 20:1045-
59.
Terry, R. E., and Ruoff, A. L. 1972. Im-
proved electrical leads for high pressure sys-
tems. Review of Scientific Instruments 43(9):
1379-80.
Slinn, W. G. N., and Shen, S. F. (1971).
Brownian diffusion in a nonuniform gas.
Journal of Statistical Physics 3(3) :291-305.
Turcotte, D. L., and Oxburgh, E. R. 1972.
Mantle convection and the new global tec-
tonics. Annual Review of Fluid Mechanics
4:33-68.
Young, R. E.', Schubert, G., and Torrance,
K. E. 1972. Nonlinear motions induced by
moving thermal waves. Journal of Fluid
Mechanics 54:163-87.

• MECHANICAL AND AEROSPACE
ENGINEERING

Booker, J. F., and Huebner, K. H. 1972.
Application of finite element methods to
lubrication: an engineering approach. Jour-
nal of Lubrication Technology 94(4):313-
23.
Cool, T. A. 1972. Vibrational Energy Trans-
fer and CW Chemical Lasers. Paper read at
4th Northeast Regional Meeting of the
American Chemical Society, 16 October
1972, in Hartford, Connecticut.
Gebhart, B. 1972. Transient flows, effect of
unsteady surface conditions on stability, and
flow separation in buoyancy induced flows.
In Proceedings of the International Union
of Theoretical and Applied Mechanics
(IUTAM) symposium, pp. 513-69. Quebec:
Le Presses de l'Universite Laval.
Krauter, A. /., and Wilson, R. K. 1972. Sim-
ulation of Tractor-Semitrailer Handling.
Paper no. 720922, National Commercial Ve-
hicle Engineering and Operations Meeting
of the Society of Automotive Engineers,
9-12 October 1972, in Fort Wayne, Indiana.
Moore, F. K. 1972. On the minimum size of
natural draft dry cooling towers. Cornell
Energy Project report 72-18. Ithaca, New
York: Cornell University.

. 1972. Scaling law for dry cooling
towers with combined mechanical and nat-
ural draft. Cornell Energy Project report
72-19. Ithaca, New York: Cornell Univer-
sity.
Pletcher, R. H., and McManus, H. N., Jr.
1972. A theory for heat transfer to annular
two-phase, two-component flow. Interna-
tional Journal of Heat and Mass Transfer
15:2091-6.
Plotkin, K. J., and George, A. R. 1972.
Propagation of weak shock waves through
turbulence. Journal of Fluid Mechanics
54(3):449_67.
Sawyer, R. F., McLean, W. J., and Maes,
C. M., Jr. 1972. The production of nitric
oxide in ammonia oxidation flames. Com-
bustion Science and Technology 6:47-50.
Schefer, R. W., McLean, W. J., and Sawyer,
R. F. 1972. Dispersion in combustion gas
sampling probes. Combustion and Flame
19:267-74.
Schorr, A. W., and McManus, H. N., Jr.
1972. The Modeling and Design Optimiza-
tion of a Space-Oriented Thermoelectric
Power Supply. Paper read at 7th Intersociety
Energy Conversion Engineering Conference,
25-29 September 1972, in San Diego, Cali-
fornia.
Sears, W. R., and Telionis, D. F. 1972. Un-
steady boundary-layer separation. In Pro-
ceedings of the IUTAM symposium, pp.
404-47. Quebec: Le Presses de FUniversite
Laval.

• THEORETICAL AND
APPLIED MECHANICS

Burns, J. A. Possibilities for Changing the
Precession of Mars. Paper read at Annual
Meeting of the New York Astronomical
Corporation, 26-27 October 1972, at the
State University of New York, Albany, New
York.
Burns, J. A., and McAdoo, D. C. 1972. The
rotation of asteroids. Bulletin of the Amer-
ican Astronomical Society 4:321-2.
Conway, H. D. 1972. A simple formula for
the maximum stress in a twisted angle or
channel. International Journal of Mechanical
Sciences 14:615-7.
Conway, H. p., Engel, P. A., and Lee, H. C.
1972. Force-time investigations for the elas-
tic impact between a rigid sphere and a thin
layer. International Journal of Mechanical
Sciences 14:523-9.
Jenkins, J. T. 1972. On a material coefficient
in cholesteric liquid crystals. Molecular
Crystals and Liquid Crystals 18:309-12.
Ludford, G. S. S., and Olunloyo, V. O. S.
(1972). The forces on a flat plate in a Cou-
ette flow. Journal of Applied Mathematics
and Physics (ZAMP) 23:115-24.
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