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A serious shortage of engineering manpower will again plague the nation by the
mid-1970s unless immediate measures are taken to reverse the present downward
trend in engineering enrollments.

A simple comparison of enrollment data and projected manpower needs makes
this conclusion inescapable. A recent report of the Engineering Manpower Com-
mission of the Engineers' Joint Council shows that the recent peak in number of
engineering graduates, which was under 43,000, was reached in 1970 and has been
declining since. In contrast, as recently as the fall of 1971 the Bureau of Labor
Statistics (BLS) forecast an average annual need for 73,000 engineers during the
period 1968 to 1980. This total is made up of an estimated 36,000 graduates
needed for growth, 17,000 to replace those who will die or retire, and 20,000 each
year to replace those shifting to other occupations.

The cold hard fact is that the class of 1973 will be the last in some time in which
more than 40,000 graduates can be anticipated. Current registration figures indi-
cate additional declines from the 1968-to-1970 average: 13% for the class of
1974, 23% for 1975, and at least 25% for 1976 (based on applications for the
fall of 1972). The earliest possible reversal of this downward trend would be for
the class graduating in 1978, and in the absence of any overt action in the next six
months, this cannot be anticipated.

An additional factor adversely affecting the supply of engineers is the significant
and seemingly increasing proportion of new graduates who fail to follow conven-
tional engineering careers. An undergraduate engineering program can be used as
preprofessional education in many areas.

Some relief for the anticipated engineering manpower shortage might be ex-
pected from graduates of the new programs leading to baccalaureate degrees in
technology. These programs, however, currently enroll only about 10% as many
students as do the regular engineering schools. The gap could not be filled by such
graduates, even if they prove to have the capability of picking up some of the
engineering functions.



The White House is evidently unconvinced of the urgency of the situation. The
Manpower Report of the President, which was transmitted to the Congress in
March 1972, forecast a need for 48,000 new engineering graduates per year during
the 1970s, as compared to the BLS's roughly comparable figure of 73,000, and
predicted an average of 46,000 graduates a year during the 1970s, clearly an overly
optimistic and unattainable volume. It is clear that those responsible for our fed-
eral scientific and engineering manpower policies—and the news media—have been
misled by two factors. One is the current unemployment among engineers that
was caused by major economic adjustments in the aerospace and defense industries.
The other is a predicted glut of new Ph.D.'s in science and engineering. The facts,
however, are that during these difficult times, a rough balance has existed, nation-
wide, between the supply of new engineering graduates and the demand for them,
and there has been no discernible shortage of jobs for the new Ph.D.'s as yet.

The combination of fewer engineering graduates and greater manpower needs
promises an early return to the conditions of the mid-1960s. If the present trend
is to be reversed within the decade, measures must be taken now. Organizations
that employ engineers, professional societies, and educational institutions should
cooperate in intensive efforts to encourage engineering applicants and support
engineering programs.

Failure to move rapidly will result in the irretrievable loss of engineering educa-
tional capacity, since engineering schools, as the most expensive undergraduate
educational units, are targets for economy-minded academic administrations in
times of budget stringency. Unless broad recognition of the true situation is
achieved, other institutions will follow the path down which NYU and the Poly-
technic Institute of Brooklyn have been started. The nation cannot afford many
such losses.

ANDREW SCHULTZ, JR.

Dean, College of Engineering



ENGINEERING AT CORNELL FOR
MINORITY STUDENTS

by Carson Carr, Jr.

The Cornell College of Engineering is
doing something about the drastic dis-
proportion of black engineers in the
United States today. Seventy-five mi-
nority students who were enrolled at
the College last year will be joined by
forty-five new matriculants in Septem-
ber, and by even larger numbers in
ensuing years. This new look in engi-
neering at Cornell is the result of an
imaginative program for the education
of minority-group students that is
worthy of becoming a national model.

Underlying the College's efforts in
this area is the belief that many major
American social and economic prob-
lems affecting racial minorities—and
therefore the country as a whole—can
best be attacked by technically knowl-
edgeable people who are members of
the minority groups. These problems
involve such matters as public health,
city planning, urban construction, sani-
tation, transportation, and industrial
management, all of which are among
the concerns of modern engineering.
There is clearly a need for blacks and
members of other minority groups to
assume a responsibility for serving their

communities, and for educational insti-
tutions to provide the opportunity for
them to do so.

The College is meeting this challenge.
Under the new program, admissions
policies have been adapted to the
often special circumstances of minority-
group applicants, ways of reaching and
encouraging potential applicants have
been developed, and financial aid has
been provided. Once accepted, the
black engineering students receive spe-
cial services as needed to help them
succeed in the rigorous curriculum
despite their frequently deficient sec-
ondary-school preparation. Special pro-
grams designed to give them an ex-
posure to engineering practice are
offered. And they are made aware of
their social obligation to serve the
black community in one way or an-
other.

THE COSEP PROGRAM
AT CORNELL

The minority-group program in en-
gineering at Cornell is part of an over-
all University plan to increase its ethnic
minority enrollment. The number of

minority undergraduate students en-
rolled at Cornell has increased from a
total of twenty in 1964-65 to more
than nine hundred in 1971-72. The
ultimate goal of the University is to
have a minority student enrollment that
is proportional to the number of
minority-group citizens in the general
population.

The success of such a program de-
pends on many factors, including the
recruitment of good staff and students
and the provision of needed financial
support. At Cornell, a Committee on
Special Educational Projects (COSEP)
was formed to deal with these matters,
and to coordinate and oversee the
activities of individual University di-
visions.

BEHIND THE PROGRAM IN
ENGINEERING

The specific program in engineering
was put into operation during the past
academic year under the supervision of
Donald G. Dickason, director of en-
gineering admissions, who coordinates
the College's efforts with those of the
overall COSEP program, not only at 4



'This new look in engineering at Cornell
is the result of an imaginative program

. . . that is worthy of becoming a
national model'"

the admissions level, but throughout
the undergraduate years.

One of the first organizational moves
was to recruit six members of the en-
gineering faculty to serve as advisers to
the freshmen and sophomore minority
students. Dickason and I, as director of
student personnel for the College, were
also made available as a backup to the
faculty advisory group. An important
addition to the advisory team was a
group of three upperclass students, who
could communicate as peers. These
students proved to be very helpful in
encouraging students to seek aid at an
early stage, and in suggesting various
modifications in the program.

Administrative support has also
been an important factor in the great
progress the program has made. Dean
Andrew Schultz, Jr. has shown fore-
sight in helping to initiate the program,
and receptiveness to ideas for its de-
velopment. We feel confident that the
minority student program in engineer-
ing will continue to receive the admin-
istrative backing so essential for its
vitality, effectiveness, and very exis-
tence.



Student advisers work closely with ad-
ministrators in the minority student
program. Here Rodney Creecy '73 con-
fers with Donald G. Dickason, director
of engineering admissions at the Col-
lege and COSEP coordinator.

THE FIRST STEP: ADMISSIONS

The main criterion for admitting mi-
nority students to the College of Engi-
neering is the high-school record. We
are very anxious to see how well a
candidate did academically, and how
adequate his course program was. As
for all engineering students, a back-
ground in mathematics, chemistry, and
physics is essential. We require that
the candidate take College Entrance
Examination Board or American Col-
lege Testing Program examinations;
scores are assessed in terms of the
student's environmental background.
Also considered are letters of recom-
mendation from individuals qualified
to attest to the student's academic abili-
ties and occupational interests.

Through examination of submitted
written information and by personal
interview, we attempt to judge the over-
all potential of the individual as an
engineering student. We assess his
awareness of the educational and pro-
fessional aspects of engineering. We
are interested in his participation and
leadership in extracurricular activities.

*

Our aim is to find highly motivated
students who are deserving of an op-
portunity for an engineering education.

All prospective minority students
who live in the northeastern section of
the United States are invited to the
campus for a two-day stay so that they
can visit classes, tour the engineering
facilities, talk with Cornell students,
receive a personal interview, and par-
ticipate in a few extracurricular activi-
ties. The rationale for these visits is
simple: we want to give the candidate
a first-hand impression of what it is like
to be a Cornell engineering student and
an idea of the amount of work and
personal dedication that is needed to
be productive in the program.

Every admitted minority student re-
ceives the financial assistance he needs;
if this were not available, he would not
be offered a place at all. The reasoning
is that most of the minority candidates
do have great financial need, and it
would be cruel to accept a student and
then tell him or her that there were
no financial resources available.

The financial aid "package" usually
consists of a scholarship and a loan.

Summer earnings are expected and so
is a parental contribution if this is pos-
sible. The Parents' Confidential State-
ment is the source of information for
assessing an individual's need; this is
supplied and analyzed by the Educa-
tional Testing Service in Princeton,
New Jersey.

FEATURES OF THE MINORITY
PROGRAM IN ENGINEERING

Among the supportive services offered
to minority students is an extensive
tutorial program. Students who feel
they need help are advised to consult
first with their professors or the teach-
ing assistants in their classes. If special
instruction appears to be advisable,
paid tutors can be provided through
the Office of Student Personnel. Tutors
are available for each engineering core
science and for mathematics, chemistry,
and physics.

Another special offering during the
past academic year was an extensive
program of COSEP seminars in engi-
neering. Eight black practicing engi-
neers or professionals visited the cam-
pus to discuss with students the present
and anticipated prospects for the black
engineer. These speakers represented a
wide range of engineering occupations.
They included the president of a con-
struction firm, a chemical engineer who
is working on sanitation problems, a
department manager for a large elec-
tronics company, a plant manager for
an internationally known business, sev-
eral sales engineers, and a professor.

These seminar programs provided
an overview of the profession, and they
were also very effective in stimulating
the motivation of the students. The
speakers were candid in their presenta- 6



Exposure to engineering practice in
industry is an important aspect of the
program for minority-group students.
Left: a General Motors representative
interviews two students for summer
jobs. Left below: Barry Jackson '74 (at
right), one of sixteen minority sopho-
mores in the Mini Corps program this
year, spent a week at the General Elec-
tric plant in Auburn, New York. Here
Jackson and his (ibuddy,yy engineer
Robert Shannon, observe a plant engi-
neer making a microscopic measure-
ment.

tions and provided a healthy and real-
istic kind of encouragement.

THE COSEP MINI CORPS
AND JOB EXPERIENCE

One of the program's most successful
innovations this past year was the
COSEP Mini Corps, designed to give
the student an opportunity to observe
technical personnel, especially those
from minority groups, on the job. Dur-
ing the semester break in January, six-
teen of our minority sophomores, half
the number in the class, were sent to
eight different industrial plants to
"buddy up" with practicing engineers
for a week. Each student talked with
many employees, including minority
engineers, toured the plant, analyzed
his buddy's job responsibilities, and
participated in the day-to-day routine.

The Mini Corps program was con-
ceived as a means of giving minority
students some exposure to an engineer-
ing environment. Many white engi-
neering students have fathers who are
engineers, and their career orientation
has been the result of a natural indoc-

7 trination. Such students have the op-

portunity to visit their fathers' offices,
for instance, and talk with their fathers'
friends who are engineers. This is not
typical in black families.

It is hoped that this program can be
expanded to involve more companies
and perhaps thirty sophomores this fall.
The participating companies this year
were International Business Machines,
Inc., Harnischfeger Corporation, Gen-
eral Electric Company, General Motors
Corporation, Xerox Corporation, Bell
Telephone Laboratories, Allen-Bradley
Company, and Autotrol Corporation.

A WEEK IN THE MINI CORPS:
A REPORT

During my week at the General Motors
Assembly Division, my role was purely
observational. I looked, listened, and
asked questions. I was given an overall
view of the industrial engineer as he
functions in this company. I consulted
with the personnel manager, the plant
manager, and the department heads
in the industrial engineering section,
who described their particular areas of
responsibility and explained the func-
tions of their departments. Also, I at-
tended meetings and discussions.

I feel that this experience was re-
warding in several ways:

1. It gave me an opportunity to ex-
perience industrial engineering in the
real world through observation of some
of the functions, responsibilities, and
problems of engineers.

2. It allowed me to narrow down my
interests pertaining to my field, so that
I am better able now to plan my future
studies.

3. It gave me a possible source for
future employment.

—Rosalyn G. Croppier '74







Right: One of the tutors in the minority-
student program this past year was
Vincent Olunloyo, a Cornell-educated
engineer who was awarded the Ph.D.
degree in June. As a faculty member
this year, he will be teaching also.
Far right: Among the eight black engi-
neers who participated in a series of
seminars on engineering was Neville
Parker, a professor of civil engineering
at Howard University, and a Cornell
Ph.D. He discussed problems of public
transportation, emphasizing the need
for more blacks in this critical area.

PREPARING THE WAY FOR
STUDY AT CORNELL

In recent years some of our admitted
minority students have been required
to attend a six-week summer session
prior to their matriculation. This "sub-
frosh" program is designed to enrich
the student's academic background and
help make the transition to college-level
work less abrupt.

Courses in precalculus, physical sci-
ence, and the humanities are the back-
bone of this program. The precalculus
course, as the name implies, is designed
to strengthen the student's skill in
mathematics and increase his basic
understanding of the subject. The
course in physical science gives the stu-
dent an opportunity to develop prob-
lem-solving techniques so that he will
be able to tackle science problems more
systematically. The humanities course
seeks to improve the student's writing
skills through his work in connection
with a study of literature.

After completion of this summer
program, these students consult with
faculty advisers on the advisability of

taking a normal freshman course load
or of restricting their first semester's
work to four courses rather than the
usual five. It is also possible for a stu-
dent to plan his baccalaureate program
as a five-year rather than a four-year
curriculum so that he can take fewer
courses each semester and have a better
prospect for academic success. In any
case, the student satisfies the normal
requirements for the Cornell engineer-
ing degree.

THE COOPERATIVE MODEL
CITIES PROGRAM

An unusual program designed to help
prepare promising high-school students
for college work was initiated this sum-
mer by the Cornell College of Engi-
neering in cooperation with the Board
of Education of Newark, New Jersey,
and the Newark Model Cities Program.
It is a two-year technical enrichment
program in which thirty minority stu-
dents from Newark are enrolled. The
specific objective is to augment the
students' mathematics and science skills
and so help them develop the mental
and emotional capabilities needed to

stick with their initial aspirations. A
further aim is to cultivate a group of
promising young people who will
eventually be able to return to their
city and help build up the black com-
munity.

This summer the students, who had
just completed their sophomore year
of high school, came to Cornell to take
two courses—regular eleventh-grade
mathematics and a science enrichment
course. An extensive technical orienta-
tion seminar series conducted by Cor-
nell engineering professors and black
practicing engineers was also available.
When the students return to their high
schools in the fall as eleventh graders,
they will be able to take twelfth-grade
mathematics. They will participate,
along with local engineers, in seminars
to be held in Newark during the aca-
demic year. Then the students will re-
turn to Cornell next summer to con-
tinue their on-campus science and
mathematics instruction. In the final
phase of the plan, these students will
attend one of Newark's colleges on a
half-time basis while they are com-
pleting their senior year of high school. 10



"The financing of these programs is a
large-scale problem that deserves
large-scale consideration."
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By the time they graduate, they will be
well prepared to enter any engineering
college, and will not suffer from the
educational deficiencies that hinder so
many minority students.

THE FUTURE OF MINORITY
EDUCATIONAL PROGRAMS

Although the introduction of large
numbers of minority students, mainly
blacks, on predominantly white cam-
puses has met with mixed reactions
and created complex problems, it has
opened the way to the education of
greater numbers of minority people.
The future of existing minority pro-
grams is, however, very uncertain. In
general, long-range plans to secure the
continued opportunity have not been
developed, and without such planning
no one really knows whether or not
this nation will ever obtain a repre-
sentative number of professionally and
technically educated minority people.

The chief factors involved in the
future of minority programs appear to
be the available dollars and the aca-
demic performance of the students now
enrolled. The problem of finances is

acute for all university programs, but
especially so for minority ones. The
Cornell College of Engineering has
spent many of its dollars on scholar-
ships for minority students, but this is
not standard procedure everywhere.
The financing of these programs is a
large-scale problem that deserves large-
scale consideration.

Academic attainment, the other ma-
jor factor, can be a misleading cri-
terion. Sometimes people examine the
grade-point average of blacks as com-
pared to whites and get hung up on the
difference. But a difference is to be
expected, at least in the early college

Among graduate students who aug-
mented the teaching staff this past year
were Giovannae Dennis (left above),
an M.Eng. degree candidate in electri-
cal engineering, who offered tutoring
for minority-group students at a regular
Sunday afternoon session; and Lavoy
Spooner (at right in the lower picture),
a Cornell chemical engineering gradu-
ate and M.Eng. degree candidate, who
was a teaching assistant in freshman
engineering.



years: it is not realistic to expect grad-
uates of urban and ghetto schools—
who happen to be largely black—to
immediately match the academic per-
formance of those graduates of compre-
hensive suburban and private schools
—who happen to be mostly white and
who constitute the majority of Cornell
students.

In the Cornell engineering program
for minority students, therefore, we
place the greatest emphasis on the
meaningful development of each stu-
dent, with the expectation that he can
and will achieve his career goal. We
are interested in these students both as
individuals and as members of a group,
and we believe we are helping them
achieve group progress through truly
dedicated individual efforts.

PERSONAL IMPRESSIONS OF
THE CORNELL GROUP

Within the three years that I have been
at Cornell, I have observed a signifi-
cant, positive change in attitude among
the black engineering students.

Blacks no longer feel like "tokens,"
and many seem to have more self con-

fidence. They are more aggressive in
questioning the "system" and in seek-
ing results. They more clearly discern
a structured, meaningful program and
are willing to do the studying necessary
for academic and occupational success.
They are developing leadership through
their active involvement in many non-
academic campus activities.

The relationship of these students
with black graduate engineering stu-
dents has been particularly beneficial
and enriching. The graduates, many of
whom completed their undergraduate
work at Cornell, have been outstand-
ingly successful in tutoring as well as
in serving as internal motivating forces.
Although the black student realizes
that he or she is a part of a major uni-
versity, he knows also that there are
particular academic advisers who care
about his progress.

I believe that the black engineering
student at Cornell feels secure in know-
ing that there is a black administrator
in the College who is looking out for
his welfare, and that help, encourage-
ment, and support are available when
they are needed.

Carson Can, Jr., has been working in
the area of minority-student education
since he came to Cornell in 1969. He
joined the College of Engineering staff
last year as director of student per-
sonnel, after serving in the University's
Admissions Office and as assistant
director of COSEP.

Before coming to Cornell, Can was
assistant dean of students and assistant
professor of mathematics at Cheyney
State College in Pennsylvania. He had
previously spent eleven years as a
teacher of mathematics in junior and
senior high schools.

Can graduated from West Chester
State College (Pennsylvania) in 1958
with a B.S. degree in mathematics. He
received an M.A. degree in personnel
and guidance from Seton Hall Univer-
sity in 1965, and took further graduate
work at Temple University.

He is active in Ithaca community
organizations and is a member of the
National Education Association and
the National Council of Teachers of
Mathematics. 12



THE NEW WOMAN AND THE
NEW ENGINEERING

by Mary Ann H. Franson

Nearly a century has gone by since
Ibsen shocked theater-goers with a
new kind of heroine—a woman who
viewed her highest duty as that of her
own fulfillment. The intervening years
have brought marked changes in the
status of women in western society as
legal barriers to their participation in
the political process and in economic
life fell. With the achievement of suf-
frage and release from the more op-
pressive laws that dictated their sub-
servience to men, many women felt
that the most important battles had
been won.

But had they? Changes of another
sort were in the wind. The long hours
previously expended to keep the home
clean and the family well fed were
shrinking as labor-saving devices be-
came common in the household. Since
a reasonable standard of homemaking
no longer required women's full com-
mitment of energy and time, what
could fill the void? Frieden's descrip-
tion, in The Feminine Mystique, of the
woman in comfortable circumstances,
surrounded by husband, children, and

13 all the material blessings she had been

conditioned to believe are the sub-
stance of womanly fulfillment, who
finally questioned, "Is that all there is?"
found a responsive audience, particu-
larly among better-educated women.
Those who looked for larger horizons
in the job market found the offerings
under "Help Wanted—Women" un-
exciting indeed. The lack of opportuni-
ties for creative participation in so-
ciety's economic life and the large pool
of intelligent, educated women seeking
this participation are components of
the volatile mixture that is today's
women's liberation movement.

WHAT DO THE PROFESSIONS
OFFER TO WOMEN?

It is clear that many talented women
are looking for new prospects in ca-
reers, careers that will bring them pride
and satisfaction in the use of their in-
telligence and opportunities to make
substantial contributions to human so-
ciety, and will also be rewarding in
terms of status and money. The pro-
fessions, such as medicine, law, teach-
ing, nursing, pharmacy, and engineer-
ing, have traditionally offered such



"Probably the chief
reason for the dearth

of women in
engineering has been

the profession's
image."

satisfactions in various proportions.
What do they offer to women?

Most women professionals (about 15
percent of all professionals) are clus-
tered in teaching, nursing, and social
work. While these professions make
incalculable contributions to society
and allow a certain amount of creativ-
ity, they have unfortunately been poorly
paid and the worker is often overseen
by members of another profession or
by a bureaucracy. At the other end
of the professional money-prestige
scale one finds the medical and legal
professions, each offering abundant
intellectual, humanitarian, and material
rewards to successful practitioners.
Women compose about 7 percent of
the medical profession and 3 percent
of the legal profession in the United
States.

THE FORGOTTEN PROFESSION
FOR WOMEN

Then there is the "forgotten profession"
for women—engineering. According to
a 1969 report of the Engineers' Joint
Council, only 1,540 women in the
United States were members of the or-
ganized engineering profession—that
is, were members of engineering so-
cieties and fully qualified engineers.
This figure is less than one half of one
percent of the total engineering man-
power.

Probably the chief reason for the
dearth of women in engineering has
been the profession's image. Say "en-
gineer" and most people picture a man
in a hard hat carrying a sheaf of blue-
prints and directing a construction
crew. This hardly fits the media-fos-
tered image of the typical woman,
fashionably coiffured, carrying gro-
ceries, and trailed by a platoon of chil-

dren. Some prospective women engi-
neering students have met with active
discouragement from high school teach-
ers and parents afraid that daughter
will have a hard time finding a husband
if she likes to "tinker with motors."

That the scarcity of women in engi-
neering in western nations is determined
culturally rather than by any absence
of ability can be easily seen if one looks
at the situation in other cultures. After
a recent trip to the USSR and Romania,
Professor W. F. Ames of the University
of Iowa noted that more than 11,000
women were receiving engineering ed-
ucations at the four technical institu-
tions he visited. These included Lenin-
grad Institute of Hydraulics, Civil
Engineering Institute (Moscow), Insti-
tute of Construction (Bucharest) and
Polytechnic of Bucharest. Women made
up 25 to 50 percent of the student
populations of these institutions, and
were similarly well represented on their
faculties and the staffs of engineering
research institutes. In contrast, in 1969,
all 137 United States schools with ac-
credited curricula were training only
1,701 women.

THE UPWARD TREND
IN ENROLLMENTS

In spite of this formidable cultural
barrier, increasing numbers of women
are discovering the possibilities of an
engineering career. Figure 1, based on
data compiled by the Society of Women
Engineers (SWE), shows the distinct
upward trend in the number of women
enrolled in engineering curricula during
the 1960's. Another clear indication is
given by Figure 2, representing Cor-
nell's enrollment of freshman women
engineering students in recent years.
The significance of these figures be-
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comes even more apparent if one bears
in mind that the past decade has not
been one of great increase in total num-
bers of engineering students.

HOW DO WOMEN ENGINEERS
FARE IN SCHOOL AND JOBS?

Increasing numbers of young women
are sufficiently attracted by the possi-
bility of an engineering career to enroll
in engineering curricula. But how many
will actually become engineers? Nation-
wide statistics assembled by SWE for
the 1960's indicate that about one half

of the young women entering as fresh-
men eventually received engineering
degrees. Cornell's director of engineer-
ing admissions and placement, Donald
Dickason, states that the record of
women engineering students at Cornell
"refuted the long heralded myth that
they did not stick around very long"
and that "it could not be fairly said
that their retention was less than for
young men."

Women engineers apparently enter
as wide a range of engineering special-
ties as do their male counterparts. Ac-

Figure 1. From figures of the Society of
Women Engineers, as given in the
1969-70 Report on Women Under-
graduate Students in Engineering. Low
figures for 1961-62 and 1967-68 re-
flect the smaller number of schools that
responded to the Society's biennial
questionnaire (figures within the bars).

cording to the latest figures available,
electrical and electronics engineering
attracts the greatest number of women
engineering students, and is closely fol-
lowed by chemical engineering, which
led in number of women students for
many years. Other members of the "top
five" were civil, mechanical, and aero-
nautical-aerospace engineering. Re-
cently, many have also been enrolling
in programs in general engineering, en-
gineering science, and interdisciplinary
programs such as those now available
at Cornell.
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Figure 2. The 1972 figure is an estimate. The total
enrollment of women in 1971-72 was fifty.

The newly minted woman engineer
does not seem to encounter much re-
sistance in entering the profession after
graduation. My own experience, as a
graduate of eight years ago, has been
that outright hostility and discrimina-
tion have been exceedingly rare. When
I was hunting for my first job, an aging
state department official suggested that
I consider the department's air pollu-
tion control unit, because that was a
"more ladylike sort of work." That sort
of remark remained memorable only
because it was so unusual! In days when

women in engineering were extremely
few, their very rarity was perhaps in
their favor. As women's liberation
leader Germaine Greer has written, "It
seems that woman has more likelihood
of success the higher she pitches her
sights, and the more uncommon she is
in her chosen environment." However,
one would not expect a decline in the
acceptance of women in the profession
to accompany the current increase in
numbers, given the generally more tol-
erant attitudes toward all minorities
that are beginning to be felt in society.

The acceptance of women into the
engineering profession is substantiated
by the salaries they receive. According
to data from the College Placement
Council, salaries for women with bach-
elor's degrees have been catching up
with salaries for men over the last
several years, and actually exceeded
salaries for male graduates by an aver-
age of $100 a year in 1971.

While the picture for the period im-
mediately following graduation is en-
couraging indeed, women engineers
may still encounter problems in the 16



long-term areas of promotion and in-
crease in responsibility. The stereotype
of the aggressive woman is still alive
and well, and may hold some women
back from actively seeking advance-
ment. Nevertheless, a number of women
have advanced in the profession. The
1970 membership directory of SWE
indicates, for example, that of the mem-
bers for whom job titles are given and
who appear to be actually practicing
some form of engineering, about 15
percent are in senior and supervisory

17 positions, and another 6 percent are

Among women now enrolled at the
College are (left) Selena Billington, a
graduate student and teaching assistant
in geological sciences, and (right) Jamie
Sylvester '73, who won the 1972 Lillian
Moller Gilbreth Scholarship of the So-
ciety of Women Engineers. The scho-
larship winner is selected as the out-
standing woman engineering student in
the nation.

owners, partners, or presidents of firms.
The federal government and large in-
dustries seem to offer particularly good
opportunities for advancement.

PORTRAIT OF
THE WOMAN ENGINEER

Perhaps one may feel that the pioneer
women in engineering and those enter-
ing the profession even now are a breed
quite apart from both their brother
engineers and their sisters in woman-
hood. While some of their qualities,
such as interest and motivation, may
well be extraordinarily high, they share
much in common with both other
groups.

In the early 1960's, Dr. Alice Dement
of the Radcliffe Institute for Indepen-
dent Study surveyed women in engi-
neering and science majors at a number
of universities. She was particularly in-
terested in why her subjects chose such
careers. The study revealed that the
women usually had higher mathematical
than verbal aptitudes, as measured by
the College Entrance Examination
Board tests. In addition, most had been
exposed to a curiosity-stimulating early

environment, and were attracted by the
opportunities for creativity in engineer-
ing and science careers. The educational
level of the father also seemed to have
some bearing on the choice of career, as
daughters of nonuniversity men and
those of very highly educated men had
large representation in the sample. The
former case suggests that the women in
this group saw an engineering career as
a quick means of upward mobility,
bringing good pay and status without
so lengthy a preparation as is demanded
by medical, legal, and some other pro-
fessional careers. In this respect, the
field might well recommend itself es-
pecially to minority-group women.
Women from privileged homes, on
the other hand, undoubtedly felt self-
confident enough to strike out into an
unusual field. The talents and motiva-
tions described by this study do not
appear to be significantly different from
the talents and motivations typical of
male engineers.

The Dement survey also touched on
the women's aspirations for their per-
sonal lives. Most hoped to work in their
chosen field for several years after



graduation, and marry at about age 25.
Most also hoped to have children, the
most commonly mentioned number be-
ing three. The SWE 1970 directory
indicates that about 60 percent of the
Society's members are married. Those
unmarried include a number of student
members and recent graduates, so the
number that eventually marry is per-
haps far greater. The Society reports
that most of its married members are
mothers as well. Perhaps the most strik-
ing example is the late Dr. Lillian
Moller Gilbreth, who besides being a
very well known industrial engineer,
was the mother of the family of Cheaper
by the Dozen fame. Thus, apart from
a somewhat lower percentage being
married and a later age of marriage,
women engineers' personal lives re-
semble those of other women.

Of course, the problem of combining
a demanding career with family respon-
sibilities is still a serious one for any
professional woman. Three of the most
common approaches are temporary re-
tirement, part-time work, and contin-
uation of full-time work. Temporary
retirement, while it gives those who

genuinely enjoy homemaking an oppor-
tunity to devote a substantial part of
their life cycle exclusively to these
activities, holds the hidden danger of
technical obsolescence. Engineering
moves too quickly to permit the engi-
neer to "drop out" for perhaps a
decade and then resume her career
without considerable efforts to keep
up with developments.

On the opposite side, the logistics of
running the household and rearing chil-
dren while committed to a full-time
job are complex indeed. The era of

women's liberation will brighten pros-
pects here in a number of ways. The
establishment of high-quality day care
facilities, one of the primary demands
of the movement, will help to ease the
difficulties of child-care arrangements,
thus permitting both people especially
gifted in child care and women gifted
in other fields to make full use of then-
talents. The movement has also pointed
out that the working wife often is ex-
pected to carry out, during her hours
at home, all the responsibilities of the
full-time homemaker, with little help 18
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from her husband in the so-called
"women's work" of cooking, cleaning,
and child care. As such arbitrary classi-
fications fade and men become more
willing to participate in household
management, women may well find
combining career with marriage and
motherhood less fraught with difficulties
than it is at present. Such changes may
even induce more women to enter pro-
fessional fields such as engineering,
because the possibility of having to
abandon a profession they had worked
hard to enter would be diminished.

Three women were members of the Cornell engineering faculty in 1971-72. Oppo-
site page: Miriam M. Salpeter is an associate professor of applied physics and of
neurobiology and behavior. Left: Nima Geffen, a member of the applied mathe-
matics department at Tel-Aviv University in Israel who holds Cornell B.S. and
Ph.D. degrees in engineering, was a visiting professor of aerospace engineering.
Pictured with her is Cornell Professor William R. Sears. Below'- Mary E. Diederich,
a lecturer in applied and engineering physics, devoted her major effort to the
development of new teaching methods. She holds two degrees in physics and a
Ph.D. in education. A new member of the environmental engineering faculty is
Christine Shoemaker (see pages 31 and 33).

m



Figure 3. From statistics of the United
States Office of Education (1952-1966)
and Engineering Manpower Commis-
sion surveys (1967-1971). The totals
for 1967-1971 are somewhat low be-
cause they do not include figures from
schools that did not provide data
broken down by sex.
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THE NEW ENGINEERING
AND THE NEW WOMAN

While much attention is being devoted
to the image of women, the engineering
profession has been having some image
problems of its own. The late 1960's
saw a massive awakening of the public
to the environmental and human prob-
lems emerging as byproducts of modern
technology, and often the finger of
accusation was pointed at the engi-
neers. The profession was put on the
defensive.

While most thoughtful people recog-
nize that the blame for damage to
society and the environment cannot be
laid entirely at the door of one pro-
fessional group, the charges were not
wholly without foundation. Engineers,
particularly those educated before the
1950ys, had received little training in
the social and life sciences, and rather
naturally concentrated their vision on
areas with which they were more fa-
miliar. They were even quite handi-
capped in communicating with other
types of professionals who could help

untangle the social and ecological rami-
fications of engineering projects, and
occasionally were profoundly suspi-
cious of contributions from outside the
profession. For example, in January
1969, a prominent professional society
issued a policy statement directed
against a federal regulation calling for
two-stage public hearings on the loca-
tion and design of proposed highway
projects. The engineers, it seemed, pre-
ferred to work in isolation from such
"emotional" considerations as neighbor-
hood dislocation and esthetic impact. 20



". . . the changes in attitudes toward the
role of women . . . and the changes in the
attitudes of engineers toward the goals of
their profession are together creating an
especially favorable climate for the entry
of women into engineering careers. "

But one cannot long remain isolated
from an aroused public; the people
have made their message heard. More
recently, for example, the same society
has been showing laudable concern for
social and environmental matters in the
editorial content of its publications, in
its conference themes, and in its pro-
grams. The public insistence that the
engineers look before they leap has
probably been demonstrated most con-
vincingly by the stoppage of the SST
project. This, perhaps, is a real turning
point, a formidably expensive recogni-
tion that what is technologically possi-
ble is not necessarily beneficial. We
may see the emergence of an engineer-
ing profession that will be truly respon-
sive to long-term human needs and
long-run needs for environmental pro-
tection.

It seems likely that the changes in
attitudes toward the role of women,
particularly in the sphere of work, and
the changes in the attitudes of engineers
toward the goals of their profession are
together creating an especially favor-
able climate for the entry of women

21 into engineering careers. The new engi-

neering offers a challenge and an invita-
tion to women, who have traditionally
been concerned with the harmony of
society and the betterment of surround-
ings, to use their talents in yet another
way toward these ends.

The author gratefully acknowledges the
assistance of Lorraine D. Wright, chair-
man of the Statistics Committee of the
Society of Women Engineers, and Don-
ald G. Dickason, director of engineering
admissions at Cornell University, who
supplied many of the statistics pre-
sented in this article.

Mary Ann Huber Franson, a native of
New Jersey, received the degree of
Bachelor of Civil Engineering from
Cornell in 1963. While an undergrad-
uate, she was managing editor and
editor-in-chief of the Cornell Engineer.

After receiving her Master of Science
degree in sanitary engineering from
Cornell in 1964, she became an assis-

tant editor for the Water Pollution Con-
trol Federation in Washington, D.C.
She joined the sanitary engineering staff
of Koebig & Koebig, Inc., consulting
engineers, of Los Angeles, after her
marriage in 1966.

For the past six years, Mrs. Franson
has been self-employed as a technical
publications consultant, supplying re-
viewing, editing, and indexing services
to a variety of technical organizations,
including the Water Pollution Control
Federation, the American Society of
Civil Engineers, the American Public
Health Association, and the Technical
Association of the Pulp and Paper
Industry. She has also taught technical
writing at the British Columbia Institute
of Technology. She is a member of the
Water Pollution Control Federation,
Chi Epsilon, Phi Kappa Phi, and Mor-
tarboard, and is a recipient of the Tau
Beta Pi Women's Badge.

Mrs. Franson now lives in Vancouver
with her husband, Robert T. Franson,
an assistant professor of law at the
University of British Columbia and a
1962 Cornell graduate in engineering
physics, and a three-year-old son.



COMMENTARY

A Seminar on Women and Engineering

Cornell women engineers are not yet
numerous, but they are on the rise. The
rare phenomenon of a woman engineer
—regarded as a singular and atypical
individual—is being replaced by a grow-
ing body of women who appear to be
demonstrating that engineering educa-
tion can be suitable for both sexes and
that women can be successful in engi-
neering or related careers.

In the hope of helping to assess and
illuminate the present and potential role
women in engineering, the Quarterly
has arranged an informal "seminar" to
present the views of several young
Cornell women (see the biographical
sketches which appear on page 33).
One is a recent graduate now working
as an engineer; another is a college
professor of mathematics; the third has
been a research associate at the College
and is a new member of the faculty;
and the fourth is a Ph.D. candidate in
aerospace engineering. They are a small
sampling, but they present a variety of
interests, career goals, and opinions.

Remarks of each member of the
panel are grouped according to a list
of topical questions.

What are the attractions of a career or
education in engineering for a woman?
What are the main deterrents?

Ingrid Vatsvog: Many attractions exist
for a woman in engineering. There is a
broad choice of fields to choose from,
the working conditions can be as good
as those of any office, the work can
be as stimulating and rewarding as her
job selection permits, the salary is far
above the national average for women,
and she works with mostly men (at
this time).

Of these, the most important one to
me is having the opportunity to do
stimulating and constructive work. I
have the ability to create something,
whether a mini-computer or part of a
system which will help make an entire
plant run more efficiently. I am re-
spected for my knowledge and talents,
and work on an equal basis with other
members of the staff. When the job is
done, I will be able to look back and
feel that I contributed a significant part
to a worthwhile project that just may
help the world a little bit.

Also important is that engineering
offers a means through which a woman
can achieve individual status and a
comfortable living. Marriage is too
often the misguided means to those
ends for women, and our marriage and
divorce statistics may reflect that in
part. A woman with a well-paying and
rewarding job, which is possible in en-
gineering, has more of a choice for her
life. When, and if, she marries, her
income may be helpful in the union.

Some people may find it amusing
that I list working with men as an
advantage. I do not mean this as an in-
dictment of women. In my experience,
however, working with both men and
women on an equal basis, I have not
noticed a certain pettiness that often de-
velops in a group of all women. I find
the mixed environment more congenial.

The main deterrents to a career in
engineering for a woman are not neces-
sarily what people not familiar with the
situation might think. There are em-
ployment opportunities for women. Al-
though there are some restrictions on
hiring women in certain specialty areas,
such restriction is decreasing. Employ- 2 2



"The attractions of an engineering job are
the same for a woman as for a man:
interesting, challenging, and socially useful
work that provides an adequate salary."

ers are coming around, and some may
actually favor a woman in order to
avoid discrimination charges. In my
experience, I have encountered no re-
sistance from men engineers; they seem
to enjoy having women around.

Most coed engineering colleges I
have had contact with accept women.
Most high schools prepare girls as well
as boys for college with advanced math-
ematics and science courses. These are
not the main deterrents. What is & de-
terrent is the lack of awareness on the
part of individual girls and guidance
counselors at the secondary school level,
and of society in general, of the avail-
able opportunities. And each one of us
is a deterrent whenever we raise our
eyebrows when we hear of a woman
plumber, baseball umpire, fireman, or
engineer.

Susann Shaw: I believe that a great
deterrent to a career in engineering for
a woman is the rigid life style that it
demands. If we are to encourage women
to pursue careers in engineering, we
will have to modify the requirements.

23 If people were given more choice as to

the number of hours a week and the
scheduling of these hours, more women
would be working. The engineering and
other fields would do well to consider,
for example, a 9:30 to 2:30 schedule
(with proportionately decreased salary)
as a possibility for women with school-
age children. Unfortunately, at the
present time many industries that em-
ploy engineers are turning away quali-
fied people and would probably find the
idea of making modifications of this
type ridiculous.

Another deterrent is the problem of
isolation. To be a woman engineering
student or professional is to isolate
oneself from the world of women. At
Cornell there were five other women in
my first-year engineering class of more
than five hundred. There was only one
other by the third year.

Also, it is difficult for a lone woman
to be a full participant in the camara-
derie of the male engineering students.
Until recently, women on college cam-
puses were donned and boarded in
separate facilities with curfews, and this
precluded late night exam crams, lab
report preparation sessions, and snacks

at OB's diner with the gang. This as-
sumes that the lone woman would be
invited if she were able to accept, but
such an invitation is a rather delicate
matter in most cases.

Even if a woman engineering student
gains full acceptance by her fellow
students, there is usually a lack of op-
portunity to form anything but super-
ficial relationships with other women.
Most engineering curricula leave little
room for the humanities courses and
extracurricular activities unrelated to
engineering, where opportunities to
meet and work with women exist. Most
of the experiences (crises over school
work, studying for exams, etc.) which
are usually necessary for the building
of a strong friendship with another
person, are shared with men if they are
shared at all.

Several of these disadvantages are
disappearing as the number of women
studying engineering increases and as
the conditions that have previously
segregated women begin to disappear.

Of course, there is a higher repre-
sentation of women in some areas con-
tingent to engineering than in others.



Constance Miller is conducting her
Ph.D. research in the area of ferrofluids
under the direction of Cornell aero-
space engineering professor Edwin L.
Resler, Jr.

Since finishing graduate school, I have
been a member of a university mathe-
matics department in which the number
of women has been as high as four in
forty-eight. I believe that I am reason-
ably well accepted by my colleagues; I
detect no prejudice or discrimination
because of my sex. The feeling of isola-
tion from other women, which I have
experienced so strongly at times, is no
longer strong, not because I am less
isolated, but rather because I am too
involved in other relationships and en-
deavors to be very concerned about it.

Christine Shoemaker: The attractions
of an engineering job are the same for
a woman as for a man: interesting,
challenging, and socially useful work
that provides an adequate salary.

As for deterrents, social conditioning
in this country certainly makes a high
school girl less receptive to opportu-
nities in engineering and discourages
her from preparing herself for an engi-
neering curriculum. A lesser, but never-
theless significant, deterrent is the an-
ticipation of prejudice that could be
expressed as limited employment op- 24



"There are substantive problems, such as
difficulty in being hired for a job and then
in being promoted, but social pressure can
bring about changes in these situations."

portunities, restriction in areas of spe-
cialty, or resistance from male engi-
neers, employers, or others.

Constance Miller: The main deterrent
to an education or career in engineering
for a woman is that it is almost impos-
sible for a man to accept a woman as an
equal until she has proved her ability
several times. A woman engineer is dis-
criminated against by fellow students,
prospective employers, and men engi-
neers (especially the older men). The
professor is fairest to the woman engi-
neer, since she is already subordinate to
him in being a student: there is less of
an ego problem. I am now working on
a doctorate in the hope that I can avoid
these discriminations.

Being accepted at an engineering
school isn't hard if a girl is good in
math and science. And academic work
is not a limiting problem. I had trouble
with my laboratory work, but so did
many other students, male and female.

There are substantive problems, such
as difficulty in being hired for a job and
then in being promoted, but social

25 pressure can bring about changes in

these situations. My own experience is
an example of how changes are taking
place. When I first started looking for a
job in 1967 after obtaining my B.S., I
was offered jobs that employers thought
were fit for a woman. These included
computer programming and informa-
tion retrieval. When I was looking for
a new job in 1969, before I decided to
come back to school, I was offered jobs
more in the engineering line, but this
time it was because I was a woman. I
particularly remember one company
that tried to hire me because they had
no women engineers, and they sure did
need a token one. After a woman is
hired she faces discrimination from the
men engineers, although this is pri-
marily from the older ones. On one
summer job I couldn't go out to a test
site because there was an open grill-
work set of stairs there and a man might
be underneath when I walked on them.

Of course, there are satisfactions.
Occasionally a company will want to
hire a woman because of her qualifica-
tions. The work itself is interesting
when the woman is not relegated to a
technician's job.

From your personal experience and ob-
servations, would you say that a woman
can successfully combine a career in
engineering with family responsibilities?

Ingrid Vatsvog: Assuming that a
woman and her husband agree to her
working, I think a woman can combine
home and work responsibilities as
easily with an engineering career as
with any other kind of work. The size-
able pay check can make home man-
agement easier for the woman engineer
than for many other working women
because she can afford to hire a maid or
baby sitter. In most engineering jobs,
however, some overtime work is re-
quired occasionally, and this might
temporarily change the home life. Also,
working in a "man's world" may pro-
duce in some women the same symp-
toms found in some men after work—
fatigue, irritability, or lack of desire to
converse. In this respect also, one's job
choice is important: an enjoyable, re-
warding job makes a big difference to
both men and women.



'If we are to encourage women to pursue careers in engineering,
we will have to modify the requirements . . . The engineering and

other fields would do well to consider, for example, a 9:30 to 2:30
schedule . . . for women with school-age children."

Susann Shaw: Conversations with many
women have convinced me that a great
majority of them desire to work for a
few years (usually less than five) after
obtaining a bachelor's degree, then to
have children and to stay at home with
them for as long as necessary (usually
more than ten years), and then to re-
turn to working outside the home, op-
timally on a part-time basis. Obviously
this schedule is incompatible with a ca-
reer in engineering. The consciousness-
raising aspects of the women's liberation
movement might cause many women to
lengthen the first work span and shorten
the home span, but certainly the move-
ment will be unable to convince the
majority that their babies and small
children would be better raised in a
day-care center or by a maid or baby
sitter. The truth seems to be that these
women do not want to have the experi-
ence of sharing childhood with their
children taken from them. As I have
noted above, I believe that a partial
solution lies with adjustments on the
part of industry to accommodate the
special needs of women with young
children.

In my own situation, I find that the
problems that exist for me now are
the same as those facing all women at-
tempting to rear small children, keep a
home, and have a full-time job as well.
I am often overwhelmed by the various
responsibilities to my children, my hus-
band, my job, and myself. My husband
and I share in all of the delights and
chores of rearing children and main-
taining a home, but because my sched-
ule is more flexible, mine is the greater
share of child care. We have experi-
mented with live-in housekeepers, but
when we couldn't find anyone who
would stay for more than a few months,
we settled on a full-time baby sitter who
does no cooking or cleaning.

I have found that these domestic
problems are not appreciated by the
majority of my male colleagues. I be-
lieve this to be true of many men: they
are content to have their wives accept
most or all of the responsibility of rear-
ing the children, while they, the men,
attend to the matters of career and
financial responsibilities. They have
little empathy for a woman trying to do
it all.

Christine Shoemaker: Yes, a woman
can combine an engineering career with
family responsibilities. Of course, the
ease with which she can do this depends
on the size of her family, the availability
of good day-care services, and the de-
gree to which her husband shares such
responsibilities. An increasing number
of women, including myself, feel that
such duties should be equally shared
and that, therefore, men also must ask
themselves, "Can I successfully com-
bine my career with family responsi-
bilities?"

If a woman engineer and her hus-
band both work full-time and if they
have children, the family benefits if at
least one parent has a job with fairly
flexible working hours. In this way one
parent is always available to handle a
child's illness or dental appointment.
Many engineering jobs, especially re-
search and teaching positions, give this
type of flexibility and are thus very
suitable for women professionals (and
their husbands). If the couple expects
the wife to be responsible for the bulk
of the family duties, she may choose to
work part-time while her children are 26



27

small. For such women, part-time con-
sulting or research positions are most
suitable.

Are there fields of engineering or re-
lated areas that are especially attractive
or suitable to women? Any less suit-
able? Do you feel women have any
special qualities of value to the pro-
fession?

Ingrid Vatsvog: Engineering has long
been considered a man's field, although,

unlike some professions, it has not
barred women from entering, at least
not in my lifetime. Ironically enough,
many engineering fields are very well
suited for a woman. If she chooses her
field and job with some foresight, she
can work a forty-hour week (or less) in
a clean, air-conditioned, office environ-
ment and with little or no overtime. Of
course, more physically demanding jobs
under less desirable working conditions
are also available.

The fields which I think would be
unsuitable for most women at this time

Susann Shaw chose college teaching
(she is a member of the applied mathe-
matics department at New York Uni-
versity) as a career compatible with the
requirements of a woman with small
children.

are mainly those which involve direct
contact with heavy labor. Not only will
most women find these jobs too strenu-
ous and the working conditions uncom-
fortable, but also they will probably
come across resentment on the part of
the laborer. Employers also claim that
women, even in hard hats and baggy
coveralls, tend to distract their workers.
Companies may hire women for such
positions now, however, because they
fear discrimination suits. As for my-
self, I would rather work where I was
wanted.

A woman may offer special qualities
valuable to the profession. For ex-
ample, most women are more patient
than most men. The different tempera-
ment or viewpoint of a woman may
contribute 'to the effectiveness of an
engineering team. A woman would be
valuable in certain specific areas, such
as the development of consumer goods
used primarily by women.

Susann Shaw: My desire to combine
meaningful careers both outside and in
the home was a source of motivation
for pursuing the doctorate. I believed,



"/ am the only woman authorized to
go on to the construction site" writes
panelist Ingrid Vatsvog of Anaconda
Aluminum, "and whenever I go 1 must
wear my hard hat" The company is
building a new reduction plant in
Henderson, Kentucky.

as an undergraduate at Cornell, that
one career that might enable me to
accomplish this goal with some degree
of success would be teaching at the
college level. This career seemed to
offer the necessary flexibility of schedule
—the ability to work at home at odd
hours—as well as the intellectual chal-
lenge of teaching and research, and
my experience has strengthened this
opinion.

Christine Shoemaker: Office jobs are
probably more suitable for a woman
than are engineering jobs that would
take her out in the field. Since women
have traditionally held white-collar jobs,
I should imagine that there would be
less prejudice toward a woman engineer
in an office job than in a field job.

Because of their "people-oriented"
conditioning, women tend to be very
capable of relating well to other people.
Since one's success as an engineer de-
pends to a large extent on one's ability
to work with others, a women who is
both technically competent and easy to
work with would make valuable con-
tributions to any engineering project.

Do you feel that social and educational
conditioning or natural abilities affect
the aptitude of women for work in en-
gineering or applied science?

Ingrid Vatsvog: In my opinion, the
small proportion of women among en-
gineering students is due primarily to
the structure of our society and to social
conditioning, rather than to differences
in the natural abilities of men and
women. Our society is very role-

oriented. Boys and men are supposed
to be interested in certain areas such as
building things, tools, cars, fishing, sci-
ence, and sports; girls and women are
supposed to be interested in cooking,
sewing, the home, dolls or children,
reading, coquetry, etc.

I believe this has two effects on most
girls during their development. One is
that they are less likely than boys to be
exposed to things that develop the
aptitudes essential to engineering or
related careers. The other is that girls
tend to develop the unspoken idea that 28



". . . each one of us is a deterrent whenever
we raise our eyebrows when we hear of a
woman plumber, baseball umpire, fireman,
or engineer."

if mostly men do something, perhaps it
is not ladylike for girls also to do it. If
they stray from the norm, many people
are quick to comment.

Some women, however, do have the
opportunity to develop natural abilities
in areas traditionally dominated by
men. In my own case, I had the living
example of a strong, capable mother
who did many things that most women
never try, and who did this without
diminishing her femininity. A father
and older brother with many mechani-
cal interests also helped me develop
my potentials.

Unless a girl is exposed to something
to help develop her engineering or
scientific aptitudes, and unless she re-
ceives some special encouragement in
these areas, or at least is not discour-
aged, she has little hope of fully devel-
oping her potentialities. She may not
even realize she has them.

Christine Shoemaker: No evidence ex-
ists to prove that women possess any
less natural ability in engineering sci-
ences than do men. The number and

29 quality of women engineers in socialist

countries should easily disprove any
such stereotyped beliefs.

On the other hand, there is every in-
dication that the scarcity of women in
engineering is due primarily to social
and educational conditioning. The an-
cient but persistent notion that women
are incapable of rational, organized
thought has stunted their possibilities
for growth in all professions, but its
effect has been extremely severe in
mathematics, engineering, and the phys-
ical sciences where organized, logical
thought is so essential. To display such
talents is, therefore, to go against one's
sex, to be "unfeminine." Unfortunately,
the period of time when a young woman
is choosing a career (high school and
the first years of college) is also the
time that she is most conscious of her
sexual image and is least willing to risk
unf eminine behavior.

Even those women who have over-
come this social conditioning and do
enter engineering colleges will find that
they are handicapped by the disparity
between men's and women's experience
with practical mechanical, electrical,
and structural problems. Most teen-age

boys have had some experience in
around-the-house carpentry and in au-
tomobile maintenance. They have prob-
ably had some drafting or shop in
school. Most girls, on the other hand,
are not even able to identify an auto-
mobile engine's carburetor. This lack
of previous experience makes physics
and engineering, especially laboratory
work, much more difficult for begin-
ning women students. Of course, this
lack of early experience becomes less
important in the later years of study.

Do you feel there is justification for
possible reluctance to educate or em-
ploy women engineers on the grounds
that they are less likely than men to
pursue a productive career? Do you
feel your experience would have been
different if you were a man?

Ingrid Vatsvog: I firmly believe there
should be no reluctance to educate or
employ women engineers.

I believe that even if a woman en-
gineering graduate never works in
engineering (some men graduates also



" . . there is every
indication that the

scarcity of women in
engineering is due
primarily to social

and educational
conditioning."

do not), the education is not wasted.
She has learned how to think better,
she has gained insight into the world
around her, and, if she rears children,
she will be better able than many
women to impart curiosity, knowledge,
and understanding of the world to
them. Although engineering educators
would probably hate to think of them-
selves as educating future housewives,
there really are few jobs as important
today as developing the minds and
bodies of children. How many com-
puters can replace one child?

I have a little more sympathy for em-
ployers who are reluctant to hire women
in engineering positions. Women do
tend to get married or pregnant and to
follow their husbands if their husbands
relocate. Yet times have changed. More
women are keeping their careers after
marriage, more couples are planning
their families and some may never have
children, and some women will con-
tinue to work despite having children.
I would say that a woman engineer,
who has completed four or more years
of specialized training, is likely to stick
with her career as long as she can. It
is time that employers recognize these
changes and evaluate each situation on
an individual basis. It should be re-
membered that men, too, are apt to
leave their jobs in order to seek better
or more fulfilling employment.

Christine Shoemaker: I do not know
the exact statistics on the drop-out
rates of women engineering students
and graduates, but I would be inclined
to believe that they are lower than
those of women in many other fields.
A woman who chooses to study en-
gineering has already overcome much
of her social conditioning. Although

she might switch to a related field, I
find it difficult to imagine such a woman
dropping her career entirely.

The responsibility for women's drop-
out rates lies not only with the indi-
vidual involved but also with the engi-
neering industry because it is so re-
luctant to provide part-time work, day-
care centers, and other accommodations
that would make it easier for a woman
to combine an engineering profession
with a family.

Therefore, I do not feel that a re-
luctance to educate or employ women
is justified. Those engineering students
who leave engineering usually do so to
enter careers in related fields. Their
engineering training is cerainly not
wasted. A woman engineering gradu-
ate is just as likely as a man to pursue
a productive career, especially if the
company is willing to make some ac-
commodations (flexible hours, part-
time options, and maternity leave).

Constance Miller: I thought I could
ignore discriminations based on sex,
but because of them my education has
been hindered and I am pursuing a
degree I probably do not want. When
I was an undergraduate, I could always
ask a fellow student (male) for help
on problems, but it was rare that a male
student would ask me for help. Being
able to explain the ideas one has been
learning about is an important part of
education, but I never had the chance
to do this. It is easy to do well in
courses and yet not understand the ma-
terial fully enough to be able to explain
it to others. I notice this deficiency
now when I have to present my ideas
or knowledge orally to other people.
I don't think I can emphasize this
problem enough. 30



Christine Shoemaker's research and
teaching at Cornell involve the model-
ing and management of natural ecologi-
cal systems.

31

What is your advice to young women
contemplating engineering as a career,
or an engineering undergraduate edu-
cation?

Ingrid Vatsvog: My advice is to get in-
formed and if you think you will like
it and have the ability, try for it. En-
gineering is well suited to many women,
the personal rewards are many, the
jobs are available, and the pay is good.
Many of my friends who majored in
sociology, history, or English wish they
could get as interesting a job as mine
in their fields, and at the salary I have.
Do evaluate your ability, however;
counselors and teachers can help here.

For information, I suggest talking
with your guidance counselor and with
engineers, especially women engineers.
You could also write or visit the So-
ciety of Women Engineers, United En-
gineering Center, Room 305, 345 East
47th St., New York, N.Y. 10017. They
may be able to give additional informa-
tion, as well as provide names of
women engineers located in your area.



"A woman may offer special qualities to the
profession . .. The different temperament
or viewpoint of a woman may contribute
to the effectiveness of an engineering team.r

Susann Shaw: At the present time I do
not believe that engineering is a par-
ticularly good career choice for women.
I should qualify that statement: for the
single woman or the married woman
without children, engineering is prob-
ably as good a choice as any. Aside
from the current, and hopefully tem-
porary, lack of employment opportuni-
ties in engineering for anyone, many
careers in engineering can offer intel-
lectual and financial rewards. My only
work experiences in engineering con-
sisted of summer jobs in the aircraft
industry during my graduate years.
These experiences encouraged me to
believe that being a woman in the en-
gineering field is a definite asset. There
was no detectable discrimination.

While I cannot encourage women to
choose engineering for a career, I do
enthusiastically recommend an engi-
neering undergraduate education for
anyone, man or woman, tempera-
mentally suited to it. An understanding
of the way things work and the training
in abstract thought that one obtains as
an engineering student are extremely
valuable in every choice of career.

Christine Shoemaker: First, I would
suggest to her the same things I would
suggest to a young man considering
engineering: a) get a strong background
in mathematics and science and b) find
an area within engineering that you
might be especially interested in.

Secondly, I would encourage her to
deal with those problems she will face
as a woman professional. She should
decide if she wants a family and, if so,
how she and her husband plan to com-
bine their professional and family re-
sponsibilities. Books and lectures by
women professionals, especially engi-
neers and scientists, will help her ob-
tain an idea of the difficulties and op-
portunities that she can expect to find.

Constance Miller: If I were a senior in
high school contemplating a career in
engineering, I would go about things
differently from the way I did. One
should have a goal and be more orga-
nized than I was. I drifted into engi-
neering because I was good in math
and science, but I never decided what
I wanted to do with engineering. I
made things worse for myself by going

into engineering physics, a field with a
little of everything. An employer will
try to find every possible reason not to
hire a woman engineer, and she helps
him by not being able to fit exactly into
a category such as E.E. or M.E. Most
students in engineering physics go to
graduate school, so that is where I have
landed trying to get a more applicable
career.

A girl should keep in mind that en-
gineering is a demanding career and
not worth a woman's time if she intends
to quit upon marriage. I believe that
the time necessary for a woman to fit
herself into a good useful job in engi-
neering is at least two or three years
after graduation.
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The Panelists

• Ingrid Vatsvog, who ranked first in
the 1969 graduating class of ninety-
eight electrical engineers at Cornell, is
now working for Anaconda Aluminum,
mostly in computer programming.

While an undergraduate at Cornell,
Miss Vatsvog won the 1968 national
scholarship awarded by the Society of
Women Engineers (see page 17 for this
year's winner, also a Cornell student).
In 1970 she received the Cornell degree
of M.Eng. (Electrical). As a student,
she was elected to membership in the
honorary engineering societies Tau
Beta Pi, Eta Kappa Nu, and Alpha
Lambda Delta.

Her first job after graduation was as
an electrical engineer in logic design,
for the Bell Telephone Laboratories in
Denver. One of her projects was the
design of a small processing machine
for an electronic key telephone system.
Previously she did summer work as an
electronics technician for the Cam-
bridge Instrument Company.

• Susann Novalis Shaw, who holds
three engineering degrees, changed her

~,_ major interest to applied mathematics

while in graduate school, and is now
working in this area as an assistant
professor in the Department of Mathe-
matics at New York University.

Her degrees are the B.S. in mechan-
ical engineering from Cornell (1965),
the M.S. in aeronautics from the Cali-
fornia Institute of Technology (1966),
and the Ph.D. in aeronautical science
from Stanford (1969). As an under-
graduate, she was a member of the
Engineering Student Council, Mortar-
board, and the honorary engineering
societies Pi Tau Sigma, Tau Beta Pi,
and Sigma Xi. As a graduate student,
she was a National Science Foundation
Graduate Fellow. She has had engineer-
ing work experience in summer jobs
at North American Aviation and at
Douglas Aircraft.

She is married and has two young
sons.

• Christine Shoemaker was a research
associate at Cornell last year, and is
now beginning her first year of teaching
as an assistant professor of environ-
mental engineering at the University.

Her degrees, the B.A. from the Uni-

versity of California at Davis (1966)
and the Ph.D. from the University of
Southern California (1971) are in
mathematics, but she decided to work
in environmental engineering because
"it satisfactorily combines social use-
fulness with intellectual challenge." Her
principal research interest is in the de-
velopment of agricultural pest control
programs that use a minimum of en-
vironmentally disruptive chemicals, and
she is also doing related work in mathe-
matical population ecology and in the
modeling of eutrophication processes.

Her academic honors included a
Regents' scholarship, a departmental
citation for outstanding undergraduate
accomplishment in mathematics, and
an NIH Traineeship in graduate school.

Mrs. Shoemaker has one child, a
daughter.

• Constance Miller, a Ph.D. candidate
in aerospace engineering at Cornell,
already holds two Cornell degrees in
engineering physics: the B.S. (1967)
and the M.Eng. (1968). As an under-
graduate, she was presented a "Wom-
en's Badge" by the honorary engineer-
ing society Tau Beta Pi, which at that
time did not admit women.

Before beginning her doctoral studies,
Mrs. Miller spent a year as a physicist
with the Radiation Branch of the Na-
tional Institutes of Health. She has held
summer jobs in the High Temperature
Laboratory of Douglas Aircraft Com-
pany, and as a research assistant to
Cornell applied and engineering physics
professor Watt W. Webb. She has al-
ready published several articles.

She is married to James Miller, also
a graduate student in aerospace engi-
neering.



FACULTY
PUBUCATIONS

The following publications and conference
papers by faculty members and graduate
students of the Cornell College of Engineer-
ing were published or presented during the
period November 1971 through January
1972. Earlier publications inadvertently
omitted from previous listings are included
here with the date in parentheses. The names
of Cornell personnel are in italics.

• AEROSPACE ENGINEERING
Morse, D. L., Destler, W. W., and Auer,
P. L. 1972. Nonstationary behavior of col-
lisionless shocks. Physical Review Letters
28(1): 13-16.
Turcotte, D. L., and Schubert, G. 1971.
Structure of the Oliyine-Spinel phase bound-
ary in the descending lithosphere. Journal
of Geophysical Research 76(32): 7980-7.

• AGRICULTURAL ENGINEERING
Kampen, J., and Levine, G. (1970). Water
losses and water balance studies in Philippine
lowland rice irrigation. Philippine Agricul-
turist LIV (5 and 6):283-301.
Loehr, R. C. 1972. Agricultural Runoff—
Characteristics and Control. Paper read at
ASCE Water Resources Engineering Con-
ference, January 1972, in Atlanta.

. 1972. Poultry waste management.
In Proceedings of the national symposium
on animal waste management, pp. 107-12.
Washington, D.C.: Council of State Govern-
ments.
Parchomchuk, P., and Cooke, J. R. 1971.
Vibratory Fruit Harvesting: An Experi-
mental Analysis of Fruit-Stem Dynamics.
Paper read at Winter Meeting of the Ameri-
can Society of Agricultural Engineers, 7—10
December 1971, in Chicago.

Scott, N. R., and van Tienhoven, A. 1971.
Simultaneous measurement of hypothalamic
and body temperatures and heart rate of
poultry. Transactions of ASAE 14(6): 1027-
33.
Shepardson, E. S. 1971. A new wire and
trellis for mechanical harvesting of grapes.
Transactions of ASAE 14(6): 1132-5.

Shepardson, E. S., Pollock, / . G., and Reh-
kugler, G. E. 1971. Research and Develop-
ment of a Lettuce Harvester. Paper no. 71-
693 read at 1971 Winter Meeting of the
American Society of Agricultural Engineers,
7-10 December 1971, in Chicago.

• APPLIED PHYSICS
Andrews, M. L., Davitian, H., Fleischmann,
H. H., and Nation, J. A. 1971. Ionization
instability in the propagation of high-current
relativistic electron beams in gases. Physics
of Fluids 14(ll):2553-5.
Andrews, M. L., Davitian, H., Fleischmann,
H. H., Kusse, B., Kribel, R. E., and Nation,
J. A. 1971. Generation of astron-type E
layers using very-high-current electron beams.
Physical Review Letters 27(21): 1428-31.

Chang, R. S., McFarlane, R. A., and Wolga,
G. J. 1972. Vibrational deactivation of CO.
by HF and DF at 75 and 100°C. Journal of
Chemical Physics 56:667-9.

Clark, D. £>., and Kostroun, V. O. 1972.
Production of the U-236 fissioning isomer
by thermal neutrons. Bulletin of the Ameri-
can Physical Society 17:138.

Fleischmann, H. H., Woodall, D. M., and
Bzura, J. Injection of High-Current Electron
Beams into a Magnetic Mirror. Paper read
at Annual Meeting of the Plasma Physics

Division of the American Physical Society,
15-18 November 1971, in Madison.
Kim, K., and Nelkin, M. 1971. Self-diffusion
model for memory functions in classical
fluids. Physical Review A 4:2065-75.
Kostroun, V. O., and Clark, D. D. 1972.
Half-life of the 1.28-KeV state of Ag-110.
Bulletin of the American Physical Society
17:51.
Kostroun, V. O., and Holmes, C. P. 1972.
Many body perturbation theory applied to
atomic radiationless transitions. Bulletin of
the American Physical Society 17:68.
Plattner, H., Salpeter, M.t Carrel, J. E., and
Eisner, T. 1972. Structure and function of
glandular epithelium on the postabdominal
tergite of Blatta orientalis. Z. Zellforschung
und Mikroskopische Anatomie 125:45-87.

• CHEMICAL ENGINEERING
Anderson, J. L., and Quinn, J. A. (1971).
The relationship between particle size and
signal in Coulter-type counters. Review of
Scientific Instruments 42:1257-8.
Edwards, V. H., Kinsella, / . E., and Scho-
liton, D. B. 1972. Continuous culture of
Pseudomonas fluorescens with sodium male-
ate as a carbon source. Biotechnology and
Bioengineering XIV: 123-47.
Finn, R. K., and Schubert, P. 1971. Purifica-
tion of Enzymes by Selective Precipitation.
Paper read at 64th Annual Meeting of the
American Institute of Chemical Engineers,
28 November-2 December 1971, in San
Francisco.
Fisher, D. H., and Rodriguez, F. 1971. Deg-
radation of drag-reducing polymers. Journal
of Applied Polymer Science 15:2975-85. 3 4



Michot, G., and Wiegandt, H. F. 1971.
Countercurrent liquid-liquid extraction in
rotating multiple helix. / and EC Process
Design and Development 10(4):587-92.
Scheele, G. F., and Leng, D. E. 1971. An
experimental study of factors which promote
coalescence of two colliding drops suspended
in water. Chemical Engineering Science
26:1867-79.

• CIVIL AND ENVIRONMENTAL
ENGINEERING

Baldwin, K. D. S., Krutella, J. V., Loucks,
D. P., Mechin, Y., Nelson, H. S., and Tom-
linson, G. E. 1972. Planning the comprehen-
sive development of the Vistula River sys-
tem, Poland. Final report, Senior Technical
Advisory Panel, United Nations.
Bereano, P. L. (1971). Comment on paper,
Protecting us from ourselves: the interaction
of law and technology. Denver Law Journal
47:671-3,

. 1972. Legal and Institutional Aspects
of Environmental Control in Puerto Rico.
Paper read at Seminar on Environmental Im-
pact Statements, 12-14 January 1972, at the
University of Puerto Rico, San Juan.
Gysi, M., and Loucks, D. P. 1971. Some
long-run effects of water pricing policies.
Water Resources Research 7(6): 1371-82.
Hollister, S. C. (1970). TTie engineering in-
terpretation of Weather Bureau records for
wind loading on structures. In Building Sci-
ence Series no. 30, November 1970, pp. 151-
64. Washington, D.C.: National Bureau of
Standards.
Loucks, D. P. (1971). Residuals—environ-
mental quality management. Natural Re-

3 5 sources Journal ll(3):547-60.

Loucks, D. P., and Deininger, R. A. 1971.
Systems approach to problems of water
pollution control. In Systems approach to
environmental pollution, ed. G. K. Chacko,
pp. 139-221. Arlington, Virginia: Operations
Research Society of America.
Nilson, A.H. 1971. Bond stress-slip relations
in reinforced concrete. Cornell University
Department of Structural Engineering report
no. 345, for the National Science Founda-
tion.

• COMPUTER SCIENCE
Bunch, J. R. 1971. Analysis of the diagonal
pivoting method. SI AM Journal on Numer-
ical Analysis 8(4):656-80.
Bunch, J. R., and Parlett, B. N. 1971. Direct
methods for solving symmetric indefinite
systems of linear equations. SIAM Journal
on Numerical Analysis 8(4): 639-55.
Salton, G. 1972. The generality effect and
the retrieval evaluation for large collections.
Journal of the American Society for Informa-
tion Science 23(1): 11-22.

. 1972. Thoughts on the unisist feasi-
bility study. Journal of the American Society
for Information Science 23(1): 68-70.

• ELECTRICAL ENGINEERING
Ballantyne, J. M., Baukus, J. P., and Lavin,
J. M. (1971). Bulk GaAs Millimeter-Wave
Detector with Fast Response. Paper read at
IEEE International Electron Devices Meet-
ing, 11-13 October 1971, in Washington,
DC.
Balsley, B. B., and Farley, D. T. 1971. Radar
studies of the equatorial electrojet at three
frequencies. Journal of Geophysical Research
76(34):8341-51.

Baukus, J. P. (1971). Harmonic Content of
Solid State Microwave Oscillators. Paper
read at IEEE International Electron Devices
Meeting, 11-13 October 1971, in Washing-
ton, D.C.
Berger, T. 1972. Exact distribution and
asymptotic moments of the sample complex
correlation coefficient. In Proceedings of the
fifth Hawaii international conference on sys-
tem sciences, ed. A. Lew, pp. 158—60. Hono-
lulu: Western Periodicals Company.

. 1972. An information theorist looks
at biochemical data processing. In Proceed-
ings of the fifth Hawaii international confer-
ence on system sciences, ed. A. Lew, pp.
204-7. Honolulu: Western Periodicals Com-
pany.

. 1971. Rate distortion theory: a math-
ematic basis for data compression. Engle-
wood Cliffs, New Jersey: Prentice-Hall.
Berger, T., Jelinek, F., and Wolf, J. 1972.
Permutation codes for sources. IEEE Trans-
actions on Information Theory 18:160-9.
Berger, T., and Yu, W. C. 1972. Rate Distor-
tion Theory for Context-Dependent Fidelity
Criteria. Paper read at 1972 IEEE Interna-
tional Symposium on Information Theory,
31 January-3 February 1972, at Asilomar,
California.
Carlin, H. J., and Shen, R. C. 1972. Gain-
bandwidth theory for optimizing transmis-
sion through a prescribed lossless-two port.
IEEE Transactions on Circuit Theory CT-
19:98-100.
Fine, T. 1971. Rotational pattern classifica-
tion when very little is known. In Proceed-
ings of the 1971 IEEE conference on decision
and control, pp. 353-4. Gainesville: Univer-
sity of Florida, IEEE.



Galani, Z., and Szentirmai, G. 1971. DC
operation of three transistor gyrators. IEEE
Transactions on Circuit Theory CT-18:738-9.
Gardner, W. L., and Nation, J. A. 1971. On
the Interaction of Two Relativistic Electron
Beams in a Common Drift Region. Paper
read at Annual Meeting of the Plasma
Physics Division of the American Physical
Society, 15-18 November 1971, in Madison,
Wisconsin.
Johns, T. W., and Nation, J. A. 1971. Ioniza-
tion Instability in a T.E.A. Laser Discharge.
Paper read at Annual Meeting of the Plasma
Physics Division of the American Physical
Society, 15-18 November 1971, in Madison,
Wisconsin.
Knorr, J. B., and Mclsaac, P. R. 1971. A
group theoretic investigation of the single-
wire helix. IEEE Transactions on Microwave
Theory and Techniques MTT-19:854-61.
McDonough, T. R., and Brice, N. M. 1971.
Termination of the solar wind. ICARUS
15(3):5O5-1O.
Pottle, C, Dertouzos, M. L., Lee, I., and
Smith, K. C. 1971. On important current
issues concerning computers in electrical en-
gineering education. IEEE Transactions on
Education E-14:169-74.
Steinfeld, A. H., Brice, N. M., Conrad, J. C,
and LaLonde, L. M. 1971. Theoretical and
experimental determination of the near field
correction to backscatter gain at Arecibo.
Radio Science 6(12): 1079-84.
Torng, H. C. 1972. Switching circuits: Theory
and design. Reading, Massachusetts: Addi-
son-Wesley.

• GEOLOGICAL SCIENCES
Bonnichsen, B. 1971. Outcrop map of south-
ern part of Duluth complex and associated
Keweenawan Rocks, St. Louis and Lake
Counties, Minnesota. Minnesota Geological
Survey map M-ll .
Wells, J. W. 1971. Memorial to Thomas
Fritz Goreau, 1924-1970. Boulder, Colo-
rado: Geological Society of America.

. 1971. Note on the scleractinan corals
Scolymia lacera and S. cubensis in Jamaica.
Journal of Marine Science 21:960-3.

. 1971. What Is a Colony of Antho-
zoan Corals? Paper read at Symposium on
Development and Function of Animal Colo-
nies, Paleontological Society, 1-3 November
1971, in Washington, D.C.

• MATERIALS SCIENCE AND
ENGINEERING

Ast, D. G., and Seidman, D. N. 1971. Noble
gas imaging of gold in the field ion micro-
scope. Surface Science 28:19-31.

Balluffi, R. W., Sass, S. L.t and Schober, T.
1972. Grain boundary dislocation networks
as electron diffraction gratings. Cornell Uni-
versity Materials Science Center report no.
1707, for the Atomic Energy Commission.
Beavan, L. A., Scanlan, R. M., and Seidman,
D. N. 1971. The defect structure of depleted
zones in irradiated tungsten. Acta Metal-
lurgica 19:1339-50.
Richards, R. C, and Kramer, E. J. 1972.
Interpretation of yield drops induced by
stress-aging treatments of polymers. Journal
of Macromolecular Science (Physics) B6:
229-42.
Sass, S. L. 1971. The structure and decompo-
sition of Zr and Ti B.C.C. solid solutions.
Cornell University Materials Science Center
technical report no. 6, for the Office of Naval
Research.

• MECHANICAL ENGINEERING
Bartel, D. L., Haug, E. J., and Rim, K. 1971.
The optimum design of spatial frames using
the method of constrained steepest descent
with state equations. Transactions of ASME,
Journal of Engineering for Industry 93,
Series B (4): 1261-7.
Bartel, D. L., and Krauter, A. I. (1971). Time
domain optimization of a vibration absorber.
Transactions of ASME, Journal of Engineer-
ing for Industry 93, Series B (3): 799-804.
Gebhart, B., and Pera, L. 1971. The nature
of vertical natural convection flows resulting
from the combined buoyancy effects of
thermal and mass diffusion. International
Journal of Heat and Mass Transfer 14:2025-
50.
Leibovich, S., and Randall, J. 1971. Dissi-
pative effects on nonlinear waves in rotating
fluids. Physics of Fluids 14:2559-61.
Moore, F. K., and Jaluria, Y. 1971. Tem-
perature cycle of a lake with power plants.
In Environmental and geophysical heat trans-
fer, ed. C. J. Cremers, F. Kreith, and J. A.
Clark, ASME HTD, vol. 4, pp. 85-9. New
York: American Society of Mechanical En-
gineers.
Pera, L., and Gebhart, B. 1972. Experi-
mental observations of wake formation over
cylindrical surfaces in natural convection
flows. International Journal of Heat and
Mass Transfer 15:175-6.
Tenner, A. R., and Gebhart, B. 1971. Lami-
nar and axisymmetric vertical jets in a stably
stratified environment. International Journal
of Heat and Mass Transfer 14:2051-62.
Torrance, K., Davis, R., Eike, K., Gill, P.,
Gutman, D., Hsui, A., Lyons, S., and
Zien, H. 1972. Cavity flows driven by buoy-
ance and shear. Journal of Fluid Mechanics
51:221-31.

Torrance, K. E.t and Turcotte, D. L. 1971.
Global heat flow. In Environmental and
geophysical heat transfer, ed. C. J. Cremers,
F. Kreith, and J. A. Clark, ASME HTD,
vol. 4, pp. 90-8. New York: American So-
ciety of Mechanical Engineers.

• OPERATIONS RESEARCH
Billera, L. J. 1971. On the composition and
decomposition of clutters. Journal of Com-
binatorial Theory (Series B) 3:234-45.
Brown, M., and Ross, S. M. 1972. Asymp-
totic properties of cumulative processes.
SIAM Journal on Applied Mathematics
22:93-105.
Fulkerson, D. R. 1971. Blocking and anti-
blocking pairs of polyhedra. Mathematical
Programming 1:168-94.
Garfinkel, R. S., and Nemhauser, G. L. 1972.
Optimal set covering: a survey. In Perspec-
tives on optimization: a collection of exposi-
tory articles, ed. A. Geoffrion, pp. 164-93.
Reading, Massachusetts: Addison-Wesley.

• THEORETICAL AND APPLIED
MECHANICS

Conway, H. D. 1971. The effects of friction
on normal contact stresses. Journal of Ap-
plied Mechanics 38:1094-5.

• GENERAL
Dickason, D. 1971. The Decline in Engineer-
ing Enrollment—Imagined or Real: Can
You Do Anything About It? Paper read at
Iowa Engineering Colloquium, 13-14 De-
cember 1971, at the University of Iowa,
Iowa City, and Iowa State University, Ames.

. 1972. The dynamics of engineering
enrollment. Engineering Education 62(4):
394-401.
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