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Ford Motor

Company is:

challenge

At many companies the opportunity to work on
challenging projects comes after many wears of
appréentiveship and a few prey hairs. Not so at
Ford Motor Company where your twenties can
be a stimulating period. There are opportunities
to prove your worth early in your career. Dale
Anderson’s experience is a case in polnt.

After recerving his BLA. in Physics in June, 1962,
Diale joined ouxr College Graduate I'rogram and
was assigned to our Hesearch Laboratories.
Recently he was given the responsibility for cor-

[ale Anderam

B.A., Witlenherg T/ miteszily recting cab vibration occurring on a particular
tyvpe of truck. His studies showed that tire eccen-

tricity was the cause of the trouble. Sinee little change could be effected
in tire complianee, hiz solution lay in redesigning the suapension system.
Tesats of this experimental aystem show the problem to be reduced to an
inzignificant level.

That's typical of the kind of meaningful assignments given to emploves
whila still in the Callape Gradoaste Program —ropgardless of thoir onrooe
interest. No “make work” superficial jobs. And, besides offering the oppor-
tunity to work on important problems demanding fresh solutions, we offor
pood salares, a highly professional atmosphere and the proxomaty 1o
leading universities.

Discover the rewarding opportunity Ford Motor Company may have for
vou. How? Simply schedule an interview with our representative when he

viaita your eampus. Let your twentiea be a challenging and rewarding time.

THERE'S A FUTURE FOR YOU WITH... 3

The Amernicin Rosd. Destborn. Michigan

An egual opportundty employer




Whose new
battery lets
you carve like
an expert
anywhere?

The same Union Carbide that
makes graphite cloth for
rocket nozzles.

Uniga Carhide fomparation, 270 Paork fownow, HewYork, N, %, PA017 » Divheenn: Sarbon
Fzod Produces, Intemstionsl; Linds, Mesng B Metass, Nudesr, Dledisa, Plaslics, Sihzorss

Carve fast and with the flourish
of & master chef whether you are
in the woods of Maine, your own
back yard, or having a formal din-
ner party.

MNew cordless electric carving
knives take full advantage of bat-
tery power, They are convenicntly
portable and weigh half as much
az leading cord modelz. What's
more, these knives are so power
packed they can slice roast beef,
ham, turkey and other meats in a
Jilty, making neat shiees all the
way. Their energy comes from
a new kind of EVEREADY nickel-
cadmium battery developed by
Union Carbide. It's rechargeable,

A lot of new things are hap-
pening st Union Carbide, Another

Chemicals, Comsumar Products, Fibes & Fabrica,
n Canadu: Wnien Carbids Canada Limited, Toronks

recent develapment irn graphite
textiles used both in the white
heat of rocket blasts and the ex-
treme high temperatures of in-
dustrial furnaces. And ecompact
fuel cella, which generate electric
power by o chemical reaction and
provide a whole new aource of
energy, are also now being
marketed.

To keep bringing vou these and
many other new and improved
products, we'll be spending half a
billion dollars on new plant con-
struction during the next two
VEArs.

UNION
CARBIDE



What's $oing on
up there?

Ask us. Dur space boosters have

launched every successful non-
military communications or weather
satellite, Our Saturn S-IVB will power
3 Apolls astronauts from earth orbil
to maon arbit. DC-B2 have flown more
than a billion miles. DC-%s will double
the places you can go by [et. Which
all adds up to the fact that Douglas
can jusi about double your chances
for rapid career advancement, because
projects coming up are even bigger
than thess mentionad, Also, wuniver-
sities offering evening courses
toward advanced degrees are close
by. And Douglas has a fine scholar-
ship program. Let's get together. We

are an egual eoppartunity employer.

Douglas

Send your resume to
L. M. Kilgore, Box 698-C
Corporata Offices

Douglas Aircratt Co., Inc.
Santa Monica, California
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Carl Auderson, chairman of the di-
vision of physics, mathematics, and
astronomy, and Nobel Prizewinner in
physics in 1938, leads a rousing cheer
for Caltech’s newest Nobel Laurcate,
physicist Richard Feynman, who is
swallowed up in the crowd of col-
leagues, students, and friends helping
him celebrate, ‘The place—the Physics
Library on the Caltech campus. The
time—October 21, 1965. More about
that day. and about the man and his
work—page 10.

Peter Lissaman,

assistant professor of aeronautics, pro-
vides an exciting glimpse into the fu-
ture of air travel in “The Winds of
Change in Aeronautics” on page 14, as
he discusses the role of modern, sub-
sonic aeronautics in the space age, and
shows how new developments in the
subsonic region could revolutionize
human transportation. Work in this
area, pioneered at Caltech in the 30s
and 40s — but passed by as faster air-
craft were built — has taken on new im-
portance as it becomes apparent that
ways will have to be found to get large,
very fast aircraft on and off the ground
safely and within reasonable runway
lengths,



Why become an eng’inee_r at
Garrett-AiResearch? You’ll have to
work harder and use more of

your knowledge than engineers

~ at most other companies.

If you’re our kind of engineer,
you have some very definite ideas
about your career.

For example:

You’ve worked hard to get a
good education. Now you want to
put it to work in the best way
possible.

You will never be satisfied with
run-of-the-mill assignments. You
demand exciting,
challenging projects.

You not only accept
individual responsibil-
ity — you insist upon it. °

Does that sound like :
you? Then AiResearch }
is your cup of tea.

Our business is
mainly in sophisticated aerospace
systems and subsystems.

Here, rescarch, design, and de-
velopment lead to production of

actual hardware.
That means you
have the oppor-

tunity to start with
a customer’s problem
and see it through to a

system that will get the job done. k

The product lines at AiResearch,
Los Angeles Division, are environ-
mental systems, flight information

and controls sys-
tems, heat transfer
systems, secondary

power generator
systems for missiles
and space, electri-
cal systems, and
specialized indus-
Lrial syslems.
In the Phoenix Division there are
gas turbines for propulsion and
sccondary powcr, valves and con-
trol systems, air turbine starters
and motors, solar and nuclear
power systems.

In each category AiResearch
employs three kinds of engineers.

Preliminary design engineers do
the analytical and theoretical
work, then write proposals.

Design engineers do the lay-
outs; turn an idea into a product.

Developmental engineers are
responsible for making hardware
out of concepts.

Whichever field fits you best, we
can guarantee you this: you can
go as far and fast as your talents

can carry you. You can make as
much money as any engineer in a
comparable spot — anywhere. And
of course, at AiResearch, you'll
get all the plus benefits a top com-
pany offers. '

Our engineering staff is smaller
than comparable companies. This
spells opportunity. It gives a man
who wants to make a mark plenty
of elbow room to expand. And
while he’s doing it he’s working
with, and learning from, some of
the real pros in the field.

If the AiResearch story sounds
like opportunity speaking to you—
don’t fail to contact AiResearch,
Los Angeles, or Phoenix, or see our
representative when he comes to
your campus.

An equal opportunity employer

AiResearch
is challenge

Los Angeles « Phoenix



IDEA MAN

How thirty-six words Paid off to the Tune of Six Thousand Dollars!

No, he didn’t dream up a better mousetrap. But he’s the kind of person who
probably could if he put his mind to it. As the old maxim implies, though, if
vou figure out a way to do anything worthwhile more efficiently, chances are
vou'll be rewarded. It was certainly true of this ingenious General Motors em-
ploye, who recently collected $6,000 for a valuable suggestion that took just
thirty-six words to describe—more than $166.00 per word!

The GM Employe Suggestion Plan has paid out more than $70,000,000 and
produced more than a million usable suggestions since its inception in 1942.
It is worth noting that a great many awards go to conscientious employes
who would have submitted their suggestions even if there had been no mone-
tary reward involved.

Whatever their jobs, these are among the real stars of the General Motors
team-——people who are truly interested in finding ways to make products and

processes safer, better and more efficient.

General Motors Is People...

making better things for you

—
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Sy
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Of Men and Galaxies

by Fred Hoyle . '
University of Washington Press $2.95

“Galaxies, Nuclei, and Quasars

by Fred Hoyle :
Harper & Row ..o $3.95

Reviewed by Joel N. Franklin,
professor of applied science

Fred Hoyle, visiting associate in
physics at Caltech, is Plumian Profes-
sor of Astronomy and Experimental
Philoscphy at Cambridge. His Of Men
and Galaxies is based on three lectures
given at the University of Washington
in 1964. ‘

Part I, “Motives and Aims of the
‘Scientist,” is a galaxy of Hoylean
opinions. Some samples:

Scientists are not responsible for
weapons; society is to blame.

Everything radically new is pro-
duced in a democracy.

The physical sciences have been on
the wane since 1925 because of the
creation of the bad attitudes of big
science.

BIG is BAD: Big buildings are
bad; big budgets are bad; big admin-
istrative responsibility is bad.

Inefficiency in unimportant matters
is necessary for efficiency in import-
ant matters.

No first-rate scientist is in govern-
ment because, after six months away
from science, no one can be a first-rate
scientist.

Brilliant minds are always around,
but great scientists will emerge only
in the proper cultural milieu.

“An Astronomer’s View of Life”
talks about science: There is no sharp
difference between living and non-liv-
ing things. There are intelligent beings
scattered throughout the universe. To
reach them by space-travel is “not
merely difficult but impossible.” But to
communicate with them is possible and
- is important. “What is needed (from
these beings) are the big thoughts, not
the daily baseball scores . . . an inter-
change of messages could influence the
future development of human culture,
and for this it is by no means necessary
to gabble -continuously across the in-
terstellar spaces.” There is a galactic
telephone directory for intercommuni-
cating intelligent beings. “My guess is
that there might be a million or miore
subscribers to the galactic directory.
QOur problem is te get our name into
that directory.”

Of the three parts of the book, “Ex-

trapolations into the Future” ‘is the.

deepest and the most personal. “1t is
curious,” writes Hoyle, “how much at-

6

tention we all pay to the immediate
future and how little to the more dis-
tant future.” Since the decline of the
small town and the rise of the megapo-
lis, there has been'a decreasing inti-
macy, an increasing aimlessness. As the
isolation of the individual grows in ever
larger and more affluent cities, the prin-
cipal personal motive will be status
seeking. As meaning ebbs, diversion
will become essential; and the brightest
possible future is foreseen for the
entertainment industry. Unimportant
problems, like domestic communism,
are always more fun to argue about
than important, tough problems, like
overpopulation. Man is not in charge of
his future. The most important factor in
our environment is our state of mind.
Scientists produce technology, but they
can exercise no political control over it.
The author makes . . . a religious hy-
pothesis — that the emergence of intel-
ligent life is not a meaningless acci-
dent.” The big ideas in the universe
can and must be obtained by commu-
nication with extraterrestrial intelligent
beings. We might learn from these be-
ings “what policies lead to nuclear war
and what policies avoid it.”

Either you like opinion, or you don't,
Professor Hoyle has had the courage
to be subjective, speculative, some-
times superficial, sometimes profound,
and always honest. This reviewer felt
privileged to spend a few hours read-
ing the inner thoughts of one of the
world’s distinguished minds.

The book Galaxies, Nuclei, and Qua-
sars would have to be labeled “for as-
trophysical cosmologists only” if it
were not laced with gossip, sentiment,
and tales of scientific adventure. Gor-
geously. illustrated with photographic
plates from the Mount Wilson and
Palomar Observatories, packed with
formulas, graphs and charts, the book
would be hard to master in detail; but
it can be skimmed pleasurably and in-
formatively. Caltech readers will note
frequent references to the names Bol-
ton, Fowler, Greenstein, Matthews,
Minkowski, Oke, Sandage, Schmidt,
Fowler, Fowler, and again Fowler.

Chapter 1, “Galaxies,” states that the
biggest problem in present-day astron-
omy is to understand why there are
different kinds of galaxies and how
galaxies originate. There is a discussion
of the red shift and an exposition of
some cosmology.

“Radio Sources” talks about radio
astronomy. Immense, concentrated,

Mluctuating sources of energy have been

discovered by radio reception. These
energy sources, which are too large to
be stars, too concentrated and fluctuat-

ing to be galaxies, have been named
quasars. Oné observation in Australia
was considered so important that “Haz-
ard and Bolton carried duplicate rec-
ords back to Sydney, on separate
planes.”

“X-Rays, T-Rays, and Cosmic Rays”
contains this comment on our space
program: “I find it ironic that doubts
are being cast as to whether sums of
the order of 100 million dollars can be
afforded for the construction of new
accelerators; ironic because sums of
many tens of hillions are being afforded
to set a man afoot on the ruined slag
heap we call the moon. This compar-
ison, between what can be afforded and
what cannot, shows the remarkable de-
gree to which man’s cortical activity is
still dominated by his lower-brain
centers. Tt is exactly because social
decision-making is controlled almost
entirely by the lower centers, while
science and mathematics are controlled
by the cortex, that the never-ending
moan is raised that science is fast out-
stripping man’s social sense.”

In “The Steady State Cosmology”
Hoyle discusses the role of wrong facts
in scientific theory-making. He care-
fully measures “the relative emotional
strengths” of two confentions, and
states: “I personally spend no time in-
vestigating theories that require special
initial conditions.”

“A Radical Departure” discusses the
C-field, the oscillatory universe, and
related mysteries.

“An Outline of the History of Mat-
ter” contains a lot of intricate nuclear
physics and this comment on NASA:
“...itis well to understand that NASA
cxists in order to put a man on thc
moon. . .. I do not believe that any-
thing really worthwhile will come out
of the exploration of the slag heap that
constitutes the surface of themoon . . .
Nobody should imagine that the enor-
mous financial budget of NASA implies
that astronomy is now well supported.”

In this reviewer’s opinion, Galaxies,
Nuclei, and Quasars is an equally good
book for the idly curious and for the
deadly earnest. From it a journalist
could learn rcughly what is going on in
astronomy today, or a graduate student
could learn detail and theory. One may
regret Profecsor Hoyle’s acid-throwing
at NASA. The eminent, articulate, and
persistent Hoyle detracts more from
the space program than a platoon of
the rest of us can add to it. Conversely,
if there were any way to induce Hovle
to help formulate the objectives of the
space program, our “tens of billions of
dollars” would perhaps be better spent.

Continued on page 40
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NEW FROM ADDISON-WESLEY

A third Volume
has now heen
added to this

Famous Series

by Feynman, Leighton & Sands

- The Feynman LECTURES
ON PHYSICS are based on
lectures delivered by Profes-
sor Feynman and were de-
signed for the two year intro-
ductory physics course at the
California Institute of Tech-
nology. The course was in-
tended to take advantage of
the increasing mathematical
maturity of students and to
provide a more accurate pic-
ture of present-day physics.

Volume I is mainly on Mechanics, Radiation and Heat (519 pp, 342 illus, 1963-$8.75)

Volume II concentrates on a fairly complete treatment of Physics of Electricity and
Magnetism (525 pp, 449 illus, 1964-$8.75)

Volume III is devoted to the Theory of Quantum Mechanics (400 pp, 173 illus,
1965-36.75)

Quantum Mechanics is now nearly 40 years old yet is given hardly more than
casual allusion in the two previous volumes nor in other college introductory physics
courses. Volume III tries to elucidate from the very heginning those features nf
quantum mechanics which are most basic and most general.

Contents include the following: Quantum Behavior. The Relation of Wave and
Particle Viewpoints. Probability Amplitudes. Identical Particles. Spin One, Spin One-
Half. The Dependence of Amplitudes on Time. The Hamiltonian Matrix. The
Ammonia Maser. Other Two-State Systems. More Two-State Systems. The Hyperfine
Splitting in Hydrogen. Propagation in a Crystal Lattice. Semi-conductors. The Inde-
pendent Particle Approximation. The Dependence of Amplitudes on Position. Sym-
metry and Conseivation Laws. Angular Momentum. The Hydrogen Atom and The
Periodic Table. Operators. The Shrodinger Equation in a Classical Context: A.Semi-
nar’on Superconductivity.

The aim of the books is to provide the students with a first rate background for
further study of physics and to maintain and expand his excitement and interest in
the subject. :

Class Exercises are available for each of the three volumes:

Volume I 382 problems, 94 illustrations — $1.00.
Volume TI 173 problems, 60 illustrations — $1.00.
Volume III 65 problems, 45 illustrations — $1.00,

Engineering and Science

“Those graduates of Caltech who have
hcard Profcssor Fcynman spcak to
small and large groups will remember
his humor, his dramatic flair and his in-
terests in philosophy. All this is pre-
served wonderfully, and for this we
owe thanks to the co-authors Professors
Leighton and Sands.”

Science

“Reading this book is at times a breath-
taking experience and Feyman’s style
and special talent for exposition are
evident throughout.”

Scientific American

“What makes this book stand out is
its personal and. informative tone (so
characteristically Feynman ), its origi-
nality and independence of approach,
its agreeable and helpful digression on
the history and philosophy of the sub-
ject. The average physics textbook at
this level is not so venturesome.”

American Scientist

“With a select group of students and
with able teachers such as Feynman
the lectures promise to serve as the
basis for a remarkable successful intro-
duction to physics. As a highly original
reference, the lectures should also help
the less gifted instructor to lift his
course out of the stultifying quagmire
which so often threatens it.”

Amorican Journal of Physics

“It would be unappreciative and per-
haps rude of us to criticize this man for
not laying out physics in the usual
heavily organized way. Instead, wo ac-
knowledge an enormous debt to the
freshness and bravura of his approach,
which brings new life and high excite-
ment to ideas that have grown rigid
and stale in the textbooks of physics.”

10-DAY FREE EXAMiNATlON

To: Addison-Wesley Publishing Company, Inc.
Reading, Massachusetts 01867

Please send ““The Feynman Lectures on Physics'
Vol. I [J Vol. It ] Vol. 11l []

Pleuase send Class Exercises

Vol. I.[ ] Vol. Il ] Vel. 111 [

University ..

VYV ADDISON-WESLEY

PUBLISHING COMPANY, INC.
Reading, Massachusetts 01867



new books
S from
Harper & Row

A HISTORY OF GENETICS

A. H. Sturtevant ® California Institute of Technology

Covering the history of genetics from the time of Aristotle to 1950, this new book studies the development of ideas
and techniques, with special emphasis on hiographical aspects. The author has known many of the twentieth-cen-
tury geneticists and has been closely associated with many major developments during these years. A unique series
of charts shows “intellectual pedigrees.” The book includes a brief chronology and a selected bibliography of histori-
cally important works. Some knowledge of genetics is assumed. 165 pp. $5.50.

ARITHMETICAL ALGEBRAIC GEOMETRY

Proceedings of a Conference Held at Purdue University, December 5-7, 1963
Edited by O.F.G. Schilling ® Purdue University

Nine distinguished mathematicians present the results of their work in this field, in which analysis, algebra, and ge-
ometry (in the widest sense of the terms) become interrelated. This volume is a collection of abstracts or amplifica-
tions of the lectures given by André Weil, Walter L. Baily, Jr., ‘I'suneo ‘I'amagawa, Bernard M. Dwork, David B.
Mumford, Jean Pierre Serre, John T. Tate, Shreeram S. Abhyankar, and Heisuke Hironaka. February.

COMPUTERS: a Programming Problem Approach

R. Clay Sprowls ® University of California, Los Angeles

An introductory treatment of FORTRAN programming, COBOL programming, and computer language development
(through PL/I). Illustrations contrast as primary examples the smaller decimal memory of the IBM 1620 with the
larger fixed binary memory of the IBM 7094, This approach is applied to one next geueration systew, the IBM 300.
‘The same basic approach may be applied to any newer computer system. March.

GALAXIES, NUCLEI, AND QUASARS

Fred Hoyle ® Cambridge University

Professor Hoyle begins by summarizing the work on which he has been engaged during the past decade at the Califor-
nia Institute of Technology and the University of California, He continues with a discussion of cosmology, the study
of the universe in the large, explaining the modern formulation of the steady-state theory, and possible departures
from it. 160 pp. Text Edition $3.00 '

SOLUTIONS, MINERALS, AND EQUILIBRIA

Robert M, Garrels ® Harvard University
Charles L. Christ ® U.S. Geological Survey

With much new material, this is a thorough revision of Professor Garrels’ Mineral Equilibria. It develops methods
for the portrayal of simultaneous chemical reactions describing equilibrium systems of interest in geochemistry. New
chapters on complex ions; cation exchange and cation electrodes; “combination diagrams,” — diagrams plotted using
a variety of activity variables and showing reactions among silicates, carbonates, and other mineral species; and on
the effects of changing temperature and pressure on equilibria. 450 pp. $14.25

SPORES: Their Dormancy and Germination

Alfred S. Sussman @ University of Michigan
Harlyn O. Halvorson ® University of Wisconsin

Here is the first integrated treatment of the historical and recent developments in the field of microbial dormancy and
spores, discussing bacteria and fungi comparatively and underscoring the uniqueness of each group, with frequent
references to dormant systems among higher organisms. Illustrations include electron and light micrographs and
graphical data on pertinent experiments. March.

STRUCTURAL AND TECTONIC PRINCIPLES

Peter C. Badgley ® National Aeronautics and Space Administration

This is an integrated, comprehensive treatment of structural geology and tectonics for the advanced undergraduate.
Relates principles of structural geology to tectonics, crustal evolution, tectonophysics, oceanography, and planetology,
etc., giving many North American examples. The author’s extensive field work leads to an emphasis on practical
application. 521 pp. $13.95 . ) :

HA_RPER & ROW,. PUBLISHERS 49 East 33rd Street, New York 10016



Does this look
like an answer

to global problems of ignorance,
disease and physical deprivation?

Not yet. But we're getting Closer.

Behind this movement is a simple statistic with startling im-
plications for all of us — If you count all the scientists and
engineers since the beginning of recorded history, ninety
percent are alive today!

We are now in the midst of the result— an incredible explo-
sion of infaormation from every corner of the globe. And
somewhere within this explosion will be the ultimate answers
to mankind’s oldest, and newest problems.

The challenges are many. First, to understand the nature
of this giant intellectual force. Then, to find the best way to

collect it, classify it, store it...and distribute it appropriately
and instantly to the people who need it.

In this light, you might consider today's Xerox products early
and primitive steps along a difficult but fascinating path.

You'd be right. Yet, has anyone taken these steps before us?

Your degree in Engineering, Science, Business Administration
or Liberal Arts can qualify you for some intriguing openings
at Xerox, in fundamental and applied research, engineering,
manufacturing, marketing/sales, finance and administration.
See your Placement Director or write directly to Mr. Stephen G.
Crawford, Xerox Corporation, P.O. Box 1540, Rochester, New
York 14603. An Equal Opportunity Employer.

XEROX

The Xerox 914 Copier. revolu-
tionized the office copying in-
dustry when it was . introduced
in 1959...and really started us
on our way.

Less than 3 years later, the 813
further extended low-cost, qual-
ity office copying. One- seventh
the volume of the 914, it does
just about everything the 914
doecs oxoopt copy seolid, 3 dimen-
sional objects.

XEROX, 914, 813, 2400 AND LDX ARE TRADEMARKS OF XEROX CORPORATION

Another revolution. An electro-
mechanical-chemical-optical de-
vice called the 2400 because it
produces 2,400 copies per hour

directly from an original docu-
ment. Mo etoncil or ‘‘masctar’

of any kind. You press a button.

TOP PHOTO: LDX (Long Dis-
tance Xerography) scans, trans-
mits and reproduces images
over distances limited only by
the transmission medium.
Somothing like it may print the
morning paper at your break-
fast table some day, or help you
manage a global business.



October 21, 1965, 3:45 a.m.

“Hello? Dr. Richard Feynman? This is the Amer-
ican Broadcasting Company calling. May I con-
gratulate you on your Nobel Prize?”

“Look. This is a heck of an hour—"

“But aren’t you pleased to hear that you've won
the prize?”

“I could have found out later this morning.”

“Well, how do you feel, now that you've won it?” '

“Please — some other time .. .”

And so Richard P. Feynman, Richard Chace Tol-
man Professor of Theoretical Physics at Caltech,
sleepily learned that he was winner of the 1965
Nobel Prize in physics.

9 a.m.
Stockholm, Sweden

Royal Academs of Sciences today awarded you and
Tomonaga and Schwinger jointly the 1965 Nobel Prize
for Thysics for your fundamental work in quantum
electrodynamics with deep ploughing consequences
for the physics of elementary particles. Prize money
each one-third. Our warm congratulations. Letter will

fullow. )
Erik Rudberg
The Permanent Secretary

10
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Richard P.
Feynman

Nobel Prizewinner

It was official. Richard Feynman shared the
$55,000 prize with Shinichero Tomonaga of Tokyo
and Julian Schwinger of Harvard for their inde-
pendent work in quantum electrodynamics done in
the years 1947-49,

10:30 a.m.

Accompanied by his wife, Gweneth, and three-
year-old son, Carl, Feynman meets the press —
radio, television, newspaper, and magazine — in the
Athenaeum on the Caltech campus.

Reporter: “Is there any way your work can be
explained in laymen’s terms?”

Feynman: “There certainly must be. But I don’t
know what it is.”

Reporter: ‘Well, then, what was your reaction
when you first heard that you had won the Nobel
Prize?”

Feynman: “I thought it was some student calling
as a prank. I wasn’t too polite. But after the third
call T was convinced. I hope the guys who called
will accept my apologies.”

11:45 a.m.
Some reporters who couldn’t get to the morn-

Engineering and Science



ing press conference show up in F eynmans office
foi-a repeat performance
Television newsman: “T'll tell you what I'm go-
ing to ask you, so you’ll be ready when the cameras
start. One of the questions,is: What applications
does this paper have in the computer industry?”
Feynman: “The answer to that will be — none.”
“Well, then, does it have application?”
“It hasn’t got any.”
~“Oh, you're kidding, sir!”
“No.” I
“Well, I'm going to-ask you also to comment on
the statement that your work was to convert ex-
_perimental data on strange particles into hard math-
ematical fact.” ‘
“No, I'm not going to comment on that.”
“All right — What time did you hear about the
award?”
“OK — now turn on the cameras!”

4:15 p.m.
Feynman is the center of attentlon at a packed

physics department research conference tea in East

Bridge, as he describes his busy day.

“This man from the Times came to photograph
me. He was taking a lot of pictures, and he was talk-
ing all the time and he said, “This morning — what
did they ask you?’ I said, “Well, the hardest one they
asked me was to explain in a few words — you know
— what the damn thing is about.” So he says to me,
still taking pictures, ‘Hell! If you could explain in a
few words what it was all about, it wouldn’t be
worth no Nobel Prize!”

Someone asks Feynman when he is supposed to
be in Stockholm for the award ceremony.

Feynman: “The tenth of December . . .
to get a borrowed tux somewhere.”

“Tails,” says Carl Anderson, chairman of the
physics department and winner of the Nobel Prize
in physics in 1936.

Feynman: “Tails —”

T’ll have

Feynman shares the limelight with his wife, Gweneth,
and son, Carl, at a press conference in the Athenaeum.

Anderson: “Tails. And you have to have a tall silk
hat. Get the collapsible kind, that you can sit on.
You can get them in Stockholm. You can rent them
all there.”

Feynman: “Y know I'll put it on and think to my-
self — here, but a few years ago, stood Anderson.”

Anderson: “Many years, many years.”

Feynman: “In this very suit!”

Late evening
At his home, in a private interview with student
editors of the California Tech, Feynman tells of
phoning Tomonaga earlier in the afternoon (when
it was nearly midnight in Japan).
“Congratulations.”

“What did we do to win the “We
award?”

‘November 1965

wented a scheme for pmhmg a
great problem under the rug.’

“Maybe it will stay under the
rug — but maybe it won’t.”
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“Same to you.” v , ‘
“How does it feel to be.a Nobel Prizewinner?”
“T guess you kuow.”

“Can you explain to me in laymen’s terms exactly.

what it was you did to win the prize?”
“Please — I'm very sleepy!”

Some other achievements

Richard P. Feynman already has an impressive
list of honors and achievements to his credit. He is
a fellow of the Royal Society of London and a mem-
ber of the National Academy of Sciences. In 1954
he won the Albert Einstein Award for scientific
achievement, and, in 1962, the Ernest Orlando Law-
rence Memorial Award given by the Atomic Energy
Commission for significant contributions to nuclear
science.

Just as famous a teacher as he is a theoretical
physicist, Feynman has completely revised Cal-
tech’s courses in introductory physics. In 1964 he
served as a member of the Calitornia State Curricu-
lum Commission to select textbooks for elementary
grade arithmetic courses.

Born in New York City in 1918, Feynman re-
ceived his BS degree from MIT in 1939, and his PhD
from Princeton in 1942. After wartime work at the
Los Alamos Scientific Laboratory, he became pro-
fessor of theoretical physics at Cornell University
in 1945. In 1950 he came to Caltech with the same

| title. He has been Richard Ch.ace Tolman Professor

of Theoretical Physics since 1959.

Feyuman’s interests range well beyond the field
of theoretical physics. He likes to go. camping with
his family, play the bongo drums, and draw. (He

_ is currently trading drawing lessons for physics les-

sons with an artist friend.)
Feynman, who is also an enthusiastic traveler,

. believes in speaking to his hosts in their own lan-

guage. Recently, in the hope of taking a trip to
South America, he worked hard learning Spanish.
Finally he got an invitation to speak in Brazil
— where the native language is Portuguese. Un-
daunted, he found a tutor and took six weeks to pre-
pare for delivering a series of lectures on quantum
theory in Portuguese — or in what he calls “Feyn-
man’s Portuguese” (“I could understand what I
was saying, but I couldn’t understand real Portu-
guese”).
At last report he was starting to learn Swedish.

The work that won the prize

Quantum electrodynamics, the field in which
Feynman’s work was done, was born in the late 20s
when Dirac, Fermi, Heisenberg, and Pauli applied
the new quantum mechanics to the old equations
of Maxwell’s classical electrodynamics. The new
theory, by quantizing the fields and physical quan-
tities involved, was able to describe the standard
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Feynman celebrates with students, friends, and colleagues Carl Anderson and Robert F. Bacher.
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radiation processes occurring in atomic physics.

However, the new theory was unable to provide
precise answers. Thus, when an electron moved into
a lower-energy orbit and emitted a photon, the theo-
ry could predict only a first approzimation of the
wavelength of the photon. Correction terms in the
equations, which should have yielded more precise
answers, diverged and gave infinite values, which
were physically meaningless. The general feeling
was that these difficulties reflected some basic errors
in the formulation of the theory, and from 1935 to
1945 there were numerous attempts to determine
what revisions were necessary to make it work.

But no radical flaw could be found. Moreover, by
1946 experiments were being conducted with much-
improved accuracy, made possible by the develop-
ment of microwave techniques, and the weaknesses
of the theory were being re-exposed. Feynman and
Schwinger, independently, took up the problem
again, while Tomonaga continued work already in
progress.

 The fact that the three worked independently

using three different methods gave great breadth

and richness to the theory that finally emerged. To-
monaga proceeded with basic physical principles,
Schwinger with massive mathematical formulation,
and Feynman with a reconstruction of almost the

whole of quantum mechanics and electrodynamics

from his own point of view. Tomonaga and
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¢ tower of Thr()&) Hall.

Schwinger worked within the framework of field
theory, and Feynman took a radical approach that
treated all events in terms of particles.

The nature of Feynman’s approach made it diffi-
cult for him to find acceptance for his results at first.
After he had some spectacular successes in solving
problems, he and Schwinger decided in 1948 to pre-
sent their theories at a conference. The audience
was not too receptive to either, but seemed particu-
larly hostile to Feynman’s unorthodox, particle ap-
proach. So, even though not all the divergence diffi-
culties had been overcome, he decided to publish
his results, at about the same time as did 'Tomonaga
and Schwinger. Seventeen years later, while those
few problems still remain, modern quantum electro-
dynamics has brought order to that vast part of
physics lying between gravity and nuclear forces.
Moreover, Feynman'’s simplified rules of calculation
are now standard tools of theoretical analysis in
both quantum electrodynamics and high-energy
physics, and the Feynman diagrams (pictures of in-
teraction trajectories ) vastly simplify quantum elec-
trodynamics interaction calculations.

Feynman himself believes that the discrepancies
of the few remaining divergences in his theory
have not been resolved; they still present a serious
problem.

—Tim Hendrickson 67, Stuart Galley 68,
Fred Lamb 67. :
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Peter Lissaman, assistant professor
of aeronautics, in the GALCIT 10-
foot wind tunnel.

The Winds of Change in Aeronautics

by Peter Lissaman

Throughout the centuries man has been obsessed
with the thought of being able to travel in the
Earth’s atmosphere and beyond. From the legend of
Icarus to the fantasies of Jules Verne, the mind is
constantly stimulated with the prospect of being
able to break the bonds tying man to the surface of
our own sphere. A multitnde of sages has made fan-
tastic and sanguine prophecies of future air and
space travel, and yet most of these visions have
foundered on the hard facts of physics. The chains
of gravity proved hard to break; and it is only in the
last half-century that we have been able to sever our
links with the nap of the Earth to make possible
those ancient visions. The history of man’s fight to
fly, has been described as a “long story, of legends
and dreams, theories and fancies, all suddenly trans-

formed into facts; a tale of the hopes of madmen

‘suddenly recognized as reasonable ambitions.”

Momentum and the Red Queen

Aerial transport has always lagged behind the
predictions made for it because, of all forms of earth-
bound locomotion, the aircraft is incomparably the
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most complicated. This is really because it is an in-
terface vehicle, one which travels free from the
Earth, but depends upon Earth and its surrounding
atmosphere to maintain a precarious equilibrium.
The land- or water-based vehicle accepts and con-
cedes to the Earth’s gravitational field, and the
space vehicle escapes gravity — but the airplane
continually defies gravity .

The air vehicle sustains itself by continually push-
ing air downwards. While it is obvious that a pro-
peller obtains its thrust by pushing air backwards,
it is not quite so evident that the wing of an airplane
is operating in exactly the same way. It deflects
downward the air through which the vehicle is
moving to provide a vertical momentum, thus giv-
ing the upward force necessary to maintain equi-
librium. We may therefore regard the aerial vehicle
as a momentum generator: a device that operates
upon a certain amount of air — the amount depend-
ing on its speed and its capture area — and deflects
it downwards. The lift it derives from this process
depends on the two capture factors, speed and size,
as well as the actual density of the air.

Now air is light, and man is heavy, so, because of

Engineering and Science



what Shakespeare called “this insubstantial air,” in
order to lift our own “too, too solid flesh” we have Lo
" handle a great deal of air. This can be done either
by using a very large capture area (long wings or
rolors ), or by traveling al high speeds. The energy
or power required to impart the necessary down-
ward momentum depends in a simple way upon the
mass of the air. The more air captured, the less
downward velocity it need be given, and the less
power is required to produce a given lift. Thus, in
general, as we reduce our capture mass by making
smaller and slower devices, we increase the pewer
required for sustentation.

So, unlike the ship, or hard-surface vehicle, the

aerial device must constantly expend power merely

to stay aloft. It must then use additional power to
move from one point to another against air resis-
tance. Ironically, the power required increases as
the vehicle tries to fly very slowly or to hover be-
cause the mass of air encountered is reduced so that
full engine capacity is usually required for slow
flight. The aircraft, in fact, exists in a type of Won-
derland where, as the Red Queen said to Alice, “it

takes all the running one can do to stay in the same

place.”

What price speed?

Some years ago, Theodore von Kdrman and Giu-
seppe Gabrielli took to thinking about the myriad
means man uses to move himself over the globe,
and to analyzing these in terms of transport effect-
iveness. They produced the graph shown below
which compares the speed and lifting translational

efficiency (lift-to-drag ratio) of different vehicles.

As can be seeu, displacement ships have an ex-
ceptionally high translational efficiency right up to
100 and above; it takes a very small amount of pow-
er to push a large load at moderate speeds through
the ocean. However, to make a ship go fast requires
large power expenditures. Beyond about 40 knots,
the well-known wave barrier for ships, the power
required increases rapidly, and the voyage be-

“comes very bumpy and rough.

Another class of ocean vehicle, the so-called dy-
namic water ship, is able to break through the 40-
knot wave barrier and to approach the 100-knot re-
gion, where it starts to get into severe problems
of buffet and high drag. These ships rise partially
out of the water in cruise and derive a large part of
‘their lift from their forward velocity. One type is
the planing boat, of which the best known is the PT
boat of the second world war; another is the hydro-
foil boat, which is supported by small subsurface
hydrodynamic wings, and, as it were, flies through
the water. Both consume power simply to stay up,
regardless of their motion, so they are intrinsically
less efficient than regular ships.

Road vehicles, which include automobiles, buses,
and trains, are also less efficient than regular ships
because they operate against the friction of the
ground; on the other hand, having nothing corre-
sponding to a wave barrier, they can travel faster,
their speeds being limited mainly by very physical
barriers like people, corners, and other vehicles!

Aircraft always require more power than any
other type of vehicle; in particular, aircraft that are
designed to travel very slowly, like helicopters, have

Lift-to-drag ratio is a
measure of the effectiveness
of different vehicles. For a
given speed, the vehicle
highest on the chart will
have the best transportation
effectivencss.

(After Von Kdrmdn and
Gabrielli.)
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a very low translational efficiency. However, as the

speed of an aircraft increases, so does its translation-

al efficiency, up to about 600 knots, when the air-
plane starts to mect its own wave barrier, the speed
of sound. At that point the drag increases severely,
and the efficiency falls off.

Von Kéirman and Gabrielli proposed; on a purely
statistical basis, a line which they suggested was the
absolute limit for transport effectiveness. And, in-
terestingly enongh, very few vehicles have succeed:-
ed in crossing that line. However, a curious class of
vessels, called surface-effect ships, falls-in a region
not covered by either airplanes or ships, and holds
great promise.

The important thing about transport is that one
always pays a price for speed. However, in some
areas one gets a better bargain for one’s money,
especially when one operates close to the limiting
line. Therefore, for about the 150- to 600-knot range,
aircraft are the best mode of travel; for about the
40- to 150-knot range, surface-effect ships; and be-
low 40 knots, displacement ships.

A statistical picture of people’s demands and hab- -

its of perambulation shows two very significant fac-
tors: (1) the enormous demand in the 500-mile
range, and (2) the fact that the airplane does not
have its share of this traffic.

These curves have been drawn for the highly
mobile and technological society of the United
States. Similar data from the underdeveloped coun-
tries or from the intensely populated regions of
Woestern Europe would show an even more striking
illustration of the great gap that can be filled only
by air transportation.

Consider those great land masses of India, Africa,
and South America: continents that awoke after the
Industrial Revolution, that do not have the inland

TOTAL TRANSPORTATION
SUPPLY
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PASSENGER MILES (BILLIONS}

20
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TRAIN
T T T T 1
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Transportation spectrum, 5howmg how demands for
various-length 7oumeys are met in the Umted States.
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waterways suitable for hydro transportation, and
that struggle with overcrowded rail and road sys-
tems to move their teeming peoples. It is too late in
history to build railroads, to cut so painfully slowly
across the Earth’s face. But the Huntingtons, the
Stanfords, of a new age are already living, and to
them the Amazonian jungle and escarpments of
the Drakensberg are Sierras of the mind; from

115,000 feet they are merely marks on a map. Above

those virgin lands lie the vast and limitless high-
ways of the skies. The benefits to the underde-
veloped countries of a comprehensive and efficient
air transport system stagger the imagination; be-
cause of the topographic barriers to surface travel,
they have no way to go but up in the literal sense of
the word.

Consider for a moment what can be done using
conventional aircraft. The great C5-A transport air-
plane, commissioned this October by the U.S. Gov-
ernment, will carry a quarter of a million pounds
over stagelengths of thousands of miles at speeds in
excess of 500 knots. One of these airplanes can do
the same transportation job as a 50-car freight train.
To be sure, it will still cost less to transport certain
goods — timber, steel, sides of bacon — by surface
vehicle; flying is expensive for pigs. But if one de-
mands more salubrious accommodations than would
a side of bacon, the cost comparison is remarkable.
Projected C5-A passenger versions give transcon-
tinental airfares at levels comparable to bus rates
and make the $100 Atlantic crossing look quite feas-

~ ible.

This is a look at the future for high-density, long-
range routes with advanced terminal facilities at
either end. Howcver, present demand for the inter-
continental stagelength journey is still fairly low,
particularly on a world-wide basis. In the 50- to 500-
mile range a new type of aerial conveyance is
needed. It will look quite different from the conven-

- tional bhird-like airplane, since it must possess per-

formance characteristics that in the past we have
been unable to achieve.

Low, slow, and safely

The reason that aeronautics has not, up to now,
provided the vehicles for mass transportation lies in
the serious terminal problems of modern high-speed
aircraft. The jet airplane is a marvelous device for
traveling comfortably and speedily from A to B.
There is no more effective way to pass from Tehach-
api to Leadville — provided you don’t want to get
on or off at either of these spots. The modern sub-
sonic jet has its major failing in its landing and take-
off requirements — which are immense and rapidly
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A composite photograph of the XC-142, a highly promising V/STOL aircraft, showing the stages of transition flight.

becoming more severe. These involve large, costly
airports which are noisy and far from cities, and
high landing and take-off speeds which greatly in-
crease the danger, especially in conditions of mar-
ginal visibility.

For decades we have realized that the answer to
this was a vehicle that could alight vertically or at a
very low forward speed (the vertical/short take-off
and land aircraft — V/STOL); but to design such a
machine is an extremely difficult technological task
because of both the high power requirements and
the stability problems. Our current answer is the
helicopter, which today has been carried to the limit
of its development in its present form, as has the
fixed-wing airplane.

The helicopter, which performs admirably as a
VTOL, is seriously limited in maximum speeds. At
higher speeds those great flapping blades, so essen-
tial to enable it to capture the air mass required for
hovering flight, become a high drag encumbrance.
It appears as though 200 knots may be about thc

_ limiting speed of the craft in its conventional form;

but even this is remarkable when one considers that
half the rotor blades are still going backwards when
most of the machine is lumbering haphazardly for-
ward. To see a helicopter in high-speed forward
flight reminds one irresistibly of the romantic char-
acter who “flung himself upon his horse and rode
madly off in all directions.” The problems of the

November 1965

fixed-wing airplane at low speeds are well known;
a very high proportion of aircraft accidents are
caused by low-speed stall.

Airplanes and helicopters are at the threshold of
a new wave of development in aeronautics, which
consists, in essence, of controlling the external air-
flow, not only by geometrical techniques ( with rigid
flying surfaces), but also by the addition and sub-
traction of tailored high-energy air. Today circum-
stances are ripe for a new revolution in aeronautics
which could finally bring cheap travel within the
reach of Everyman. The three new ingredients of

‘this mix are:

(1) The need exists and is recognized.

(2) The means of producing auxiliary airflow is
available in the gas turbine.

(3) The technological ability to handle the com-
plex theoretical problems involved is within our
grasp.

One proposed solution to the problem of V/STOL
is the Ling-Temco-Vought XC-142, a vchicle that
very obviously combines the characteristics of the
helicopter and the airplane. It is undoubtedly a
complicated machine, expensive to build and op-
erate, and difficult to fly. But it represents a firm
step in the direction of V/STOL transport.

The tiltwing vehicle, of which the XC-142 is an
outstandingly successful example, is a very direct
approach to the problem of forcing air downwards
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by means of rotating machinery, having given up
hope of doing it with a fixed wing or vane. However,
extensive work is in progress in attempts to get the

air to adherc to a surfacc even while turning through:

very large angles (in other words, to prevent stall-
ing). This involves flow control, in the form of
boundary layer control and the jet flap.

Flow control -

It has long been known that when a surface
moved through a fluid it was surrounded by a layer
of slow-moving air which, in effect, stuck to the
wing. This sheet of low-energy air, of the order of
%.inch thick on a conventional wing, is known as
the honmdary layer, and is the root of all the prob-
lems associated with stall.

As the angle of attack of the wing is increased, the
boundary layer air on the upper surface becomes
progressively more sluggish until it is unable to
make the passage to the back or trailing edge of the
wing, and separates from the surface to mix with
the main airstream. When this happens, the air on
the upper surface no longer flows down along the
wing itself, but streams straight backwards with the
main airflow. Thus, the lift of the upper surface is
lost, usually quite abruptly and with catastrophic
consequences, and the wing is said to be stalled.

The most fundamental way to eliminate this prob-
lem is to get rid of the low-energy air in the bound-
ary layer. This can be done by perforating the wing
surface with a multitude of tiny holes or slots. Now,
curiously, the desired result can be achieved either
by blowing or sucking through these orifices. In the
first case, a high-energy flow is blown out from
the wing interior, which rejuvenates the sluggish
boundary layer; in the latter, the low-energy air
layer is sucked away into the interior of the wing,
thus foiling its reactionary tendencies. The second
method consumes appreciably less power. However,
the main operational applications of boundary layer
control have been in the use of the blowing philoso-
phy, where a high-energy jet is blown over portions
of the wing upper surface. This technique is used
successfully in some naval aircraft, with their no-
toriously severe carrier landing problems. While it
is true that blowing requircs considerably more
‘power input, it is easier and it works.

A more elegant and sophisticated approach to the

high-lift problem s to blow a very high -energy sheet
of air backwards and downwards from the entire
trailing edge of the wing. This both ameliorates the
stall problem and creates an effective artificial wing
many times larger than the actual rigid wing sur-
face. This device is known as the jet flap. Extensive
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theoretical and experimental work is being done in
this field in Europe, and the problem is also being
studied at Caltech. Because of some peculiar advan-
tages, it could be the next step in STOL aircraft.
The most striking thing about the jet flap is the
phenomenon called the thrust paradox. It is so
named hecause it seems like one of those rare but
delightful occasions when one gets something for

'nothing. The jet sheet leaving the wing is directed

downwards, and thns contrihutes appreciably to the
lift; however, as it progresses downstream it is grad-
ually turned by the oncoming air until it is finally
going almost horizontally, so that the momentum is
now directed backwards and provides the thrust
necessary to propel the aircraft. Thus we first ob-
tain lift from the air jet and then, most obligingly, it
turns to provide thrust. The extra lift of a possible
jet-flap aircraft may be five or six times that of a
plain wing, and is obtained at little extra power cost.
The significance of this development can be realized
when one notes that up to now all airplanes have
heen, essentially, powered gliders. In other words,
they consist of a lifting system (the wing) to which
is bolted, with more or less elegance, a thrust system
(the engines). In the jet flap we have a fully inte-
grated flight system, one in which lift and thrust are
developed simultaneously — a principle our feath-
ered friends have used for centuries.

A further promising application of the jet-flap
principle is to the helicopter. Here we envisage a
wide rotor blade emitting the jet curtain all along its
trailing edge — the jet thrust provides the torque
necessary to turn the rotors, while the highly effi-
cient lifting characteristics eliminate or avoid blade
stall, one of the major factors militating against
high-speed helicopter operations. Very recent theo-
retical work in this field has suggested that a heli-
copter with jet-driven and -controlled rotors could
achieve speeds of the order of 300 knots. Alterna-
tively, in the design of a device for operation at low-
er speeds, it seemns that the jet-flap rotor might have
other very desirable characteristics: reduction of
mechanical complexity, increased engine-out safe-
ty, and lower noise levels.

It has been known for many years that when a
wing flew close to the ground its lift was increased
by a small amount, because of a cushion of air built
up underneath the lifting surface. This effect is
much more pronounced in the case of the jet-
flapped wing, which makes the device cven more
effective close to the ground when, of course, the
high-lift properties are most desirable.

It seems endemic to human nature that when one
is on to a good thing one cannot resist carrying it to

continued on page 20
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ridiculous extremes. Therefore, it was only natural
for someone to think of operating a jet-flapped wing
in very close proximity to the ground — and thus
was born one of the few radically ditterent litting
vehicles of this decade, the ground-effect machine
(GEM) or Hovercraft which is generically known
as a surface-effect ship.

Surface-effect ships

Throughout the centuries man has waged an un-
remitting, and to a large extent successful, battle
against friction. One major step was when he de-
cided to roll rather than slide and invented the
wheel; the next great step was when he lifted him-
self from the ground and was able to escape even
rolling resistance. In aerial navigation he was re-
tarded only by the insubstantial air and was able to
‘achieve undreamed-of speeds, but always at the
cost of the power required to stay aloft.

‘By operating very close to the ground we can
greatly reduce this power and still move almost

_ without resistance on a cushion of air. GEMs blow.

out a high-energy curtain of air around their peri-
phory, thus trapping a high-pressurc air bubble be-
neath them and the ground upon which they float.
Of course, they cannot rise very high off the ground;
current heights are scarcely more than a foot or two,
but this lift is obtained at very low power cost.
These vehicles can operate at high speeds, of the
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A foretaste of things to come—a Hovercraft ground-effect machine, now in commercial use on San Francisco Bay.

order of 100 knots, very cheaply, and provide a
most attractive means of high-speed surface travel
in a region that lies essentially between land ve-
hicles and airplanes, and thus fill an important gap
in the transportation spectrum. Moreover, because
the vehicles travel equally well over land or water,
they can deposit passengers right at city centers.

Fresh winds in aeronautics
The developments discussed here involve some

of the more important movements in modern sub-
sonic aeronautics. We have come to the end of a

phase — one that started with man’s first fragile

flutterings and ends with his thrusting of white-hot
supersonic vehicles through the audibly protesting
air. It seems now that the time of brute force is
over; we are realizing that air must be coaxed and
induced, rather than forced to serve our ends, and
that this can be done most elegantly by molding
the airflow with auxiliary airstreams. We now have
the ability to change completely the face of the
world transportation spectrum by intelligent use of
new techniques of lift and propulsion. This will be
a change that will place travel and mobilily witliin
the reach of the common man — that will bring us
commercial, educational, and human gains of enor-
mous significance, and may finally realize the
Wright Brothers” old and noble dream of “aeronau-
tics as a benefit to the peoples of the world.”
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When the University of Nevada awarded John Lauritzen
his B.S.E.E. in 1961, it was only the first big step in the
learning program he envisions for himself. This led him
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honors. Now, through the Company-paid Tuition Refund
Plan, John is working toward his Master’s in Industrial
Managemernl at Brouklyn Pulylechnic insliluie. He is
currently a planning engineer developing test equip-
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He’s ﬁding it at Western E'Iectrc

ment for the Bell System’s revolutionary electronic
telephone switching system. '

If you set high standards for yourself, educationally
and professionally, let's talk. Western Electric’s vast
communications job as manufacturing unit of the Bell
System provides many opportunities for fast-moving
careers for electrical, mechanical and industrial engi-
neers, as well as for physical science, liberal arts and
business majors. Get your copy of the Western Electric
Career Opportunities booklet from your Placement
Officer. And be sure o arrange for an interview when
the Bell System recruiting team visits your campus.

Western Electric manutacturing and Supply Unit of the Bell System / An Equal Opportunity Employer

- Principal manufacturing locations in 13 cities [J Operating centers in many of these same cities plus 36 others throughout the U.S,
O Engineering Research Center, Princeton, N. J. 0 Teletype Corp., Skokie, Ill., Little Rock, Ark. 0 General Headquarters, New York City



The Company’s first engine, the Wasp, teok
to the air on May 5, 1926. Within a year the
Wasp set its first world record and went on
to smash existing records and set standards
for both land and seaplanes for years to
come, carrying airframes and pilots higher,
farther, and faster than they had ever gone
before.

In recent years, planes powered by Pratt
& Whitney Aircraft have gone on to set
new standards of performance in much the
same way as the Wasp had done in the
1920’s. The 727 and DC-9 are indicative of
the new family of short-to-medium range
jetliners which are powered by the highly
successful JT8D turbofan. Examples of

. current military utilizations are the J58-

powered Mach 3 YF-12A which recently
established four world aviation records and
the advanced TF30-powered F-111 variable-
geometry fighter aircrafi.



Take a look at the above chart; then a good long look
at Pratt & Whitney Aircraft—where technical careers
offer exciting growth, continuing challenge, and lasting
stability—where engineers and scientists are recog-
nized as the major reason for the Company’s con-
tinued success.

Engineers and scientists at Pratt & Whitney Aircraft
are today exploring the ever-broadening avenues of
energy conversion for every environment. . . all opening
up new avenues of exploration in every field of aero-
space, marine and industrial power application. The
technical staff working on these programs, backed by
Management’'s determination to provide the best and
most advanced facilities and scientific apparatus, has
already given the Company a firm foothold in the cur-
rent land, sea, air and space programs so vital to our
country’'s future. The list of achievements amassed
by our technical staff is a veritable list of firsts in the
-development of compact power plants; dating back to
the first Wasp engine which lifted the United States
to a position of world leadership in aviation. These
engineering and scientific achievements have enabled
the Company to obtain its current position of leader-

ship in fields such as gas turbines, liquid hydrogen
technology and fuel cells.

Should you join us, you'll be assigned early responsi-
bility. You’ll find the spread of Pratt & Whitney Aircraft’s
programs requires virtually every technical talent. You'll
find opportunities for professional growth further en-
hanced by our Corporation-financed Graduate Educa-
tion Program. Your degree can be a BS, MS or PhD in:
MECHANICAL ¢ AERCNAUTICAL o ELECTRICAL ¢« CHEMICAL
ENGINEERING o PHYSICS e« CHEMISTRY o METALLURGY
o CERAMICS « MATHEMATICS « ENGINEERING SCIENCE OR
APPLIED MECHANICS.

For further information concerning a career with Pratt
& Whitney Aircraft, consult your college placement
officer—or write Mr. William L. Stoner, Engineering
Department, Pratt & Whitney Aircraft, East Hartford,
Connecticut 06108.

SPECIALISTS IN POWER...POWER FOR PROPULSION—~POWER
FOR AUXILIARY SYSTEMS. CURRENT UTILIZATIONS INCLUDE
AIRCRAFT, MISSILES., SPACE VEHICLES, MARINE AND INDUS-
TRIAL APPLICATIONS.

Pratt & Wh itney Aircraft oveosor UN.TED%WT core.

CONNECTICUT OPERATIONS EAST HARTFORD, CONNECTICUT
FLORIDA OPERATIONS WEST PALM BEACH, FLORIDA

An Equal Opportunity Employer



PRINCESS
MARGARET
AT CALTECH

Princess Margaret and President DuBridge
tour the campus on November 9.

Princess Margaret and Lord S nowdon, on the stage of Beckman Auditorium, with their hosts — Presi-
dent and Mrs. DuBridge; Arnold Beckman, chairman of the board of trustees, and Mrs. Beckman.
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After luncheon at the Athenaeum,
a stroll down the Olive Walk

The royal party, well attended by security
police, arrives at Beckman Auditorium.

Freshman
weth Kamm
gets set for an
exclusive shot of
the royal
visitors.

Though he was snatched up by security guards as soon as he popped out
of the manhole, Kamm still managed to get this unique photograph.

November 1965 o ' 25



RARE VISITOR

Comet Tkeya-Seki, flying in from the edge of the
solar system, made a sharp swing around the sun,
reached its closest point to the sun on October 20,
and headed again for outer space. The path of its
orbit took it within 800,000 miles of the sun and af-
forded astronomers a rare chance to observe its
flight through the solar corona at speeds approach-
ing a willion miles an hiour. When the last comet of
this kind appeared in 1887, scientists did not have
the delicate instruments which were used this time
to obtain valuable new information on the makeup
of comets.

Tkeya-Seki, tail first, precedes the sun above the
horizon at 4:30 a.m. on October 29, and is caught
on film by the 18-inch Schmidt telescope at Palo-
mar Observatory. The length of the tail at this
time was 20 degrees.

Caltech students and faculty line up,
on October 20, to watch Ikeya-Seki
head into its solar “fly-by,” from a prime
observation spot on.campus, in the
shadow of Von Karman Laboratory.
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Neural Networks

Foralong time machines that recognize speech
have stimulated the imagination of scientists,
from the engineer to the linguist, both because
of their potential usefulness to communication
technology and for the formidable technical
challenge they represent. Several years of re-
search at RCA have resulted in notable suc-
cesses in this field by using networks of elec-
tranic neurons (simulated nerve eells) to iden-
tify phonemes—the smallest practical units
into which speech sounds can be divided with-
out losing their identity. These neural net-
works operate on the several outputs of a

spectrum-analyzing filter, dynamically examin-

ing the spectrum and making decisions as to
phoneme identity. :
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During recent investigations, 18 consonant
sounds (for example, /m/ as in “mad” and
/h/ as in “hid”’) and 10 vowel sounds were
identified with 869, to 997, reliability when
uttered by any of 6.speakers. Machine recog-
nition of consonants is, in general, much more
elusive than that of vowels, since the identity
of consonants is hidden in the transient be-
havior of the spectrum to a much greater ex-
tent than in its stcady-statc naturc, as is the
case with vowels. Vowel characteristics, how-
ever, usually are more speaker dependent.
The recognition performance obtained repre-
sents, by a considerable margin, the best re-
sults achieved to date by any investigator.

A “neuron,” as used in these networks, is a
simple computing element exhibiting the char-
acteristics of fan-in and fan-out, an input
threshold, and a specified analog relation be-
tween -output and input when the input ex-
ceeds threshold. An array of several hundred
neurons used in speech analysis is structured
in layers; the first layer receives 20 parallel
inputs from the spectrum filter, and by inter-
connections among its member neurons makes
elementary decisions about the shape of the
spectrum. The many outputs of the first laver
pass, in turn, to a second and then to succes-
sive layers, which make ‘ever more sophisti-

-.cated judgments both of the instantaneous

_characteristics of the spectrum and of ‘the
nature of its changes with time. Finally, binary
logic networks make decisions as to the most
likely identity of the phoneme.

In speech processing, neural networks pér-
form with great simplicity, limited-accuracy
operations on a large number of simultaneous
inputs, and maintain continuously analog
measures of the reliability of each decision by
virtue of the analog properties of the comput-
ing elements. These properties, so well suited

for speech analysis, are just those required for
solving pattern recognition problems in general.
It is not surprising then, that neural networks
also show exciting promise in the fields of
visual and other kinds of pattern recognition,
as well as speech.

Reference—A. L. Nelson, M. B. Herscher, T. B.
Martin, H. J. Zadell, J. W. Falrer, ‘* Acoustic Recog-
nition by Analog Feature-Abstraction Techniques,”
Proc. of Symposium on Models of Perception of
Speech and Visual Form, 14 Nov., 1964, Boston, Mass.

A Novel Frequency Divider for
TV Sync Generators

An economical, efficient and high-performance
frequency divider circuit for use in new RCA
color TV broadcast equipment has been de-
veloped. The circuit is a monostable multivi-
brator with a unique ability to adjust its timing
period to be proportional to the period of the
input trigger pulses. The circuit uses only two
transistors, and it has the ability to divide an
input frequency by a constant for a wide range
of input frequencies. It is also quite immune
to power supply variations and requires no
precision capacitors. The circuit requires no
caternally-applicd AFC voltage for regulating
the timing period, such as would be required
in this application with an ordinary mono-
stable divider.
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The two periods of a cycle of opcration, as
shown in the waveforms, are first, “measure,”
and then a “recover.”” When the circuit is in
the rest or “stable’ state, Q1 is saturated and
Q2 is turned off. Once triggered by an input
pulse, Q2 is placed in a constant current con-
ducting mode which causes C2 to discharge at
an essentially constant rate. This action is ter-
minated by the next succeeding pulse which
leaves the voltage across C2 at a value directly
related to the time period between the pulses.
The capacitor voltage is thus a measure of the
pulse repetition interval. The second pulse,
which terminates the measure period, also
causes regenerative circuit action which turns
Q2 off. Succeeding input pulses cause no fur-
ther circuit action until C2 charges (through
R4) to the point where diode CR2 can again
conduct. The first trigger pulse following the
“recover’’ period causes the cycle to reoccur.

A constant frequency division ratio is main-
tained over a wider input frequency range than
was previously possible as a result of the self-
adjusting timing feature. A new color sync
generator, which uses this type of circuit in
the frequency divider that relates the horizontal
and vertical scanning frequencies, is proving
to be highly successful: A 525:1 divider chain
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is used which requires only 8 transistors. If a
chain of binary stages were used, 22 transistors
would be required. Also, a modified form of
this circuit is used to relate the horizontal
scanning frequency to the color TV subcarrier
frequency.

Reference—A. J. Banks and F. I. Johnson, ““Novel
Frequency Dividers for TV Sync Generators,” 1965
IEEE International Convention Record, Part 2.

Transistorized Portable “Victrolas”

Although transistors have previously enjoyed
widespread use in portable receivers and mili-
tary communication cquipment, only recently
have solid-state devices made any significant
penetration into line operated home instru-
ment equipment. Advancing device technology
has made transistor circuitry cost competitive
with equivalent tube circuitry, while providing
improved reliability, instant warm-up, lighter
weight and cooler operation.

In low-cost phonographs using single stage
tube amplifiers, high-output pickups are re-
quired. Such pickups are quite stiff mechani-
cally, require a high stylus force, and thus
track marginally. These low-cost amplifiers
ordinarily use “iransformerless” power sup-
plies with the attendant design problems of
minimizing hum and shock hazards.

RCA Victor’'s new transistorized portable
phonographs use multistage DC-coupled cir-
cuits providing ample power gain for use with
pickups of higher compliance and smoother
frequency response. Record wear and tracking
are thereby improved. The higher efficiency of
the output stage and the elimination of the
heater-power requirement result in a cooler
amplifier—and make possible the use of a
secondary winding on the phonograph motor
for the power supply. The resulting isolation
eliminates the shock hazard and makes pos-
sible the application of conventional ground-
ing techniques.

To minimize costs and improve reliability,
this amplifier has been designed to be built on
a printed circuit board. The need for a separate
supporting chassis has been eliminated by
mounting the printed board under the turn-
table on the record changer motorboard, al-
lowing the output chokes and filter capacitor
to extend through the motorboard. The motor-
board serves both as a heat sink and mounting
for the output transistors. Volume and tone
controls are mounted on the motorboard, and
all inter-connecting cables and wiring are in-
tegral with the record changer assembly.

Reference—J.A. Tourtellot, RCA technical report,

These are only a few of the recent achievements which are
indicative of the great range of activities in engineering and
science at RCA. To learn more about the many scientific
challenges awaiting bachelor and advanced degree candi-
dates in EE, ME, ChE, Physics or Mathematics, write:
College Relations, Radin Carporation of America, Cherry
Hill, New Jersey.

An Equal Opportunity Employer

The Most Trusted Name
in Electronics
Tmks. ®



Does sprinkler protection pay? Ask them!

You don’t need statistics to justify
automatic sprinkler fire protection.
Just ask any firefighter. He’ll tell you
that sprinklers can make the differ-
ence between a fire that’s out and a
fire that’s out of control when fire
apparatus rcaches the scene.
Automatic sprinklers are the first
line of defense against fire. And
Grinnell is today’s leader in auto-
" matic sprinkler protection. Grinnell
developed the first practical auto-
matic sprinkler system, and is today
the largest installer of automatic
sprinkler systems.

Whenever piping is invelved...

From fire protection systems to com-
plex prefabricated piping for power

water works supplies

v

pipe and tube fittings -«

and process plants, whenever piping
is involved, industry looks to
Grinnell.

Grinnell has the engineering (from
‘basic research to piping system de-
sign and prefabrication), the pro-
duction facilitics (cight plants in the
U. S. and Canada), the experience
(over 100 years of leadership in the
field), to solve the toughest piping
problem. .

Worth remembering—against the
day you may have piping problems
to solve. And worth investigating
now if you are looking for the un-
usual in an engineering career. Write
Grinnell Company, Inc., 260 West
Exchange Street, Providence, Rhode
Island 02901.

Grinnell Automatic Sprinklers include
the Duraspeed® type (left) that incor-
porates a fusible-solder joint and the
Quartzoid® Buib type (right) filled with
heat-expandable liquid.

GRINNELL

WHENEVER PIPING IS INVOLVED

Grinnell Company; Inc., Providence, R. I. - Warehouses and distributors coast to coast.

welding fittings ¢ engineered pipe hangers and supports ¢ Thermolier unit heaters valves
Grinnell-Saunders diaphragm valves ¢ pre-fabricated piping ¢ plumbing and heating specialties  industrial supplies
Grinnell automatic sprinkler fire protection systems

* Amco air conditioning systems



STUDENTS...

PROFESSORS...

ENGINEERS...

CLEARPRINT IS THEIR COMMON DENOMINATOR

The reason for that is quality. To do the best work
you have to start with the best materials. For over 30
years Clearprint Technical Papers have served stu-
dents, educators, and professionals with distinction.
| Clearprint’s unchanging character includes 1009%
rag uniformity, permanent transparency, outstanding
erasing and handling qualities. You get all this in
addition to Clearprint’s ideal ink and pencil surface.

“FADE-OUT” PAPER

CLEARPRINT PAPER CO. ‘ ;
1482-67th Street, Emeryville, California

W Everyone who uses technical papers should try this
comparative test: Draw, erase, and hold the sheet to
the light. Not a chance of a ghost! M Repeat and re-
peat this test. The results will amaze you. You will
agree — Clearprint is America’s finest technical pa-
per. Introduce your students to it today. ® Write now
for Clearprint samples, sizes, and prices.

CEM 77

- [] Bend me Clearprint samples, with prices, for the following uses:

NN S K SO T T

TECHNICAL PAPER Name
FORMS * CHARTS *» GRAPHS -
“PRE-PRINT” PAPER

T Address

THERE 1S NO SUBSTITUTE ~

. Gty State _Zip

Clearprint is Wotermarked For Your Protection



John D. Roberis, chemistry division chairman, demonstrates the effects of temperature on conformations of a molecule.

CONFORMATIONAL CHANGES

Caltech screntists study
molecules that twist and flip-flop,
often at very high speeds

'Caltech chemists, under the direction of Profes-
sor John D. Roberts, are investigating conforma-
tional changes in certain types of hydrocarbon-ring
molecules, some of which occur in pharmaceutical
and industrial products. Conformational changes
are changes in the spatial arrangements of the
atoms within a molecule and may play a major role
in influencing chemical and physical properties.

(The coiling and uncoiling of DNA molecules is an

~example of a conformational change.) Knowledge
30

of conformations of molecules and how they change
is important in understanding drug action and the

‘ways in which molecules are broken apart by en-

zymes, as in digestive processes.

For many molecules, conformational changes are
amazingly rapid, often oceurring as fast as billions
of times per second. However, for other molecules.
even of closely related structures, conformational

changes may be extremely slow, so that some take
place only once in 10,000 years.

Engineering and Science



Ecward Glazer determines a nuclear magnetic spec-
triern. The samgele i in an adjoining 12-inch electro-
mamnel. The spectrum vecorded of e consele will
later be compared with other spectra of the seme ma-
ferial taken at different temperatures.

The stable comformation of a molecule is one in
which the atoms interfere with each other as little
as possible within the constraints put on them hy
the chemical bonds between atoms. However, inter-
molecular collisions can deform them.
them into other conformations. Professar Roberts,
Edward S. Glazer, and Dirs. Gerhard Binsch, .
Thomas C, Gerig, and Dean L. Griffith have been
studying conformations of rings of hydrocarbon
medecules {cyeloalkanes ) to determine the favored
conformations [if any ) of those with six to ten car-
bons in the vings, Changes in the shapes of the rings
a5 the carbon atoms flip fronn one position to an-
other are basically mechanical processes that can
be demonstrated and, to a degree, predicted with
ball-and-stick models of moaolecules, These models
show graphically that, in general, the larger the
ring, the easier it is for the ring to twist and flip-flop
without the carbon atoms hoaving to hreak the
chemical bonds with neighbor atoms.

“knocking”

Lxperimental technigue

The technigue used to analyze the conformations
of these molecules is nuclear magnetic resonance
(NMR}, an extremely precise and comparatively
rupid method that is also widely used in industry
for chemical analysis of liquids and, sometimes,

November 19635

gases. In the apparatus used at Caltech, NMR
measurements are made on samples in a strong
magnetic field (14000 gauss), which partially
aligns the muclei of the hydrogen or fluorine atoms
in the field direction. The aligned nuclei can ah-
sorb energy in the radio frequency region, the spe-
cific frequencies being determined by the kind and
chemical environment of the nuclei. The record of
absorbed frequencies, which results in a series of
peaks on a graph, permits determination of the type
and number of atoms in the molecule. Rate proces-
ses such as conformational changes may show up as
a blurring or averaging of the NMR spectrum, The
changes, becanse they are cansed by intermolecu-
lar collisions, are temperature-dependent, For that
reason, molecules having a high rate of change are
studied at low temperatures, Cyclooctane, an cight-
membered rving for which a hitherto unsuspected
form | the “twist boat™ ) was [ound to be most stuble,
had ta be cooled to =300 F for determination of its
structure, because at room temperatures the ring
changes between conformations morve than a hillion
times per second. This research in conformational
changes has been supported by the National Science
Fommndation and the Office of Naval Besearch,

=1&0°

-1&l*
=102*
~163°

=1e5*

-I?;W\/\—*J‘l’

Between -1607 and -175°C the spectrum of 1.1-diflu-
oroeyelpoctane changes drastically. At -160°C the rate
of eomformational change becomes slow enoneh that
the fluorine atoms can begin to be detected in the ex-
freme positions: at -173°C the molecule is essentiolly
frozen, and the different loeations of the fluorines ore
clearly distinguishod.

;E>>

31




EXPLORE THE UNIQUE OPPORTUNITIES AT

tional SecurityAgency

... where special programs encourage rapid professional advancement
for the engineer, scientist and mathematician launching his career.

MSA 5. & sciemtific and
rrLEmiky in the United States, perhaps
in the workd, miue in i mission, s oper-
atlon, his requiremeants , , . undgue, too, In it
seope of opportunity 1t affords a young scien-
tist or engineer beginning his career.

A separate agonoy functioning within the
Diepartment of Defense, NSA is responsible
e, invulnerable)
communications systems o transmit and re-
ceive vital information, Within thit area, which
encompasses the whole field of oypio
the science. of codes and ciplsers—REA oo
teams pursue a bread speclrum af ||'|vl.":=~|inﬂ-
tions taking them well beyond many known
and accepted boundaries of knowledge. Be-
research R (vEStiga-
esx throuwgh applied research,
nm anit design, prolotype emgine

jng_ and on jnto vanous phades of anplications

technological cosms
i

: ..
foor r|1~l.--e:|-:.l|||||.g Msecure

ginning with basic
ticans pr
cle
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Al WA you might speclalize In any or sew-
eral of these sectors, depending on your
talents and special interesis:

ENGINEERING. Antennaltransmitier/receiver

design . i:ig 1 speeed compuiers (digital and
analog) . . . transistor circuiley - . . advanced
radio communications techniques . . .
wave communications . . . audio and video
I\c-:-;;-rdirg devices . .. r.n-np.nn'rc stwdies and
applications . . . intocgrated girouitry .
cromintaturization,
Solid state (basic and applied
.o or tromagnetic propagation . . . Upper
atmosphere phenomena . . . superconductivity
and cryogenics (Fh, D. graduvates only),

MATHEMATICS, Statistical mathemartics . . .
matrix algebra . . . finite fields . . . probabilitg
« « o Combinatorial anakysis . . . programming
and symbolic logic

micro-

|

Unequaled Facilities and Equipment
Im a near-academic atmosphere, MSA Scen-
tists and engineers enjoy the most fully-instm-

mented laborziorics and wee of advanced
computcr gnd othor coquipment, some found
nowhere elze in the world,

Skilled clerical and technical suppeort will
frse youi b0 concenteale on the most challen-
ging aspects of your projects, and thus help
spead vour profassional ,_:!_rnwrh.
Qutstanding Colleagues

Yoo will wark alongside |u;-.-:.||'||- of enor-
sy varied h.'|{h5r-.'\-||r|.r|'= and intebleciual
nteresis, over 500 of whom hold advanced
tegroes:.

Rescarchers at ™S4 also receive  constand
stimulus from oolside the agency, To assist in
MNEA

curtar oilan

Special

rrograrm  aroas, calls on

besards - of  consulants—outstanding
=cicnlists and engincers from in|:|.|-lr'|' and

academic cerlers as well as from other gow
BFRMEnT EeNCies.

Career Development Opportunities

Yeour |1m|'¥-:'-.i|||;.1l growih and EAITINE [OwWer
expand from the day vou join N5A, without
having to accumulate years of “experience.”
WNEA carper -::||'|.1'|-::-||Ir|1:ﬁl 15 orderly and swift:
substantial salary increases follow as you as-
sume more and more responsibility.

A number of MNSA career development
programs help shorten the time when you
car contribute ai your maximum potantial,
These programs include:

ADVANCER 5TUDY. MNSA'S liberal graduate
study program ationds vou the opporlunily to
pursug part-time stedy wup to eight hours
esach semester andfor one semester or more

of full-time graduate '\.':|:|:'|~.r a1 full salary, Wear-
Iy all academic eosts are paid by M54 whase
proximiby o unlvarsities offering a
wealth of advanced courses and seminars is
an additional  asset.

IN-HOUSE TRAINING. The new NSA ems
|;.|.;|-, e lirsl attends a six-werk general omen-
tation program, followed by a perind of spe-
dalized classroom study designed to broaden
farmiliarity with an area or areas of heavy NSA

COnCEm (oo, o

RV

18 theory, erppk-
I and  analysis, woliel
stedy is complemented
by on-the-job training, as you work and lmam
under the guidanco and direction of highly
experienced associales.

PREIFESSIONAL - ASSOCIATIONS, TRAVEL
The agency losters a climate of recognition
and advancement for its young professionals
Ll!_n.l enCrEragIng |,‘a.'|||.|l:.._',".|.'||i-.“.ll1
association affaire, and aszisting voo 1o attend
naticnal meefings, semi
e weell as wisit other research facilities where
related work @5 underway—government, umi-
versity and industrial—throughout the United
States.

Liberal
Location

YA policies refating W0 vacanons, InFurance
and retirement are {air and liberal. You enjoy
the benefits of Fedeoral employment without
the necessity of Clvil Service certificalion.

Locatad  belween  Washington  and  Balti-
more, NSA is also rear the Chesaprake Bay,
ocean beaches, ski resorts and ather popular
summer and winter recreation arcas, notb to
mention the wvaried leisure-tioe  atiractions
of the nation’s capial lseli. The
permits your choice of city, suburban or
country Inang,

Campus Interviews —
Check Now for Dates!

Representatives of the National Securlty
Agemncy will conduct inlerviews on Campus
soon. Check with your Placement office as
soon as possitle to schedule an app

nsda

NATIONAL SECURITY AGENCY
Suite TU, 4435 Wisconsin Avenoe, MY,
washington, D.C. 20006

An equal opportunity employer
. .- where imagination /5 the essential gualification
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BUY PERFORMANCE!
BUY SEALMASTER!

You wouldn’t even consider a ball bearing
unless you needed reliability. So be sure you
get performance — buy a ball bearing that is
designed and built of quality components
with features that will meet the demands
of the application. Sealmaster ball bearings
offer an unmatched combination of Quality,
Performance and Economy. This means that

you can rely on Sealmaster and you can
afford its cost. You can pay more than you
would for Sealmaster and get no more —
or — you can pay less and get a whaole lot
less. Contact Sealmaster today and inquire
about the ball bearing that has the right
balance of performance and economy.

Write for complete line Catalog 164,

SEALMASTER BEARINGS

A DIVISION OF
STEPHENS-ADAMSON MFG. CO.

I 49 Ridgeway Ave., - Avrora, lll, 60506

N PLANTS LOCATED IN: LOS ANGELES, CALIFORNIA
Standard FLANGE CARTRIDGE TAKE-UP 5 1
Medium Duty UNIT UNIT L BEARING CLARKSDALE, MISSISSIPPI » BELLEVILLE, ONTARIO

FLANGE UNIT MEXICO DF




ROYAL W. SORENSEN

(1882-1965)

This tribute to Royal Sorensen was delivered by Fred-
erick C. Lindvall, Caltech professor of electrical and
mechanical engineering, and chairman of the division
of engineering and applied science, at a memorial ser-
vice held on October 29 at the First Baptist Church in
Pasadena. Dr. Sorensen died at his home in Pasadena,
on October 27, after a long illness.

Royal Wasson Sorensen was a distinguished engi-
neer and educator who also lived as a man with a
deep feeling of professional responsibility to his
community and his fellow man. Born in a log cabin
in Wabaunsee County, Kansas, on April 25, 1882, he
spent his childhood and college years in Colorado.
His engineering career began with graduation from
the University of Colorado in 1905. He then became
a transformer design engineer with the General
Electric Company in Pittsfield, Massachusetts. In
1910, Royal Sorensen left industry to teach electrical
engineering in a new, virtually unknown institution
in California — the Throop College of Technology —
because he was impressed with the educational
objectives of its founders and the opportunities
presented for improved engineering education.

Professor Sorensen grew with Throop and also
as an engineer, participating in California’s pioneer
work in high-voltage long-distance transmission of
electrical power. Indeed, in these early days he fore-
saw more clearly than most of his contemporaries
the great need for the large-scale electrical power
transmission grid which has since come into being.

In 1921, Throop College became the California
Institute of Technology, which marked the start of
its great growth in the basic sciences and mathe-
matics. Professor Sorensen was quick to recognize
the merit of a strongcer scicntific basc for his engi-
neering students and to endorse the then novel idea
of an unusually large amount of undergraduate ed-
ucation in the humanities for engineering students.
He also foresaw that the best future professional
practice would require education beyond the tra-
ditional baccalaureate degree and conceived a plan
for graduate study in electrical engineering at Cal-
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Royal Sorensen with the 1923 model of his vacuum
switch, now on display at the Smithsonian Institute.

tech which consisted in large measure of advanced
work in basic science and mathematics, rather than
of advanced topics solely in specialized engineering
areas. From the master’s and doctoral programs in
electrical engineering, begun in the early 20s, have
come a large group of alumni whose achievements
attest to the merits of Professor Sorensen’s concept.

At this same time, a High Voltage Laboratory
was erected on the Caltech campus as a cooperative
development with the Southern California Edison
Company to solve some of the emerging problems
in power transmission. Professor Sorensen personal-
ly designed the transformers and conceived the
chain or cascade connection through which the
four transformers operated as the first million-volt
power testing facility in the United States.

Keenly aware of the serious problems of control
and protection of high-voltage power systems, Pro-
fessor Sorensen in 1923 began experiments with
power current interruption in vacuum and by 1925
had demonstrated the feasibility of the concept.
However, commercial application would be forced
to wait until 1960 when new vacuum technology
and metallurgy had made possible a vacuum switch
of acceptable commoercial rcliability. A measurc of
the significance of the vacuum switch invention is
the fact that the original 1923 model was accepted
in 1062 for permanent display in the Smithsonian
Institute in Washington.

His professional work was internationally known,
and his honors and awards were numerous and dis-
tinguished. Among these: His alma mater, Univer-
sity of Colorado, conferred on him the degree of
D. Sc. He served his professional society, the Amer-

continued on page 38
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Hitch it to a herd of grizzlies.. ..

N

... or feed it a Motorola alternator system*

THE PROBLEM: How DO YOU GIVE YOUR CAR
BATTERY THE ENERGY OF A GRIZZLY BEAR — UPHILL, DOWNHILL, OR JUST TO GET GOING?

There was a time when engineering an alternator
system was an impracticality. Most everyone in the
business tried it—no one could successfully mass
produce the automotive diode—the key to the sys-
tem. Finally, Motorola engineers made the break-
through— alternator systems are committing hapless
generators to the museum showcase.

Today, alternator systems are designed for auto-
motive, industrial, and marine use.

This sort of engineering sophistication is producing

automotive electronic equipment to do things for the
car that are impractical to accomplish mechanically.

Transistor ignition systems and electronic tach-
ometers, hour meters for trucks and stereo tape
decks, all-in-one air conditioning and heat control
systems —these are a few of the projects currently
in motion with Motorola automotive engineers.

The car radio? Sure. Motorola makes that too. Paul
Galvin mass produced the first ones in 1929 . .. to
start a little business.

*An electronic system that maintains a consistent, reliable energy supply for the car's electrical equipment.

TRUST THIS EMSIGNIA

WHEREVER YOU FIND IT

MOTOROLA
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Want

RecogTinion?

LTV recognizes the

young engineer from
the start. Besides
the satisfaction of
working on top-priority
projects, you'll be
given the opportunity
to work toward
advanced degrees
through company-
sponsored programs.

*rer0 00000

Taooking for
2 good- £{Ebing

Ready to debut as a
practicing engineer?
See how LTV can help

find the field you're
cut out for. Your
whole career benefits
when you start

with the right job.

We're ready to (O talk, engineers — about any

facilities. Company sales. Current
projects and plans for the future. And you.

If you're looking for a career of exciting growth and accomplishment,
you're also looking for a company with the same qualities. Here at LTV
Aerospace Corporation, young engineers and the company are growing
in the fields of aircraft, missiles, space, surface vehicles and range
services. Assignments are diversified, too. They include such areas as:
aerodynamics < avionics and instrumentation ¢ dynamics ¢ systems
design ¢ propulsion * stress analysis * communications design ¢ tech-
nical administration . .. and others.

For complete information about a career with LTV, consult your
Placement Office or write College Relations Office. LTV Aerospace
Corporation, P. O. Box 5907, Dallas, Texas 75222. LTV Aerospace
Corporation is an equal opportunity employer.

LTV
AEROSPFPACE
CORPORATION

A SUBSIDIARY OF LING-TEMCO-VOUGHT, INC.

DIVISIONS: LTV ASTRONAUTICS ¢ LTV MICHIGAN « LTV RANGE
SYSTEMS +* LTV VOUGHT AERONAUTICS + KENTRON HAWAII, LTD.

question you ask. Training programs. Research

gll-Kounded?

An engineer who's at home in several specialties is a man
in demand. LTV's cross-training and multiple projects
produce well-rounded candidates for top-level positions.

L I I I T T T T



BOOSTING
PLANT POTENTIAL

Another of your future’s many facets at Monsanto

As a billion-dollar manufacturer of hundreds of products—in 40 U. S. plants, 15
overseas—Monsanto considers the manufacturing engineer of prime importance.
His talents are needed to find new ways (and improve old ways) of increasing yields,
improving control, lowering costs— bringing plants up to optimum performance.

You will have the satisfaction of applying your engineering skills and knowledge,
and seeing the results . . . from inception to final operation . . . and have the full
responsibility for your decisions. There are production challenges now awaiting
good men . . . plus substantial rewards for meeting them.

Let us show you what they can mean to you . . . professionally, personally, financially.
Write today—we’ll send you our brochure, ‘‘Your Future and Monsanto.’’ Address:
Manager, Professional Recruiting, Dept. 962, Monsanto, St. Louis,
Missouri 63166.

An Equal Opportunity Employer

Monsanto




A Tribute to Royal W. Sorensen . .

ican Institute of Electrical Engineers, as national
president in 1940-41 and in later years was designa-
ted as Honorary Member, a distinction few engi-
neers achieve. For his professional work and for his
contributions to engineering education in Japan, the
Japanese Institute of Electrical Engineers designa-
ted Professor Sorensen as an Honorary Member.
His pleasure in this recognition was in a sense a
measure of his broad interest in people everywhere.
Another and more personal honor was the estab-
lishment by a group of senior engineers in the Los
Angeles area, all Fellows of the Institute of Elec-
trical and Flectranic Engineers, of an informal
organization known as the Royal W. Sorensen Fel-
lows. The group appreciated this additional oppor-
tunity of association with Royal, and its name will
now sustain his memory in local engineering circles.
In furtherance of professional ideals, Professor
Sorensen served for several years on the California
State Board of Registration of Professional Engi-
neers. In the community he was well known for
his long and devoted service to his church, to the
Pasadena YMCA, and the Tuberculosis Association.

In all, Professor Sorensen was officially a part of
Caltech for 42 years and Caltech was a part of him.
He contributed more than his inventions, his edu-
cational innovations, and his professional activities.
He served the Institute and the students for many

. continued

years in the additional capacity of Dircctor of Ath-
letics. He was concerned both for the student’s edu-
cation and for his physical well-being. His influence
on students thus extended far beyond the bounds
of his electrical engineering classroom. His exten-
sive knowledge of students was matched only by
his amazing memory for their names and careers.
In 1948 the Caltech Alumni Association made him
an honorary member — a distinction held by only
seven men — and at the time of his retirement from
the Institute an alumni group established a fund for
a Royal W. Sorensen Fellowship.

In 1952, Royal Sorensen became Professor Emeri-
tus, which for him meant “retired” in name only.
Continuous productive professional and commu-
nity service followed until his health no longer per-
mitted. He came often to his campus office, to
faculty meetings, and to student affairs, particu-
larly those of the Caltech YMCA. He was instru-
mental in establishing the Caltech YMCA in 1916
and served continuously on its Board of Directors
for almost 50 years.

As a friend, a colleague, and a wise counselor he
will be sorely missed, but we will cherish his mem-
ory and be ever grateful for all of his kindly help
and wise guidance along the road. These words
must surely be inadequate. Yet who can know the
measure of a man?

SUPPORT

AS IF IT WERE

*1t 4s, 1sn’t it?

THE ALUMNI FUND

YOUR VERY OWN*

CALTECH ALUMNI
ATHENAEUM MEMBERSHIP

The Board of Governors of the
Athenaeum has extended the privi-
lege of membership in the Athen-
aeum to members of the Caltech
Alumni Association. Those alumni
who are members of the Association
in good standing may avail them-
selves of this privilege of becoming
an Athenaeum member. All the fa-
cilities of the Athenaeum will be
available to these members with the
exception of extending overnight
guest privileges to others.

Any alumnus interested in this
membership should procure an ap-
plication card from the Alumni
Association.

Donald S. Clark, Secretary
Alumni Association
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A career decision needn’t be a headache.

Not if you apply facts as criteria in making your choice.
And the facts that count are the “dimensions” of a com-
pany. Where it’s been . . . where it is today . . . and where
ir's going.

Let’s apply these measurements to Sikorsky Aircraft. First
of all, we are an “engineer’s” company. We earned that
title during our early years of pioneering in a dynamic,
young industry. Today, our trail-blazing assumes the form
of the most advanced VTOL aircraft systems. Ultra-
sophisticated vehicles . . . combining the challenging
technologies of the VTOL airframe and complex electronic
systems to create the world’s most versatile means of trans-
portation. As for tomorrow? Steady, solid advancement is
a habit with us. And our programs for the exciting future
ahead assure a most rewarding environment for young engi-
neers who can keep pace with our growth.

WHERE WOULD YOU FIT IN? In any number of de-
manding areas. If you are an original thinker —an

innovator — you’ll be asked to take on tough, responsible
assignments. And you would be working in small, interde-
pendent groups with some of the most respected engineers
in the aerospace industry . . . helping to solve problems in
such fields as aeroedynamics ¢ human factors engineering
e automatic controls e structures engineering o weight pre-
diction ¢ systems analysis ¢ operations research e reliability/
maintainability engineering ¢ auvtonavigation systems e
computer technology . . . among others.

Are you our kind of engineer? Then the opportunity for
individual recognition and growth is here . . . now.

And professional goals can be further advanced through
our corporation-financed Graduate Education Program
available in many outstanding schools within the area.

Please consult your College Placement Office for campus
interview dates — or — for further information, write to
Mr. Leo J. Shalvoy, Engineering Personnel.




Alumni News

Richard W. Shoemaker (1881-1965)

Richard W. Shoemaker ’03, died on
October 19, in Grass Valley, California,
where he had been retired since 1953.
One of the oldest living Caltech alum-
ni, he made significant contributions
to the field of engineering during his
lifetime. His family has established an
R. W. Shoemaker Memorial Fund to
be given to the California Institute of
Technology.

When Richard Shoemaker was still
a student at Caltech — then called
Throop College — he sent the first wire-
less message Lo Catalina Island. Carrier
pigeons flew messages the 28 miles
from the mainland for the island’s
newspapers at that time. After gradua-
tion Shoemaker went with the Federal
Lead Mines in Missouri, where he in-
stalled an electrical method of hauling
out ore, this time replacing donkeys
being used tor the job.

Back in California, in 1914, with the
Bowie Switch Company, he put in the
country’s first trackless trolley in Laurel
Canyon near Hollywood. In 1917 he
enlisted in the U.S. Navy and became
the officer in charge of the building

College
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Libraries LONDON

SUBSCRIBE
NOW
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Clip this advertisement and return it
with your check or money order to:

The Christian Science Monitor
One Norway St., Boston, Mass. 02115
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of the first battleship, Guinn, in Seattle.
After the war he went to Shanghai and
Hong Kaong tn study electrical oppor-
tunities there, and to Manchuria to ne-
gotiate for the electrical railways in
Harbin.

On his return to California, Shoe-
maker entered the hydroelectric field
and was consulted regarding the power
potential of Hoover Dam. He designed
the drop for the All-American Canal in
Imperial Valley and the power house at
the Don Pedro Dam on the Tuolumne
River near Turlock. He had more than
20 patents in his nanie. The most wide-
ly used is his bus bar, found in the
Hoover and Grand Coulee dams.

In 1928 Shoemaker went to Brazil
to cenlralize the electric companies in
the state of Sao Paulo. Upon his return
in 1934, he was engaged as a consult-
ing engineer for the Chase Brass &
Copper Company and the Kennecott
Wire and Cable Company in Connecti-
cut, and became an authority on ra-
diant heating. His book on the subject
was printed in French and Spanish.

Returning to California in 1946,
Shoemaker was appointed consulting
engineer for the Oakdale Irrigation Dis-
trict’s Tri-Dam Project on the San
Joaquin River and, in 1950, for the
Nevada Irrigation District.

He was a fellow of the Institute of
Electronics and Electrical Engineers
and a member of the American Society
of Mechanical Engineers and the Amer-
ican Society of Heating and Ventilating
Engineers. In 1962 he was chosen by
the Engineering Council of Sacramen-
to Valley as the engineer who had con-
tributed most to the growth and devel-
opment of the electrical power industry
and the engineering profession.

Shoemaker was a member of the
Caltech Alimni  Association and, in
1953, was honored by the Institute on
the golden anniversary of his gradua-
tion from Throop College.

He is survived by his wife and a son,
Richard, of Washington, D.C.

Freshman Event

A “Gentlemen’s Tea” for freshmen
entering Caltech this fall from the New
York City area was held by the Caltech
Alumni Association’s New York chap-
ter in September. Nineteen guests, in-
cluding Caltech sophomores, juniors,
and seniors from the Metropolitan area,
were entertained at New York’s Colum-
bia University Club. Victor Wouk, MS
’40, PhD ’42, was unofficial host, and
Bruno Pilorz 44, president of the alum-
ni chapter, presided at a question-and-
answer session. Harry J. Moore, Jr., 48,
was in charge of arrangements.

The New York Chapter hopes the
tea will become an annual event.

—Victor Wouk

Books .

Foundations of Solid Mechanics
by Y. C. Fung, MS ’43, PhD ’48
Prentice-Hall Inc. «covoeveeeeeei .. $13.50

Y. C. Fung, professor of aeronautics
at Caltech, intends this book to bridge
the gap between elementary textbooks
and more advanced literature; it is the
only one available covering the entire
field of solid mechanics. The book be-
longs in the Prentice-Hall International
Series in Dynamics, of which Dr. Fung
is also editor.

. « continued

Ideas in Modern Biology
edited by John A. Moore
The Natural History Press .......... $8.00

Based on papers delivered at the XVI
International Congress of Zoology, this
book examines most of the major ideas
in modern animal biology. Contribu-
tions include “The Duplication and
Recombination of Genes,” by Matthew
S. Meselson, PhD °57, associate profes-
sor of biology at Harvard University.

The Architecture of Molecules

by Linus Pauling and Roger Hayward
W. H. Freeman and Co. ............ $10.00

This elegant book has a text by Dr.
Pauling and 57 plates in full color by
Roger Hayward, the scientific illustra-
tor who also illustrated Pauling’s wide-
ly used General Chemistry and College
Chemistry. 1t is planned especially for
young people who are just beginning
to develup an interest in science. The
discussions treat the subject of how
atoms are arranged and interconnected
in molecules and crystals, and the way
in which the geometry of this organiza-
tion accounts for some of the properties
of substances.

Space Propulsion
by Donald L. Turcotte, ’54, PhD 58
Blaisdell Publishing Co. .............. $2.50

Donald Turcotte, associate professor
of aerospace engineering at Cornell
University, wrote this for an introduc-
tory course in astronautics. It is not in-
tended to show how to design a partic-
ular space vehicle or propulsion sys-
tem, but to show how the fundamental
physical and chemical laws place limi
tations on vehicle performance and in-
fluence the selection of propulsion sys-
tems for specific mission requirements.
Topics include: requirements for a
space propulsion system, chemical pro-
pulsion systems, nuclear propulsion
systems, electrical propulsion devices
combined with a nuclear reactor, and
photon propulsion and solar sailing.
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FOR ENGINEERING EXCELLENCE, CALL IN STONE & WEBSTER

Stone & Webster develops
WORLD’S FIRST COMPUTER-DRAWN HEAT BALANCE DIAGRAMS

Heat balance diagrams calculated and drawn
entirely by computers are being produced as stand-
ard procedure by Stone & Webster engineers, The
result: greater accuracy, significant man-hour sav-
ings and increased study range.

Hundreds of heat balances can be prepared
economically and examined to facilitate optimum
plant design. In addition, all heat balances can be
quickly and inexpensively recorded in this con-
venient diagrammatic form for both operational
study and reference purposes.

Developed by Stone & Webster, the procedure
eliminates tedious copying, drawing and checking.
The computer draws solid and dashed lines, arrow-
heads and equipment symbols. It calculates and
prints out full data in detail.

Stone & Webster’s special services include: En-
gineering, design, procurement of materials, con-
struction, reports and appraisals, feasibility
studies, computer studies, evaluations and recom-
mendations, steam and power consultation, soils
and foundation assistance. We invite your inquiry.

B\ STONE & WEBSTER cocioonns cormormton

New York - Boston - Chicago - Houston - San Francisco - Los Angeles - Seattle - Washington, D. C.

Stone & Webster Engineering Limited-London » Stone & Webster Engineering S. A.-Paris « Stone & Webster Engineering N.V.-Amsteraam
Stone & Webster Canada Limited-Toronto » Associated Engineers & Consultants, Inc.-Garden City, N.Y.




Personals

1921

CLIFFORD C. POTTS died on Septem-
ber 23 in Los Angeles, after a long illness.
He had been with the Westinghouse Elec-
tric Corp. since 1923 and, at the time of
his retirement in 1962, was a special rep-
resentative for their electric utility de-
partment. He is survived by his wife,
Betty, his daughter, Mrs. Thomas Mec-
Mahon, and two granddaughters.

1925

KENNETH W. RANNEY died on July 4
in Garden Grove, Calif., where he made
his home. Retired chief executive of Cal-
Compack Foods, Inc., of Santa Ana, Ran-
ney was a pioneer in the Orange County
fcod processing industry. He is survived
by his wife, Marjorie; two sons, Gilbert
and David; a daughter, Sylvia, and one
granddaughter.

1931
GEORGE LANGSNER, California depu-
ty state highway engineer, has been re-
elected secretary-treasurer of the West-
ern Association of State Highway Officials.

1933
ROBERT C. HOGAN is the new Western
regional manager of the Englander Com-
pany, Inc., in charge of sales offices in
San Francisco, Seattle, and Los Angeles,
with headquarters in L.A.

1935

DAVID J. T.EHMICKF. has heen named
research associate for fundamental prob-
lems in textiles and fibers research at the
Firestone Tire & Rubber Company’s cen-
tral research laboratories in Akron, Ohio.
Lehmicke, who has been with Firestone
since 1955, was serving as group leader in
the textiles and adhesives division of the
laboratories.

1938
DAVID K. BEAVON has joined the Ralph
M. Parsons Co. in Los Angeles, as direc-
tor of process operations, petroleum-chem-
ical engineering.

1940

LEO BREWER, professor of chemistry at
the University of California at Berkeley, is
dircctor of the new Inorganic Materials
Research Laboratory of the Lawrence Ra-
diation Laboratory at the University of
California at Berkeley, which was dedi-
cated in July.

ROSS D. F. THOMPSON has been pro-
moted to professor of physics at California
State College at Los Angeles. He has been
on the Cal State faculty since 1959 and,

42

before that, spent nine years in the physics
department at USC.

1942

HENRY W. MENARD, JR., MS 47,
writes that he is on a year’s leave of ab-
sence from the University of California at
San Diego and is a technical assistant with
the Executive Office of the President, Of-
fice of Science and Technology, in Wash-
ington, D.C.

1943
WILLIAM HOVANITZ, PhD, professor
of zoology at California State College at
Los Angeles, is on sabbatical leave doing
research under the sponsorship of the Lep-
idoptera Research Foundation and the
National Science Foundation.

1944
WILLIAM E. LOCKWOOD, JR., has
been appointed manager of manufacturing
for the eastern metal division of the Con-
tinental Can Company in New York City.

1945

OTIS E. LANCASTER, AE, has been
elected vice president and member of the
board of directors of the American So-
ciety of Engineering Education. He is
George Westinghouse Professor of Engi-
neering Education, at Pennsylvania State
University.

HARRIS M. SCHURMEIER, MS ’48, AE
’49, former Ranger Project manager at
Caltech’s Jet Propulsion Laboratory, has
been appointed Voyager deputy project
manager and Voyager capsule system
manager. The spacecraft is scheduled for
operational launch to Mars in 1971.

1946

MIKE W. FOSSIER. MS, AE 47, has
been elected vice president and division
assistant general manager-technical of the
Raytheon Company in Lexington, Mass.
Fossier, who has been with Raytheon since
1950, was chief engineer for the missile
systems division.

1947

PAUL G. ATKINSON, JR., MS, colonel
in the U.S. Air Force, is deputy com-
mander of the Aerospace Research Labor-
loties al Wright-Pattersou Air Force Basc
in Ohio. Atkinson, a recipient of the Dis-
tinguished Service Cross and the Legion
of Merit, recently received the Air Force
Commendation Medal for outstanding
achievement during his assignment as
propulsion division chief for research and
development at USAF headquarters in
Washington, D.C.

1948
GLENN A. CHAFFEE has resigned as
pastor of the First Church of the Nazarene

in San Francisco to study for his PhD
at Michigan State University.

CHARLES I. BROWNE, JR., MS, lus
been named an assistant test division lead-
er at the Los Alamos Scientific Laboratory
in New Mexico. Browne has been with the
Laboratory since 1955.

1949
CLEMENT J. SAVANT, JR., MS ’50, PhD
’53, will serve as director of Whittaker
Corp.’s new advanced development de-
partment in the controls and guidance di-
vision in North Hollywaaod.

1950

WILLIAM F. SAMPSON has been ap-
pointed assistant general manager of a
newly established Manned Orbiting Lab-
oratory systems engineering office for the
Aerospace Corporation in El Segundo. He
was previously group director of several
military space programs in the satellite
systems division.

1951

JOHN R. JANNARONE, MS, was pro-
moted to the rank of brigadier general and
appointed dean of the United States Mili-
tary Academy at West Point on June 1.
General Jannarone has been professor in
the physics and chemistry departments at
West Point since 1057 and was head of
both departments last year.

EDWIN E. PYATT is at the University of
Florida in Gainesville as professor of sani-
tary engineering. He was formerly a senior
research engineer at the Travelers Re-
search Center in Hartford, Conn.

1952
MELVIN A PEDERSEN, MS, physicist
with the U.S. Navy Electronics Labora-
tory in San Diego, was awarded $1200 by
the Bureau of Ships for research that led
to the adaptation of computer techniques
to underwater sound propagation. The
new method, it is estimated, will save the
Navy $450,000 a year.

1954

SIDNEY B. BELLINGER, JR., MD.,
writes that he has completed a four-year
residency in general surgery at the U.S.
Naval Hospital in Oakland, Calif., and is
enroute to the U.S. Naval Hospital in
Guam with his wife, Edie, and children,
Mark (4), and Kristen, (2).

1956
WILLIAM K. PURVES, JR., associate
professor of botany at the University of
California at Santa Barbara, has received
the Plous Memorial Award for substantial
contributions to the intellectual life of the
college community. Purves has been at
Santa Barbara for four years and holds a
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“What happens if | find,

in a year or so, that my
real talent and interest
lie in another area of
electronics—and | want

to change direction?”’

R
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¥

At Sylvania Electronic Systems —with its nation-wide com-
plex of research and development laboratories and manufac-
turing plants, this is no problem. The in-house project list
is diversified enough lu accommodate most career changes.
And a comprehensive educational assistance program makes
it possible to acquire background needed in any discipline.

Technical or administrative assignments are available in
current SES project areas including: ground electronics
equipment for Minuteman missile sites + R&D in electronic
warfare field « electronic security systems « ASW systems -
special purpose airborne computers -+ laser systems + space-
borne electronic and optical systems. . . plus world-wide engi-
neering support systems._

Always available —whether you wish to change
your field of interest or pursue it—are divi-
sion-wide conferences, in-plant courses and

seminars, and post graduate study plans conducted on an
unusually generous scale.

At all times, your professional development will benefit by a
positive management attitude toward technical growth as
well as the SES small group form of organization —a tradi-
tional small company advantage. And you will be able to
choose one of three distinct routes for advancement, all with
equal rewards —technical specialist, technical manager, pro-
gram/project manager.

The SES mission —to manage government systems pro-
grams for General Telephone & Electronics, the parent corpo-
ration — guarantees an abundant variety of challenging and
absorbing assignments in state-of-the-art electronics and
communications. Wherever your intellectual
and professional curiosity leads, you'll have
more opportunity to satisfy it at SES.

GENERAL TELEPHONE & ELECTRONICS

Total Communications fram a single source through

SYILVANIA ELECTRONIC SYSTEMS

For further information about specific assignments, see your college placement officer, or
write to Manager of College Relations, 40 Sylvan Road, Waltham, Massachusetts 02154.
An Equal Opportunity Employer.

SES LABORATORIES ARE LOCATED SUBURBAN TO SAN FRANCISCO, BUFFALO AND BOSTON.



Personals . . . continued

National Science Foundation grant to con-
duct research on a plant growth hormone.

1957
REUBEN B. MOULTON, Jr., and his
wife, Beverly, send news of the birth of
their first child, Victoria Lynne, on Aug-
ust 19. Rube is division commercial super-
visor for Pacific Telephone in Alhambra.

T. NEIL DAVIS, MS, has been appointed
assistant director of the Geophysical In-
stitute at the University of Alaska. He will
continue his investigations of the upper at-
mosphere, using sounding rockets, which
he began while working for NASA.

1958
ROBERT E. TOKHEIM, MS 59, has
joined the electron devices division of
Watkins-Johnson Company in Palo Alto.

Before joining W-J he was a research as-
sistant at the Stanford University Micro-
wave Laboratory.

GORDON D. LANGE received his PhD
from The Rockefeller University in June.

1961

JOEL A. MICHAEL has received a re-
search fellowship from the Carnegie Insti-
tution and will spend a year at the Na-
tional Physical Laboratory, Teddington,
England. He will investigate the processes
in the brain involved in vision. Michael
has been working on his PhD at MIT.

1962
RAYMOND P. LUTZ, PhD, was recently
appointed assistant professor of chemistry
at the University of Illinois. He went to
Urbana from Harvard University, where
he had been on the faculty since 1961.

1963

DAVID WARREN HALL, PhD, has been
named advanced research chemist at the
Marathon Oil Company’s Denver Research
Center. Hall, who joined Marathon in
1962, is the inventor of a new method for
production of a raw material for synthetic

rubber.

1965

ROGER L. PETERSON, PhD, has joined
International Minerals & Chemical Cor-
poration as a research chemist at the com-
pany’s research and development center
near Skokie, Illinois.

GLENN GARY CLINARD has received
the 1965 Honeywell award for significant
work in undergraduate engineering and
science. He is doing graduate work at Cal-
tech in mechanical engineering.
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some chemical engineers
prefer to work like this...

and some prefer it like this

—we’ll promote them both

You can talk to some of our chemical engineering big-
wigs and come away with the impression that a man who
has not yet forgotten everything he learned in freshman
calculus is an impractical theorist and a shirker. (Your
impression would be wrong. He doesn’t mean that at all.
Bessel functions were his meat at one time.)

Others of our boss chemical engineers will sound as
though it is no longer decent for an cducated profcssional
to look inside a reactor personally. (He neglects to tell
you how hard it was to give up a grand time as an ap-
prentice steamfitter to enter college.)

Observe, then, that both of these types have risen to
bigwigdom. It takes all kinds to run an outfit like ours.
The chap who applies new directions in the solid state

theory of catalysts to knock a nickel off the tankwagon
price of a monomer deserves reward comparable to that
of the grimy one who cuts a plant’s downtime in half by
relocating the filters so that the pump motors quit burn-
ing out.

CHOICE is what we believe in offering, in addition to
the expected emoluments. We believe in it for our own
good. We can offer it because of our vast and ever- grow-
ing diversification, which is all from within. We offer
choice at the outset and choice after you have had a
chance to try out your ambitions and see how they work.

Drop us a line about your ambitions. If your ambitions
happen to be in mechanical or electrical engineering,
drop us a line just the same. We offer choice there, too.

EASTMAN KODAK COMPANY

Business and Technical Personnel Department / Rochester, N. Y. 14650

An equal-opportunity employer offering also a choice in location: Rochester, N. Y., Kingsport, Tenn., or Longview, Tex.

Kodak




INDUSTRY CONTROL enginser Bob Vaughn, Vir-
ginia Polytechnic Inst., worked on drives,
control and the new SCR armature reguator,
from design through installation.

A PREVIEW OF YOUR CAREER AT GENERAL ELECTRIC:

PRINTED CIRCUIT PROCISS heart of au‘omatic.
control, was checked by Glenn Keller, Lehigh
U., on the Manufacturing Program at Specialty
Control Department.

|

CUSTCMER REQUIREMENTS for d-c motors
were met by Jim Johnson, U. of Cincinnati, on
a Technical Marketing Program assignment at
. Large Generator & Motor Department.

Automating a Complete Steel Mill

The automation cof Bethlehem Steel Corporation’s new Burns
Harbor, Indiana, cold rolled and plate milis is another giant
step toward meeting the demands for stepped-up steel
production. General Electric is uniquely equipped to supply
all the bits and pieces of automation, and to call on and
integrate the skills of more than 120 business departments
—skills that run the gamut of specialized and systems engi-
neering, manufacturing and technical marketing. Whatever
the projects at General Electric, and they are legion, a small-
company atmosphere is maintained, so that individual con-

tributions are quickly recognized. And, these become starting
points to new discoveries and opportunities. Write us now—
or talk with your placement officer—to define your career
interest with General Electric. Section 699-14, Schenectady,
N. Y. (An Equal Opportunity Employer)

Progress Is Ovr Most Important Prodlvct

GENERAL @3 ELECTRIC



