





























different reasons, meeting the needs
and wants of people with lots of leisure
time, space exploration, and whole new
kinds of man-made materials that will
revolutionize our ways of manufactur-
ing most things.

Fundamental knowledge of nature
from which engineers can fashion some
elements of this new world now exists;
but the major achievements (and the
excitement and the fun) will come
from totally new opportunities based
on new knowledge uncovered by
research. Industry will do more, not
less, of this kind of work.

At the same time, I think the peo-
ple in industry who are performing
research will know more and more
about the plans, projects, products,
problems, and aspirations of the spon-
sor of their work. And I do not think
this will in any way pollute the “purity”
of discoveries that are made or lessen
the thrill and excitement of making
them. The day of the “introvert” scien-
tist who can ignore his social environ-
ment has long since passed. Many
scientists in industry will find them-

9 selves participating for the first time

on business-planning and development
teams, working much more closely with
engineers and also with manufacturing,
marketing, and finance people.

The leadership of American industry
has been finding itself reflecting the
growing importance of the R&D func-
tion. This will continue and grow. Cer-
tainly, tomorrow’s general manager
will have to be concerned intimately
with R&D, with the choice of programs,
with the urgency for shortening the
time between discovery and profit, and
with the need to remove organizational
and other artificial barriers to R&D
effectiveness. More and more industrial
concerns will find more and more of
their top management people coming
from the technical ranks.

Also, in the future of industrial R&D,
I foresee arrangements whereby indus-
trial scientists and engineers will find
themselves, in ever increasing numbers,
working at major centers of research
and development activity throughout
the world. I need do no more than look
around me to be quickly reminded that
there are major centers of learning and
expertise (such as Cornell University)

from which technical people working in
industry can learn a great deal. I would
suggest that many industrial people
could contribute, as well as learn, by
working more closely with such centers.

The scope and variety of scientific
opportunity is now so great that tech-
nical people are increasingly dependent
upon one another. No individual can
hope to understand more than a tiny
segment of the whole; no single labora-
tory can cover more than a small frac-
tion of the frontier. Thus, we need new
ideas for working together—the uni-
versity scientist, the government scien-
tist, and the industrial scientist, the
scientists here in the United States with
the scientists abroad. We must there-
fore seek ways for industrial and uni-
versity laboratories to interact more
closely with the important governmen-
tal laboratories. But the creative dis-
coveries will still be made by people,
single individuals, and there will be no
substitute for this manner of discovery
in the foreseeable future or for the
organization of research and develop-
ment activities in a way that makes it
easy for good people to talk to each












to a bachelor’s degree; then one or two
years of education in creative design
engineering, at the graduate level
Expansion of education in engineering
at the doctoral level is urgently needed,
but with a caution that needs emphasis:
the motivation should not be the “win-
ning of a doctoral race” with scientists,
nor the achievement of status symbols.
What is required, at least by industry, is
an increasing number of “doctor engi-
neers” who have had the benefit of
truly advanced work in engineering,
rather than research-type Ph.D. train-
ing in a scientific discipline.

There is a continuing good case to be
made for the viewpoint that graduate
study for engineering careers in indus-
try should be concurrent with (and
intertwined with) actual employment.
The mix of information and practical
proficiency—how much of each-—that
is most appropriate for different fields
of engineering varies widely. There are
many advantages to seeking a proper
balance in an actual job situation. On-
the-job engineering situations can pro-
vide excellent motivation for education
beyond the bachelor degree, and are
helpful in determining the directions
that such continuing education should
take.

The extension, seemingly ad infini-
tum, of what the educated engineer
must be educated in is, of course,
not just a result of the belief that he
must know more about his scientific
resources. There is also the matter of
sheer massiveness of engineering tech-
nology, plus the need for a more-than-
complete liberal arts background
encompassing economics,  business
administration, political science, psy-

13 chology, philosophy, and even, it is to

be hoped, learning how to express what
he thinks. In this context I can’t resist
quoting a little four-line verse that one
of my associates has called “The Dean
of Engineering’s Lament:”

Our new curriculum will surely
create

The greatest engineer alive,

But the day before he’s to graduate

He’ll retire at sixty-five.

One obvious (too obvious and not
very satisfactory) answer to this quan-
dary is specialization, the completely
specialized engineer. But it seems to me
that among the great problems of mod-
ern education is keeping the student
engineer—or student scientist—from
becoming too specialized, especially in
the wrong things. As a practicing spe-
cialist in industry later, the graduate has
the problem of retaining enough flexi-
bility to permit response to the ever-
changing needs of modern technical
employment. The technical community
—which has done so much to initiate
change—should be the last to meet it
unprepared.

The company I represent spends
some $600 million dollars a year on
research and development. The figure
is a staggering one, but represents only
about two percent of the world’s R&D.
We are not looking for people who
think they learned it all in college.
More especially we are not looking for
people who think they can keep up with
their profession merely by keeping up
with new ideas from those with whom
they work. We must have people will-
ing and anxious to learn—from all the
world around them—and prepared to
continue this learning every day of their
lives.

I should assure you that industry
does not presume that it can ask all this
without offering something in return.
Industry must and will continue its
general support of higher education in
the United States, including scientific
and engineering education. We do this
recognizing that the colleges and uni-
versities are our most critical resource.
and that their continuing strengths and
effectiveness are vital components of
industrial progress.






























Above: Arthur R. Kantrowitz.

Right: The plasma wind tunnel is one of
the new major facilities for experimental
research in the Graduate School of Aero-
space Engineering. It will be used to con-
duct experiments on collisionless shocks

23 and other plasma waves.




when looking for people frequently find
ourselves faced with a choice among
two types. First there are the well-
trained engineers who have little
acquaintance with modern science, yet
are motivated toward work with social
impact. Secondly there are those well
equipped in modern science who have
little interest in doing something simply
because it fills a social need.

The problem then for engineering
educators is to educate a person to rec-
ognize and be inspired by the challenge
of merging science with social needs. It
may well be that some of this inspira-
tion should be induced by out-of-school
industrial experiences—and 1 don’t
mean just a summer job! In this way
today’s student will be sincerely moti-
vated to serve social purposes, rather
than to serve them merely as a way to
earn a living.

What will be the character of
academic research in the next twenty
years? The prime vehicle is of course
federal sponsorship of research and
development, applied first on a large
scale in defense, then in space, and
more recently in medicine. It is likely
that this sponsorship will be extended
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Left: In the foreground are capacitors re-
quired to charge the plasma wind tunnel;
in the background a student works on the
apparatus used to generate an argon
plasma atmosphere operating at approxi-
mately 8,000° K in one atmosphere pres-
sure.
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Opposite page: Gift of Leroy R. Grum-
man ’16, Grumman Hall, houses the labo-
ratories of the Graduate School of Aero-
space Engineering.










eighties, with hypersonic aircraft, a trip
from New York to Tokyo or Australia
will require only four hours. Hypersonic
transports, traveling at 4,000 to 7,000
miles per hour compared with the 2,000
miles per hour of the supersonic trans-
ports, will be able to travel halfway
around the world, non-stop, and do so
economically.

However, before such aircraft be-
come a reality, problems must be
solved in propulsion, materials, and
structures. For example, some areas of
the airframe must sustain 3,000° F.
temperatures, and “cool” regions will
operate at 1,300° F.

Let us now turn to space exploration,
which is less than ten years old. From
Shephard and Glenn to Stafford and
Cernan, our astronauts have demon-
strated their ability to function effec-
tively for up to two weeks in space, to
rendezvous with other spacecraft, to go
outside the capsule, and to adapt them-
selves to new situations in emergencies.
Unmanned spacecraft have probed the
space environment, taken pictures of
the moon and Mars, and measured

27 characteristics of Venus and the sun.

Surveyor did an amazing job of trans-
mitting thousands of pictures of the
lunar surface.

Then, too, operational satellites are
sending daily reports on cloud cover
over the entire world, and communica-
tion by satellites is available between
Western Europe, North America, and
the Pacific. The research that made
these accomplishments possible was
done many years ago. Today’s research
must be directed to the needs of space
flights ten or more years away. Such
long lead times are necessary if we are
to obtain the technology needed for the
orderly planning, budgeting, and reali-
zation of future space vehicles.

To illustrate a few of the many as-
pects of today’s space effort and its
relationship to the future, suppose we
take an imaginary voyage to the planet
Mars. The trip will last about one and
a half years and will require probably
an eight-man crew. The huge space-
craft needed will be boosted into Earth
orbit by means of large chemical rock-
ets. It will be assembled and checked
out in orbit, then nuclear engines will
accelerate it into a trajectory toward

Mars. On the way, course adjustments
requiring highly accurate guidance
means will be made with small rockets.
Once in orbit around Mars, a landing
craft will leave the mother ship and de-
scend to the surface. Upon completion
of surface exploration, the astronauts
will return to the orbiting mother ship
and the spacecraft depart for the Earth
again, using nuclear propulsion. On the
way back to Earth, accurate guidance
and navigation would be essential for
the returning spacecraft to enter a nar-
row corridor, use the Earth’s atmos-
phere for slowdown, and then land at a
desirable location.

Let us consider some of the problems
associated with such a trip, including
the chemical and nuclear propulsion
system, life support and space hazards,
communications, landing and astronaut
mobility, Venus swingby, atmosphere
entry, and landing.

The Mars spacecraft for eight men
will weigh about two million pounds.
The technology of large Earth-to-orbit
chemical boosters must be advanced
well beyond our present booster capa-
bility. One proposal is to use liquid






“Life support is a key technology for

a Mars flight or any other long-duration

future space flights.”

hydrogen — liquid oxygen engines for
the central core, and four 260-inch solid
strap-on motors for auxiliary thrust. A
rocket this large would be 386 feet high
and eighty-five feet in diameter, and
would have a total thrust of sixty-eight
million pounds, a thrust nine times
greater than the Saturn V and more
than 400 times greater than the booster
for Explorer I, our first orbiting satellite.
As shown in Figure 1, the size of
the “small” strap-on solid motors for
the large booster dwarfs an average
automobile. Each of these ‘“small”
motors will produce a thrust of seven
and a half million pounds. If nuclear
propulsion achieved by the solid motors
is used to leave the Earth orbit and
proceed toward Mars, the Earth orbit
weight would approximately double.
Several nuclear propulsion modules
would be clustered together and con-
nected with other parts of the space-
craft, such as the crew compartment,
Mars lander, and Earth return vehicle.
To assemble this very large space-
craft will require a number of rendez-
vous operations in space. Information
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and now from the Apollo program, is
essential for such future orbital opera-
tions. The success of the Gemini mis-
sions has dispelled doubts that may
have lingered about the feasibility of
space rendezvous.

Rendezvous of spacecraft, however,
is only part of the total procedure. Man
must learn how to go from one space-
craft to another, how to assemble sev-
eral spacecraft or elements together,
how to transfer propellants and other
supplies, and how to rescue a fellow
astronaut in difficulty. The space walks
of White and Cernan were the first
United States attempts of this essential
activity. These experiments demon-
strated the ease with which it is possible
to get outside the capsule and move
about, but they also demonstrated the
need for more positive astronaut motion
control.

Life support is a key technology for
a Mars flight or any other long-duration
future space flights. Fresh air, water,
food, heat, and a certain amount of
humidity must be supplied; carbon di-
oxide, body waste, odors, and gases
from equipment, heat, and other harm-

ful substances must be removed. In
present space missions, the life support
wastes are discarded after forming.
These are called “open” systems.
Gemini and Apollo are of this type and
provide for fourteen-day missions. For
trips of long duration, however, the
supplies needed become so great that
wastes must be treated to salvage cer-
tain basic ingredients such as oxygen
and water. Later, more complex sys-
tems will be used.

As the spacecraft proceeds on its
course, astronauts and equipment must
be able to function effectively in a
hostile environment which includes zero
gravity, radiation, and meteoroids. In
particular, man’s performance under
zero gravity must be understood better,
and some amount of artificial gravity
may well be needed. Radiation and
meteoroids, too, are potential hazards
and both are receiving considerable at-
tention. Last year three Pegasus satel-
lites were launched to study meteoroids
in the near-Earth environment. More
than 1.100 punctures have been re-
corded. The data confirm the Apollo
design, and additionally provide infor-

































The three men chiefly responsible for the
development of the Department of En-
gineering Physics are shown participating
in events of the 20th Anniversary Pro-
gram.

1. Alumni review early developments in
engineering physics with Lloyd P. Smith,
now at Stanford Research Institute.

2. Henri S. Sack (left), Walter S. Car-
penter, Jr. Professor of Engineering,
pauses with Leo Steg (Cornell Ph.D.,
’61), editor of the Journal of Aeronautics
and Astronautics, during the tour of
Clark Hall.

5. Trevor R. Cuykendall (left), Spencer
T. Olin Professor of Engineering, and
John F. McManus, Assistant Dean of En-
gineering at Cornell, at the luncheon for
engineering physics alumni held in the
Dexter Kimball Room of Willard Straight
Hall.

Alumni, faculty, and outstanding men
in the field, assembled for the Twentieth
Anniversary Program of the Graduate
School of Aerospace Engineering.

3. William R. Sears (right), Director of
the Graduate School of Aerospace En-
gineering for seventeen years, and now
John La Porte Given Professor of Engi-
neering, talks with Mac C. Adams, deputy
director of the National Aeronautics and
Space Administration, just before the
aerospace engineering-engineering phys-
ics banquet.

4. Edwin L. Resler, Jr., a former student
of Dr. Sears, and the present Director of
the Graduate School of Aerospace Engi-
neering, at work in his office.
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States Naval Academy, United States
Naval Postgraduate School, University
of Washington, The University of Wis-
consin, Rhenish-Westphalian Technical
University in Aachen (Germany), and
the University of Melbourne.

The alumni are highly competent
aerospace scientists who are capable of
making distinguished and vital contribu-
tions both to their disciplines and to
society. The School could have no fitter
testimony to the success of its objec-
tives and its programs.

ENGINEERING PHYSICS

When first introduced in the Univer-
sity’s 1946 Announcement, the under-
graduate engineering physics program
was said to provide “a type of education
and training which will effectively bridge
the gap between the basic sciences and
engineering. . . . Its general aim is to
prepare students for careers in technical
research and advanced engineering de-
velopment.” It was further stated in the
Announcement that, ‘“the course of
study is designed to combine the broad,
basic scientific and analytical training of
the physicist with the knowledge of the
properties of materials and the techno-
logical principles of the engineer.”

The following examples of positions
held today by Cornell engineering phys-
ics alumni are a good indication that
these objectives have often been re-
alized:

the manager of the Aerospace Sciences
Laboratory of Lockheed Aircraft

a senior research physicist at the Gen-
eral Electric Research Laboratory

a research astronomer at Mount Wilson
and Palomar Observatories

the director of the science and technol-
ogy task force for the President’s
National Crime Commission

a senior research surgeon for the United
States Public Health Service

a lawyer with the “safeguard system’”
(which is intended to reduce the pos-
sibility of nuclear weapons prolifera-
tion) of the International Atomic
Energy Commission (Austria)

the director of the Arecibo Ionospheric
Observatory (Puerto Rico)

the manager of the Battlefield Weapons
Systems Laboratory at Hughes Air-
craft

the supervisor of the mathematical ap-
plications group in Procter and
Gamble’s engineering division

the curator of the division of electricity,
Smithsonian Institution

the president of Gourdine Systems, Inc.,
a company engaged in direct energy
conversion products

a professor of applied physics at Stan-
ford University, who is teaching solid
state theory

In addition to directing the under-
graduate engineering physics program,
the faculty of the department maintains
the graduate degree programs of Ap-
plied Physics and of Nuclear Science
and Engineering. The first Master of
Science degree was awarded in Applied
Physics in 1948, the first Ph.D. degree
in 1952. Since 1946, eighty-nine Mas-
ter’s and forty-three Ph.D.’s have been
awarded. Two years after the dedication
of Cornell’s Nuclear Reactor Labora-
tory in 1961, both Master’s and doc-
torates were awarded in Nuclear Sci-
ence and Engineering, with a total, to
date, of six Master’s and nine Ph.D.’s.

About seventy-five percent of recip-
ients of the engineering physics bacca-
laureate have gone on to graduate study.
Of these, most entered a graduate pro-
gram in science, applied science, or en-
gineering; seven percent of the graduates
entered law, divinity, or business admin-
istration (See Table 1).

Since the first graduating class in
1951, about sixty percent of those Cor-
nell engineering physics alumni who
went on to graduate work did so in five
schools: Cornell, Massachusetts Insti-
tute of Technology, Stanford, Harvard,
and the California Institute of Tech-
nology. Between them, these graduates
have won seventy-four major fellow-
ships, including thirty-six from the Na-
tional Science Foundation, twelve from
the Atomic Energy Commission, seven
from the National Defense Education
Act, six from the National Aeronautics
and Space Administration, three Ful-
brights, and three Guggenheims.

A survey of the type of employment
taken up by Cornell engineering phys-
ics undergraduate alumni was made last
spring in conjunction with the Twentieth
Anniversary Program. The distribution
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