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James Chisholm, class of ’41,
speaks from experience when he says,

“Men with ability and ambition really have
a chance to get ahead at U.S. Steel”

® A responsible position can come
quickly to those graduate engineers at
U.S. Steel who show ability and ambi-
tion. Management training programs
are designed to stimulate and develop
these quahtles as the trainee “learns by
doing.” His training is always a fascin-
ating challenge and he works with the
best equipment and the finest people in
the business.

James Chisholm is typical of the
young men who rapidly rise to an im-
portant position at U.S. Steel. Jim
came to U.S. Steel as a trainee in 1941
after graduating as an M.E. Shortly
thereafter he entered military service
for four years. Upon his return to U.S.
Steel in 1946, he advanced steadily un-
til, in 1951, he was appointed to his
present position as Assistant Superin-
tendent of Blast Furnaces at the new
Fairless Works at Morrisville, Pa.

Jim is now in charge of quality con-

trol for open hearth furnaces at Fair-
less, the unloading of all ore ships and
the operation of the plant’s two big
blast furnaces—each with a rated out-
put of 1500 tons per day.

Jim feels that the opportunities for
graduate engineers are exceptional at
U.S. Steel. He remarked that in his own
department alone, six college trainees
have been put into management posi-
tions within the last couple of years. He
says that chances for advancement are
even better now with the current expan-
sion of facilities and the development

SEE THE UNITED STATES STEEL HOUR. It's a full-hour TV program
presernited every other week by United States Steel. Consult your local

newspaper for time and station.

UNITED STATES ST

of new products and markets.

If you are interested in a challenging
and rewarding career with United
States Steel, and feel that you can
qualify, you can get details from your
college placement director. And we will
gladly send you a copy of our informa-
tive booklet, “Paths of Opportunity,”
which describes U.S. Steel and the
openings in various scientific fields.
Just write to United States Steel Cor-
poration, Personnel Division, Room
1622, 525 William Penn Place; Pitts-

burgh 30, Pennsylvania.

AMERICAN BRIDGE .. AMERICAN STEEL & WIRE and CYCLONE FENCE .. COLUMBIA-GENEVA STEEL.. CONSOLIDATED WESTERN STEEL .. GERRARD STEEL STRAPPING .. NATIONAL TUBE

OIL WELL SUPPLY .. TENNESSEE COAL & [RON ..
UNITED STATES STEEL HOMES, {NC

UNION SUPPLY COMPANY

UNITED STATES STEEL PRODUCTS .. UNITED STATES STEEL SUPPLY .. Divisions of UNITED STATES STEEL CORPORATION, PITTSBURGH
+ UNITED STATES STEEL EXPORT COMPANY - UNIVERSAL ATLAS CEMENT COMPANY 5-690



How about SQUARE PEGS «nd ROUND HOLES?

VERY on-his-toes engineering senior knows that his
first job is a most important one.

Naturally, he wants a job where he fits in with his work,
his company. the men around him. Because that’s where
his chances are best for building a lifetime career.

He surely doesn’t want to be a square peg in around hole.

To such a young man we can say in all honesty that —
here at General Motors — he has a unique opportunity
to “fit in.”

For here is a company with abundant opportunities for
many different kinds of men, many varieties of talent,
many fields of interest.

—A company where engineering opportunities exist in
the design and manufacturing of cars, trucks, home
appliances, airerafl engines, Diesel engines, road-
building equipment, defense weapons.

—A company whose vigorous decentralization results in
small, close-knit technical teams enjoying harmonious
working conditions and highest mutual respect.

—An organization that bends every effort to encourage
professional advancement through training programs,
publication of papers, and the support of vast facilities
and resources.

We’ll be glad to help you find where you might fit in.
Let your Placement Officer arrange it, or write us
directly.

GM Positions Now Available
In These Fields:
MECHANICAL ENGINEERING
CHEMICAL ENGINEERING
ELECTRICAL ENGINEERING
INDUSTRIAL ENGINEERING
: METALLURGICAL ENGINEERING
AERONAUTICAL ENGINEERING
BUSINESS ADMINISTRATION

GENERAL MOTORS

MARCH, 1956

Personnel Staff, Detroit 2, Michigan
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IN THIS ISSUE

On our cover this month s a rare
view ol the Olive Walk, taken from
the upper reaches of the student houses,
looking toward the Athenaeum. What
else is rare about this view is thai we're

running it on our cover at all. Unlike
most college publications, ours usually
bypasses campus views in favor of sci-
entists and engineers as cover subjects,
Here, then, to show what a well-round-
ed publication this is, is a campus
view—-and a reminder that we still have
a full complement of natural beauty in
these parts.

President DuBridge's article on page
13 of this issue, “Things We Do Nat
Know,” has been adapted from a talk
given on February 10 to ihe Los An-
geles Rotary Club.

Margaset and Geoffrey Burbidge, who
wrote “Cosmical Alchemy” on page 17,
are at Caltech this year—she as a
research fellow at the Kellogg Radia-
tion Laboratory, and he as a Carnegie
Fellow of the Mount Wilson and Palo-
mar Observatories.

An observational asirenomer, Mrs.
Burbidge got her PhD from the Uni-
versity of London in 1943, has served
8 ant director and acting director
of the Observatory there. A theoretical
astrophysicist, Dr. Burbidge got his
Ph) in applied mathematics from the
University of London in 1951. The Bur-
hidges hegan™a collahoration with Dr.
W. A. Fowler last year (when he was a
Fulbright professor at Cambridge Uni-
versity) on rese
tinuing at Caltech — and which the

as as

weh which is now con-

Burbidges describe in their article.

PICTURE CREDITS

p 18, 19, 21, 22 Walter W. Girdner

p 25 Stuart Bowen '56

p 26 Ben QOlender—
Pasadena Star-News
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many doors will be
opened to you...
which will you enter
when you become an

A :
CAREER|

OPPORTUNITY KNOCKS for engineering careers

at this magnificent new jet aircraft equipment plant

_ Make the right choice when you begin to invest your hard-won skill and
{ knowledge in engineering. Hamilton Standard offers a plant where initiative
and responsibility are encouraged . .. where young men are in top manage-
{ ment posts . . . an engineering staff which has been continuously expanding
i for 35 years . . . a plant which has been judged one of the top 10 in the
nation. You don’t just fill a position at H-S . . . you commence a career! Some
of Hamilton's present projects include jet fuel controls, jet turbine starters,
hydraulic pumps, air cycle and vapor refrigeration systems, controls and
accessories for nuclear engines, propellers for turbine and piston engines.

GRADUATE PROGRAM . . . while at Hamilton Standard you will be encouraged
to take advantage of the company's liberal tuition assistance plan ond to

pursue postgraduate studies at nearby Hartford Graduate Center of
Rensselaer Polytechnic Institute.

HAMILTON STANDARD Send for “YOU AND YOUR FUTURE”

. a colorful brochure picturing and describing alil of the
activities and opportunities ot H-S . . . plus information on
rthe graduate engineering program. Write Mr. T. K. Bye,
126 Bradley Field Road, Windsor Lacks, Connecticut.

HAMILTON STANDARD A DIVISION OF UNITED AIRCRAFT COARPORAT!ON
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From college to business is a big jump. So, before deciding
on that all-important first job, you need spesific information on
what various companies have to offer.

Westinghouse is prepared to give it to you. In a personal
conference, The Man With The Facts will give you a complete

‘story on career opportunities at Westinghouse.

Before deciding on your first job
see the Westinghouse Man With The Facts

He will tell you about its million-dollar Educational Center
and comprehensive training program in classroom and plant
.. . the many kinds of careers open . . . opportunities for further
education and advancement, and how other graduates took
advantage of these to reach interesting and responsible positions,

The Westinghouse $300,000,000 expansion program is con-
stantly opening up new fields and opportunities for young men.
Let The Man With The Facts tell you about them.

So you can size up Westinghouse, ask your Placement Officer
to make a date with The Man With The Facts. Send now,
for copies of booklets offered below.

G-10292

you cAN BE SURE...iF TS

V\/éstinghouse

MARCH, 193¢

Ask your Placement Officer about
career opportunities at Westinghouse,
or write for these two booklets: Con-
tinued Education at Westinghouse (de-
scribing our Graduate Study Program)
and Finding Your Place in Industry.

Write: Mr. S. H. Harrison, Regional
Educational Co-ordinator, Westing-
house Electric Corporation, 410 Bush
Street, San Francisco 8, Califarnia,




BOOKS

ELECTRONS, WAVES
AND MESSAGES
by John R. Pierce
Hanover House, Garden City, N.Y. $5
Reviewed by Robert V. Langmuir
Associate Professor of
Electrical Engineering

Jorn R. Pierce, who received all
his degrees at Caltech (BS ’33, MS
’34, PhD ’36) has written a clear and
simple book about modern elec-
tronics. [t is- written for the intel-
ligent and interested layman at about
the level of the Scientific American.

After an introductory sectioni on
simple mathematics, Newton’s laws
of motion, and electric and magnetic
fields, he treats simple electron op-
tics, microwave tubes and Maxwell’s
equations. All this is presented in a
beautifully clear fashion and can be
easily understood by anyone with
some technical training, I am not so
sure that it can be understood easily
by a person untrained in any sci-
entific discipline.

For non-scientific people there is

something basieally boring about
most introductory discussions of
Newton’s laws of mation which do
not use the calculus. One of the
reasons for this is that Newton’s laws
are often used as a language or tool
for further discussion of physical
pheriomena.

I suspect that this part of the hook
will be somewhat difficult, and pos-
sibly dull, for a layman. Certainly
the study of languages was dull for
me when I was in college, and
physics was very exciting. As a re-
sult, I specialized in physics. Other
students, who had the reverse reac-
tions to these courses, studied further
in languages and never touched sci-
ence again.

To make Newton’s laws interesting
to such language majors was a very
difficult thing. T hope that Dr. Pierce
has succeeded, although I am not
sure that he has. He has, however,
done a far better job than I have
ever seen anywhere else. I cannot
think of a better textbook for that
one required science course in a lib-
eral arts curriculum.

Once the basic foundations are

laid, Pierce discusses microwave
systems, noise and information
theory. The applications of informa-
tionn theory to the English language
and to music are fascinating, and
should be studied carefully by all
who are interested in these subjects.

In the discussion of microwave
tubes Pierce gives the case history
of a research project—namely, his
own work during the past ten years.
He manages to convey the curious
feeling that attends much good re-
search: the very poor understanding
that accompanies successful “push-
ing back the frontiers of knowledge,”
and how simple it all seems a few
years later. | particularly liked the
lack of unjustified philosophizing on
scientific matters and his deep sus-
picion of all analogies.

This book can be heartily recom-
mended to all Caltech graduates in
all fields. It would be very interest-
ing to find out how many of the
wives of Caltech graduates can read,
understand and enjoy this fine book
about science for the layman,

On p. 8, an extract from the book.

Engineers

Physicists
-

Stientific

..

& >~ Inquiries are

invited regarding
openings on our Staff in
the fields listed below:

Technical Book

Technical Books

'The important scientific and technical books
of major publishers are stocked at Vroman’s.
You're welcome to

And you'll find Vroman’s a handy source
for stationery, desk supplies and gifts.

Industrial Discount
Inquiries Welcomed

browse any time.

Open Mondays and Fridays until 9 P.M.

_Free
Parking

Ground and Airborne Radar

Catalog Available
SY. 3.1171 RY. 1-666%

Fire Control Systems

_ VROMAN’S

695 EAST COLORADO ST,

PASADENA

Staff Guided Missile Systems

Relations Airborne Digital Computers
0 Miniaturization and
Hughes 4 Advanced Packaging
. . Communication Systems
RESEARCH Microwave Ferrite Devices
5ND Antennas and Radomes
DEVELOPMENT Indicator and Microwave Tubes
LABORATORIES

Semiconductor Devices

Culver City, Los Angeles County, California

Relocation of applicant must not cause
disruption of an urgent military project.

COMMERCIAL BUILDING
AND RESIDENCE FOR SALE

70 x 50 ft. building, originally instrument factory
plus adjacent four bedroom residence in Fullerton

Culp or Rayne, 209 West Commercial Avenue
Fullerton, California

Lambert 5-6565

TRUESDAIL
Laboratories,
Inc.

Chemists-Engineers
Bacteriologists

Write for Brochure Bi-monthi
Publication Chemistry in Action

Los Angeles 65, Calif. * CA 5-4148

C.E.P, Jefireys,

Ph.D. '31
Research ,- Consultation - Te::hnicul
Analyses - Testing Director
Charter Member
4101 No. Figueroa Street ACIL
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How alumina grain
is part of your future

In electronic tubes Norton 38500 or 38900 aLunpuym* fused alumina grain is used to
coat heater filament tubes (shown greatly enlarged). The grain is put in suspension
and the filament is drag coated, spray coated or electrically deposited (cataphoresis),

MARCH, 1956

THE importance of electrochemi-
L cally refined materials, such as the
ALUNDUM fused alumina (aluminum
oxide) grain referred to here, is
part of yours and everybody’s future.

One of the chief suppliers of these
grains both for laboratory and pro-
duction use is the Norton Company,
long time specialists in the field.
Norton suppﬁes not only fused alu-
mina grain but many other electric
furnace materials, including crysro-
LoN* silicon carbide, MAGNORITE*
magnesium oxide, NOrRBIDE* boron
carbide, FUSED STABILIZED ZIRCONIA,
and others still undergoing research
and development,

Resources at hand...

Thus, you see, Norton Company is
a big part of the future of the world
i which you will work. It is a com-
pany prepared by the past to help you
plan for the future.

In addition to its wide and growing
service 1n the field of refractories,
Norton and its Behr-Manning Divi-
sion are the world’s largest source of
abrasive products, including grind-
ing wheels, grinding machines and
coated abrasives.

Planning your future

To young men now planning
ahead, a career with Norton offers ex-
ceptional opportunities in many in-
teresting fields . . . some already ex-
plored, others still in the pioneering
stage — but all calling for continuous
research and product development. If
you have the necessary college tech-
nical training and wish to investigate
the openings now available at Norton,
write to us. Please include complete
details. Address Director of Per-
sonnel, Norton Company, Worcester
6, Massachusetts.

WNORTONY

REFRACTORIES

Engineered. . . R .. Prescribed
Uidaking better products. . . fo make your products better

*Trade-Marks Req. U. S. Pot. Off. and Foreign Countries
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QUOTE:

ITERATE AND CURIOUS men

of every age have thought and
read and learned about matters out-
side of their immediate physical
needs and experience. What they
have thought and read and learned
about has varied from age to age,
as hoth the tasks of everyday life
and the aspirations that go beyond
these tasks have changed. Sometimes
men have been concerned with re-
ligion, sometimes with mathematics
and philosophy, sometimes with ex-
ploration, trade and conquest, some-
times with the theory and practice
of government, sometimes with an-
cient learning, sometimes with the
arts. l

In different times, in different cul-
tures, these matters have engaged the
atttention of the unusually able and
intelligent men. When some of the
best thought and best effort of a cul-
ture is spent in political philosophy,
or in classical learning, or in art, the
cultured man is the man who is ac-
quainted with, and whose thought re-
flects, political philosophy, or class-
ical learning, or art.

One can scarcely deny that the most
effective thinking of our age, and a
greal deal of its energy and enter-
prise, go into science, and especially
into the sort of science which guides
an  immensely tech-
nology in doing new things and in
doing old things cheaper and better.
This prodigious technology in turn
supports science with a lavishness
unprecedented in any former age.

[t is not only true that the world
about us would astound a man of a
much earlier age. It would astound a
man of fifty vears ago almost as
much. He could not help being
astounded by electric power. wash-
ing machities, dishwashers. freezers,
highways, automobiles. radio. tele-
vision,

complicated

raockets, nuclear
energy. The widespread good living,
the rarity of servants, the diminution

8

airplanes,

by John R. Pierce*

of great luxury would astound him
as much. If he looked more deeply,
the growth of science -— bhoth in
knowledge, in magnitude of effort,
and in monetary reward and public
recognition as well—would astound
him,

The world of fifty years ago had
writers, poets, painters, musicians,
philosophers, politicians, and gov-
ernments. No doubt all ‘of these have
changed of recent years. It is clear,
however, that the great, the char-
acteristic, the significant changes
have been in science and technology
and in the way the world is divided
into countries and governed. We
might even argue that the tre-
mendous political upheavals of our
age are primarily a consequence of
a revolution in science and tech-
nology. Whether or not we go this
far, it is clear that science and tech-
nology, together with  political
change and turmoil, are the out-
standing features of our culture.
Many would put science and tech-
nology first.

One cannot be in tune with his age
without understanding something of
science, and yet this does not seem
to have dawried on many people who
consider themselves educated or, in-
deed, on professional educators,

The very things that enable a man
to understand something of our cul-
ture — mathematics, physics, chem-
istry - are pared away from the
curricula of grade schools, high
schools, and colleges, to be replaced
by generalizations and surveys. Men
who profess to be educated flee
frantically from the most significant
feature of their culture and seek cul-
ture in almost any place but where
it is to be found. It sometimes seems
to e that writing, painting, and
music have become weak, ineffective,
and discouraged by seeking nourish-
ment in the decaying remains of the

past and ignoring the vigorous

An extract from “Electrons, Waves and Messages’

thought and achievement of the
present.

Suppose we do grant that our sci-
ence and technology are the great
and important contributions of our
era, the first things that men should
know about when they look beyond
the tasks and problems of the day
and want to partake in some meas-
ure of the spirit and achievement of
the times. Is it not hopeless to try to
understand a scienice and technology
so multifarious that no scientist can
grasp all the details of more than a
tiny fraction of it? I believe the
answer to be no.

In the past there was less tech-
nology to understand. However, in
the past technology was empirical
art. The understanding of those who
had mastered its skills and rules did
not go beyond those skills and rules
themselves. It seems to me that the
outstanding feature of modern tech-
nology is that skill, rule of thumb,
art, are rapidly being replaced or
explained by science, by understand-
ing. Engineering education, which
waxes brilliantly while much of edu-
cation flourishes dubiously, is con-
tinually being freed from detailed
art and special knowledge to make
way for more physics and mathe-
matics, for more and wider funda-
mental understanding. The engineers
who are graduated today are far.
better educated than I was twenty
years ago. Their education is tough-
er, they learn more that is funda-
mental and broadly important, and
they spend less time on special rules
and tedious art. Engineering by
handbook is not enough in the
modern world. Handbooks last
scarcely long enough to become
familiar before they are outmoded.
An engineer must understand and
think to keep up with his art.

*Copyright 1956 by John R. Pierce. Pub-
lished by Hanover House, o division of

’ Doubleday & Co.. Ine.
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John Young asks:

How does
research
differ from
development

work at Du Pont?

John E. Young is working toward his B. 8. in chemistry from Cali-
fornia Institute of Technology-this June. He has maintained honor
standing in classwork while serving on the school newspaper, in the
debating society, and as treasurer of the student body. John is in-
terested in chemical research and development.

John Aaron answers:

Well, John, it’s hard to define the difference in a way that John B. Aaron worked for Du Pont as a summer
will satisfy everybody, because one always finds a lot of over- laboratory assistant even before he graduated from
lapping between research and development work. But most Princeton with a B.S. in 1940. After military service he
people agree that there are differences, especially in time se- obtamed.an M.S.Ch.E. from M.LT. and returned to
quence. Research work comes first, because one of its main ob- tD“ .It).onttm 11? 47. 0‘;;? tlllf o e“‘f'*“}“e his‘ha? rinan{ °p por;
jectives is to establish or discover new scientific facts that will unities to observe Du Pont research and developmen

work. Today John is process and methods supervisor at
the Philadelphia Plant of Du Pont’s Fabrics and Fin-
ishes Department.

supply the foundation for new industrial developments. In
other words, research men seek new knowledge about mat-
ter, generally working with small quantities of it.

Development work comes later, and Du Pont has two main
types. First, there is new process development. Here scientists
and engineers modify, streamline, and augment the findings
of research so that new chemical products can be profitably
made on a large scale—or existing products can be made by
newer and more efficient methods. Pilot-plant and semi-works
operations are usually included under this heading.

WANT TO KNOW MORE ahout working with
Du Pont? Send for a free copy of **Chemical
Engineers at Du Pont,” a booklet that tells you
about pioneering work being done in chemical

Second, an important kind of development work is directed engineering—in resmrch; process development,
toward improvement of existing processes and products. Here Sr ‘Xi]’w‘w" H'ffd( vé'ale;'. W rjt;,;o ]5 I duB }l’(;nt
the men study how to obtain yield increases, utilize by-prod- le Nemours & Co. (Inc.), 2521 Nemours Bldy.,

. A Wilmington 98, Delaware.
ucts, increase outputs, and solve sales service problems as they K o

arise. This may require considerable research, and that brings

us back to the oveflapping I previously mentioned. T
There are genuine differences, John, but a good deal of

similarity, too—especially in the constant need for imagination

and creative effort. I think you’ll find that research and de- RES-U. 5. PAT.OFF
velopment work are equally challenging and rewarding at BETTER THINGS FOR BETTER LIVING...THROUGH CHEMISTRY
Du Pont.

Enjoy “*Du Pont Cavaleade Theater” on Television

MARCH, 1956 ¢



Some Samples of Sylvania’s
Engineering Diversification

What College Seniors Want Most
They Get

as Sylvania Engineers

LIGHTING: Testing bulb light

transmittance photometrically Everyone knows that engineers are men with minds

of their own. But when it comes to what they want in
a job, they're in solid agreement (according to a recent
engineering college survey). And what they want bears
a marked resemblance to what they find at Sylvania.

Stgnificant work
where their
engineering

knowledge can be
directly used

RADIO: Subminiature tubes de-
signed & developed at Sylvania

2. ENGINEERS WANT:
Company with
challenging,
diversified

products

1. ENGINEERS WANT:

SYLVANIA OFFERS:

Sylvania believes you learn by doing —not by

looking over someoré else’s shoulder or being

bogged down in routine details. And so, engineering
there is what you hoped it would be: You work on

a project and see it through; your assignments are varied;
and you’re given responsibilities sooner than even

you anticipate.

SYLVANIA OFFERS:

Sylvania’s operations span the fastest-growing,

most dyriamic fields in American industry today.
Products ranging from color television tubes to atomic
reactor fuels...from powdered metals to advanced
missile systems and microwave devices. .. from
semi-conductors to photo-flash and Softlight bulbs,

and many others...constantly present you

with new problems, new chﬁlle‘nges.

3. ENGINEERS WANT:
Desirable
location

ELECTRONICS: Testing the char-
acteristic of a counter tube

4. ENGINEERS WANT:
Advancement

TELEVISION: Color screen inspec-
tion, microscope & ultra-violet light

visits your campus.

SYLVANIA OFFERS:

With 43 plants and 16 laboratories located in

40 communities in 11 states, Sylvania offers you a
wide choice of locations in modern, progressive
communities.

SYLVANIA OFFERS:

In a company where planned expansion plays a vital role
in management philosophy, advancement is a

natural way of life. Under Sylvania’s decentralized
operations, new executives come to the fore quickly.

Down the line; SALARY, BENEFITS, EDUCATIONAL OPPORTUNITIES -
the answer is the same: Sylvania has what engineers want!

Whether your interests lie in research, development, design, production
or administration, you can find what you're looking for at Sylvania.

Why not make an appointment now through your College Placement
Office...to discuss your career with the Sylvania representative when he

% SYLVANIA ¥

SYLVANIA ELECTRIC PRODUCTS' INC.
1740 Broadway —New York 19, N. Y.

RADIO -

ATOMIC ENERGY & RESEARCH: Com-
pacting powders on new presses

LIGHTING - ELECTRONICS *+ TELEVISION *- ATOMIC ENERGY

10 ENGINEERING AND SCIENCE



C() ADVANCED

M.
Inunlcations

The design of modern communications equipment
involves much more than electronic circuit tech-
niques. Keyboards and coders are often required
to translate the intelligence to be transmitted into
“machine language? Recording and reproducing
devices store intelligence until the equipment is
ready to transmit it, or hold received intelligence
until it can be translated back into human language
by a printer or other output display device.

The combination of such mechanical and electro-
mechanical techniques with the better known but
still developing techniques of electronic circuit
design makes of modern communications a much
broader field than is commonly recognized. When
such technical tools are used to provide equipment
tailored to our rapidly improving understanding of
propagation phenomena and information theory,
the resulting practical improvements in communi-
cation are sometimes little short of spectacular.

The growing communications activities of The Ramo-
Wooldridge Corporation have generated requirements
for additional physicists and engineers with substan-
tial experience in research, development,or production
engineering on advanced airborne and ground-based...

« Communication, Navigation and ECM Systems
* HF, VHF, and UHF Transmitters and Receivers
« Precision Electro-Mechanical Equipment

+ Magnetic Recording Systems

« Signal Analysis Equipment

» Video and Pulse Circuitry

+ Miniaturization and Packaging

Part of Communications Equipment
Pilot Production Activities

The\ Ramo-Wooldridge Corporation

8820 BELREANCA AVENUE *®=

MARCH, 1956

LOS ANGELES 45, CALIFORNIA
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smart move

There are three jobs for every two engineers in this
country. It’s an engineer’s dream ...and therein lies a
danger.

For this simply means that it’s easier than ever be-
fore to make a mistake in the company and the job you
choose.

If you're wise, you’ll realize that the move you make
now is possibly the most important in your business
life. Hence, you'd do well to look closely into the man~

. agement of any company you're considering. Then take

a careful look at the future of the job you’re offered.

It might be a smart move to look closely at the Martin
story—for it'’s the story of the youngest and most
dynamic engineering management group in the aircraft
industry today.

Contact your placement officer or J. M. Hollyday. The
Martin Company, Baltimore 3, Maryland.
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THINGS WE DO NOT KNOW

They may be the most important things

about @ university. Some comments on education and research

ANY PEOPLE ASSUME that the main business of

a university is to deal with things that we know;
that the main business of a professor is to know a lot.
But some of the most important and exciting things
about a university are the things we don’t know; or
possibly the things about which we know only a little
and would like to know a little more. This suggests
the basic truth—often forgotten—that the most valuable
professor is not necessarily the one who knows the
most (certainly not the one who thinks he knows the
most) but the one who has the most consuming desire
to know more.

And so it is that the most important thing about Cal-
tech is that it contains a lot of people who realize how
little they know about the physical world and are will-
ing to spend their lives learning a little bit more.

Many an able scientist has worked all his life on

things he didn’t know—making slow but steady progress,
yet never running onto anything earth-shaking. Others,
through good luck or exceptional insight, or both, make
many spectacular advances. But they never know ahead
of time what their discoveries will be. That is the difh-
culty about exploring the unknown. It really is un-
known; you just don’t know what you will find—if any-
thing. What we do know is but a tiny island in a vast
sea of ignorance.

The ancient Greeks used to think that one could
learn everything there was to know about the world by
just sitting in a chair and thinking. So that is what they
did. They thought up some pretty good ideas, too; but
they also invented some real cock-eyed ones! And the
trouble is, they did not know how to tell which were
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the good ideas and which were the bad. Not until Galileo
came along 1500 years later and started doing experi-
ments did anyone find out which Greek theories were
right and which were wrong. Today we know that experi-
ment and theory must go hand in hand in our . quest
for understanding the physical world.

With this introduction, let us look at some of the
things going on at Caltech. Down in the basement of
the Norman Bridge Laboratory of Physics we find Dr.
Carl Anderson hard at work. Thirty years ago he was a
student at Caltech and began working with Dr. Robert
A. Millikan in his search for knowledge about cosmic
rays. A few years later Dr. Anderson, in his cosmic
ray pictures, identified a new kind of particle—called
a positron or positive electron. It was a breathtaking
discovery which earned him a Nobel prize. He has
been taking pictures of the tracks of cosmic ray par-
ticles ever since and he and others have discovered
several other kinds of new particles, too—mesons and
V particles and K particles—and they have learned a
great deal about their properties.

However, there is far more here that we don’t know
than we ever suspected. There is a whole array of new
particles (we counted up 15 the other day) whose ex-
istence was quite unsuspected a few years ago and
whose role in the scheme of things is still quite mys-
terious. Most of these particles are found in cosmic
rays but they do not come in to the earth from outer
gpace; they are created in our atmosphere or in the
apparatus itself by other primary particles which do
come in from outside. How are all these particles
created? Still more puzzling—what happens to them?
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Some of them exist for only a millionth of & millionth
of a second and then they are gone. Where? We know
about some of them: they simply blow up into other
particles or vanish into radiation.

Some of these particles—mesons—clearly have some
terribly important part to play in holding nuclei to-
gether. But just how? They do not have any real ex-
istence in nuclei. Yet they can be knocked out of nuclei!

To find out more about these questions, Dr. Robert
F. Bacher and his colleagues have built a synchrotron
in the big building where the 200-inch mirror for the
Palomar telescope was ground and polished. This ma-
chine has been making half-billion-volt X rays: it will
soon be boosted up to a billion. Such high-energy X
rays are pretty good at knocking mesons out of protons.

The atomic nucleus

Now the proton—the nucleus of hydrogen—is the
one particle that we used to think was a permanent
elementary thing. Yet any number of mesons can be
knocked out of it—leaving a neutron behind which
promptly converts itself back into a proton! A mys-
terious process, indeed, in which energy is being con-
verted into matter.

There are thousands of unknowns there. Maybe some
day we will be able to learn how the atomic nucleus
is put together. Right now all we know is how to make
it fly apart. Just that knowledge will scon be the basis
for a new power industry. But there is so much more to
learn.

Even the astronomers are becoming nuclear physicists
these days. We know that the sun is a kind of con-
tinuously operating H-bomb—deriving its energy from
nuclear processes which, on a small scale, we can observe
in the laboratory. Hence, we can hope some day to know
more exactly what goes on in the sun and in the stars.
Some of the stars are very different from the sun-—are
kept warm by a very different set of nuclear processes.
Is the sun a sort of second or third generation star.
descended from other types? Or are the other types
descendants from stars like the sun? What is the evolu-
tionary history of the stars? A quantitative study of the
nuclear reactions which go on in stellar interiors—a
long and very complex series of nuclear transmuta-
tions—is revealing the actual figures from which calcula-
tions can be made which will reveal the true story. Dr.
W. A. Fowler and two visitors from England, Dr. and
Mrs. G. R. Burbidge (see page 17), are making exciting
progress on this problem.

Let us now cross the campus and look into the bio-

logy building. We have, as a matter of fact, just com-.

pleted a new building there—the Norman W. Church
Laboratory of Chemical Biology. In this laboratory,
members of our Division of Biology join with the mem-
bers of our Division of Chemistry for a joint attack on
a whole series of unknown questions concerning the
chemistry of living materials.

One of the most important living materials and one
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of the most interesting is that group of mysterious
particles called viruses, A few short years ago almost
everything about viruses was unknown. All that was
known was that they were substances which caused
diseases in plants and animals—but were too small to
be seen in the most powerful microscope, and even too
small to be filtered out in- the finest filter, Neverthe-
less, ways were found for studying these viruses and the
electron miscroscope now makes it possible to actually
see them. There are many, many kinds of viruses—some
shaped like cylinders, some like spheres, some like tiny
hair-like snakes, some like tadpoles. These little ohjects
constitute a kind of transition state between inanimate
and animate matter. Each virus particle is actually a
rather simple system made up of a few very complicated
molecules. The virus substance can he ecrystallized,
stored away., and kept in a bottle on a shelf for
years like any other chemical. However, when the sub-
stance is put into the proper environment—the right
living cell-—the molecules suddenly come alive and begin
to multiply.

Some types of viruses live only on bacteria and in
living on them destroy them. Many of these are friend-
ly viruses which could conceivably provide us with
powerful tools for fighting dizeases caused hy bacteria.
Other viruses. however, such as that of poliomyelitis,
attack the nerve cells of animals; they may destroy them
and therefore cause serious disease. We have an active
virology laboratory at Caltech and in the new Norman
Church building a suite of rooms has heen provided with
the finest equipment for virus research.

A few years ago Dr. Renato Dulbecco and his col-
leagues discovered a completely new technique for
studying animal viruses—a technique which now en-

ables them to make 100 experiments in the time and

at the cost for a single experiment a few years ago.
As a result, information is now being rapidly collected
on how these creatures hehave. what substances they
live on, and how they grow and multiply.

Viruses and genetics

As with more complicated organisms, each generation
of viruses inherits the characteristics of its parents, but
there are frequent mutations and new genetic strains

‘develop. The study of the genetics of the viruses has a

double value: (1) It sometimes happens that a new
strain will be developed which is relatively harmless
and yet it will cause the animal tissue -to develop anti-
bodies which will kill the other harmiful strains; thus
vaccines against harmful viruses may be developed.
(2) ‘At the same time the virus, being a simple creature,
has simpler genetic properties than, say, human beings
and hence we can learn much more ahout the mechanics
of the inheritance process.

As a physicist. I have never understood the complex
subject of inheritance. All T know is that the unit of all
inheritance, the gene itself. is also one of these particles
that lie at the transition zone hetween the living and
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the dead. Like the virus, it is also a large and com-
plex molecule, and- in recent years important progress
has been made in learning about the structure of the
molecule. The extraordinary thing about these gene
molecules and the virus molecules is that, when placed
in the proper environment, each can serve as templates
or molds to form or build up other molecules just like
themselves. This suggests that the basic process of repro-
duction in all living things is that of complex molecules
“serving as a pattern to form, out of surrounding ma-
lerial, other molecules precisely like the originals. )

Yes, biology is a fascinating and important subject
~—full of interesting unknowns,

But let us turn to our laboratory of geology.

The research worker in geology is usually thought
of as a person equipped with a pair of high boots and
a hammer who hikes into the mountains to bring back
interesting rocks—especially rocks which might con-
tain gold or uranium.

Well, of course, geology does deal largely with the
earth’s crust—which is largely rock—and so depends
heavily on detailed exploration of the earth’s surface.
But new tools and techniques have been added in recent

years—the tools of the nuclear physicist and of the

isolope chemist, for example.

A primary interest of the geologist is the history of
the earth—how it was formed, how the mountains and
seas came into being, something about the rise and
fall of various forms of life which have left their fossil
remains—and also the processes now going on, such
as volcanic activity, changing climate, the building of
coral islands in the sea.

The earth

There are lots of things we don’t know about the
earth. We do not even know the answer to such a simple
question as whether the earth as a whole is getting
cooler or warmer. Of course, we know as we go down
deep in a mine or an oil well that the temperature
rises, which means that heat is flowing up to the surface
and escaping into space. In the old days, this was
regarded as quiie adequate evidence that the earth is
cooling off. But with the discovery of radioactivity it
was realized that there was a source of heat in the
earth——uranium, radium and other radioactive materials
are slowly decaying, losing a part of their mass, which
is transformed into heat. Tt turns out that quite a lot
of heat is generated in this way. We still do not know
whether the rate of heat generation is grealer than the
rate of loss—that is, whether we are getting hotter or
colder.

Modern chemistry has provided a new tool for learn-
ing something of the temperature history of fossil
shells as found, for example, in sedimentary rocks. Tt
turns oul that the ratio of abundance of the two iso-
topes of oxygen—0'" and 0'*—contained in most living
material depends on the temperature at which the ma-
terial was formed. Thus we are able lo determine the
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temperatures whicli existed hundreds of millions of
years ago. We already know from examining the animals
in the La Brea tar pits that less than 100,000 years
ago southern California was both wetter and hotter than
it is now. As yet, however, there is no decisive evidence
that the earth two billion years ago was either much
hotter or much colder than now.

It has been recently determined from the ratios of

lead isotopes in meteorites and materfals of the earilr’s

crust that the earth is just about 414 billien years old
—that is, it has heen solidified in its present form for
that long. The astronomers now helieve that the universe
is only about 5 billion years old-—so if the earth did
much cooling off after it was formed it must have done
it pretty rapidly!

Hotter or colder?

Actually, since the half-life of uranium is only about
a billion years, there was much more of it on the
earth 414 billion years ago than now. So the earth
might have been formed cold—then been slowly heated
up for-a billion or two years by the uranium and
then eradually cooled off as the uranium disintegrated.
We don’t know whether we have already passed, or not

yet reached, the maximum temperature. Professor Har-

rison Brown is directing a group of geochemisls in the
attack on such problems.

The Division of Geological Sciences is also the place
where they study earthquakes. (Our Seismological Lab-
oratory is, in fact, one of the best equipped—probably
the best equipped—in the world.) Earthquakes are inter-
esting to southern Californians for obvious reasons. For
example, over in the Engineering Division our struc-
tural engineers apply synthetic earthquake-vibration pat-
terns to simple model structures—like buildings and
bridges. They can then tell you how to design a building
so that it will not fail in a severe earthquake. That’s one
thing they do know.

But earthquakes are interesting geological tools, too.

Seismologists are very much pleased when a quake occurs

for these disturbances serve as probes to explore the
interior of the earth. Indeed most of what we know
ahout the earth—down below the 4 or 5 miles you can
go with an oil well—has been learned from earthquakes,
either natural ones.or man-made ones. The waves from
an earthquake which occurs, say, in Borneo will travel
clear through the center of the earth and come out in
Pasadena. In fact, a whole series of waves will bounce
off various discontinuities in the earth, be reflected back
from the surface and give rise to the most complex
patterns of wiggles on a seismological instrument. Dr.
Beno Gutenberg and his colleagues have learned how to
sort out these wiggles and can tell which ones are
waves which came through—or bounced off—the earth’s
core. .

Other earthquake waves iravel along the surface
through the earth’s crust—and from the speed with
which they travel, the way in which they are reflected,
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and the ditferences in travel time between waves of
different frequencies one can learn a great deal about
the structiire of the earth’s crust, about the formations
which are inaccessible under the bottom of the sea
and about the structure of the roots of the mountain
ranges,

There are, of course, two kinds of research which go
on at Caltech: pure research, which is the discovery of
new knowledge about nature; and applied research,
which is the application of this knowledge to develop
devices or techniques of practical use to men. Many
people think of Caltech as the home wf pure research—
the search for knowledge for its own sake. We are in-
deed glad to have and even to promote this reputation,
for we are proud of the achievements in pure research
of the Institute over the many years since Dr. Millikan’s
pioneering work here, beginning in 1921.

Practical matters

However, it is very unfair to a large segment of our
campus to pretend that there is no work of a practical
nature under way—no attempt to apply the knowledge
of science to things that are beneficial and directly use-
ful. Our Engineering Division makes it its business to

carry on research in the various fields of engineering .

and to apply scientific knowledge to the development
of such things as chemical processes, design of ma-
chinery, the study and development of metals and alloys,
the study of the behavior of turbines and pumps with an
eye to improving their effectiveness and efficiency, studies
in the best design for various types of structures—in-
cluding the work I have already mentioned in earth-
quake resistant structures—a study of high-speed aero-
dynamics with an eye to the design of supersonic air-
planes and guided missiles, and the study of materials
useful in the structure of aircraft and of jet engines.

Some of the first wind-tunnel tests on large models
of aircraft ever made in the United States were made in
the old wind tunnel of the Guggenheim Aeronautics
Laboratory at Caltech in the late twenties, and these
tests plus the succeeding wind-tunnel work which went
on there in the early thirties did much to build and
strengthen the aircraft industry of southern California.
The modern wind tunnels at Caltech, instead of operating
at speeds of 180 miles an hour, operate at speeds of
from five to ten times the speed of sound. There is
even one small experimental wind tunnel using helium
instead of air which for short periods can attain speeds
of twenty times the speed of sound.

The work done in the High Voltage Laboratory by
the electrical engineers on the problem of the trans-
mission of electric power over great distances resulted
in the development of high voltage transmission tech-
niques which made possible bringing electric power
from the High Sierras and from the Colorado River to
Los Angeles.

In the Hydrodynamics Laboratory there are water
tunnels which serve for water-borne craft and under-

16

sea craft the same function that wind tunnels serve for
aircraft.

Throughout all the engineering departments there is
work going on which has made possible the design and
building of more effective equipment, machinery and
devices now being manufactured by American industry.

But it is not only in engineering that work of prac-
tical importance is done. An able biochemist, Dr. A. J.
Haagen-Smit. a few yedrs ago began to get curious about
the chemical nature of the Los Angeles smog. Up to
that time, it was actually unknown what particular
chemical materials were responsible for the objection-
able effects of smog, such as eye irritation, the cracking
of rubber and damage to plants. Some thought the
irritating substance was black smoke; others thought
it was sulfuric acid formed from sulfur and others
thought it was fumes from synthetic rubber plants.
Actually, the irritating substances turned out to be ma-
terials formed in the air by the action of sunshine on
the vapors of unburned oil and gasoline and the oxides
of nitrogen, The oxides of nitrogen, it turns out, are
formed in any combustion process. The raw gasoline
and oil vapors are emitted into the air in a variety of
ways — lhrougli evaporation of gasoline from tanks,
from filling stations and from cars, as well as through
the emission of unburned hydrocarbons from the ex-
hausts of cars, from the stacks of oil-burning fires of
many kinds. The problem of eliminating smog, then,
is the problem of stopping the emission into the air of
hydrocarbons and of the oxides of nitrogen. To reduce
by a large amount the emission of either of these types
of substances is not an easy problem; but whether it is
easy or not, that is the problem which we must solve if
air pollution in Los Angeles is to be reduced.

Research and education

There are, of course, many other things of interest
that are happening on the Caltech campus. The field
of the unknown is a vast one and the attacks on it are
going forward on many different fronts.

Nevertheless. T should like to emphasize that, with all
the research going on, Caltech is primarily an educa-
tional institution. Our major furction is to select young
men who have exceptional talents in the fields of science
and engineering; to assist them in developing their
talents to the maximum degree; and to help them pre-
pare themselves for careers of exceptional usefulness
in extending the bounds of scientific knowledge, or in
applying such knowledge to the satisfaction of human
needs, or in becoming teachers to carry on the educa-
tion of the next generation. Since a large fraction of
our students will be going into research, development
and engineering work, it is obviously necessary that
their professors be actively engaged in such work. Our
research work therefore is an inherent part of our edu-
cational program and vice versa. At Caltech education
and research are not two unrelated activities but they
are heads and tails of the same coin.
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COSMICAL ALCHEMY

Combined research from four fields of science—physics,

astrophysics, astronomy and geochemistry—leads to a new theory

by MARGARET and GEOFFREY BURBIDGE

OR MANY YEARS physicists and astronomers

have speculated on the origin of the chemical ele-
ments. In every case they have tried to understand the
conditions under which all of the elements could be
built up out of the fundamental building blocks, which
are protons, neutrons and electromagnetic radiation. In
the last three or four years many ideas have come from
staff members or visitors at Caltech. These suggest that
the element-building processes have gone on, and are
continuously going on, in the interiors of stars.

It has been known since the classical work of Hans
Bethe in 1938 that the energy radiated by stars is re-
leased in the stellar core by the conversion of hydrogen
into helium through the carbon cycle or the proton-
proton cycle. From 1950 to 1952 R. N. Hall, E. ].
Woodbury, and A. W. Schardt, working as graduate
students in the Kellogg Radiation laboratory under

Drs. W. A. Fowler and C. C. Lauritsen, made measure-

ments on the carbon cyecle reaction probabilities at low
energies and experimentally confirmed Bethe’s ideas.

Until recently, reactions producing elements heavier
than helium were not considered to he possible in stars.
However, in 1949 Dr. Alvin Tollestrup, now assistant
professor of physics in Caltech’s Synchrotron Labora-
tory, investigated, with Fowler and Lauritsen, the prop-
erties of beryllium 8, an isotope of beryllium of mass
approximately eight times that of the proton or neutron,
which does not exist in nature and is therefore presum-
ably unstable but which can be produced momentarily in
the laboratory. He showed that the beryllium 8 wasindeed
unstable but broke up into two helium 4 nuclei (alpha-
particles) with the release of only 100 kilo-electron volts
of energy.

This result laid the groundwork for Dr. E. E. Salpeter
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of the synthesis of the elements in stars

of Cornell University, on a visit to Caltech in the sum-
mer of 1951, to show theoretically that if sufficiently
high temperatures (about 100 million degrees) could be
reached in the helium cores of stars, a small but not
negligible amount of beryllium 8 would be formed in
equilibrium with the helium. Before breaking up, the
beryllium 8 has a chance to capture another alpha-par-
ticle to produce a stable carbon 12 nucleus. Then further
alpha-particles would be captured by the carhon to pro-
duce, successively, oxygen, neon, magnesium and silicon.

Since beryllium 8 exists only for a very short time it
cannot be bombarded in the laboratory as can stable
nuclei. However, at the present time an experiment is
underway in the Kellogg Radiation Laboratory in which
the break-up of an excited carbon 12 into beryllium 8
and an alpha-particle and thus eventually into three
alpha-particles is observed. This indicates, by the general

laws concerning the reversibility of physical reactions

that the process by which alpha-particles form carbon 12
will take place in stars under appropriate conditions. Tt
appears, therefore, that some of the lightest and most
abundant elements can be produced by helium reactions.

To build the rest of the light elements, like fluorine,

" sodium and aluminum, we need to suppose that the

carbon, oxygen and other light elements will interact
with protons and alpha-particles. The consequences of
such activity have been worked out by Fred Hoyle, Fel-
low of St. John’s College, Cambridge — when he was
visiting professor at Caltech in 1953 -—and by W. A.
Fowler—when he was visiting Cambridge as Fulbright
professor in 1954-56—with Margaret and Geoffrey Bur-
bidge at the Cavendish Laboratory, University of Cam-
bridge.

It may be asked at this stage whether there is any
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observational evidence that there are stars which have

central temperatures hot enough for such reactions to
take place. Recent work on the evolution of the stars
suggests that the red giant stars, which are colossal
nuclear furnaces, and which have diameters many times
larger than that of the sun, but whose surface tempera-
tures are cooler than the sun’s, do have conditions near
their centers which are suitable, v

Now, in order to build elements heavier than those
already mentioned, more complicated processes have
to be introduced. Hoyle has siiggested that the elements
from silicon right up to titanium may be built by the
interactions of charged nuclei, like helium and carbon.
However, it is almost certain that this is not the whole
story.

In this connection, a very important step forward
was made by Dr. A. G. W. Cameron of the Chalk River
Atomic Energy Fstablishment in Canada, who suggested
that if a carbon 13 nucleus captures an alpha-particle,
the end product would be an oxygén nucleus together
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Margaret and Geoffrey
Burbidge, from Caven-
dish Laboratory at the
University of Cambridge,
Englond, are at Cal-
tech this year to con-
tinwe their work with
Dr. W. 4. Fowler on the
astrophysical processes
by which elements are
produced in stars.

with a neutron, Thus, if this process goes on inside red
giant stars, a source of neutrons will be produced.

These neutrons will very rapidly reach equilibrium
with the hot gas in the star’s interior and then they will
be captured hy the other elements. If a number of suc-
cessive capture processes take place on the same nucleus,
we can easily see that we shall build heavier and heavier
elements. There are some measurements of the proba-
bilities of capture of neutrons by different nuclei, and
it is possible to calculate what will be the relative num-
bers of nuclei of different kinds which are produced by
such a process.

Such a calculation suggests that maybe not enough
neutrons are produced by Cameron’s process to build
the eléments to the required levels, and Fowfer and
the Burbidges have therefore suggested, as an alterna-
tive, a similar process in which a neon 21 nucleus inter-
acts with a helium nucleus, giving a magnesium 24
nucleus and a neutron, ’

Under suitable conditions ‘this process will provide
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W. A. Fowler, professor of
physics, at the observation
station of the two-
million-voll accelerator

in the Kellogg Radiation
Laboratory. Evidence

for the formation

of carbon from three
helium nuclei has recently
been found with this
equipment. ‘

more neutrons than that described by Cameron. So
neutron sources of this sort may arise inside stars which
have already built either the light elements up to neon
or silicon, or in stars which already contain iron and
the elements near to it in the periodic table. If the
stars have only got the light elements, these then will
capture all of the neutrons, and the intermediate ele-
ments belween neon and titanium will be built.

Calculations by Fowler and the Burbidges suggest
that a large proportion of the elements in this region
of the periodic table will be built by this process,
though some may also be built by the charged particle-
reactions described by Hoyle. If, on the other hand,
the star already contains the metals in its core, these will
capture all of the neutrons and the very heavy elements
from nickel to lead will be built up.

When the cosmical abundances of all of the elements

are collected together and plotted on a curve of rela-

tive numbers of atoms against their atomic weight, as
has heen done, for example, by Dr. Harrison Brown, Cal-
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tech professor of geochemistry, this curve shows a large
- peak for the atoms in the metallic group, with the maxi-
mum at iron.

This peak cannot be explained by any of the processes
described so far. To explain it, Fred Hoyle has sug-
gested that the star contracts again and so its temperature
and density rapidly increase. When a temperature of
about five billion degrees is attained the nuclei reach
equilibrium, one with another, and calculations made
by Hoyle suggest that most of the matter in the core
of the star will be transmuted into atoms of iron and
other elements close 1o it, so that in fact the central
region of the star is simply an iron ball.

More detailed calculations along these lines are now
being made at Caltech. In the diagram at the top of page
20, the various reactions which have been described by
Fowler and the Burbidges are shown schematically.

Thus the various steps of this argument suggest that
the majority of the elements between hydrogen and lead
can be processed over very long times in the interiors
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Synthesis of the Elements in Stars
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of stars. Observational evidence in support of this type
of theory has been found by astronomers who have
analyzed the spectra of stars of different brightnesses,
masses and ages, and they find evidence in them of dif-
ferences in chemical composition. Much of the work
along these lines has been carried out by Dr. and Mrs.
Martin Schwarzschild of Princeton and Dr. L. H. Aller
of the University of Michigan—when they were visiting
the Mt. Wilson Observatory—by Dr. Jesse L. Green-

stein and Dr. Paul Merrill of Mt. Wilson and Palomar
and Caltech, by the Burbidges and Dr. W. P. Bidelman
—when they were working at the McDonald Observa-
tory. and the Universities of Chicago and Texas—and
by others.

Some stars show large amounts of carbon, and the
ratio of the numbers of carbon 12 and carbon 13 atoms
in them is different from the ratio in normal stars, sug-
gesting that the processes involving the building of
carbon have been going on in there. Greenstein has made
contributions on this subject, and also on the abundance
of lithium and beryllium in the sun, which are of im-
portance in considering the depth to which the surface
material of the sun is stirred up and mixed inward by
convection currents.

Other stars in the red giant stage show apparently
large abundances of the very heavy elements, suggest-
ing that in them the neutron capture processes are going
on. The discovery of technetium in some of these stars
by Merrill is an extremely good pointer in this di-
rection. This element is unstable and has a half-life
against decay of about 200,000 years. It has been pro-
duced in the laboratory by bombarding molybdenum
with neutrons from a nuclear pile. Thus when it is .
found in stars this is a good indication that it is being
produced in their interiors by neutron bombardment and
that it is traveling to the surface in a time which will
be less than 200,000 years. Also, some of the older stars
appear to have proportionately less of the metals and
heavy elements than younger stars.

No adequate theory has yet been proposed to account
for the production of the elements heavier than lead
and up to uranium. The difficulty here arises through
the decay properties and short decay times of some of
these nuclei, but it remains a challenging problem for the
future. The very light elements, deuterium (which is the
heavy isotope of hydrogen), lithium, beryllium and

How Elements Are Produced in Stars and Distributéd in Space
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Jesse L. Greenstein,
professor of astro-
‘physics, working with
a comparator, in which
the spectra of two dif-
ferent stars are seen

at once, presenting

a comparison of the
strength of lines-of
different elements.

boron cannot he built in the interiors of stars, as they
are unstable at temperatures of only a few million de-
erees and will frequently tend to be broken up.

To overcome this difficulty Fowler and the Bur-
bidges have proposed that these elements are built on the
surfaces of stars, where in some cases peculiar condi-
tions of magnetic fields, etc. exist which allow jons to
he accelerated by giant betatron effects, so that they can
gain enough energy to interact with the other material
which is only at a few thousand degrees, and in the re-
sulting collisions produce these elements.

To conclude, we can indicate schematically what con-
ditions are demanded for this kind of cosmical alchemy.
The diagram at the left shows how the interchange of
material between stars and. the interstellar medium may
take place.

We believe that our galaxy was, about five hillion
years ago, a large turbulent whirling sphere of hydrogen
gas. Within this sphere stars began to condense out of
hydrogen, and the sphere began to flatten, forming the
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disk which we see today. Probably a number of very
large stars formed, and, because they were so massive,
they had a comparatively short lifetime during which
a proportion of them built some of the elements by the
processes described ahbove. Then, possibly through
gigantic supernova explosions, the material was blown
out from them, and it formed part of the gas out of
which the second generation stars were formed.

These stars may now be those which we observe 1o
have low abundances of the metals. However, some of
these stars also may have become unstable and blown
off some of their material. Thus third generationstarsmay
have formed. The majority of the stars which we can
study are comparatively near to the sun. These stars are
considered to have the normal “cosmical abundances”
of the elements and thus may be third generation stars.
However, on the hasis of a theory of this sort, we
would expect that the chemical composition of the stars
would be related to their age and to their evolutionary
tracks in time. ’ ’
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FACULTY PORTRAIT

R. R. MARTEL

Professor of Structural Engineering

. R. MARTEL, Caltech professor of structural engi-

neering, has had a long and successful career, both
as a teacher of civil engineering and as a consultant in
the fields of bridge desigh and the design of flood con-
trol structures and reservoirs. He is nationally known as
an authority on the design of structures to resist earth-
quakes,

When a man has such a distinguished record and
reputation, it is usually interesting to know something
about how he got his start, and what it was that led
him into a career that has proved to be so impressive.

Martel has a simple explanation. He was a high
school senior, and not at all sure what field he wanted
to get into, when he happened to see a surveyor at
work one day. Tt was the first surveyor he had ever
seen, and this carefree character was wearing a slouch
hat, gloves and boots; he was working out in the open
air; and he was operating a fascinating-looking instru-
ment. All in all he looked like a man living a good
life. Then and there Martel decided that it was the life
for him. He went into civil engineering.

If this story seems regrettably short on inspirational
values for the oncoming generation of civil engineers,
let them merely consider the fact that Martel has never
regretted this seemingly chance choice for a single in-
stant; he’s still living that good life.

R.R. (for Romeo Raoul) Martel was born in Iber-
ville, Quebec, in 1890. His father, a farmer, soon moved
the family to the United States, however, and when
Romeo was six months old they settled in Pawtucket,
Rhode Island, where the elder Martel went into the real
estate and insurance business, ‘

In 1908 Romeo entered -Brown University (where
his freshman English instructor, a young man teaching
his first class, was George R. MacMinn, now professor
emeritus of English at Caltech). After graduation Martel
taught civil engineering for a year at Rhode Island
State College, then at Mechanics Institute in Rochester,
New York, for another year, In 1915 he went to work
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as assistant engineer for the Sayles Finishing Plants, a
string of cotton mills scattered through Rhode Island.
In 1918, several months after he had taken a job with
the Atchison, Topeka and Santa Fe Railroad in Amarillo,
Texas, he was offered a teaching position at Caltech.
This offer was, to put it mildly, something of a surprise.

While working in Amarillo, Martel had, at intervals,
applied for jobs at a number of schools in which he
thought he would like to teach. Most. of these applica-
tions had brought no response at all. but here, after
some months, was a reply from Caltech—and a brisk,
no-nonsense reply at that. In substance, it said, “How
long will it take you to get here?”

[t was some time later that Martel pieced together
the story of his hiring. His application had gone to
Franklin Thomas, who was the Institute’s civil engi-
neering department at that time. In his lifetime, Thomas
was notorious for never throwing anything away, so he
slipped the Martel application into a pile on his desk.
As World War [ was ending, it became apparent that the
Institute was going to bhe flooded with new students, and
Thomas plowed into his stack of applications to find a
fast addition to the civil engineering staff. Tt is Martel’s -
contention, to this day. that he got the job because he
was the closest man to Pasadena in the stack.

Nevertheless, he welcomed the job, and. shortly after-
wards, was married to Mildred Pray, a high-school class-
mate from Rhode Island. ‘

In 1918 the Institute was confined to Throop Hall,
and the civil engineering department occupied the space
now taken up by the Alumni Office. There was a strict
no-smoking edict in those days, so the faculty often found
it necessary to take surreptitious cigarette breaks out in
the orange grove in back of Throop Hall-—finishing off
with a healthful fresh orange as they hurried back to
class. Most of the faculty.brought their lunch every day
and ate together under the trees in Tournament Park,

In 1921 Franklin Thomas, a Pasadena City director
at the time, recommended Martel as a consultant on the
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R. R. Martel, authority on the design of structures to resist earthquakes.

construction of the city’s San Rafael bridge. It was the
beginning of a distinguished career for Martel. He has
been a consultant on bridges for the cities of Pasadena
and Glendale, the State of California, the Southern Fuel
Company and the Southern Counties Gas Company.

He has consulted on the design of flood control struc-
tures and reservoirs for the U. S. Army Engineers in Los
Angeles, and for the cities of Glendale, Burbank and
Riverside. ‘

And he has been a consultant on the seismic pro-

visions of such buildings as the Southern California

FEdison offices in Los Angeles, the First Trust Building
in Pasadena, the Fruit Growers Ixchange in Los An-
geles, the Glendale Power House, the Bridge Auditorium
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in Pomona and most of the buildings on the Caltech
campus.

Martel was one of the first engineers 1o become inter-
ested in the field of earthquake-resistant structures—and
very possibly the first of all 1o go into this field with a
serious and continuing interest. Characteristically, he
gives the credit to Robert A. Millikan for pushing him
into it.

After the destructive Santa Barbara earthquake of
1925, which was California’s first big quake since the
San Francisco one of 1906, R. A. Millikan—then chair-
man of Caltech’s Executive Council—formed a group
of engineers, seismologists, architects and businessmen
to work on the problems of earthquake-resistant con-
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struction. Martel was the Caltech representative on the
committee. ‘

The work of this organization received little atten-
tion from the public at large until the Long Beach earth-
quake of 1933 reminded southern Californians that
earthquake-resistant construction could be a personal
matter. Building codes were adopted in nearly all south-
ern California cities—and not only adopted but en-
forced. New buildings were required to meet specific
standards to make them hetter able to withstand any
future quakes. The 1941 earthquake in El Centro show-
ed how well these new buildings stood up; again, in
Tehachapi in 1952, buildings which had been construct-
ed under the new codes came through remarkably well.

Martel has been serving on building code commit-
tees since the late twenties—for the city of Pasadena,
the American Standards Association, the Structural Engi-
neers Association, the State Division of Architecture and
the State Chamber of Commerce among others. In this
work he has been responsible for a number of refine-
ments for taller buildings in southern California, and
he has helped to bring about a better approximation to
the pattern of forees that act on a building in an earth-
quake. At Caltech today Martel and his colleagues con-
tinue to study these forces by analyzing the response of
structures to recorded earthquake ground motion, using
a special analog computer constructed in the engineering
laboratories.

Earthquake-resistant construction

Since 1947 Martel has served on the Advisory Com-
mittee of Engineering Seismology. Originally set up by
the U. S. Coast and Geodetic Survey to advise it on such
problems as how to make seismic measurements and
what instruments to use, the committee gathered such a
mass of data on engineering seismology that its services
were eventually extended far beyond an advisory capa-
city. In 1952 the 13 members of the committee (which
include Dr. George Housner, Caliech professor of civil
engineering and applied mechanics, as well as Martel)
set up the independent, non-profit Earthquake Engineer-

ing Research Institute. This organization bridges the gap.

between the science of seismology and actual building
design and construction. collecting, compiling, correla-
ting and distributing seismic data, and promoting re-
search with the specific ohjective of developing safe and
economically feasible methods of earthquake construc-
tion and design.

In 1926 Martel was the delegate of the Southern Cali-
fornia Council on Earthquake Protection to the 3rd

Pan-Pacific Science Congress in Tokvo, and again. in

1929, to the World Fngineering Congress there.

As usual, Martel made his mark here too. Last sum-
mer, George Housner and Donald Hudson, Caltech prb-
fessor of mechanical engineering, on a tour of Japan,
were enlertained at dinner by the Japanese engineering
society. The speeches after dinner were in Japanese, so
Hudson and Housner were unable to pick up much
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useful information from them. In fact, they were able
to understand only three words all evening-—"“Martel-
san,” which was repeated over and over again, and
finally the surprising phrase, “Indian suit.”

Tracking down an interpreter later on, they discovered
that the speakers had first of all discussed the memor-
able visits to Tokyo of the famous Professor Martel.
Then, Dr. Tachu Naito, the well-known structural engi-
neer and architect, had described one of Martel’s memor-
able contributions to Japanese culture: Prior to his
1929 visit, it seems, Martel had written to see what
kind of present he could bring from the United States
ta Dr. Naito’s small son and that was the way in which
young Naito happened to become the first Japanese to
own an American Indian outfit, complete with feathered
headdress.

When Martel came to Caltech as a civil engineering
instructor in 1918, he didn’t confine his teaching to
civil engineering subjects by any means: in fact. he
taught algebra. trigonometery and just ahout anything
else that came along. Over the vears, however, he work-
ed into different aspects of structures (steel, wood and
reinforced concrete) and this then became his teach-
ing field.

He is no longer the only teacher in the family; his
son Hardy is now an assistant professor of electrical
engineering at Caltech. Hardy Cross Martel (named
after an engineering instructor Martel studied inder at
Brown University — now the distingnished Professor
Hardy Cross of Yale University) now has a son of his
own, Hardv was graduated from Caltech (a rare feat
for a faculty member’s son) in 1949, received his MS
from MIT in 1950 and is now completing the require-
ments for his PhD at Caltech. His sister Nancy works on
the San Francisco Chronicle.

The man who came to dinner

Working in a field which is of such concern to
southern Californians, Romeo Martel has, of course,
been called upon often to speak at dinners and-banquets.
One of these occasions, however, stands out in his
memory above all the others.

Martel had agreed to speak at a large, formal affair
at a Los Angeles hanquet hall. His speech prepared, he
arrived at the dinner in good time.

“Professor Martel,” he said, introducing himself.

“Ah!” said his hosts, greeting him warmly, “Pro-
fessor Martel!” And they seated him at the speakers’
tahble.

As he sat listening to the other speakers after dinner,
Martel found their talks increasingly obtuse. Slowly he
came to the realization that he was at the wrong banquet.

There was a moment of panic: then reason set in
again and ‘he relaxed and enjoyed what was left of the
evening. At the end of the affair, puffing on a fine ban-

“quet cigar, he thanked his hosts for a delightful evening

and disappeared into the night-—one speech ahead of the

game.
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THE
MONTH
AT
CALTECH

Galileo manuscript describes rare instruments already in Caltech’s collection.

Rare Books

A COLLECTION of 300 rare scientific books, in-
cluding first editions of Galileo, Copernicus and Kep-
ler, were formally presented to Caltech last month by a
trustee of the Institute. Purchased from Dr. Giampaolo
Rocco of Florence, Italy, some of the hooks are still in
their original bindings, handsome and sturdy after
hurnidreds of years of use.

The books were added to the impressive library al-
ready started by Ernest C. Watson, dean of the Cal-
tech faculty., and the late Drs. Edwin P. Hubble and
George Ellery Hale. These combined collections now
make the finest library on the early history of astronomy
on the West Coast.

Among the rarest books in the new collection is

Galileo’s treatise on his first invention, a geometrieal and

military compass, a device resembling a modern sector.
Published in Padua in 1606, this was Galileo’s earliest
printed work; only eight copies of it are known to exist
today. The collection also contains a manuseript of this
work, bound togethier with the manuscript of Galileo’s
first work on mechanics.

Another first edition, dated 1543, is De Revolutionibus
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Orbium Coelestium, written by the great Polish astron-
omer, Copernicus. In this volume, he expands on his
theory that the earth moves around the sun, which upset
all previous conclusions that the earth was the center
of the universe, The rare 1566 and 1617 editions of this
work are also in the collection.

One of the handsomest editions in the collection is
Kepler’'s Rudolphin Tables, which contains a large
world map regarded as the most elaborate and authorita-

tive of its day.

MIT at Caltech

PRESIDENT JAMES R. KILLIAN, vice-president and
provost J. A. Stratton and eight other administrative offi-
cers and department heads of the Massachusetts Institute
of Technology will visit the campus this month to discuss
mutual educational problems with Caltech staff mem-
hers.

The MIT group starts its visit with a trip to Palomar
Ohservatory on March 18, In the party will be Caltech
President .. A. DuBridge, members of ‘the board of

CONTINUED ON PAGE 30
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College graduates develop their skills...
growing with UNION CARBIDE

e o s 4 maese e

IN TITANIUM RESEARCH...

“After graduating in 1951 with an M.S. in metallurgical -
engineering, 1 joined the Metals Research Laboratories of .
Electro Metallurgical Campany. Some of my research in
corrosion behavior and noteh sensitivity resulted in a patent
for a stainless steel. In 1954 1 was promoted to Section
Leader, supervising research projects in titanium and other
reactive metals.” :

IN QUALITY CONTROL...

“Pm an electrical engineer, Class of ’51. I started in Works
Engineering at a National Carbon Company plant. A year
later | transferred to a location where Works Engineering
covered three plants, and soon became Engineer on importam
development projects. I was recently promoted to Assistant
Head of the Product and Process Control Laboratory at
one of the plants.”

% 4

IN ATOMIC ENERGY...

“I graduated in 51 with a B.S. in physics and mathematics.
Because of my interest in atomic energy I joined Union
Carbide Nuclear Company at Oak Ridge in April, 1954.
ByNovemberof that year I wasclassifiedasa Junior Physicist.
I now supervise the operation of mass spectrometers used to
analyze radioisotopes produced in atomic reactors here at

Oak Ridge.”

IN METALLURGICAL CONTROL...

“I’'m a ‘metallurgical engineer, Class of *49. I started at
Haynes Stellite Company as a Development Engineer in
high-temperature alloys, and in 1953 hecame Shift Foreman
in the Metallurgical Control Department. Recently 1 was
promoted to General Foreman, responsible for the Chemical,
Spectographic, Material Release, and X-.Ray Departments
and the Test Laboratory.”

THEY ARE KEY MEN WITH A FUTURE...

If vou are interested in a future in production, development, research, engineering, or
technical sales, check the opportunities with any Division of Union Carbide. Get in touch
with your college placement officer, or write directly to:

UCC DIVISIONS INCLUDE...

« Bakelite Company e Carbide and Carbon Chemicals Company
» Ilectro Metallurgical Company e Haynes Stellite Company
» Linde Air Products Company e National Carbon Company
» Silicones Division o Union Carbide Nuclear Company

MARCH, 1956

UnioN CARBIDE

AND CARBON CORPORATION
LICL]

Industrial Relations Department, Room 406
30 East 42nd Street, New York 17, N. Y.
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McDonnell “Voodoo”, the most powerful jet fighter ever built in America.

J-57 POWERED AIRCRAFT

MILITARY
F-100 FBU
F-101% A3D
F-102 B-52

F4D KC-135

COMIMERCIAL

Boeing 707
Douglas DC-8

MECHANICAL ENGINEERS are concerned with
many phases including experimental testing
and development, mechanical design, stress
and vibration analysis, combustion research,
heat transfer and nuclear reactor development.

AERONAUTICAL ENGINEERS work on innumer-
able internal and external airflow problems
concerned with design, development and
testing of aircraft powerplants. Some who
specialize in analytical engineering forecast
engine-airplane combinations a decade in
advance of design.

ELECTRICAL ENGINEERS directly contribute
their specialized skills to the analysis and
development of controls, systems and special
instrumentation. An example is the “Plotto-
mat” which automatically integrates and plots
pressures, temperatures and air angles in
performance testing.




to create the top aircraft engines

An aircraft powerplant is such a complex machine
that its design and development

require the greatest variety of engineering skills.
Pratt & Whitney Aircraft’s engineering team

has consistently produced

the world’s best aircraft engines.

The best planes are always designed

around the best engines. Eight of the most

important new military planes are powered by

Pratt & Whitney Aircraft J-57 turbojets.

The first two jet transports in the United States

will use J-57s. Further, no less than

76 percent of the world’s commercial air transports

are powered by other Pratt& Whitney Aircraft powerplants.

Such an enviable record can only be built
on a policy which encourages, recognizes and
rewards individual engineering achievement.

PRATT & WHITNEY AIRCRAFT / e
Division of United Aircraft Corporation designer
and builder
EAST HARTFORD 8, CONNECTICUT / of aircraft
engines

P e

CHEMICAL ENGINEERS, too, play an important
role. They investigate the chemical aspects of
heat-producing and heat-transferring mate-
rials, This includes the determination of
phase and equilibrium diagrams and exten-
sive analytical studies.

METALLURGISTS investigate and develop high
temperature materials to provide greater
strength at elevated temperatures and higher
strength-weight ratios. Development of
superior materials with greater corrosion
resistance is of major importance, especially
in nuclear reactors.

WORLD'S MOST POWERFUL production air-
craft engine. This J-57 turbojet is in the
10,000-pound thrust class with considerably
more power with afterburner,
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trustees, division heads and deans of Caltech, who will
accompany the group to the observatory and from there
to Warner Hot Springs for the night. The following
day the whole group will take a tour through the
desert. With Dr. George Beadle, chairman of the Division
of Biology, as chairman. the formal meetings will begin
on March 20 at Caltech.

During the three days of meetings, discussions will
include the future complexion of engineering education.
fiscal problems and government contracts, methods of
improving the quality of science and mathematics in-
struction in secondary schools, new educational experi-
ments at Caltech and MIT, graduate school probleras and
the handling of students of exceptional intellectual capa-
city.

Pasadena '76

PRESIDENT DuBRIDGE accepted appointment last
month to a new committee set up by the Pasadena
Chamber of Commerce to study the economic and cul-
tural growth of this area and make a report which will
provide a background for planning for the next 20
years. ‘

The four-man committee, known as Pasadena 76, also
includes industrial designer Henry Dreyfuss as chair-
man; Philip S. Fogg, president of Consolidated Aero-
dynamics Corp.; and Walter S. Young, superintendent of
Bullock’s Pasadena.

Travelogue

EARNEST A. WATSON, dean of the faculty, took a
leave of absence from the Tustitute this month to make

an extensive tour of the Middle East with Mrs. Watson

—he to do research on the contributions of the area to
the history of science, she to collect material for a book
on the Crusades and the Middle Ages.

The Watsons, who left Pasadena on March 6. are not
due back until school opens in the fall. and a run-
through of their itinerary indicates that there is little
of the Middle East they intend to miss.

After flying direct from New York to Cairo they go
on to Alexandria, then up the Nile to Luxor and Aswan.
Back in Cairo, they join a group of ahout 20, it a char-
tered plane, to travel to such spots as Petra—the rose-
red desert city that commanded the caravan trade for
centuries — and other old caravan cities, Damascus,
Palmyra, Bagdad and Babylon.

Moving east to Iran, they stop at Kermanshah, Ham-
adan, Tehran, Isfahan. Shiraz and Persepolis, the old
Persian capital destroyed by Alexander the Great. After
visits to Saudi Arabia and some of the oil developments,
as well as Ur of the Chaldees, the Watsons leave the
chartered plane to do some traveling on their own—in-
cluding Nishapur and the tomb of Omar Khayyam, and
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Maragha, Persia’s once-great capital of science.

From Beirut the Watsons will tour the Crusaders’ coun-
try by car, move on to Cyprus, Ankara, Istanbul, Izmir
and down the coast of Asia Minor. To cover the islands
off the coast they will either take an Istanbul-Antioch
freighter or hire their own fishing boat out of Rhodes.

Through Crete, Athens, Thessalv and Thrace they will
then use Sicily as a hase to cover the centers in ltaly
and Sicily where Archimedes and Pythagoras lived and
early Greek science flourished. Finally, by way of Madrid
and Lisbon, this itinerary includes-—homie.

Pauling's Peregrinations

LINUS PAULING, chairman of Caltech’s Division of
Chemistry and Chemical Engineering, starts late this
month on an extensive lecture tour which will take him
as far north as the University of Manitoba (where he
will give the annual Merck Lecture to the faculty of
medicine) and as far east as Amherst College. Massa-
chusetts.

In between, he will lecture at the State University of
Towa, Towa State College, the Americar Psychiatric Asso-
ciation in Chicago {where a symposium will be held on
the recent progress in genetics and its implications in
psyehiatric theory). the University of Kansas, and Yale
University (where he will lecture by invitation from the
Yale Law School Forum).

Dr. Pauling will spend the month of April as a visit-
ing professor at the University of [llinois.

Sir Charles Darwin
SIR CHARLES GALTON DARWIN, one of the

world’s leading physicists, visited Caltech this month to
address two physics seminars. On March & he spoke on
“The Discovery of Atomic Number”; on March 9 his
subject was “Forecasting the Future.”

Sir Charles, 68, was a pioneer in nuclear studies, and
from 1938 to 1949 he was director of the National
Physies Laboratory in England. He is the grandson of
the Darwin who wrote The Origin of Species. His father
was Sir George Darwin. a distinguished asironomer. and
his godfather was Sir Francis Galton, the celebrated
geneticist. He has written two populdr science books:
The New Conception of Matter. which was published in
1931, and The Next Million Years. which appeared in
1952.

Polio Grants
THE NATIONAL FOUNDATION for Infantile Par-
alysis last month announced grants to Caltech of $40,-
509 for research by Renato- Dulbecco, professor of hio-
logy. and $32.126 for Linus Pauling, professor of chem-
CONTINUED ON PAGE 34
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How the Bell
Solar Battery
Converts
Sunlight into
Electricity

Another example of the
pioneering opportunities
for engineers at

Bell Telephone Laboratories

In a career with Bell Telephone Laboratories,
young engineers and scientists can expect to ilake
part in pioneering radically new developments in the
field of communications. One such development is

the Bell Solar Battery.

Like the transistor, the Bell Solar Battery was in-
vented by Bell System scientists. Indeed, it was the
study of semiconductors which revealed the fact that
sunlight could induce the movement of electrons in
silicon and thus create electric current.

The basic unit of the Bell Solar Battery is a thin
disc compounded of two kinds of treated silicon. The
body of the disc is silicon with a trace of arsenic to
provide negative potential. Into this body boron is
diffused, to a depth of less than 1/10,000 of an inch,

providing positive potential. The junction of these .

layers of treated silicon is the “p-n” junction. Equi-
librium between the p and 7 regions is upset when the
disc is exposed to sunlight, which jolts electrons free,
and causes them to move across the p-n junction. The
charges pass through contacts, and current — though
a small amount — flows.

In the past year, the efficiency of the Bell Solar
Battery has been increased from 6 to 11%. Right
now, in Americus, Georgia, the battery is being used
- experimentally to power a rural telephone system.
And more widespread application is in the offing.

The Bell Solar Battery is one of many develop-
ments underway in the Bell System to improve
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America’s telephone service. The special role of Bell
Telephone Laboratories in forwarding the exciting
search for tomorrow’s betier telephone service is
creating many fine career opportunities for young
scientists and engineers. Your placement officer can
give you more information about careers with Bell
Telephone Laboratories, and also with Bell Tele-
phone Operating Companies, Western Electric and
Sandia Corporation. '

The Bell Solar Battery consists of 432 silicon discs wired
together, it is mounted on telephone poles to catch prevailing
sunlight, and on a sunny day can produce 10 watts. Excess
energy is fed into storage batteries, to be used at night or in
bad weather.

BELL TELEPHONE SYSTEM
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"PINNING ...

&fdfuf
«-<-A LIFETIME CAREER

Your selection of associates is of vital importance to you. By all means every graduating
engineer should investigate and consider the career opportunities offered by CONVAIR.

FORT WORTH.

As a division of General Dynamics Corporation, CONVAIR engages in broadly diversi-
fied fields of development of military defense and commercial aviation. This provides inter-
esting opportunities for every graduate with engineering and scientific talent.

Life is good in Fort Worth — where the year-around climate is conducive to outdoor
living and recreation — and there are excellent schedules of athletic events, musical and
theatrical presentations, ice arena, large lakes, etc. CONVAIR’S in-plant program enables
candidates to earn graduate engineering degrees.

Write now for information about CONVAIR'S interest
in Engineering graduates. Address

H. A. BODLEY
CONVAIR Engineering Personnel Dept.
FORT WORTH, TEXAS

CONVWVAIR

A DIVISION OF GENERAL DYNAMICS CORPORATION
FORT WORTH, TEXAS

An enlarged reprint of the abave cut-out silhouette, suitabie for framing
or pinning up, will be sent free to any engineering student on reguest.
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At David Sarnoff Research Center, Princeton, N.J., RCA tests one of loudspeakers used in new high fidelity *“Victrola” phonographs.

RCA creates a new kind of high fidelity
in the silence of this room

In this room you can hear a pin
drop. The jagged walls absorb alien
noise so that delicate instruments
can make sure reproduced sound
matches the original as closely. as
possible.

Thus a new kind of high fidelity
is. born—and brought to you for the
first time in new RCA Victor Ortho-
phonic ““Victrola’” phonographs.
Listen! Here is distortion-free per-

®

formance through the range of
audible sound. Here is more music
than you’ve ever heard before. Here
is the ultimate in high fidelity.

The skill behind new Orthophonic
“Victrolas™ is inherent in all RCA
products and services. And continu-
ally, RCA scientists strive to open
new frontiers of ‘Electronics for
Living’’—electronics that make life
happier, easier, safer.

RADIO CORPORATION OF AMERICA
Electronics for Living
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WHERE TO,
MR. ENGINEER?

RCA offers careers in re-
search, development, design,
and manufacturing for
engineers with Bachelor or
advanced degrees in E. E,,
M. E. or Physics. For full
information, write to: Mr.
Robert Haklisch, Manager,
College Relations, Radio
Corporation of America,
Camden 2, N. J.
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The Month . . . conninuen

istry and chairman of the Division of Chemistry and
Chemical Engineering.

Dr. Dulbecco, whose technique for studying animal
viruses has made it possible to isolate genetically pure
strains of polio viruses. will continue research to deter-
mine the properties of the polio virus. Dr. Pauling’s re-
search, financed by the new grant, will be to ascertain
what viruses are made of and how they are formed.

NSF Grants

THE NATIONAL SCIENCE FOUNDATION recently
announced research grants of $3,240,500 to 164 institu-
tions and individuals. At Caltech, Herschel K. Mitchell,
professor of biology, received a three-vear grant of
$18.000 to study the nature of phospholipids, a deriva-
tive of phosphoric acid. And Renato Dulbecco received a
grant of $15,000 for one vear of study on the virus host
complex formed by animal viruses and their host cells.

Honor Guest
RAY OWEN, professor of biology, left for England

late last month to attend an international conference on

immunological tolerance sponsored by the Royal Society
in London. Dr. Owen made the first discovery of natural-
ly occurring tolerance to foreign cells in cattle twins
more than a decade ago. As an honor guest at the con-
ference, he was given a full morning to discuss results
from his long-time research on red blood cell antigens
and changes that occur in the antibody-forming mech-
anism when embryonic or new-born mammals and chicks
are exposed to red cells from another individual of the
same species, or exposed to red cells of a different
species.

Earthquake Advice
ON, OF ALL THINGS, the Edgar Bergen Hour, Dr.

Charles Richter, professor of seismology, provided radio
listeners with a good deal of valuable information about
earthquakes on February 19. Though readers of this
publication may already be familiar with much of this
information, they can still benefit from Dr. Richter’s ad-
vice on what to do wheti caught in an earthquake.

“I always fall back on the saying of an eminent geolo-
gist, Bailey Willis,” he said. “‘Stand still and count 30.
After that it doesn’t matter what you do,””

CRESCENT INTERLOCKED ARMOR POWER CABLE

For more than 70 years CRESCENT INSULATED WIRE AND CABLE has

met the highest standards of safety and economy in electrical wires and
cables for homes, factories, farms and public buildings. This company -
through its program of research and development has made major

contributions to the science of wire and coble production.

CRESCENT INSULATED WIRE & CABLE CO.
TRENTON, NEW JERSEY
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Boeing engineers find rewarding jobs in Wichita, Seattle

This model of a supersonic airplane de-
sign was dropped at extreme altitude from
a B-47 Stratojet. Telemetered data re-
vealed the characteristics of its supersonic
flight to destruction at the earth’s surface.
This is just one example of Boeing-
Wichita’s continuing development of ad-
vanced aircraft and associated system
components.

At Wichita research and development
programs are expanding rapidly. Labora-
tory space has been quadrupled and many
other nmew engineering facilities have
been added to keep pace with increasing
emphasis on technical development. At
both of the company’s plants, Seattle and
Wichita, the increased scope and magni-
tude of this development effort is creating

MARCH, 1956

additional and excellent career opportu-
nities for all types of engineers.

This means that if you are an electrical
engineer, a mechanical engineer, a civil
or an aeronautical engineer or a physicist
or mathematician with an advanced de-
gree, there is a real challenge for you in
one of Boeing’s design research or pro-
duction engineering programs. You would
work in a tight-knit team where there is
plenty of room for self-expression and
recognition.

Boeing engineers are working now on
future airplanes and missiles that will
maintain the standard of technical superi-
ority established by the B-47 medium
bomber, the B-52 intercontinental
bomber, the BOMARC IM-99 pilotless

SEATTLE, WASHINGTON

interceptor, the 707 jet transport and the
KC-135 jet tanker-transport.

Recognition of professional growth is
coupled with career stability at Boeing —
twice as many engineers are now em-
ployed by the company as at the peak of
World War II. They enjoy a most liberal
retirement plan. How would you like a
satisfying, creative job with the pick of
the engineering profession? There may
be one waiting for you in the progressive
communities of Wichita or Seattle.

For further Boeing career information consult your
Placement Office or write to either:

JOHN C. SANDERS, Staff Engineer— Personnel
Boeing Airplane Company, Seattle 14, Wash.

RAYMOND ). B. HOFFMAN, Admin. Engineer
Boeing Airplane Company, Wichita, Kansas

BOLFING

Aviation leadership since 1918
WICHITA, KANSAS
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Board Nominations

HE BOARD OF DIRECTORS of the Alumni Asso-

ciation met as a nominating committee on Feb-
ruary 28, 1956, in accordance with Section 3.04 of the
By-Laws. Five vacancies will occur on the Board at the
end of the current fiscal year. one vacancy to be filled
from the present Board and four members to be elected
by the Association. Present members of the Board and
the years in which their terms of office expire are:

NEWS

R. H. Bungay "30........1957

H. C. Carter ’49..._.....1956

Philip Cravitz "29......1956 C. V. Newton 34....1956

W.R.Donahue.Jr.’34, 1957  R. W. Stenzel "21.....1957
C. P. Strickland "43........ 1956

W. F. Nash, Jr. ’38, 1956

The four members of the Association nominated by
the Directors are:

John R. Fee 51
Edward Fleischer 43

Chester Lindsay '35
John E. Osborn "39

Section 3.04 of the By-Laws provides that the mem-
bership may make additional nominations by petition,
signed by at least ten (10) regular members in good
standing, provided the petition is received by the Secre-
tary not later than April 15. [n accordance with Sec-
tion 3.05 of the By-Laws. if further nominations are not
received by April 15, the Secretary casts a unanimous
ballot for the members nominated by the Board. Other-
wise a letter ballot is required.

Statements about the nominees of the Directors are
presented below.

—Donald S. Clark, Secretary.

Joun R. FEE received his
BS in civil engineering in
1951, Prior to that he was
a captain in the U. S. Army
during World War II, and
he received a BS in busi-
ness (accounting) from the
University of Kansas in
1947, Since leaving Caltech,
he has been a civil engineer
with James M. Montgomery,
a consulting engireering
corporation in Pasadena:
and in 1955 he became secretary of that corporation. He
has served the alumni as permanent secretary of the
class of 1951, as a member of the Seminar Day Com-
mittee in 1954, as chairman of the Annual Meeting in
1955, and as Alumni Program Chairman.
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R. H. Jahns ’35........ 1957

Epwarp P. FLEISCHER re-
ceived his BS in chemical
engineering in. 1943 and
joined the Standard Oil
Company as an engineer at
the El Segundo Refinery be-
fore entering the Navy.
After a tour of the Pacific
in electronic maintenance
work, he left the Navy in
1946, and spent three years
in elevator sales and con-
struction in Los Angeles. He
then took graduate work in business administration at
Stanford and received his MBA in 1951. He went to work
in the engineering department. of the Consolidated Elec-
trodynamies Corporation in Pasadena in that same year.
and has been serving as staff assistant to the president
since 1953.

Crester W, LINDSAY re-
ceived his BS it chemistry
in 1935 and went to work
as a quality control chemist
in the Los Angeles Veg-
etable Oil Refinery of Swift
and Company. In 1938 he
becaine chief chemist for the
Maui Pineapple Company in
Hawaii, and in 1946 return-
ed to California to he pro-
duction manager for the Ex-
change Orange Produets
Company-—part of the Sunkist Growers Organization—
in Ontario. This vear he is serving as chairman of the
Alumni Seminar Day.

Joun E. OsBorn, who was
student body president
whet he was an undergrad.
uate, received his BS in
civil engineering in 1939.
After three years in the
Navy C.B.’s he joined his
father in the Oshorn Com-
pany, contracting excava-
ting, grading and paving in
and around Pasadena (in-
cluding most of the paving
on the Caltech campus, in-
cidentally). He has been active in civic and trade asso-
ciations, and belongs to thé Pasadena Rotary Clib, is
on the local YMCA board. and recently served as pres-
ident of the Southern California Asphalt Plant Associa-
tion.

ENGINEERING AND SCIENCE



The Importance
Cable Engineering and Design

Cable engineering is concerned with the
design and use of wires and cables to
direct the flow of electrical energy from
its source to the point of utilization. It
is generally more economical to gener-
ate electric power in relatively large
blocks at strategically located power
plants and to transmit it over relatively
long distances than to generate in small
quantities where it is used.

There are, therefore, two general types
of wires and cables used in the electri-
cal industry:
(a) those used for power transmission,
usually at voltages above 22 kilovolts,
(b) those used for power distribution at
lower voltages.

Cables used for power transmission are
generally single conductors with no
insulation. They are supported on in-
sulators above ground at such separa-
tions or spacings that the air provides
the required insulation. For power
distribution, on the other hand, where
the space occupied by the power line
is important, insulated cables are used.
This discussion deals with the design
and use of insulated wires and cables
for power distribution systems.

Insulated distribution cables carry
power from the transformer stations
along the transmission lines to its point
of ultimate utilization. The voltages at
which power is distributed vary from

about 15 kilovolts to 115 volts used in
individual homes. The higher voltages
are used for the distribution of rela-
tively large amounts of power from the
transformer stations to substations
nearer the points of utilization, such as
industrial plants, where it is trans-
formed- to low or utilization voltages,
either alternating or direct current.
Large quantities of electric power are
distributed in this way and the value
of the distribution equipment required
is great. The value of the insulated
conductors, including those for both
portable or stationary installations,
probably exceeds that of any other
single item used in power distribution.
The design and operation of insulated
conductors and distribution systems are
of great public and commercial im-
portance. The primary function of
insulated cable engineering and design
is to provide safe, adequate, reliable
and pleasant appearing distribution sys-
tems. Electric power is so extensively
used in modern life that interruptions
to it are serious. The failure of elec-
trical power in an industrial plant
throws people out of work and reduces
production.

The appearance or sightliness of cables
installed overhead in a community is
important and is attained chiefly by
installing such cables with a small and
uniform sag from pole to pole.

Watch for the appearance of advertisements in this series in a
forthcoming issue. Reprints of this advertisement and subsequent
ones, relating to the uses of insulated wire and cable, will be sent

on request without obligation,

RUBBER
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NORTH AMERICAN HAS BUILT MORE AIRPLANES THAN ANY OTHER COMPANY [N THE WORLD

4

At North American -

DIVERSITY CREATES OPPORTUNITY

Graduates, undergraduates — A North American representative will he
on your campus soon. He will give you complete details on the hundreds
of openings these expanding fields create: AircrarT: the Korea-famed
F-86 SaBre JET, the record-smashing F-100 Surer Sabre, and Airhorne
Vehicles of the Future. GuipEp MissiLes: the SM-64 Navamo Interconti-
nental Guided Missile. ELecTrRo-MECcHANICAL CoONTROLS: fire controls,
automatic navigation systems, flight control computers — for aircraft and
missiles. Encings : lightweight, high-thrust rocket engines for the Navaro
and for other missile programs. Atomic ENErGy: the development of
nuclear reactors for research, medicine and power.

North American engineers work in top-level teams, share in a liberal
Patent Award Program, a highly successful Suggestion Award Plan and
many other unexcelled job benefits.

See the North American Representative at your school...or write:
Mr, Stevenson, Dept. 56-CM Mr. Kimbark, Dept. 9120-CM Mr. Pappin, Dept, 56-CM

Engineer Personnel Office Engineer Personnel Office Engineer Personnel Office

North American Aviation North American’s Missile & North American’s

Los Angeles 45, California Control Departments Columbus Division
Downey, California Columbus 16, Ohio

ENGINEERING AHEAD FOR A BETTER TOMORROW

=N Norru American AviaTioN, NG,
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IS A COMBINATION OF SEVEN GREAT
OPERATING DIVISIONS.

Each stands out in its own field of chemical manufacturing.

Taken all together they give Allied an exceptional diversification
of more than 3000 products—ranging from basics and intermediates
to chemical products serving just about every industry.

Allied's diversity of operations is made possible by o broad and
comprehensive research program. The Central Research laboratory
works closely with 11 divisional research laboratories to

develop new and better products and to improve processes.
Because Allied starts with basic chemicals, the avenues of research
open in every direction. This means better opportunities for a wide
range of talents in the most promising fields of chemistry.

N”/Hﬁﬁ[N SOLVAY,

TADIVISION /58

5

6

61 BROADWAY, NEW YORK 6, N. Y.




PERSONALS

1896

Diantha May Havnes. a member of the
first college graduating class of Caltech
(then Throop Institute) died on February
15. One of only three women graduates of
the Institute, Miss Haynes received her
BA in 1896 and would have celebrated
the 60th anniversary of her graduation
this year. Her 50th and 55th anniversaries
were each celebrated at the annual meet-
ings of the Alumni Association,

A native Kansan, Miss Haynes came to
California in 1892 after attending prepara-
tory school at Biichtel College in Akron,
Ohio. She taught in California schools for
38 years, 27 of which were spent at Re-
dondo Union High School. Miss Haynes
was chairman of the science department
at the time of her retirement in 1938 and
her greatest pride was that out of her many
studernits, 24 were graduated from Caltech.

1900
Nathan A. Bowers, Ex 09, was given an
“Oscar” for outstanding achievement in
heavy engineering constriiction; at the

first annual award dinner of the Beavers,

a newly formed organization of the con-
struction industry. Held at the Statler
Hotel in Los Angeles, on January 27, the
meeting was_ attended by over 1,000 rep-
resentative engineers and builders. Nate is
a consulting engineer at the Tree Ring
Laboratories ‘in  Atherton, California.

1920

Paul D. Barton has just been made di-
rector of engineering of the Sun Oil Com-
pany in Philadelphia, Pa. A registered pro-
fessional engineer, Paul has been with
Sun Oil since 1934, He is living now in
Phoenixville, Pa., where he is a director
of the Commiunity Chest, on the board of
trustees of the Phoenixville Hospital and
is currently serving his third six-year term
on the East Pikeland Township School
hoard of directors. Board president fer the
past seven vears, he has also been elected
president of the Phoenixville Area Jointure
School Board.

1921
Ernest H. Mintie writes that his busi-
ness, (E. H. Mintie Company, Filtration

An ENGINEER can be an INDIVIDUALIST...
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At Western Gear you are treated as an important part of our team, not just
another number on the payroll. Individuals who show promise have the oppor-
tunity for rapid advancement within the company. We are still growing. So why
accept a position of status quo when you can be part of a husky, thriving outfit
still flexing its muscles?

Because we have big plans for the future doesn’t mean that we are an imma-
turekand' unrecognized company at present. Quite the contrary.

Though our roots are in the West, we rank as one of the nation’s top custom
engineering firms in the mechanical power transmission field, with 68 years of
experience to back us up. , ‘ ‘

Our six plants located throughout the West are the best equipped in the
industry, we believe. We are constantly expanding and improving our facilities.
A large beautiful new Engineering Building will be completed this year at
Lynwood. ’ ‘

Our company is a primary source of mechan’ical power transmission equip-
ment, custom engineered as well as catalog type gear drives. We serve every
industry’s needs, from aircraft and atomic power to printing presses, hoists, minia-
ture electric motors, food machinery, marine gears (from 200 to 50,000 HP) in
the most varied line of equipmernt that is to be found in any manufacturing
operation. This builds stability, for we are not tied to the economic picture of
any single industry.

An important part of this mamllectnring program is an extensive Research
and Developtnerit program in which our engineers constantly explore new tech-
nicques and processes. A block long laboratory is devoted to these new frontiers.

So if vou seek broad experience and a job that is a constant challenge to your
ingenuity, Western Gear is the place for yoiu. Our training program will thor-
oiighly indoctrinate you in all phases of our business and enable you to select
the assignment youi feel qualified for, whether it be in research, design, develop-
inent or marketing. Our representatives will be on the Cal-Tech campus on
March 30th. Interviews will begin at 9 a.m. We will look forward to seeing you.

WESTERN GEAR CORPORATION

“Since 1888~

Executive Offices,
Lynwood, Califernia

Engineers) has recently moved into en:
larged and improved guarters at 1919 Ray-
mond Avenue, Los Angeles. Ernie’s two
sons are in the organization and his family
now consists of 5 children and 8 grand-
children.

1923
Loren E. Blukeley, consulting civil and
sanitation engineer, is now a partner in the
firm of Finley’s Lahoratory in
Montebello, California. Loren continues to
be a consiltant in the field of water sup-
ply as well.

Color

1926

Domenick J. Pompeo, who has been
with the Shell Development Company in
Emeryville, California, since 1928 — the
year the company was formed—was re-
cenitly selected by the Instrument Society
of America as the cutstanding engineer
in the Bay Area for 1955. He's head of
Shell’s instrumentation department.

Henry P. Henderson writes that he is
“happy to be on the job again after suffer-
ing a heart attack in September—and I'm
25 pounds lighter, too. The San Francisco
Chapter luncheons every Thursday at the
Fraternity Club have from two to a dozen
Techman out every week. Bob Stirton 30,
Harry Farrar *27, Bob Jones ’25, Howard
Fisher 27, Jules Mayer 40, Harry Sig-
worth ’44, Manley Edwards 26, and I
make up the regulars.” Henry is district
engineer for the Worthington Pump and
Machine Company in San Mateo.

1928

Edwin W. Templin has been elected
chairman of the Pacific Coast Section of
the Society of Motion Picture and Tele-
vision Engineers, which has about 1600
members in the Los Angeles area. Ed is
supervisor of electronic development for
Westrex, the Western Electric Company
subsidiary which provides soiind recording
equipinent for use with motion pictures.

1929

Alfred E. Towne. who was formerly
chief engineer of KPIX, resigned recently
to form A. E. Towne Associates, Inc, His
riew comipany, composed of radio and tele-
vision consilting engineers, specializes in
FCC applications and proof of perform-
ance, and has offices in San Francisco. The
Townes are living in Belmont and have a
daughter 18 and a son 16.

1930
Harland Mdss writes that he has return-
ed to the faculty of Loyola University in
Los Angeles after an absence of 12 years
in industrial work.

ENGINEERING AND SCIENCE
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The bomb that’s built not

to explode

This cylinder is called an accumulator, It's
used in aircraft to store hydraulic pressure,
principally for raising and lowering landing
gear and wing flaps. Its working pressure
amounts to 3,000 pounds per square inch—
so great that faulty material or construction
would cause the accumulator to burst with
the deadly power of a bomb. The manufac-
turer was having trouble with variations in
the strength and quality of the steel being
used. Defects showed up after machining.
Rejects were running at a high rate.

The manufacturer called in metallurgists
of the Timken Company for help in solving
the problem. They recommended a certain
analysis of Timken fine alloy seamless steel
tubing, specially heat-treated for this appli-
cation. Result: since switching to Timken
fine alloy steel, the Company reports each
accumulator can be tested safely at 6,000
pounds per square inch—twice its working
capacity—and that rejects are now a rarity,

Want te learn more about steel
or job opportunities?

Some of the enginecring problems
youw'll face after graduation will in-
volve steel applications. Tor help
in learning more about steel, write
for your free copy of ““The Story of
Timken Alloy Steel Quality.”” And Canton 6, Ohio.

for more information about the ex-
cellent job opportunities at the
Timken Company, send for a copy
of “This is Timken.” Address: The
Timken Roller Bearing Company,

Fiﬁe Jﬂloy

A

SPECIALISTS IN FINE ALLOY STEELS, GRAPHITIC TOOL STEELS AND SEAMLESS TUBING

MARCH, 1956
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atomic
power
DEVELOPMENT

atomic po

holds the
greatest

promise of
career

success.

Take this opportunity to pioneer
with the leaders. Participate with
WESTINGHOUSE in the research and
development of nuclear reactors for
commercial power plants, and for the
propulsion of naval vessels.

ELECTRICAL ENGINEERS
CHEMICAL ENGINEERS
MECHANICAL ENGINEERS
PHYSICISTS
MATHEMATICIANS
METALLURGISTS
NUCLEAR ENGINEERS

W

I New! Westinghouse

] Fellowship Program

| . in conjunction with the
| University of Pittsburgh. This
| new Westinghouse program en-
| ables qualified candidates to
| attain their M.S. and Ph.D. de-
{ grees WHILE ON FULL PAY.
|
|
|
|
|
|
|
I

Ample housing available in
modern suburban community
15 minutes from our new plant.
Ideal working conditions. Excel-
lent pension plan. Education pro-
gram. Health & Life Insurance.

je . Jamod J1oje - Jomod dsnuoje « 1amod donuole « 12

|
|
|
|
|
|
|
|
|
Salaries Open =
|
]
|
|
|
i
i

~_Send for your copy of
“TOMORROW'S OPPORTUNITY TODAY”

State whether you are an engineer,
mathematician, Physicist or Metallurgist.

Send complete resume to

MR. A. M. JOHNSTON,
Dept. AM.

. Jomod 210

Westinghouse Bettis Plant
P.0. Box 1468
Pittshurgh 30, Penna.

%stinghouse
Perat Tu rtomic Powen
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Roscoe Downs reports that he is project
manager for the contractors for a $40,-
000,000 dam and hydroelectric power
project on the Gediz River about 75 miles
east of Izmir in Turkey. The project is
located in the area of Ancient Greece
(Aeloia, [onia, Lydia, Phrygia, Caria, etc.)
and the scene of much early Christian
history. Although the Downs' live fairly
comfortably, Roscoe admits that “accom-
modations and food are not what we Amer-
icans are used to, and our travel is very
carefully planned and held to a minimum
because traveling in Turkey is not as easy
and pledsant as the travel folders would
have you think.”

1932

Thomas W. Bell, MS "33, division petro-
leum engineer of the Texas Company’s
Pacific Coast Division, has become assist-
ant division manager of the producing de-
partment in Los Angeles. Tom has been
with the Texas Company since 1934, lives
in Glendale with his wife and two chil-
dren, Tom, Jr. and Virginia.

1933

William C. Pauly, who was listed as a
Lost Alumni in the December E & S, is in
Barbarton, Ohio, working as plant engi-
neer at the Barbarton Works of the Bab-
cock and Wilcox Company. Orin S. Shoe-
maker '34, of Pasadena, writes that “Bill
has been with the company since 1934. He
started with themi (as I did) on the
Boulder Dam project. I saw him about
two years ago on one of my trips east,
and ['ll bet that a vote would put him in
top positioni on the list of those of ’33
who have changed the least.”

1935

Paul F. Genachte, PhD, has been ap-
pointed acting director of the atomic
energy division of the Chase Manhattan
Bank in- New York. Before joining the
bank in 1954, Paul spent ahout 20 years
in public utility work in Belgium and
Mexico.

Russel L. Maycock, Ex '35, is now with
the Shell Chemical Corporation in Houston,
Texas.

1936
Verne Peugh is manager of the San
Francisco office of Peter Kiewit Sons’

Company, Contractors, Verne’s been with
the firm for six years.

Raymond H. F. Boothe, MS ’37, has
joined the technical staff of Ramo-Wool-
dridge in Los Angeles. Ray had been with
the State Division of Architecture as a
senior structural engineer for seven vears
before this,

Louis G. Dunn, MS *37, MS 38, PhD *40,
has been elected vice-president of the

Ramo-Wooldridge Corporation. He joined
the company in 1954 to direct missile re-
search activities, and will continue in this
capacity.

Sydney U. Barnes writes from Moga-
disco, Somalia, that “after the conclusion
of my contract in Spain for De Golyer
and MacNaughton, I returned to the U.S.
and secured a contract with the Sinclair
Somal Corporation to conduet a gealogical
plane-table siirvey of this cotintry.  Although
only 2° north of the equator, it is sur-
prisingly cool here (about 90°) because
of the continual winds. The country is
barren, with typical desert vegetation, and
occasionally there are tribal disputes over
water suffered.
However, they do not hother foreigners.
About 95 percent of
nomads,

in  which casualties are

the Somalis are

“My son was born December 22, 1955 in
Madrid, Spain, and my family is living
there now.”

1937

Christopher Dykes. MS 37, MS 38, has
been practising as an advising aeronau-
tical engineer in London, England, since
1951, He writes that “the work enables me
to do a great deal of traveling and T've
visited North America a total of six times
since 1952 and am planning another trip
of one month, including New York, Mon-
treal, Cleveland. St. Louis, San Diego and
Pasadena. I am currently retained by
various firms in the U. S., Britain and
Canada, advising them on future trends,
mainly on aeronautical
Chris and his wife have a 7-year-old daugh-
ter, Sarah, and a 20-month-old son, An-
drew.

development.”

1938

L. Bruce Kelly joined the Underwater
Engines Division of the Aerojet General
Corporation in Aziusa last summer as a
senior mechanical engineer, after being
with the U. S. Naval Ordnance Test Sta-
tion in Pasadena for 914 years. During his
years with NOTS he served as head of the
applied research branch, head of the pro-
pellants branch, and head of the com-
ponents branch.

Stanley T. Wolfberg. who has heen gen-
eral manager of Squires, Ine., has left the
retail business to return to industrial engi-
neering as a management consultant for
Benjamin Borchardt & Associates in Los
Angeles.

1939
Paul I.. Smith will be moving to Tulsa
in April to work as chief of operations of
the analysis group in the engineering de-
partment of the Douglas Aircraft Com-
pany there. Paul has been with the Santa
Monica division of Douglas for 17 years.

ENGINEERING AND SCIENCE



A THOUSAND PRODUch/

CONTROL

WATER-FILLED
POOL

REACTOR
CORE

AVIATION CORPORATION

A MILLION IDEAS

MOVEABLE
BRIDGE

Cutaway of Bendix nuclear research type reactor model displayed at Atoms For Peace Conference, Geneva, Switzerland.

One of Today’s Great Engineering Firms
Builds for Tomorrow!

The atom has been split and the
bomb has been built, but where we
go from here depends largely on the
strange structure in the photo and
others like it. Tt is a nuclear research
type reactor. Right now scientists
have literally thousands of ideas for
putting the atom to work in
medicine, biology, chemistry, metal-
lurgy. But they need this reactor to
hatch the eggs—are handcuffed
without it.

If this nation is to keep pace with
the progress of other countries
throughout the world, reactors must
be built in ever-increasing numbers
by those companies whose achieve-
ments qualify them for this vital
work.

MARCH, 1956

Bendix experience on nuclear
projects qualifies it as a top source
for research reactors. For eight years
our Kansas City Division has been
operated exclusively for the Atomic
Energy Commission; for five years
our Research Laboratories Division
in Detroit has worked on design of
research reactors, reactor power
plants, control components, reactor
simulation equipment and nuclear
power plants.

For this work Bendix needs men,
lots of them . . . talented young
engineers with ambition and curi-
osity. These are the kind of men
who, for so many years, have kept
Bendix in the forefront as a supplier
of a thousand different products to

almost every type of industry in
existence. For Bendix is in many
businesses besides nucleonics. What-
ever your field, whatever vour
geographic preference, it’s likely
that Bendix has the job you're seek-
ing in one of its twenty-six divisions
from coast to coast. See your place-
ment director or send for the bro-
chure “Bendix and Your Future”
for a detailed look at Bendix
activities.

AVIATION CORPORATION
FISHER BLDG., DETROIT 2, MICHIGAN
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“POWER OFF!" Test operations are directed from this central control room, where
special measuring instruments greatly speed up the collection of pump performance
data, That’s one way Worthington products are made more reliable by using . . .

... the world’s most versatile hydraulic proving ground

When you make pumping equipment that has to stand up and
deliver year after year anywhere in the world, you've got to be sure
it will perform as specified.

That's why we built one of the world’s largest hydraulic test
stands at our plant in Harrison, New Jersey. Here, over a half-
acre “lake,” we can check the performance of anything from a
fractional horsepower unit to pumps handling over 100,000 gallons
a minute. When you realize there are thousands of sizes and types
of centrifugal pumps alone, you get an idea of the versatility we
had to build into our proving-ground.

Naturally, our new test equipment is a big help to our research
engineers, as well as our customers. Now they get performance
data on products quickly and accurately. Using it, we can save
months, even years, in developing new Worthington fluid and air-

: B ag handling devices —equipment for which this company has been
f‘g?‘l“’:i"{‘g’:}szﬁt z}E()s::r‘.ll:}l;l;l\;)!:nﬁsg?:f?é;hizgotgg Sf?lt:cn;\grgl famous for over a century. For the complete story of how you can
bian.gAmerican Oil Company’s central air conditioning units in gt ;‘nt{) the Worthington pAt.cL‘ure, write F. 'F_, Tho:}1p§c)11, Mer.,
S e ersonnel & Training, Worthington Corporation, Harrison, N. I
4.25A

See the Worthingfon representative when he visits your campus
See the Worthington
Corporation exhibit in
New York City., A lively,
informative display of
product developments . 2 - =
for industry, business and -

the home. Park Avenue
and 40th Street.

AIR CONDITIONING AND REFRIGERATION » COMPRESSORS » CONSTRUCTION EQUIPMENT * ENGINES « DEAERATORS » INDUSTRIAL MIXERS
LIQUID METERS - MECHANICAL POWER TRANSMISSION + PUMPS + STEAM CONDENSERS » STEAM-JET EJECTORS » STEAM TURBINES « WELDING POSITIONERS
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Fill these shoes and there are

OPPORTUNITIES UNLIMITED
for you at AC

=0

Jet Engine
Fuel Controls \
\

\

Inertial
Systems

Missile
Guidance
Systems

Air-borne
Navigational

&‘3 Systems
R %%g |

Computers

Digital
Computers

Air-borne
Fire Controls

No job experience necessary. We will train you in the following capacities:

Mechanical Engineers. Coordination of complete product
designs on precise mechanical or electro-mechanical instru-
ments . . . computers . . . fine-pitch gearing,.

Electrical Engineers. Complete systems and circuitry activi-
ties in complex electronic equipment . . . amplifiers . . . data
transmission . . . servo systems . . . gyro stabilizers.
Mathematicians and Physicists. Analysis of basic problems
in bombing, such as ballistics, pursuit curves and systems
evaluation.

Field Engineers. Short term in plant training for immediate

AC SPARK PLUG %)

THE ELECTRONICS DIVISION OF GENERAL MOTORS

Milwaukee, Wisconsin Flint, Michigan

MARCH, 1956

placement in field activities as engineering representatives
for our air-borne electronic equipment.

Please send additional information on AC’s Milwaukee and
Flint operations.

Name.
Address.

Degree
College.. . and yeaor.

ADDRESS: Supervisor of Employment, AC Spark Piug
Division of General Motors, Milwavkee, Wisconsin
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BARE PLUTONIUM SPHERE...

i

Haft |
ASSEMBLED CRITICAL

--where scientists and engineers, working
with some of the Western World’s finest
equipment and facilities probe the un-
known and seek answers to tomorrow’s
problems.

The Laboratory’s program for pioneering
in nuclear and thermonuclear power and
nuclear propulsion, ranks in importance
with the Laboratory’s continuing and
ever expanding achievements in atomic
weapons research and development.

The delightful small city of Los Alamos is
situated among the pines on the lower
eastern slope of the towering Jemez
Mountains—an ideal community and cli-
mate in which to live and raise a family.

For employment information contact
your Placement Office or write
DEPARTMENT

OF
SCIENTIFIC PERSONNEL

Division 7

alamos

scientific laboratory

OF THE UNIVERSITY OF CALIFORNIA

LOS ALAMOS, NEW MEXICO

Personals . . . connnued

He has three children—Sue, 15, Stephen,
13, and Charles, 9.

Andrew L. Hannon, president of Hannon
Engineering, Tnc., in los Angeles, has
been elected president of the L[.A. chap-
ter of the National Electrical Contractors
Association.

John Norton Wilson, PhD, writes from
Oakland that he “returned in August, 54
from a year in Amsterdam at-the Shell
Laboratories there to the same job as
hefore at Shell Development Company in
the catalysic and surface chemistry depart-
ment. Visited a number of lahoratories in
England and on the continent, and saw
something of France, Spain, Italy and the
Low Countries as well as Britain during
sojourn abroad. Life since then has been
busy but less replete with novel expe-
riences,”

1940

Harold E. Heywood, Jr., MS, is now
works manager of the National Supply
Company in Gainesville, Texas. Hal has
been with the company since 1940, when
he was appointed assistant chief engineer
at the Toledo plant.

Gerald P. Foster, former president of
the Caltech' Alumni Asociation (1953-4),
has been named chief of the services sec-
tion, Systems Division, of the Consolidated
Electrodynamics Corporation of Pasadena.

William T. Kluge is now in Japan rep-
resenting the North American Aviation
Company as a consultant technician at the
Mitsubishi Aircraft Company. Bill, his
wife, and three sons (Clifford, 7Y%, David,
6, and Steven, 4), will be in Japan for a
year,

Harrison A. Storms, PhD ’41, chief tech-
nical engineer at North American Avia-
tion in Los Angeles, has been appointed
to the aerodynamics committee of the
National Advisory Committee for Aero-
nautics.

1941

Frederick W. Thiele, project engineer
with North American Aviation, writes that
he has just built a new home overlook-
ing the Soind in Seattle after moving
there recently,

Deonald E. Dawson is supervisor of mech-
anical resedrch in the research section of
the Los Angeles Division of North Amer-
ican Aviation, Inc. He reports that heads
of the research section are L. P. Spalding,
°36, chief research engineer: and Robere
R. Jannssen, *40, assistant chief research
engineer. Don lives in Manhattan Beach
with his wife, Judy, and two children,
Terry, 11, and Claire, 9.

Norman F. Svendsen, MS '42, reports
that, in 1955, he and his wifs “took a
trip around the world—via a Norwegian

ENGINEERING AND SCIENCE



J. F. McBrearty, chief structures engineer (left) discusses fatigue test program
of integrally-stiffened wing lower surface structure of a new transport with
E. H. Spaulding, structures division engineer and J. G. Lewolt, stress engi-
neer. Lockheed’s 500,000 lb. Force Fatigue Machine was used in test
program.

Advanced structures facilities speed
careers of Lockheed engineers

Lockheed Sponsor for California
Institute of Technology, Richard
R. Heppe, Class of '47. As the
Lockheed sponsor for the
California Institute of Tech-
nology, Mr. Heppe counsels
students about their opportu-
nities at Lockheed through
periodic visits to the campus
and through correspondence.
After students join Lockheed,
he mainitains a close relation-
ship with them as friend and
career advisor. He now heads
the Aerodynamics Depart-
ment, directing aerodynamic
phases of preliminary and
production aircraft, He joined
Lockheed in 1947,

MARCH, 1956

Engineers in Lockheed’s Structures Division are supported by
unmatched research and testing facilities in their constant effort
to increase strength while decreasing weight.

Among those facilities are the Lockheed-designed 500,000 Lb.
Force Fatigue Machine, first of its size; Shimmy Tower, only
one in private industry; and Drop Test Tower, largest in the
nation,

Facilities such as these give engineers a major advantage in
making technical advances — and thus advancing their careers.
Moreover, the large number of projects always in motion at
Lockheed mean continuing opportunity for promotion as well
as job security.

Why Lockheed needs Engineers with Structures training:

1. “Fail-Safe’ Structures — Lockheed has begun an extensive pioneer-
ing effort in the new concept of “fail-safe” structures. Studies are
being applied to virtually all phases of Lockheed’s diversified devel-
opment program — already the largest in the company’s history.

2. New studies in: Effect of high temperatures on structures; optimiza-
tion of thin-wing designs and other aero-elastic problems; new
materials such as ultra-high heat treat steel; panel instability at
extremely high speeds.

You are invited to contact your Placement Officer for a brochure
describing life and work at Lockheed in the San Fernando Valley.

LOCKHEED

California Division « AIRCRAFT CORPORATION +: BURBANK

CALIFORNIA
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A Tower of
Opportunity

for America’s young
engineers with capacity for
continuving achievements in

racio and electronics

Today, engineers and physicists
are looking at tomriorrow from the
top of this tower ... the famed
Microwave Tower of Federal
Telecommunication Laboratories
... a great development unit of
the world-wide, American-owned
International Telephone and
Telegraph Corporation.

Here, too, is opportunity for
the young graduate engineers of
America . . . opportunity to be
associated with leaders in the
electronic field . .. to work with
the finest facilities . . . to win rec-
ognition . . . to achieve advance-
ment commensurate with
capacity.

Learn more about this noted
Tower of Opportunity...its long-
range program and generous em-
ployee benefits. See your Place-
ment Officer today for further in-
formation about FTL.

INTERESTING
ASSIGNMENTS IN —
Radic Communication Systems
Electron Tubes
Microwave Components
Electronic Countermeadsures
Air Navigation Systems
Missile Guidance
Transistors and other
Semiconductor Devices
Rectifiers * Computers * Antennas

Telephone and
Wire Transmission Systems

Fodera/
Pelecommunication
Laboratories 5
A Division of International

Telephone and Telegraph Corpcrdﬁon
500 Washington Avenue, Nutley, N. J.

Personals . . . connnuen

freighter, banana hoat and Nile steamer,
with a safari in a newly purchased Volks-
wagen about Eiirope. We were traveling
about 11 months and visited the Philip-
pines, Indonesia, Malay, Siam, Burma,
Africa, India and the Near FEast. After
Europe, we took a freighter from London
to Panama, then down from Costa Rica to
Los Angeles.”

1944

Neil S. Estrada. MS, is with a paint
company in or niear San Francisco and lives
in Palo Alto, reports a friend of his, John
R. Macarthur, of Chula Vista.

Cornelius Steeling writes briefly of his
recent accomplishments: “(1) made a
European trip in the summer of 1953, (2)
climbed the Matterhorn in Switzerland,
(3) finished PhD in organic chemistry at
UCLA, (4) tiow a member of the board of
directors of the American Civil Liberties
Union.”

Bert H. Golding. MS "48, is working with
the Arabian American Oil Company in
Dhahran, Saudi Arabia. Bert's wife and
three boys are in Washington, D.C., until
housing becomes available in Arabia.

Charles B. Miller is now the mechanical
engineer for Southern Pacific Pipelines,
Inc. in Los Angeles.

1946

Richard C. Warner writes that he has
been made chief draftsman for the Cali-
fornia State Division of Highways in
Eureka: has just finished building his
home: and has a frogman suit and air
tank to explore the ocean possibilities of
northern California.

1947

Arthur S. Bolles writes that he “had
a two-month vacation in the U, S. this
simmer with my wife, son, 3l%. and
daughter, 214, and returned to Saudi
Arabia via the Pacific. We made several
stops, including Tokyo, where T was hest
man at the wedding of my brother Ralph,
who was stationed there in the U. S,
Armed Forces. I am at present employed
as a pipeline engineer and am in my 8th
year with Arabian American Oil Company
in Saudi. My wife, by the way, is a cousin
of James R. Wilcox 50, but we met in
Arabia in 1948.”

11948
Reed A. Gray, PhD, won the first award
of $1,000 in the 1955 Glycerin Research
awards while working in the microbiolog-
ical research department of Merck and
Company. Inc., in Rahway, New Jersey.
George William Boutelle has been ap-

pointed director of sales of AMF Atfomics,

Inc., a subsidiary of the American Machine

and Foundry Company. George has been
with AMF since January, 1955 and was
formerly with the Bulova Watch Company
as assistant to the vice-president in charge
of sales,

George R. Schull, MS, writes that the
principal news in his life is that he's get-
ting married in March, On their honey-
moon, George arnid his wife will fly their
Bonanza to Mexico.

Mihran S. Agbabian. MS, received his
PhD in 1951 at the University of Cali-
fornia at Berkeley, and joined the Ralph
M. Parsons Company of Los Angeles after
four years with the Bechtel Corporation
in San Francisco. Mike is riow assistant
head of the structural department of the
architect-engineering division. He’s mar-
ried to Elizabeth Apkarian, formerly of

Beirut, Lebanon.

1949

Sidney G. Gibbins has completed work
for his PhD in organic chemistry at the
University of Washington and is now on
the staff of the Du Pont electrochemicals
research laboratory in Wilmington, Dela-
ware,

Gaelen Felt, MS, PhD ’51, has been
named acting commander of Task Group
7.1 at the Los Alamos Scientific Labora-
tory which will conduct a new series of
experiments after May 1. Gaelen has been
at Los Alamos since 1946 when he was
discharged from the Army and stayed on
in a civilian capacity.

Mehmet A. Turkkan, MS, died in Feb-
ruary, 1955 while serving as a Lieutenant
Engineer in the Jet Engine division of
the Turkish Air Force.

Lowell G. Wayne, PhD, is 1956 chair-
man of the Los Angeles branch of the
Federation of American Scientists, Another
officer of the Association is John Drake,
42, MS ’43, secretary. Lowell is the Tn-
dustrial Health Engineer at the Univer-
sity of California in Los Angeles.

1950

William T. Staats, Jr., is now working
as a design engineer for Weston Hy-
dralics, a subsidiary of the Borg-Warner
Corporation. A son, Donald, was born on
Bill's birthday last August.

John P. Moffat, Jr., has heen appointed
as assistant director of quality control of
the Consclidated Electrodynamics Cor-

_poration in Pasadena, John has Leen with

the coinpany since 1952,

Harry F. Clark, Jr.. who is with the
All-States Engineering Company in Cin-
cinnatti, was married last July 15th to Dora
Dean Furnish of New Port, Kentucky.
Harry flies his own four passenger plane.

1951
Robert E. Covey, MS *52, is now in charge

ENGINEERING AND SCIENCE



sales offices
in most
principal cities

SAN FRANCISCO

branch office

and warehouse

| SMOOT-HOLMAN COMPANY |
P.0. BOX 398 * DEPT. ¢ * INGLEWOOQD, CALIF.

% Please send me complete {
i lighting literature for:

0 COMMERCIAL ] INDUSTRIAL |
§ [0 SCHOOL OR INSTITUTIONAL [ FLOOD {
; |
l CITY. ONE, STATE, I
S ey —— |

SIT BACK AND RELAX

Let Calmac Manufacturing Company
Worry About
Your Metal Parts and Products

We have the most modern facilities and most
complete plant to give you the maximum of
service, whether it is a small part, a large part,
or a product from your ideas to the shipped article
direct to your customers, under your name, from
our plant.

CALMEC MANUFACTURING CO.
Robert A. Mclntyre, M.S. ’38 KImball 6204
5825 District Blvd. Los Angeles 22, Calif.

Wire 1t with this 1n mind:

ot must be modern tomorrow, too!

e s L Ty

 The p}aggingé{agg is the best fytizrﬁe to léi}k‘ ‘ ;
to the wiring! Be sure it measures up to livability
 requirements—not just for now, but for the

 future as well.

MARCH, 1956

~

-

SOUTHERN CALIFORNIA EDISON COMPANY
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WHAT'S THE TREND
IN PRODUCT
DESIGN?

it affects your future
as a development engineer

NDUSTRY'S forecasts predict con-

stantly growing competition for cus-
tomers. As a result, tomorrow's designs
will be based on two major premises:
dependability and cost.

With rising costs of materials and
labor, industry is searching for ingen-
ious engineers to show them how to
develop and manufacture their prod-
ucts at a profit . . . and still keep selling
prices down.

The engineer who knows how to use
materials like welded steel to eliminate
unnecessary cost will command key
positions in industry. Welding holds
the answer to many design dilemmas
where costs must be cut and products
made stronger, more rugged.

FORMER
CONSTRUCTION
Cost 85¢

WELDED STEEL
DESIGN
Cost 65¢

The example shows how one machine
component has been made more dur-
able. . .yet the cost was cut from 85¢ to
65¢ a piece. Because of steel’s higher
strength, greater rigidity and lower
costs, similar reductions in cost are pos-
sible in virtually all products now made
from gray iron.

Latest design ideas in changing over
parts from gray iron to steel are avail-
able to engineering students by writing

THE LINCOLN ELECTRIC COMPANY

Cleveland 17, Ohio

The World’s Las z<st Manufacturer of
Arc Weld::... Equipment

30

Personals . . . connuen

of the Caltech Jet Propulsion Lab's 20-
inch supersonic wind tunnel, He's heen
with JPL since his graduation. He and his
wife, Jovce, became parents for the first
time last July when their son, Alan Reed.
was born.

Julius Hermann, MS, who is working
for the Stratos Division of the Fairchild
Engine and Airplane Corporation in Bay
Shore, New York, was married on Feb-
ruary 4 to Roberta Shapiro of Newark.

1952
Rerni [I. Alder. PhD. is in the theoret-
ical the Radiation
Laboratory in He spent a
(1954-55) in Furope as a Guggen-
heim Fellow before working in this new
position,

physies  division at
Livermore.

year

1953

Gerald H. Ross writes that he is still
with the MeCullock Motors Corporation
in Los Angeles as chief engineer of the
electrical vehicle division and with the aid
of Takeo Asakawa. BS °53. who started
with the company last December, we are
designing and building small industrial
tractors, inter plant personnel carriers and
golf course vehicles,

Farren E. Mathews, PhD), has been head
of the advanced planning staff in the
Weapan Systems Development Laboratories
of the Hughes Aircraft Company in Los
Angeles. for almost a year. He has three
daughters, Carol, 5. Peggy, 2, and Gail,
ten months old.

1954
Roland S. Miller. MS. worked at Quin-
ton Engineers. Ltd. until last December
when he was drafted into the Navy. He is
now a seaman recruit in San Diego.

1955
lerry A, Orr. MS. is working with
Rocketdyne, a division of North Amer-

ican Aviation,

Stanley F. Parkill. writes that he has
“been uprooted from the ecivilian pleasan-
tries of the southern California bon vie and
am now a Naval officer candidate at New-
port. R.I.. where it rains, snows, fogs, and
where all southern Californians have per-
manent colds.”

T'homas Trilling has been at Hughes
Aireraft since June, working part-time and
is attending graduate school at USC. also
part-time, working for a master's degree
in electrical engineering, under the Co-
operative Fellowship Program.

WANTED...
CIVIL, ELECTRICAL,
MECHANICAL

Marquette University offers you many advantages in the plan-
ning of your professional career. Such as: Excellent in-service
training for the instructor beginning his academic career . . .
contact with industry in a metropolitan area noted for its

highly diversified manufacturing .

opportunities . .

summer employment

. salaries up to $4300 . . . and the cultural and

resort facilities of the Milwaukee area

You can develop your future along academic lines by completing
your graduate education at a nearby stale institution or select
carefully from numerous industrial openings available locally.

If you are interested

. write, Dean, College of Engineering

MARQUETTE UNIVERSITY

MILWAUKEE, WISCONSIN

ENGINEERING AND SCIENCE



1: the man who infends fo

creative engineering...

AiResearch is looking for your
kind of engineer.

We have always been a pio-
neering company, constantly
developing new products and
searching out new and better
ways of meeting the demands of
modern civilization.

A sample of this ingenuity is
our development of transducer-
computer systems which simplify
the job of flying. AiResearch also
leads in the aircraft air-condi-
tioning and pressurization fields.
We are blazing the trail in over-
coming the heat problem in jet
flight. In the new, rapidly grow-
ing field of small turbomachinery
we have more experience than all
other companies combined. We
produce more than 1000 differ-
ent products, from unique air-
valves that can operate under
unprecedented temperature con-
ditions to the most complicated
complete systems. We work on
the very frontier of present sci-
entific knowledge.

That’s why we need creative
engineers...and appreciate
them. You who qualify for an
AiResearch position will receive

THIE

Designers and manufacturers of aircraft components: ReFmGeraTION SYSTEMS

CABYY AIR COMPRESSORS *

MARCH, 1956

TURBINE MOTORS

A NEW CONCEPT—AIRESEARCH

COMPLETE'
———————

AIR DATA COMPUTER
SYSTEM |

AIRESEARCH AIR DATA COMPUTER SYSTEM integrates electronic,
pneumatic and electrical components to automatically sense,
measure and correct for all air conditions affecting flight.

do

GAS TURBINE ENGINES *

stimulating assignments, utilize
some of the finest research facil-
ities in the country and be well
rewarded financially.

Premium positions are now
open for mechanical engineers
...electrical engineers...physi-
cists...specialists in engineering
mechanics...specialists in aero-

CORPORATION

dynamics...electronics engineers
...aeronautical engineers.

Write to Mr. Wayne Clifford,
AiResearch Manufacturing
Company, 9851 S. Sepulveda
Blvd.,Los Angeles 45,California.
Indicate your preference as to
location either in Los Angeles
or Phoenix.

AiResearch Manufacturing Divisions

Los Angeles 45, California « Phoenix, Arizona

CABIN PRESSURE CONTROLS °* HEAT TRANSFER EQUIPMENT »

ELECTRO-MECHANICAL EQUIPMENT =~

* PNEUMATIC VALVES AND CONTROLS *

TEMPERATURE CONTROLY

ELECTRONIC COMPUTERS AND CONTROLS
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FAD, “SKYRAY''— only carrier plane to
hold official world’s speed record

A4D, "SKYHAWK''—smallest, lightest
atom-bomb carrier
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€-124, “GLOBEMASTER''— world's
“largest production transport

A3D, “SKYWARRIOR' — largest
carrier-based bomber
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Engineers:
join this
winning
team!

At DOUGLAS you'll be joining a company in which the three top

“NIKE' — supersonic missile selected
to protect our cities

L S T e YTy

executive officers are engineers...you’ll be associated with men
who have designed the key airplanes and missiles on the American
scene today ! Nothing increases an engineer’s ability faster than

working with other engineers of top calibre.

Not only is Douglas the largest manufacturer of commercial aircraft
in the world, but it also produces outstanding aircraft and missiles
for every branch of the armed services! This diversity, besides
giving you job security, provides unequalled opportunity

for the engineer with an eye to the future,

First in Aviation
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DC-7 “SEVEN SEAS"— America’s
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D558-2, “SKYROCKETY"— first airplane
to fly twice the speed of sound
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RB-66 —speedy, versatile
jet bomber
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P80 000 H20000800CRRITFRORORIBRERSRGE

finest, fastest airliner
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Challenging opportunities now
existin the following fields:

Mechanical design
Structural design

Power plant installation design
Weapons delivery
Aerodynamics
Thermodynamics
Electronic computers
Systems analysis
Aircraft air conditioning
Hydraulics

Stress analysis

Servo mechanisms
Acoustics

Electronics

Mechanical test
Structural test

Flight test

Process englneering
Missiles

Brochures and employment applications are available at your college placement office.

For further information relative to employment opportunities
at the Santa Monica, El Segundoe and Long Beach, California divisions
and the Tulsa, Oklahoma division, write today to:

DOUGLAS AIRCRAFT COMPANY, INC.

C. C. LaVene, Employment Manager...Engineering General Office
3000 Ocean Park Bivd. ... Santa Monica, California

52
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HOW

HERCULES

HELPS...

IN HEAVY TRAFFIC AREAS like this, floor tiles
must be huilt to take a beating. Whether the
tiles are of the rigid, mastic type or flexible
flooring based on rubber or vinyl, Hercules
Neolyn®, Mastolyn® or Staybelite® resin
can contribute to lower processing costs and
better wearing qualities. The wide variety of
properties offered by these resins assures that
there is one best suited for every floor tile
formulation.

WHICH HAD THE TREATMENT? The clean, un-
splintered piece has been treated with Hercules
Paracol® wax emulsion, making it possible to
use every inch of lumber that has been pre-cut
at the mill. The untreated piece (top) is badly
checked” and a portion of the end must be
discarded before it will be suitable for use.

..

i

< MORE THAN 17,000 VOLUMES of scientific literature and tens of thousands of com-
pany research reports will be housed in this new $1,000,000 Technical Information
Center at the Hercules Experiment Station near Wilmington. In addition, the strue-
ture will provide quarters for the many technical specialists who serve the scientific
information needs of the Hercules research staff—making the Center one of the
nation’s most complete information services to an industrial research organization.

HERCULES POWDER COMPANY

INCORPORATED

968 Market St., Wilmington 99, Del. Sales Offices in Principal Cities HER ‘ l / LES .

SYNTHETIC RESINS, CELLULOSE PRODUCTS, CHEMICAL COTTON, TERPENE CHEMICALS,
ROSIN AND ROSIN DERIVATIVES, CHLORINATED PRODUCTS, OXYCHEMICALS,
655213 EXPLOSIVES, AND OTHER CHEMICAL PROCESSING MATERIALS. CHEMICAL MATERIALS FOR INDUSTRY
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NINETEENTH ANNUAL ALUMNI SEMINAR

8:30-9:15 A.M.—REGISTRATION

Debney Hall of the Humanities

MORNING PROGRAM
9:30-10:30 AM,

One of the following:
A. CALIFORNIA FAULTS AND EARTHQUAKES

Clarence R. Allen. Assistant Professor of Geology

San Francisco, Long Beach, and, most recently, Lower Cali-
fornia have experienced violent and destructive earthquakes.
Geologists and seismologists relate these crustal movements to
an extremely complex local fault structure. Strain release
studies and field observations have recently shed light on the
mechanics of faulting and now allow limited predictions of
future seismic activity.

B. METABOLIC STRATAGEMS WHICH STAY

TIME'S ARROW

George Laties. Senior Research Fellow in Biology

The living state, representing as it does a high degree of

organizatioti, and reflecting in its myriad forms a vast store of
chemical energy, is by all reasonable ccnsiderations a highly
unlikely state. In the biological world. means have heen evolved
whereby evanescent uphill scrambles may be made in the face
of a constant tendency for the stuff of which living organisms
are made to run downhill to a final low energy state icom-
patible with life. Such means, powered by solar energy, dre
remarkably similar in the lowliest micro-organism and in man.

10:20-10:50 A.M.—COFFEE TIME

Served in the patio between Arms and Mudd

10:50-11:40 AM.—
One of the following:

A. DICKENS, THACKERAY, AND GEORGE ELIOT;
or How to Tell a Good Novel From a Bad One
Harvey Eagleson, Professor of English

Professor Eagleson is known and admired hy all of us. His
stimulating and entertaining approach io any facet of English
literature makes his lectures memorable. This discussion is
concerned with establishing standards by which one may judge
the worth of a novel., using the authors named as illustrations.

B. COMPUTERS: APPLICATIONS AND IMPLICATIONS
Gilbert D. McCann. Professor of Electrical Engineering

The development of large scale compiiters and their appli-
cations in technology and business are progressing at a rapid
rate. New principles of instrumentation and logical design
permit machines with extremely high computational speeds
which are capable of handling very complex analyses and data
processing problems. This advance opens up completely new
concepts in science, engineering, business administration, and
manufactiring. In addition it requires new points of view in
research and the training of technical personnel.

11:55-12:45 P.M.—
One of the following:

A. WHY THE EARTH SATELLITE?
William H. Pickering. Director, Jet Propulsion
Laboratory
Why do we bother to launch an earth satellite into space?
This magnificent technical achievement, due te become a
redlity durmg the coming International Geophysical Year, has
aniple justification in the scientific ohservations which will be
made by instruments carried by the satellite. Dr, Pl(kcrmg
is a member of the National Academy of Sciences Committee
in charge of the satellite, and will discuss the scientific aspects
of the satellite program and the problems to be overcome,

SATURDAY, APRIL 7, 1936

B. MUSCOVITE MAKE-BELIEVE
Heinz E. Ellersieck, Assistunt Professor of History

During the centuries of oppressive and ar}ntraw riile under
the Tsars the Russian people developed many interesting tech-
nigues for physical and psychological survival, Under the even
more oppressive ritle of the Soviets the same methods continte
to serve. Unfortiinately, however, along with the all-pervading
deceptiveness there is a great deal of self-deception. This
enables Soviet Man to maintain his self-respect under abomin-
able conditions. It also makes him extremely dangerous. Dr.
Ellersieck. from his wide knowledge of Russian  political
historv, will cotnment on these problems.

1:00-2:00 P.M.—LUNCH-—Student Houses

AFTERNOON PROGRAM
2:15-3:45 P.M.
STARS AS NUCLEAR FURNACES—A SYMPOSIUM

Niiclear Physics and Astrophysics have recently combined
forces to produce a new approach to the fascinating questioris
of the formation of the elements and the origin of the universe.
By mtfgratmg their viewpoints and drawing on vxperlmenl
and tlwory in several fields of science, the participants in this
symposium make a novel and lmpnltant contribution to the
Alitmni Seminar,

Speakers:
W. A. Fowler, Professor of Physics

I. L. Greenstein, Professor of Astrophysics and Staff
Member, Mt. Wilson and Palomar Observatories

Fred Hoyle. Senior Research Fellow in Astrophysics
and Lecturer in Mathematics, St. John's College,
Cambridge

Chairman: A. M, Zarem *40

3:45 P.M.—COFFEE TIME

Served in patio between Arms and Mudd
OTHER EVENTS

Open from 2:00 to 4:00 P.M.

Synchrotron Athletic Events, Tournament Park:

Soler Furnace Track Meet—Varsity & Frosh

200-inch Model Telescope - Whittier

Geology Museiimn Tennis—Frosh—Whittier
Biaseball—Frosh--Whittier

EVENING PROGRAM

Dinner Hour: 6:30 P.M. (Bar opens 5:30)

Elks Club, 400 W. Coloracdo Street.
Dress—Informal

Pasadena

AFTER DINNER:

Introductions by C. . Lindsay *35, General Chairman, Alumni
Seminar Day. Remarks by Dr. Lee A. DuBridge. President.
California nstitute of Technology

Guest Speaker—MR. PAUL G. HOFFMAN
His Subject—“FREE ASIA IN THE BALANCE”

Mr. Hoffman is Chairman of the Board, Studebaker-Packard
(urporatl()n and serves as a Director of several other organi-
zations. He has previously been President and Director of The
Fotd Foundation and Administrator of the Economic Coopera-
tien Administration, Mr. Hoffman is the author of several
hooks on international affairs. :
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NEW DEPARTURES OF TOMORROW

TOMORROW: A ribbon of paving unreels as this road-builder of the future turns open country into superhighway.

What a simple matter road building would be if it were reduced
. to a single machine that levels, grades and paves . .. all in con-
: tinuous operations.

Such future prospects are often made practical through New
Departure ball bearings. With New Departures, moving parts are
held in close alignment while handling loads from any angle.
Delays for adjustment and maintenance are eliminated. That's
because these ball bearings are designed for high capacity and
manufactured to close precision folerances . . . by the company that
has originated many of the greatest advances in ball bearings.

NEW DEPARTURE e DiVISION OF GENERAL MOTORS e BRISTOL, CONNECTICUT

GM
GENERAL
MOTORS

Za
f?DF PARTURE

BALL BEARINGS

TODAY: New Departure ball bearings are used
in power shovels, trucks and similar heavy-duty
equipment, because they require no special attention
and virtuclly no maintenance. Frequently they out-
last the machine itself.

NOTHING ROLLS LI1KE A B3ALL
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CALTECH
CALENDAR

March, 1956

ALUMNI CALENDAR

April 7 Seminar Day June 6 Annual Meeting
June 23 Annucl! Picnic

ATHLETIC SCHEDULE

TENNIS BASEBALL
Apr. 3-—Pendleton Marines Mar. 21—-Caltech at San Diego
at Caltech State
TRACK Mar. 22-23—~Caltech at Marine
Mar, 27-—March Field at Cal- Recruit Depot (San
tech Diego)
Apr. 7—Whittier ot Caltech 0. 26 Caltech at Cal Baptist
SWIMMING (Covina)
Apr. 2_.50,"10 Moniea CC at Mar. 30—Pomona at Caltech
Caltech
Apr. 6—Caltech at Mar. 31—Caltech at Westmount
Occidental (Santa Barbara)

FRIDAY EVENING DEMONSTRATION LECTURES
Lezture Hall, 201 Bridge, 7:30 p.m.

March 16—The Origin of Life—
Dr. Norman Horowitz

March 30—Microwaves, Past and Future—
Dr. Roy Gould

April 6—Use of X-Rdys in Determining Atom Structure—
Mr. Robert Nathan

April  13—The Structure of Molecules as Determined by the
Diffraction of Electrons—
Dr. Verner Schomaker

ALUMNI ASSOCIATION OFFICERS
PRESIDENT SECRETARY
C. Verrion Newton ‘34 Donald S. Clark '29
VICE-PRESIDENT TREASURER
William F. Nash, Jr., ‘38 George B. Holmes ‘38

BORRD OF DIRECTORS :
Rebert H. Bungay '30 Willis R, Donghue, Jr. '34
Hugh C. Carter '49 Richard H. Jahns '35
Philip Cravitz ‘29 Richard W. Sterizel ‘2!
Charles P, Strlck[and ‘43

ALUMNI CHAPTER OFFICERS

NEW YORK CHAPTER
President Morton E. Holland ‘36
A. G. Edwards & Sons, 501 Lexington Avenue, New York 17
Vice-President Albert E. Myers '29
530 Rock Road, Glen Rock, New Jersey
Secretary-Treasurer ) _ Frank F. Scheck '48
Pennie, Edmonds, Morton, Barrows & Taylor,

247 Park Avenue, New York

WASHINGTON, D.C. CHAPTER:
Presxdent Thomas S. Southwick '27
S. Weather Bureau, Washington 25, D.C.

Secretm’y Treagurer Clarence A. Burmister '25
U.S.C. & G.8., RadioSonic Laboratory, Washington 25, D.C.

SAN FRANCISCO CHAPTER:
President ) Louis H. Erb '22
Pacific Telephone & Telegraph Co., San Francisco 5, Calif.
Vice-President Harrison W. Sigworth '44
Califorriia Research Corp., Richmond, Calif.
Secretary-Treasurer Donald E. Loeftler 40
Shell Oil Company, Martinez, Calif.
Meetings: Informal luncheons every Thurgday.

Fraternity Club, 345 Bush St., San Francisco.

CHICAGO CHAPTER:
President Donald H. Loughridge ‘23
Northwestern Technological Institute, Evanston

Vice-President Robkert L. Janes '36
Armour Research Foundation, Chicago

Secretary-Treasurer
Northwestern University, Evansten

SACRAMENTO CHAPTER:
President Herbert H. Deardorff '30
State Division of Highways, 1120 “'N'’ Street, Sacramento
Vice-President Wayne MadcRostie '42
State Water Project Authority, Sacramento
Secretary-Treasurer Robert K. Breece '47
State Division of Highways, Design Department,

Box 1499, Sacramento

SAN DIEGO CHAPTER:

Lawrence H. Nobles ‘49

Chaitman . Maurice B. Ross ‘24
3040 Udal Street, San Diego 6, Calif.
Secretary Frank Jehn Dore, Jr. '45

Consolidated Vuliee Aircraft Corp., San Diego

Program Chairman Herman S. Englander '39
U. 5. Navy Electronics Laboratory

ALLEN MACHINE & TOOL CO.

Designers and Builders of Special Machinery and Tools
Also General Machine Work
13409 S. Alameda Street Compton, California
Phones: NEvada 6-1219 — NEwmark 5-8141

OLNEY BROTHERS

RUG AND FURNITURE CLEANING
ORIENTAL RUG EXPERTS
312 N. Foothill Blvd. Pasadena 8, Calif.
SYcamore 3-0734

&

LABORATORY
PHOTO CHEMICALS

RALPH C. ATKINSON '30—7070 Santa Monicd Blvd., Hollywood 38, Calif.

2%%& %5224, OF PASADENA

455 EL DORADO, PASADENA 5, CALIFORNIA

DAMES & MOORE
Trent R. Dames ’33 William W. Moore 33
Soil Mechanics Investigations
General Offices: 816 West Fifth Street, Los Angeles 17

Regional Offices: Los Angeles, San Fran(lcco Portland,
Seattle, Salt Lake (ny,(,hmagn New York, Atlanta, London

SMITH EMERY COMPANY
since 1910

Chemists-Engineers
Chemical and Physical Testing Laboratories

781 E. Washington Blvd. Los Angeles 21, California
Member American Council of €Commercial Laboratories
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“Atom Apple,” a 225-foot sphere of steel plates welded into virtually one piece.

b B ts

§ PHOTOGRAPHY AT W:ORIS:-NO. 29 i% a Kodak series

7 1.

2

An egg built to hatch miracles

~and x-ray photography searched every seam in its shell

To test America’s nuclear wonders, the
Knolls Atomic Power Laboratory uses history’s
largest steel sphere—with each weld

proved sound by x-rays and photography.

This huge steel sphere, ten times larger than man has
ever built before, houses the prototype power plant of
America’s nuclear submarine, Sea Wolf, designed and
constructed by the General Electric Co. for the Atomic
Energy Commission.

As a safety measure, every seam was welded, making
the sphere virtually one piece. And to be positive every
weld was sound, it was x-rayed —with proof of its in-
ternal bonds recorded on film. '

Radiography like this is working today for welders

Eastman Kodak Company, Rochester 4, N. Y.

large and small—and for foundries interested in provid-
ing flawless castings. And photography in other forms
is working for all kinds of business and industry. It is
helping solve design problems, increase production,
train salespeople, speed up office routine. - =

Behind the many photographic products becoming
increasingly valuable today and those being planned
for tomorrow lie intriguing and challenging opportuni-
ties at Kodak in research, design and production.

If you are interested in these opportunities in
science and engineering—whether you are a
recent graduate or a qualified returning
serviceman, write to the Business
and Technical Personnel *
Department.




1. HONORS PROGRAM FOR
GRADUATE STUDY

GENERAL
ELECTRIC
ENGINEER
OR
SCIENTIST

2. ENGINEERING
AND SCIENCE PROGRAM

COURSES

Further formal education as you
learn and earn at General Electric

(1) Honors Program

G.E. selects qualified employees and
reimburses them for tuition, fees, and
books in connection with graduate
study at universities located near G-E
operations. You may participate in the
tuition refund plan in one of two ways
in selected G-E plant locations; by
taking individual graduate courses
while working a tiormal 40 hour week,
or by carrying approximately one-half
an academic load while working a
reduced 20-hour week. You work full
time and receive full pay during the
summer months, unless time for thesis
work is required,

(2) Engineering and Science Program
Courses

Covering a variety of subjects—from

engineering and production problems

to product design and advanced phys-

ics—these G-E courses are the stepping

ENGINEERS IN

stones to either the Advanced, or
Creative Engineering Programs.

ADVANCED TECHNICAL COURSE
consists of actual engineering problems
in areas such as dynamics, electromag-
netic fields, fluid flow, heat transfer,
servomechanisms.

ENGINEERING DESIGN COURSE
provides a background in materials,
methods, and manufacturing processes,
with instruction tailored to improve the
engineer’s design ability.

You may also take any of the numer-
ous Specialized Technical and Depart-
mental Courses that are continually
offered.

(3) Advanced Engineering Program

To select and train technical leaders,
this program combines extensive class
and home assignments, with a 36-hour
work week in association with Com-
pany technical leaders. The program is
rigorous but the hard work pays off, for

INDUSTRY

since its founding in 1923, 75% of its
graduates have become engineering
specialists and managers. Selection for
the program requires either a Masters
Degree or graduation from the Ad-
vanced Technical Course.

(4) Creative Engineering Program
This course is designed to help you
make maximum use of your imagina-
tion and resourcefulness in solving
problems and contributing new ideas.
The number of patents reg1stered by
graduates of this program is almost
double that of other engineers in Gen-
eral Electric. The one-year graduate-
level Company course presents the
latest techniques in creative engineer-
ing. Problems are worked on an indi-
vidual basis or team basis. Complete
facilities are available for construction
of models and prototypes needed to
demonstrate and develop any ideas.

For complete information write Mr.
W. 8. Hill, Engineering Services, Bldg.
36, General Electric Company, Sche-
nectady 5, New York.

956-6

Pbgness Is Ovr Most Important Produet

GENERAL @D ELECTRIC

G.E.’s CLARENCE H. LINDER,
Vice President—Engineering,

defines  the
fechnology.

challenge

of

Industrial progress hinges on the engineers’
ability to apply amazingly complex technology to
the problem of creating new goods and services.
It is vital that the engineer at G.E. be given
every opportunity for self-development in his
chosen field; and so the far-reaching educational
programs described on this page are designed to
satisfy three specific needs.

The Team Approach

The team approach to complex technical projects
is extremely important in industry today. It
brings together competent men with a wide
variety of training and experience to blend their
abilities in the solution of problems. To be pre-
pared to work as a member of a team, the engi-
neer must develop appreciation and understand-
ing of the work and contribution of the other
members. Recognition of this need is the basis of
teaching philosophy all through the programs.

- Importance of Supporting Sciences

Many of the problems facing engineers in modern
industry are not found in the principal engineer-
ing sciences, but have shifted into areas which
have been thought of as supporting sciences. An
engineer working prmc1pally in aerodynamlcs for
example, may find the main roadblocks in his
work are the limitations of the materials which
are available. By working closely with experts in
the field, the engineer must in fact inflience the
development of new and better materials.

Broad Technical Backgrounds

The solid core of industry’s engineering effort is a
body of men thoroughly grounded in the funda-
mentals of basic science. With the explosive
increase in technology, the engineer and scientist
need to keep abreast of all allied areas. G-E ad-
vanced-study programs give this opportunity.




