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Whether it jumps to make a discovery that’s out of this
world, or sits down quietly to spend a century or fwn on
atomic research, steel is the ovnly materisl that has the
strength and vigor to keep up with the reach of modern
man’s mind.

New Stainless Steels developed by United States Steel
withstand the vibration and friction of unearthly speeds.
New USS Steel Forgings shape atomic reactors and nuclear
power systems. Look around. You'll see steel in so many
places—building strength. And steel depends on men like
you. For information about the many career opportiinities
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It takes more than pressing a button to send a giant rocket on its way.
Actually, almost as many man-hours go into the design and construction
of the support equipment as into the missile itself. A leading factor in the
reliability of Douglas missile systems is the company's practice of including
all the necessary ground handling units, plus detailed procedures for system
utilization and crew training. This complete job allows Douglas missiles like
THOR, Nike HERCULES, Nike AJAX and others to move quickly from test
to operational status and perform with outstanding dependability. Douglas
is seeking qualified engineers and scientists for the. design of missiles,
space systems and their supporting equipment. Write to C. C. LaVene,
Box 600-E, Douglas Aircraft Company, Santa Monica, California.

Alfred J. Carah, Chief Design Engineer, discusses the ground installation

requirements for a series of THOR-hoosted space DO U G LAS
prohes with Donald W. Douglas, Jr., President of

MISSILE AND SPACE SYSTEMS B MILITARY AIRCRAFT B DC-8 JETLINERS 8 CARGO TRANSPORTS @ AIRCOMB® B GROUND SUPPORT EQUIPMENT
lanuary, 1961 '
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Television tape may help save your child's life

Westinghouse scientists and engineers have put together an idnusual
assortment of machines with which doctors hope to write a bright
new chapter in the history of man's fight againsit childhood diseases.
The machineés are: A fluoroscope which tses lower radiatien
intensities...to lowar the exposure of the human body. A new

light amplifying system which makes the image from the flusroscope
50,000 times brighter. And a TV caméra which picks up the imsge as
a moving piecture and records it on videeo tape. This can be played
back again and again until the trouble is diagnosed, or put on
television cables and shown to specialists half a world away.
Physicians hope that this machine will help them disgnose diseases
and injuries more quickly and accurately than ever before.

For more information about your future with Westinghoiise, write

L. H. Noggle,; Westinghouse Educational Department,

Pittsburgh 21, Pa. You can be sure...if it's e
Westinghouse
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On Qur Cocer

is pictorial proof of the great Rose
Bowl hoax perpetrated by 14 indus-
trious Caltech students on January 2
at this vear's Rose Bowl game. The
mammoth cheering section which is
displaying the Caltech name on our
cover is nof the Caltech student body;
these are undergraduates from  the
University of Washington. And why
are they holding up those cards that
spell out CALTECH? Well, they
think the cards spell out WASHING-
TON. How did this confusion ever
come about? Well, it seems there
were 14 industrious Caltech students
—and the story of their nefarious
deed is on page 28,

Alfred P. Sloan

looks at higher education on page 9.
Mr. Sloan is honorary chairman of
the hoard of the General Motars Cor-
poration, chainnan of the board of
trustees of the Sloan-Kettering Insti-
tute for Cancer Research, and presi-
dent of the Alfred P. Sloan Founda-
tion — which made possible Caltecly’s
new laboratory of mathematics and
physics. “An Industrialist Looks at
Higher Education” has been adapted
from a speech hy Mr. Sloan at a din-
ner in his honor at the California Club
in Los Angeles, following the dedica-
tion of the new Alfred P. Sloan Lab-
oratory of Mathematics and Physics
on December 1, 1960,

Picture Credits:
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HE'S MAPPING NEW WAYS TO BEAT
TRAFFIC JAMS IN LOGICAL SYSTEMS

A computer system must be versatile. The IBM 1401 sys-
tem, for instance, might go to work in a radiation lab, a
stockbrokerage office, an air operations center, a refinery,
or any one of a hundred other places. Demands upon the
individual units of the system will vary widely. ‘

Paul Farbanish analyzes the loads placed on the system by
different applications. One of his assignments is to design
new and alternate ways for data to move from unit to unit
with the greatest speed and reliability.

Like many an engineer at IBM, his responsibility ranges
over a wide technical field. To do his job he has become
familiar with many challenging areas of electronics. Within
the 1401 system alone he dealt with circuits, data flow
control, input-output, storage, etc.

If a young engineer wants to move rapidly into the most
advanced areas of electronics, he would do well to consider
IBM. In the fast-expanding world of data systems and its
many peripheral fields, a man is given all the responsibility
he is able to handle. New ideas and new ways of doing
things are not only welcome but actively encouraged.

The IBM representative will be interviewing on your campus
this year. He will be glad to discuss with you the many chal-
lenging jobs that are open at IBM—whether in development,
research, manufacturing, or programming. Your placement
office will make an appointment for you. Qr you may write,
outlining your background and interests, to:

Manager of Technical Employment
1BM Corporation, Dept. 891
590 Madison Avenue

New York 22, New York ®

You naturally have a better chance to grow with a growth company.
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yotr A W.FABER-CASTELL
#9000 Drawing Pencil.

Yoit may prefer LOCKTITE
#98008G Tel-A-Grade
lead holder with CASTELL
#9080 Drawing Leads.

We are strictly impartial.
You be the sole judge. In
either case you will get
graphite-saturated lines that
won't flake, feather or burn
otit—black, bold image
density, erisply opaque for
elezn, sharp prints. 20
vigidly controlled degiees,
8B to 10H, esch as precise as
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Tal-A-Grade, with its finges-
comforting grip, earries an
ironclad 2-year guarantee
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Letters

University of Alaska
EptTor:

Fritz  Zwicky pondering smog
(E&S, November 1960) appalls me
with the narrowness of his view. The
solution is qii'te Abandon
Soiithern Californial

As T sit in my office T look south
throtugh a hundred miles of crystal
clear air to the mighty peaks of the
Alaska range. The snow reflects the
pinik hiies of sunrise. And it is at a
decent hour to be enjoyed — 10 a.m.
We sperit an hoir or so yesterday
tracking a moose in the birch forest
in back of the campus. A bad traffic
jam resulted Saturday when two dog
teamns decided to exchange sniffs in
the middle of College Road, Perhaps
you see my poirnt. Abandon Soiithern
Californial

sirnple.

E. J. Gauss 54
Assistant professor of mathematics

Books

The Arithmetic of Computers

by Norman A, Crowder

Adventures in Algebra
by Norman A, Crowder and

Grace C. Martin
Doubleday each $3.95

Revicived by John Todoroff ‘61

Reading one of the new TutorTexts
approximates hiring vour own private
instructor — and un esacting, but de-
lightful and often humorous one in-
deed. He ix happy to answer gues-
tioiis when the reader cannot follow
the instritction. patient to expliin just
why  vou misunderstood a giestion,
and ready with new material ot o pace
ariited to ench individual

All this is accomplished with a
format of a half-page of instrucHon
followed by a multiple-choice cjues-
tion. A correct answer sends one on
to another page for a pat on the back
and an advanced lesson: an incorrect
answer directs the reader to still a
different page where he will be sur-
prised to find that the book kinows

just why he made the error. These

New York. N.Y.
Enttor:

We were very interested to read
abotit “The World's Smallest Motor”
in vour December issue . . . but what
can you do with the thing?

Mgs. R. L. W. MerTtoy

The micromotor developed by Wil-
lism McLellan (Caltech '59) has no
immedidate practical purpose. As Rich-
and Feynman explained in the article
that inspired the micromotor (“There’s
Plenty of Room at the Bottom” —
E&S, February 1960), it is just an
incentive to more advanced resedrch
in the field of miniaturizition.

At Electro-Optical Systems in Pasa-
dena, however, some of Bill McLel-
lan's vo-workers have mdde o list of
impractical uses to which the motor
can be put — such as:

Merry-go-round  for flea circus.

Micro-centrifuge.

Motorized needle-threader.

Spiderweb sat (classified).

Personal phonograph —wear in ear.

World's smallest revolviiig stage.

questions einphasize basic principles
rather than rote memorization. All
who follow instriictions through to the
last page will have learned the fiinda-
mentals of the subject treated.
Adventures in Algebra presents ele-
meritary algebra in o way well-suited
for either a high school student’s
introduction or an adult’'s review of
the concepts with which mathema-
ticians deal. Symbols and equations
are presented hopelfully as  things
quite  tiseful tharn  mystical,
With the basic assumptions clear one
moves step by step to appreciate the
rigors of proving o theorem. eetablish-

rather

ing the sum of 4 series, and discover-
ing This is
move basic mathematics than manipu-

irrational  numbers, Far
lating equations to “selve for ¢
The Arithmetic of Computers opens
with a review of the principles of the
decimal systemn. Then it introduces
other counting svstermis. Mich space
ie devoted to adding, subtracting,
muiltiplying, and dividing with octal
and  binary numbers, attempting to
show why these systems sdre more
than clever mathematical games, biit
of essential use for electronic com-
puters.
5 the author says
TFiitor”

ordinary hook.”

in his opening
vt s

sentence, a not  arn
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OME 1M A SERIES

Bendix answers youir questions

WHAT WILL

Nearly all professional associations and employers are predicting that
1961 starting salaries for college graduates will be ahout the same as
those paid in 1960.

According to a study by the National Society of Professional Engineers,
the 1960 starting monthly salary for engineers averaged $5630. E. E.’s
received somewhat more than most other majors.

The graduate can expect a position—and compensation—
commensurate with his previous work experience,
personal maturity, and academic record.

While starting salary is only one of the
things to consider, Bendix recognizes it
as an important one, and continually
reviews rates and trends to maintain
its strong position. In addition, Bendix
offers engineers and scientists superb
challenges in such dynamic fields as
those listed below, with a wide
range of freedom to pursue special
interests.

Ask your Placement Director
about Bendix — where you can
build your career to suit your
talents. If you can’t arrange a
personal interview, write to
C. B. Cleveland, The Bendix
Corporation, Fisher Build-
ing, Detroit 2, Michigan,
for more details.

CAREER OPPORTUNITIES IN CALIFORNIA - CONNECTICUT - INDIANA - IOWA - MARYLAND - MiCHIGAN - MiSSOURI - NEW JERSEY . NEW YORK « OHIO . PENNSYLVANIA

" e Cond”

CORPORATION
Fisher Bldg., Detroit 2, Mich.

A THOUSAND BDIVERSIFIED PRODUCTS SERVING THESE FIELDS:
automotive » ¢elecironics » missiles & space « aviation » nucleonics = computer » machine tools * sonar « marine
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Ernst Heinrich Haeckel...on the g{gz%y of thinkers

“An entirelv new acter has heen given to the w hole

of our modern civilizaiion not nnfy hy oirr af;h)r’mr;inq

theoretical progress in sound knowledge of Neature, hut

also by the remarkahly fertile practical application of that
L’nr)w[edge in technical science, industry, commerce, and
g0 forth. On the other hand. however. we have made
[ittle or no progress in moral and social life. in compar-

ison with earlier centuries; at tirnes thete has been serious

reaction. And from this obeious conflict there have
arisen. nob anly an uneasy senee of dismemberment and
Felseness hot ecen tHie c:.!;'mg'rr ol grave catastrophes in
the political and social world, Tt is. then. not merely the
righr, but the sacred du!‘y, of every honorahle and
humanitarian thinker to devate himsell conscientiously
to the settlement of that conflict. and to wartding off the
danoers that it brings in its train.”

— Riddle of the Universe. 1900

THE RAND CORPORATION, SANTA MONICA, CALIFORNIA

IS mmpmfrl orgurization engeged in progtim of rescatch in the physical sciences, economiics, iatheraatics, and the social sciences.

These diverse ckills wre ioimrrj in the imaly‘u«: and solution of rumpir:«' pru[wl('m»« related to national secubity wrid the pu')[i[ interest

Engirigering and Seicnce
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President

L. A DuBridge,
Alfred P. Sloan, and
Caltech Tiustee
Lindley C. Morton
on their way to the
dedication of the
Sloan Laboratory of
Mathematics and
Physics.
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An Industrialist Looks
at Higher Education

Perhaps 1 can express why 1 am here this evening
by referring to an incident told me by that great
scientist and educator, the late Dr. Karl T. Compton.
The story is about one of those so-called high-powered
industrialists that we read about once in a while —
a hypothesis which 1 do not think has ever been vali-
dated — but anyway we will assume it to be a fact
for the moment. Bill, 1T shall call him. Now, Bill
served long and faithfully, and in the course of human
events time tapped him on the shoulder and Bill re-
tired. A short time after, a group of his former associ-
ates called one afternoon to cheer up the old hoy and
to see what he was up to. After the party got going,
someone asked Bill what he did now that he did not
have to work the way he used to. Bill said he did not

by Alfred P. Sloan

get up as early in the morning as he used ta, but
when he did, he made a dash for the newspaper. He
examined the obituary column and, if his name was
not there, he relaxed and made the best of it

Now, n6 ane could quarrel with Bill's right to relax,
but I challenge the thought that he should make the
best of it. On the contrary, I think he should make
the most of it. He should recognize that he owed our
society a debt for the opportunities that had been
made available to him. He should be willing to turn
back a reasonable proportion of his time and talents,
and some proportion of his substance — if he was able
to save anything from the tax collector —into the
economic stream for the further advancement of the
society to which he owed so much. Therefore, as a

A talk given by Mr. Sloan at a dinner in his honor at the California Club in Los Angeles, following the dedication of the
Alfred P. Sloun Luboratory of Mathematics and Physics at the Cudlifornia Institute of Technology, December 1, 1960.

January, 1961



““As an industrialist,

I hold that business should accept

the challenge of financial responsibility to education

... to keep it not only virile but free.”

sort of progy for this man, Bill, I appear here as an
advocate of the advancement of education in all its
ramifications, and in the promotion of research — es-
pecially basic science — in a way, education’s affiliate.

It is academic to say that knowledge is the means
of promoting progress along the whole front of himan
endeavor. It is, nevertheless, a fact. Social values.
economic values, human valiies involving human be-
haviotr, health values, security valites, spiritual values,
all have their grass roots in knowledge, and can thrive
only in an atmosphere of expanded knowledge and
understanding. And that applies equally to scientific
values, which particularly concern us here. Science
might be defined as an assemblage of systematized
knowledge.

And is it not true that education is the catalyst, or
creative instrtimentality, nupon which the expansion of
knowledge depends? Today, in terms of the gener-
alities. higher education is at the crossroads econom-
ically and academically. Iri the enormous expansion
of oirr economic life in the postwar era, manv social
services have heetr left behind. Higher ediication is
one of them. Higher education today needs not only
modernized patterns of educational  values — new
frantiers in factk — but it needs monev for salaries.
hricks and mortar eciiipment and miodernization,
Andin too manv instances. it miust meet defieits.

Among the ranks of the higher educational insti-
tutions there appenrs to be no excepition as respocts
these needs. The unaccredited collese. the striogoling
accredited institution. the celehrated prestige nnivers-
ity, the outstanding technological institutions. our
leading miedical schools — all are urgently. in fact des-
perately in need. And the sum total of their rieeds
today is staggering. Tomorrow such needs will he
further aggravated by an anticipated increase in popu-
lation. and an espanding demand for advanced edu-
cation.

Now. why has all this happened?

I helicee o recalittion hne tolen plece as to the

statiis of education amone the activities of otir society.

10

[t might be dated as the end of World War II. In the
old concept, education sas an incident — recognized,
hut little elaborated upon. In the new concept, edu-
cation is evolving as a problem of major social and
economic significance in the deliberations of our
society. There is no single cause for this. [ am inclined
to think the leading motive is the dramatic ascend-
ancy of science, stimulated by the technical accom-
plishments of the war. This has penetrated into all
areas of luman activity: business. the professions,
government, education itself. Tt has opened up new
vistas of accomplishment for all strata of society, [t
has stimulated the ambition of great numbers and
provided an incentive to make accomplishment worth-
while.

The bisiness inipact on education. and the impact
of education on business. stand out crvstal clear. Over
the years, management has moved from a philosophy
of “hunch” to a philosophy of “fact.” Education be-
comes of increasing significance to higiness as the
transition takes place, and its impact is accelerated
as complexity succeeds simplicity and as technology
increases complesity. Tt is a surprising fact that tadas
the management. and technical and professional
aroups, are becomirg the largest single group in our
worle force foraing ahead of our individial operators:
and the rapidly developing technicque of auatomation
stinttlates the trerid, Thus we see husiness us creat-
tng not onlv o macket For education. but an copunding
markets in fact. education hecomes o competitiv
necessits in bhusiness,

Now, what are we going to do about this?

To my mind, higher education should move ta a
greater  utilization of edsting  facilities — increased
turnover we call it in business, The valiie of time in
the educational process should he reappraised. Can
we not do the job mare quickly and with equal effi-
ciency? There should be a more aggressive icceptance
of programs that conteriplate prepaid, or postpaic,
loene in part. This should have a favarehle impact on
baition.

Engineering and Science



Higher education offers ta society a most valuable
asset — one that camiot be lost, stolen or destroved;
oy It adds Justre to Jife, Its

it enhances earning pov
value will be better appreciated and more effectivels
capitalized if it s ewrned, or puid sor in masimum
reasonable  measure. Giveaways, or something for
nothing, either for educadon or for so-called interna-
tional benefits, ure not respected. They serve to create
a hunger for more, alwavs more. Higler education
might develap more effective organization within it-
self for the pleading of its own cause for financial
support. Uur educational curriculum should be mod-
ernized in practical terms of existing social and eco-
nomic needs. The responsibility of higher education to
hasic researcl ralses an dmportant question of polics.
New  techolques  utilizing modern struinenlalities
shiould be developed to increase the efficiency of the

Instruction process.

But that is far from meeting the whole need. Fi-
nancial support must he fortheoming along a wide
fromt, and in greatly enlarged volume, if we may hope
to meet our objective. That is the responsibility of ous

sgciety as a whole, a challenge that is not by any
means being realized.

I believe that two of the most important reservoirs
of private and organized resources available for sup-
port of higher education that can be greatly expanded
are business enterprise and the modern private foun-
dation. Most other reservoirs, if they were adequate
in terms of present need — which I question — are
drying up hecause of the impact of high taxation and
comtinnad indlation

It Jias been a tradition among private foundations
dial the needs of higher education find their z;f:sl)Ji—‘r
nation and their justification in the high value which
society attributes to cducation’s contribution to cur

e NG

Tenants of the Institute’s new Sloan Laboratory — Back row: Shih, Gaier, Block, Dean, Fuller, Kavanagh, Kob-
rak, Sands, Glashow, Pellum, Deery, Zachariasen, and Whaling. Second row: Tully, DePrimna, Wright, Wiclandt,
]. Todd, T. Lauritsen, Mercereau, Walker, Gell-Mann, Division Chairman Bucher, and President DuBridge. Front
row: Aposiol, Barnes. Luxemburg, Chakerian, O. Todd, Dilworth, Erdelyi, Zaanen, Wilcox, Hall, and Ryan.
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society. Our schools, colleges and universities con-
serve the best in our civilization and communicate
that best to each siicceeding generation. They select
and train specialists for the arts, sciences, and profes-
sions, and identify capacity for leadership. They carry
on basic research that advances man’s knowledge of
himself and his universe.

The resoiirces of private foundations have already
reached imposing totals and will continue to acceler-
ate 4t least over the next few vears. The foundation
is, I believe, an efficient means of personal philan-
thropy, for it provides flexibility, makes possible the
recognition of change, and is independent of tirne.

Foundation policies are developed on an individual
basis. Many fotindations channel their activities into
limited areas. Most prefer, in dealing with higher
education, to support projects along a wide front
rather than on an individual basis. Many will not sup-
port facilities involving fixed capital, but confine
their grants to more active programs. The needs of a
specific higher educational institution, require, there-
fore, a special appeal to a fourdation, or fouindations,
likely to be favorably inclined. The individual donor
will contintie to function but [ believe in a descending
order of importance. We must look more and more
to the private foundation, especially where significant
programs are involved.

As a matter of fact. the needs are so large and so
numeroiis that even if the resoiirces of a foundation
are impressive, limitation and discrirination become
a matter of necessity. Nevertheless, the private foun-
dation presents a highly significant and an increasing
reservoir of potential support for higher education
The foundation, then, miuist be exploited to the utmast.
Its business is to give. Tt is not permitted by law to
create a surplus. And it can give its capital in whole
or in part as it mayv choose.

I shotild like to inject here a controversial observa-
tion. T am opposed in principle to educational support
taking the form of endowtent. T believe the need is
so great. and the available sources so small in propor-
tion, that financial support should be utilized as a
spending asset limited to a period ot to esceed ten
vears, We must remember that one prime responsibil-

ity fs to the evisting generation,

The responsibilities of businesc

As to the responsibilities of business. no thaughtful
persan can denibt that private erterprise aned ediicn-
tiori have a basic commtnity of interest. The Aet-
ican private college and university. the recognized
standard-bearers of education, owe their material ex-
isterice to the fruits of private enterprice and. con-
verselv, private enterprise owes its estraordinary ac-
complishments in part to the knowledge created in
the educational process. Thus. business gets the bene-
lit of higher ediication and business has the mones
to stippart eduecation,

12

In return for this support, business has every right
to expect that the quality of our educdtional aims, in
terms of today’s technology, and the effectiveness with
which we are utilizing existing educationial resources
in pursuing same, will offer the vouth it serves unique
educational values, thus everting a substantial in-
fluence in advancing the future status of our society
in terms of human progress and security. As an in-
dustrialist, T hold that business should accept the chal-
lenge of financial responsibility to education. It has
such a responsibility to keep education not only virile
bt free. Business must do this in defense of its own
great opportithities in oiir free competitive society.

Council for Financial Aid

Several years ago, in collaboration with the then
chairman of the United States Steel Corporation, and
the Standard Oil Company of New Jersey, with myself
as chairinan of General Motors Corporation, there was
organized the Council for Financial Aid to Education.
Our objective was to create a consciousness on the
part of business management of its responsibility to
the eduecational system of otir country. And to do this
by all proper means, such as education, statistical in-
formation, organized effort of all types, including
what I shall call — if T may — all forms of sound prop-
aganda,

The activity was liberally financed by four out-
standing Foundations. Aside from the difficulties that
always exist in starting a new effort, the activity has.
I believe, been eminently successful. It has succeeded
in developing a gift psvchology for higher education
on the part of management. Tt has awakened manage-
ment to a hroader realization of what it owed higher
education, and what such ediication means ta it. T
addition. and perhaps more important than the ma-
terial gain, has come a developing acceptance of that
basic idea. bound to be accelerated in significance
with the passing of time. We can, I am sure, look
forward to a widening in scope and a broadening of
material support from business as time and the fur-
ther acceptance of the concept evpands and develops.

Well adding all together this is how for right or
wrong, an industrialist looks from the outside at the
prohleris of higher edueation. Tte cignificance 25 o
meastre of our prosperity and security starnds out
are equally clear and of a high order of significance.
lts programs — if [ might speal of them in all-emhbrac-
ing fushion — of reorganization and reconstruction to
meet changing demands and limitations, involve an
enormotis comples of more or Tess conflicting philos-
ophies and procedures. But where there is a will,
there is a way, and it is certain that out of all the
consideration that is now being given the problem,
progress will be made by compromise and adjustment.
to the end that the dbjectives we seek will in large
meastire he dchieved,

Engineering and Science



The Month a

Biology Chairinan

Ray D. Owen, Caltech professor of biology, has
been appointed acting chaimman of thie biclogy divi-
sion at Caltech. He succeeds George W. Beadle, who
is leaving next month to become chancellor of the
University of Chicago (see page 16).

Dr. Owen was born in Genessee, Wisconsin, the
son of a dairy farmer. He received his BS in 1937 from
Carroll College in Waukesha, and his PhD from the
University of Wisconsin in 1941,

He first camme to Caltech in 1946 on a Gosney post-
doctoral fellowship in biology. At that time he was
on leave fram the University of Wisconsin as professor
of genetics and zoologv, He became associate pro-
fessor of biology at Caltech in 1947 and professor
in 1953,

Dr. Owen is widely known for his work with in-
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Ray D. Owen, professor
of biology and

acting chairman

of Calicek’s dicision
of biology.

t Caltech

herited blood groups in animals and man, in the com-
paratively new field of tissue transplantation. He is
co-author with Adrian Srb of Cornell University of
the widely-used textbook General Genetics.

At Caltech, Dr. Owen is a member of the faculty
hoard, the committees on academic freedom and ten-
ure, educational policies, registration, relations with
secondary schools; and a special committee on faculty
organization. He has served on the admissions com-
mittee for 15 years.

Dr. Owen served as a research participant at the
Ouk Ridge National Laboratory in Oak Ridge, Ten-
nessee, in 1957-58 and has been a consultant for the
Laboratory since that time. He is a member of the
Genetics Study Section of the National Institutes of
Health, and has served on the grants committee of
the American Cancer Society and on a subcommittee
on medico-legal problems of the AMA.
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Rudolf L. Mossbauer, Caltech research fellow in phys-
ics, and winner of the Research Corporation Awdrd.

Research Corporation Award

Rudolf L. Mossbauer, 31-year-old Cualtech research
fellow in physics, has been awarded the 1960 Research
Corporation Award for his discovery of a radiation
measure, “the Mossbauer effect,” a yardstick that en-
ables physicists to measure preciselv, for the first
time, the effects of natural forces such as gravity,
electricitv. and magnetism. on infinitely small par-
ticles like photons and parts of the nuclei of atorns.

Dr. Mosshater is at Caltech on a two-vear leave of
absence from the Institute of Technical Physics in

L.~ PW 7

Miunich, Germany. A native of that city. he was edu-
ated there and worked at the Max Planck Institute
for nuclear physics at Heidelberg.

At Caltech, Dr. Mossbauer and his colleagues use
his effect to detect minute magnetic properties of the
atomic niicleus and the little-known internial magrietic
and electric fields in isotopes of the rare earth ele-
ments, This research is supported by the Atomic
Energy Commission,

The Research Corporation Award, first given in
1925, honors men of scienice who have made out-
standing contributions. Eight out of the 24 previous
winners have received Nobel Prizes, The winner of
the award receives a plaque, a citation. and a $5,000
honorariitm.,

Science and Government Seminars

Jerome B. Wiesher, special assistant to President
John F. Kennedy for science and technology, visited
the campus on January 13 as a lecturer in the Car-
negie Program on Science and Government at Cal-
tech. These seminars, held weekly throughout the
academic year, are made possible by a grant from the
Carnegie Corporation of New York. The lectures this
vear concern the problems of armament control par-
ticularly with respect to national policy and interna-
tional relations.

The January 20 speaker in the Carnegie series will
be Tom Schelling, professor of economics and mern-
ber of the Center for International Affairs at Harvard
University. Future lecturers in the series will include
the Rt. Hon. John Strachev. MP: Kenneth Boulding,
vrofessor of economics at Michisan State University;
Denis Heuley, MP, a specialist on foreign affairs —
particularly on NATO in Eurone: Daniel Lerner, pro-

Jerome B. Wiesner (lefl), special assistani to President John F. Kennedy for science and technology. meets

with Caltech faculty — Robert F. Bacher. Charles Lauritsen. William A. Fowler. and Thomas Lauvritsen.
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fessor of seciclogy at MIT: 1. de Ja Sola Pool, professoy
of political science at MIT, 1. 1. Rabi. professor of
physies at Columbia Univessity; and Sir Sclly Zuckes-
man, professor of anatomy at Binmingham University
in Eng]m]d.

AUFS on Campus

On January 8 the Hrst of four representatives of the
American Universities Field Staff came to Caltech to
report on political, social and economic conditions in
fufeign areas. Louis Dupree, reporting on Afghanistan,
was on the campus from January 8 to 18.

Jehn H
years studving the polar regions, will be liere from
January 23 ta February 10 From 1954 1o 1958 he was
a member of the staff selected by the National Acad-
ey of Sciences to propare and execuis the U.S. Inter-
Year program. 1o 1958 he be-
came associated with the Institute of Current World
Aifairs, and has just completed two vears of research
i polar problems in England, France, Scandinavia,
and the U.S.S.R.

From February 6 to 15. Irving P. Pflaum will re-
port to students, faculty and friends of the Institute
on Spanish and Latin American developments.

From February 20 to March 1, Willard A. Hanna
will make a return visit to the campus. Since his last
visit in 1957-8 he has traveled widely through the Far
East from his base in Kuala Lumpur in Malava.

dnesslan, ., wlio las spent the st sl

¥
national Geoplysical

Howell N. Tyson

Howell Newhold Tyson, associate professor  of
mechanical engineering and engineering graphics at
Caltech, died on December 18 at his home in Pasa-
dena. He had heen on the Caltech faculty for 24 years.

Howell N.
Tyson, associate
professor of
mechanical
engineering and
engineering
graphics.

Professor Tvson was born in Rossville, Md., on July
7. 1899, and had lived in Pasadena since 1905. He re-
ceived his BS from the Massachusetts ;Institute .of
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cric T Bell, emeritus professor of mathematics.

Techuology in 1920 and served as an assistant in-
structor there for a vear before going to work as a
designier at the Bureau ol Liglit and Power in Los
Angeles. He was emploved as an engineer in private
industry from 1922 to 1936, when hie came to Caltech.

Surviving Professor Tyson are his wife; two sons —
Howell N. Tyson, Jr., (Caltech 50) of Arcadia, and
Thoias J. Tvson (Caltech 34) of Livermore; a sister,
Dorothy; and four grandchildren,

Eric Temple Bell

Eric Temple Bell, Caltech emeritus professor of
mathematics, died on December 21 in a Watsonville
hospital. He was 77.

Dr. Bell was born in Aberdeen, Scotland, and came
to the United States in 1902. He graduated from Stan-
ford University in 1904, and went on to the University
of Washington for his MS. He received his PhD from
Columbia University in 1912 and returned to the Uni-
versity of Washington, where he taught mathematics
and won a nationwide reputation for his work in. the
theory of numbers. After 14 years there, he came to
Caltech. He retired as emeritus professor in 1953,

. Under the pen name of John Taine, Dr. Bell wrote
a number of magazine stories and 13 science fiction
novels. He also wrote four learned books on mathe-
matics, 10 popular books in the field, and nearly 300
scientific papers. Since his retirement, Dr. Bell had
been working on a book about the work of Fermat,
French mathematician of the 1600s.

He is survived by a son, Dr. Taine Temple Bell, a
physician in Watsonville, and three granddanghters.
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George W. Beadle. chairman of the division of bi-
ology, and acting dean of the faculty at Caltech,
leaves the Institute nest month to become chancellor
of the University of Chicago.

“The University of Chicago is to be sircerely con-
gratulated,” said Caltech President [, A, DuPBridge,
“on securing as its leader so oreat a scholar, teacher,
and sdministrator as George W, Beadle. Under his

leadership the University of Chicago. already one of
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Muriel and G. W. Beddle

Chicago’'s New Chancellor

the nation’s great educational institittions. is certain to
attain new heights of educational distinction. The
whole nation will profit from such a development.
“At the sarne time, the loss of Dr. Beadle is a most
serious blow to the California Institute of Technology.
In the past 14 years he has built here one of the
greatest research ceniters in hiological scierice in the
country, and he has brought distinction to the entire
Institute. Tn his new capacity as dean of the faculty

Engineering and Science



he was about to launch a vigorous new prograr
educational advancement. He cannot be replaced.
“Tir. and Mrs. Beadle were heloved members of
the Caltech faculty and they carry with them into
their new endeavors the best wishes of a host of
friends and admirers in southern California.”
Dr. Beadle has been head of the division of hiclogy

dean of the faculty since last vear. In 1958 he won
the Nobel Prize in medicine with Dr. Edward L.
Tatumn  (now of the Rockefeller Institute in New
York) for their discovery that genes act by regulating
dedinite chemical events.

How genes work

The Beadle-Tatum discovery gave science its first
proof of how genes acivally work, Betore 1941 theve
were some indications that genes controlled chemical
reactions. but this was not a widely accepted fact.
In that vear, thougl, Beadle and Tatom, working at
Stanford University, made the significant discoveny
that the synthesis of vitamins and amino acids in
the living cell is under the control of the genes. This
in turn suggested that each of the bhiochemical reac-
tions of a cell is governed hy a particular gene.

This discovery opened up a whole new field of
research which has led to new knowledge of genes
themselves, to new knowledge in biochemistry, and
even in bacteriology — where, for the first time, it
made possible the study of bacterial genes. During
World War 11 the application of genetic principles
resulted in a fourfold increase in penicillin produc-
tion, as well as the development of new means of
assaving vitamins and amino acids in food and
tissues.

In making their discovery the men used the red
bread mold Neurospora crassa (subjecting it to x-rays
and ultraviolet light to produce genetic mutations).
They have since been identified not only with the
discovery, but with the addition of this new tool for
genetic research. A '

A native of Nebraska, Beadle was born in Wahoo
in 1903. He got his BS in 1926 and his MS in 1927
from the University of Nebraska School of Agri-
culture, then went to Cornell University, where he
became interested in genetics. After receiving his PhD
in 1931, he came to Caltech as a National Research
Council fellow. He became an Institute research fel-
low in 1932, and instructor in biology in 1935. In that
same year he went to the University of Paris to work
with Dr. Boris Ephrussi, whom he had met at Cal-
tech. While there he made his first important discov-
ery — that a gene controls the eve color of the fruit
fly, Drosophila, by producing a particular chemical
substance. ‘

After a vear on the hiology faculty at Harvard,
Beadle went to Stanford as professor of biology in
1937. He returned to Caltech in 1946 to succeed the
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Jate Thomas Hunt Morgan as chadrman of the division
of biology.

In lis 14 svears at the Institute, Beadfe, with
houndless  enthusiasm  and unflagging  energy, has
built the biology division into one of the best in the
country. Ay acting dean of the faculty for the past
yvear Le has been directing the prograns, {inanced by
the Carnegie Corporation of New York, to extend
scholarship and research at the Institute in the hu-
manities, the social sciences, and public affairs.

Not that administration occupies all his time and
talents. He is equally as active, and as adept, as fund-
radser, teacher and public lecturer. He is past presi-
dent of the American Association fur the Advance-
ment ol Science, and ol the Geneties Society  of
America. He was a member of President Eisenhow

Science Advisory Committee. He was chairman of
the National Acadensy ol Sciences’ committee on lhe
Genetic Effects of Atomic Radiation, and chairman
of the American Cancer Societv’s Scientific Advisory
Council.

He belongs to the Royal Sodlety of London, and
to the Danish Roval Academy of Sciences. In 1958-59
he was appointed Eastman Visiting Professor at the
University of Oxford, England. He is co-author with
Dr. A. H. Sturtevant (Thomas Hunt Morgan profes-
sor of genetics at Caltech) of An Introduction io
Genetics. Name all the possible honors and awards
that can come to a hiolugist and he has mast of them.

All of this professional activity still lecaves Beadle
with plenty ot time for an active private life as well.
Since his home (which used to helong to T. H. Mor-
gan) is located directly across the street from his
office on campus, there is a good deal of blending of
his private and professional activities. He is a success-
tul gardener, but a good many of the lovely flowers —
and the corn — that he raises in his home garden are
grown for genetic studies too. So are the Siamese
cats lie raises.

Beadle leaves the Institute for his new position
next month. Mrs. Beadle and their 17-year-old son,
Redmond, follow at the end of the school vear.

An exciting future

“Caltech is a wonder{ul place,” says Beadle. “I am
grateful to have been here and to have had a small
part in its growth during these past 14 years. Leaving
it is painful. But Chicago is a great institution, too,
with a long history of educational leadership. Its
future is exciting to contemplate, and I am looking
forward with enthusiasm to making whatever con-
tribution I can.”

As chancellor of a university with 8,000 students,
over 800 faculty, over 55,000 alumni, and an academic
budget of aver $32,000,000, Beadle will have an op-
portunity to make plenty of contributions — and make
them he will. Chicago’s future is even more exciting
to contemplate now that Beadle’s there.
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An astronotie

¢ lift to reach the delicate electronic equipment at the focus of one of the twin 90-

foot dishes to make adjustments before beginning the night's observation.

The First True Radio Star

The first true radio star ever found by astronomers
has been identified by Caltech's Radio Ohbservatory,
and confirmed by the 200-inch telescope on Palomar
Mountain.

The obiect, known as 3C-48, was identified during
a survey of more than 200 radio sources in space. The
Institute’s Radio Observatory has only been in opera-
tion for about 20 months, but in that time it has
precisely located more radio sources than all other
radio observatories combined. Most of the sources
are very distant galaxies, luminous gas clouds, or
galaxies in collision. Our suo has been the only object
thus far identified as a radio star — but the new find
seems to have all the qualities of a stellar object.

The star is located in the Constellation of Triangu-

18

lum, not far from the Andromeda Galaxy. As far as
radio sources are concerned. the ohject is ectremelv
bright, but optically it is a very faint star and astron-
omers need a telsscope like the 200-inch to get direct
photographs or spectrograms. The object had heen
seen on plates from the 48-inch Schmidt telescape.
but showed no unusual characteristics until the 200-
inch plates revealed it in greater detail.

Thomas A. Matthews, senior research fellow in
radio astronomy at Caltech, determined a vety precise
location for 3C-18. The radio angular size. deter-
mined by the University of Manchester in England,
proved to be estremely small. A strong radio signal
coming from such a small area indicates an intense
siirface hrightness, This ctiggests peculiarity in a stel-
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Cualtech’s Radio Observatory investigates

one of the most puzzling objects

that astronomers have ever encountered

lar object, so Dr. Matthews sought help trom optical
astronorers to obtain o photugraph of that region
of the skv.

Allun R. Sandage, stall member of the Mt. Wilson
and Palomar Observatories, pointed the 200-incl tele-
scupe at the focation of the strong radio source and
ohtained photographs of an object partly surrounded
by a faint luminous cloud. Dr. Sandage then took
spectrograms with the 200-inch to determine the com-
position of the object, and photoelectric measures of
the brightness and color. The object turmed out to
have a decidedly stellar appearance and is probably
not far from the sun. It could be the remnant of a
supernova — a rare, giant explosion of a star.

More detailed spectrograms were taken by Guido
Munch, professor of astronomy, and by Jesse I..
Greenstein, professor of astrophysics — who are both
staff members of the Observatories.

The spectrograms showed a combination of emis-
sion and absorption spectral lines unlike that of any
other star — ionized and neutral helium, ionized cal-
cium, and possibly oxvgen ionized many times, as
well as other unidentified features. An outstanding
peculiarity of the object is that the spectrum shows
no hydrogen, normally the elemental fuel of stars. All
in all, the star is one of the most puzzling objects
that astronomers have ever encountered.

A new facility

Caltecl’s Radio Observatory, near the town of
Bishop, has recently added a new facility which
makes it even more effective in mapping the positions
of other radio stars and galaxies in the heavens.

Until last September, the Ohservatory’s twin 90-
foot steerable dishes had been operating on a 1,600-
foot Jength of east-west tracks. Mounted on railroad-
car wheels, the hig steel-mesh ears are moved various
distances apart to listen to a particular radio source
simultaneously. This procedure, called interferometry,
simulates the effect of a single reflector equal in
diameter to the distance between the two dishes in
a given direction.

The original set of tracks limited the astronomers’
findings of the diameter to the east-west direction.
It also made it necessary to spend hours of observing

January, 1961

to obtain precise measurements of the north-south
position, Neve nuith-south tracks have been installed
shich allow determinution of nothesouth j)l)ai?i«'i]]s
and diameters in a much shorter time and with a

greater des

e |Lt PEANY H_I'-U,fj.

Other great discoveries

The Radio Observatory has shared in other great
discoveries — {or instance, in measuring the unespect-
edly high radiation from the planet jupiter. Last year
the Observatory showed that this radiation was par-
tially polarized, and came from a helt about 200,000
miles above the planet’s surface. It is somewhat
similar to the earth’s Van Allen radiation belt, but
with radio emission on a much greater scale.

Another recent discovery was the pinpointing of
the most distant object ¥nown to man. This is a far-
distant galaxy, a member of a large cluster of galaxies.
Identification of the object known as 3C-295 was the
combined work of a number of ohservatories — and
the 200-inch Palomar telescope. The clue to its vast
distance was provided by the University of Man-
chester in England, where it was found that the
angular size was very small and therefore it was
likely that the distance was extremely great.

Two highly accurate positions for this object (which
agreed extremely well) were obtained by the Uni-
versity of Cambridge in England and hy the Caltech
Radio Observatory. A picture of the galaxy was
noticed first at Caltech on photographic plates from
the 48-inch Schmidt camera. Later, Dr. Rudolph
Minkowski, staff member of the Mt. Wilson and
Palomar Qbservatories, photographed the galaxy and
obtained spectra with the 200-inch Hale telescope at
Palomar, establishing that this galaxy was indeed the
most distant ohject yet known.

Caltech’s Radio Observatory was built and is sup-
ported by the Office of Naval Research. The extra-
ordinary ability of the Observatory equipment to
locate radio objects so precisely that they can be
optically identiffied was built into the installation by
its designer and former director, John G. Bolton, who
has now returned to his former position as researcher
in the Commonwealth Scientific and Industrial Re-
search Organization in Australia.
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What would yo U do
as an engineer a

Development testing of liquid hydrogen-fusled rockets is car-
ried out in specially built test stands like this at Pratt &
Whitney Aircraft's Florida Resedreh and Development Center.
Every phase of an experimental engine test may be controtled
by engineers from o remote blackhouse (ingetl, with closéd-
cireuit television providing @ means for vicual observation.
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Regardless of your specialty, you would work in a
favorable engineering atmosphere.

Back in 1925, when Prait & Whitney Aircraft was
designing und developing the first of its family of
history-making powsrplanis, an attitude was born—a
recognition that engineering excellence was ihe key
to success.

That aititude, that recognition of the prime impor-
tance of technical superiority is still predominant at
P&WA tcday.

The field, of course, is broader now, the challenge
greater. No longer are the company’s requirements
confined to graduates with degrees in mechanical
and aeronautical enginecring. Pratt & Whitney Air-
craft today is concerned with the development of
all forms of flight propulsion systems for the aero-
space medium—air breathing, rocket, nuclear and
other advanced types. Some are entirely new in
concept. To carry out analytical, design, experimental
or materials engincering assignments, men with
degrees in mechanieal, acronautical, electrical, chem-
ical and nuclear engineering are needed, along

with those holding degrees in physics, chemistry

and metallurgy.

Specifically, what would you do?—your own engi-
neering talent provides the best answer. And Pratt
& Whitney Aircraft provides the atmosphere in which
that talent can flourish.

For further information regarding an engineering
career at Pratt & Whitney Aircraft, consult your col-
lege placement officer or write to Mr. R. P. Azinger,
Engineering Department, Pratt & Whitney Aircraft,
East Hartford 8, Connecticut.
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oy Adrcraft?

At PEWA's Conneclicut Aircrafi MNucleor Eng Lak-
cratory (CAMEL) muany technical talenis are focused
on the development of nuclear propulsion systems for
future air and space vehicles. With this live mock-up
of u reactor, nuclear scientists and engineers can
determine critical mass, material reaclivity coefficients,
conirol effectiveness and other reacior paramefers.

-~

Representative of elecironic uids functioning for F&WA
engineers is this on-site dota recording center which
can provide automaticaily recorded and compuied
data simultaneously with the testing of an engine, This
equipment is capable of recording 1,200 different
values per second.

Studies of solar energy callection and liquid und vapor
power cycles typify P&WA’s research in advanced
space auxiliary power systems. Analytical and Experi-
mental Engineers work together in such programs fo
establish and test basic concepts.

PRATT & WHITNEY ATRCRAFT

Division of Uaited Aircraft Corporotion
CONNECTICUT OPERATIONS — East Hartford
FLORIDA RESEARCH AND DEVELOPMENT CENTER — Palm Beach County, Florida
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Identifying and Encouraging

Potential Scientists

The most challenging aspect of education today.

The demand for high-level talent continues to in-
crease — partictlarly for scientists and engineers. Ef-
forts to meet this demand have been directed mostly
toward improving our educational facilities. However,
if we are going to develop our human resources to
the fullest. the early identification and encouragement
of potential scientists is of equal importance.

The high school science teacher is in the key posi-
tion to identify and encourage the future scientists of
America. Through increased knowledge of the psycho-
logical characteristics of the high-level scientist or
engineer he can make an earlier identification of those
students with the potential for success in these fields.
Once this is done he can provide the experience and
training necessary to develop these potentials.

It is evident that this fact will assume ever increas-
ing importance in the decades ahead. When we con-
sider some of the important elements in an industrial-
izing world. it is clear that the demand for tech-
nological knowledge will continue to grow,

I. POPULATION

Populations are increasing the world over, aned will
continue to increase, Tt has been estimated that, after
a million years of man's existenice. in the year 1000
A.D. there were about 300 million people. Quly by
1830 — almost LONG vears later — did world popula-
tion reach one billion. By 1930 — 100 years later —
the second hillion was added. By 1965 - 35 vears
later — the third billion will be added. The UN has
estimated that it will take 15 yeats to add the fourth
billion, and 10 years to add the fifth. By the turn of

“Identifying and Encouraging Potential Scientists” is a trans-
cript of a talk given to high school teachers visiting the In-
stitute on Caltech's annual Students’ Day. December 3, 1960),
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by John R. Weir

the century there should be six billion people on the
earth.

Not only is world population increasing rapidly;
the rate of increase is increasing as well. Between
1850 and 1900, world population grew about 0.7 per-
cent per year, doubling the population every century,
Between 1900 and 1950 the average annual rate of
increase was 0.9 percent, shortening the doubling time
to 75 years. The projections for the period from 1940
to 1980 predict a rate of increase of 1.3 percent, a
doubling time of only 50 years. This means 6 or 7
billion people by the end of this century, and perhaps
12 to 14 billions by 2050,

1. FOOD

With all these people about to appear. the matter
of food immediatelv becomes of importarice. It seems
probable that a large proportion of the human race
has never had enough to eat. We find references to
starvation and famine throughont recorded history.
and they continie to appear even todav, The reason
for this is fairly simple. In the period from 1900 to
the beginning of World War TU total world food pro-
diiction increased 10 to 15 percent. but in the same
period of time sworld population increased 30 percent.
The war decreased food supplies over most of the
earth's surface and the pre-war level wus not regained
unitil 1952, But by that tirme there were many more
millions of people to feed. So, there are move people
than ever in the world todayv, and thev seem to be
getting hungrier. s

Jaraes Bonner, protessor of biology at Caltech, has
studied world food problems and has concluded that
it we made a maximum effort to apple all of the
technology that we have at the present time to all of
the potentiallv cultivahle Tand on the earth’s surface
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wo o could produce just enongh food to teed these
tuture populations by the time they arrive. Obviously,
it would require o tremendous number of scientists
and engineers to make such an effort.

HI. RAW MATERIALS

Betore - the Industrial Revolution few consumer
goods were manufactured, and only small quantities
of raw materials were needed to produce themn. With
the advent of the Industrial Revolution the machine
operatur could turn out many more products — but
he consumed inore raw materfals in the process.

An industrialized nation consurnes raw materials in
sast guantities. For csample. the per capita annuoal
steel production in India is about 9 pounds per per-
son. In the United States it is 1300 pounds. India
consumes I/ 10th of a barrel of oil per person per vear.
the United States 170 tmes as mudh, Obvicusly, it
takes a great amount of techmological skill to design
and build the equipment necessary to consume raw
materials at this rate.

When US. levels of consumption are examined in
conjunction with the demands of underdeveloped
countries, it seemns clear that the world has a tremen-
dous challenge ahead of it. If the present peoples
of the world now living at extremely low levels of
consumption (approximately two  hillion persons)
were brought up to the standard of living ot the con-
temporary United States, we would have to extract
trom the earth each year 18 billion tons of iron, 300
million tons of copper, 300 million tons of lead, 200
million tons of zine, 30 million tons of tin, and huge
quantities of other metals and non-metals. These are
totals that are well over 100 times the present world
annual rates. ‘

Surely, a tremendous technical effort will be nec-
essary to reach these higher rates of production.

There is also the matter of the richness of ore de-
posits. For all of man’s existence, up to the last cen-
tury or two, raw materials have assumed a relatively
unimportant part in his struggle for survival. He
fashioned only a few artifacts from raw materials lying
on the surface of the earth. For example, he could pick
up pure copper, fashion it into tools, and use it with-
out further treatment. However, with increased indus-
trialization, uses of copper increased many-fold, and
the copper ore that was available decreased in purity.
Some time ago we were processing 5 percent copper.
Today this has dropped to 0.8 percent. We can cer-
tainly look forward to its dropping to an even lower
level, perhaps to 1/10 or even 1/100 of 1 percent.

Where will this end? How low can one go in ob-
taining necessary raw materials? According to Har-
rison Brown, professor of geochemistry at Caltech,
the lower limit is found in ordinary igneous rocks.
These contain most of the elements that are necessary
for the perpetuation of a highly industrialized society,
and in proportions that are not unreasonable from the
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standpoint of their industrial use.

One hundred tons of average igneous rocks con-
tuins, for esanple, 8 tons of aluminwm, 5 tons of iyon,
180 pounds of manganese, 40 pounds of pickel, 20
pounds of copper and 40 pounds of Jead. Many of the
elements which are not found in sufficient quantity
in igneous rocks — such as chlorine, bromine, and
iodine — can be found in the oceans. Other elements
like nitrogen and ozygen are reudily available in the
atmosphere. Still others can be found in the practically
inexhaustible supplies of limestone, which is a source
of carbon; in gypsum, which is a source of sulfur; and
in phosphate rock, which is a source of phosphorus.

Civen the necessary energy, and encugh technologi-
cal kuowledge to develop the processes of extraction,
the people ol the eurth could, it need be, support
themselves entirely with the leanest of ores, the waters
of the ocean, the rocks of the earth’s crust, and the
air arcund themn.

Here again, vastly increased technical development
will he necessary.

1V. ENERGY

It takes energy to estract metals from low-grade
ores. It takes energy to manufacture equipment. It
takes energy to run it. It takes energy to produce
tood. Current world energy consumption is about 3.7
billion tons of coal per vear. If all the people in the
rest of the world were to expend energy at the current
per capita rate of the United States, consumption
would increase sixfold, to the equivalent of approxi-
mately 22 billion tons of coal each year. This is a rate
of consumption that would exhaust the fossil fuel re-
serves of the world in 40 or 50 years. But it is also a
rate that is dictated by the U.S. standard of living,
which is envied by the rest of the peoples of the world.

To meet the increased demand for raw materials,
tood, higher standards of living, and industrialization,
we must develop other sources of energy.

Dr. Brown has calculated that in every ton of ord-
inary granite, energy which is equivalent to about 15
tons of coal can be econamically extracted in the form
of localized uranium and thoriumn. This means that
trom the long-range point of view man will be able, if
it becomes necessary, to extract his energy needs from
the very rocks of the earth’s crust —the same rocks
that can supply the variety of metals needed for the
support of a highly industrialized civilization. How-
ever, again, this immediately implies the development
and application of very advanced technological skill.

Population is going up exponentially. World energy
consumption is increasing exponentially. The richness
of raw materials is decreasing. These trends warn us
of the tremendous demands for technological and sci-
entific knowledge we will face in the future. In fact
we are already facing them in the shortages of engi-
neers and scientists we have witnessed in the last

* several years — shortages that may possibly be even
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more clearly understood in the light of past trends.

In the United States in 1900 there were 11 million
farmers, in 1950 only 7t4 million. Yet in 1900 the 11
million representecd 38 percent of the working force,
while in 1950 they represented only 13 percent of
a labor force that had doubled to 680 million. So, while
the labor force had increased rapidly, the proportion
of farmers in this labor force had dropped.

Even greater changes occurred among the profes-
sions. In 1900 one million professional and technical
workers made up 415 percent of the labor force; by
1950 this group had increased fourfold and now con-
stituted 714 percent of the working force.

A current report of the Department of Labor notes
that, for the first time in the history of the United
States, the number of persons employed as profes-
sional, office, and sales workers exceeds the number
employed in manual occupations. The Department
predicts a growth rate for professional and technical
workers that is nearly double that for any other occu-
pational group. It expects no change among unskilled
workers, and a continuing decline of farmers.

These early trends in the change in demand for
high-level talent are now becoming more meaningful.
If they continuein the same way for the next 50 years,
we will need two or three times as many scientists as
will be available.

This is a unique situation. We have no past experi-
ence upon which to draw in considering the problem.
Furthermore, the shortage of high-level scientific tal-
ent is going to he long-lasting — partly because of the
forces of world industrialization, and partly because
of the complex pattern of personal qualities and ex-
periences necessary to make a scientist or engineer.

At the present time this shortage of high-level tal-
ent is perhaps only inconvenient. In the future it will
become critical. Therefare, any success in combating
it will be of great importance to the future of our
societv. There are manv avenues of approach to the
problem, but one of the most important involves the
early identification of potential scientists and en-
gireers.

Such early identification and encouragement would
go far toward redncing our present waste of high-
level talent. And we certainly are wasteful. In the
United States onlv one-third of those voung peaple
capable of doing college wotk actually go on to col-
lege. Only one-half of the very capable. and oniy two-
thirds of the exceptionally talented go on to obtain
college degrees. Thus we lose two-thirds of the cap-
able, one-halt of the very capable, and one-third of
the exceptionally talented — or approximately half a
million college graduates each year.

Of all groups that contribute to the development
of scientists and engineers in the United States per-
haps high school teachers are the most influential.
They provide the capable student with his first major
expastre to scietice as a4 body of knowledge, and i
the scientific method as a technique for gaining more
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knowledge. They are the ones who may provide the
inspiration or exhibit the enthusiasm and satisfaction
that can be gained from working in science.

To become a scientist a student must make educa-
tional and vocational decisions in the 9th, 10th, and
11th grades — long before he has the information or the
experience necessary to choose a lifetitne career. The
high school science teacher is in the most strategic
position to help him select goals that are appropriate
and attainable.

The science teacher is also in the most strategic posi-
tion to identify the potential scientist or engineer, and
to encourage him to cousider science as a career. The
more skilled the teacher is in making this early iden-
tification, the better he can provide the information
and experience that will help develop the student’s
inclinations toward science. ‘

Little is known at present about the psychological
characteristics of potential scientists. However, cur-
rent research in the psychology of occupations does
provide some basis for their identification early in the
high school years.

There seems to be a general pattern of psycholog-
ical abilities and traits that is typical of people in
technological occupations. Within this general pattern
there are more specific sub-patterns, typical of dif-
ferent kinds of technical activities (such as theoretical
scientist, experimental scientist, engineer, sales engi-
neer, technician). The pattern for the high-level re-
search scientist is one of the better known ones. Tan
broad outline, it is as follows:

I. INTELLECTUAL ABILITY

It is necessary to have a certain amount of intellec-
tual ability in order to do the kind of thinking and
learning that a scientist must do. But this is more than
just having a high IQ. In reality it means having a
specific pattern of abilities.

In his analysis of the thinking processes, Professor
J. P. Guilford has, to date, identified almaost 50 differ-
ent elements or factors that make up “mental ac-
tivity.” Tt is prohable that different scientific activi-
ties require different patterns of factors For siecess,
but these patterns have not yet been worked ont, Far
current early jdentification we must content ourselves
with what are probably groups of Factors. Far ex-
ample to have the best charce of success in a science
curriculum 2 student should be high in quantitative
ability, abstract reasoning, symbolic reasoning, under-
staiiding logical relationships, and receiit and rernote
memaory.

II. VALUES

Many high school studerits take the Allport-Verrion
Study of Values -- a psyvehological test for measuring
an indiciduals value system. It rmieasures aesthetic,

continied on page 28
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STU'S EXPLAINING HOW MACHINES WILL
SOME DAY “OUTTALK” PEOPLE

“Stu” Smith graduated from Southern Cal
with a powerful yen for excitement. His kind of
excitement —Engineering.

He got what he bargained for (and a little
more) when he joined Pacific Telephone. One of
Stu’s early assignments was to find out how
existing Long Distance networks could be used
to pipeline high speed “‘conversations” between
computers in distant cities.

The fact that he did a fine job did not go
unnoticed.

Today, four years after starting his tele-
phone career, Senior Engineer Stuart Smith
heads a staff of people responsible for telegraph
and data transmission engineering in the huge

can possibly find.”

FREDERICK R. KAPPEL, President

Jara ary, 1961

“Our number one atm 1is to have in all
management jobs the most vital, intelli-
gent, positive and imaginative men we

American Telephone & Telegraph Co.

Los Angeles area. As a pioneer in this new data
transmission field Stu predicts data processing
machines will some day do more Long Distance
“talking” than people.

Stu contacted 12 other companies before join-
ing Pacific Telephone. “I don’t think there’s any
limit to where a man can go in the telephone
business today. Of course, this isn’t the place for
a guy looking for a soft touch. A man gets all the
opportunity he can handle right from the start.
He’s limited only by how well and how fast he
can cut it.”

If Stw’s talking about the kind of opportunity
you're looking for, just visil your Placement Office
Sor Uterature and additional information.

BELL TELEPHONE COMPANIES
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Identifying and Encouraging Potential Scientists . . . continued

economic, religious. theoretical, social and political
valties. Of these, the potential scientist scores high on
Theoretical and low on Economic and Social values.

ITIT. OCCUPATIONAL PREFERENCES

Many high schools routinely administer the Kuder
Preference Record to their students for vocational
gnidance purposes. It measures the kinds of activities
the student prefers. The potential scientist has a clear
pattern on this test. He should be highest on the
Scientific and Computational scales, and somewhat
less high on the Literary and Musical scales. He
shoutld be lowest on the Persuiasive and Social Service
scales. and somewhat low on the Clerical and Mech-
anical scales.

IV. OCCUPATIONAL INTERESTS

The Strong Vocational Interest Inventory measures
the degree to which the student’s likes and dislikes
compare with those of people who are successful in
a variety of occupations. The potential scientist scores
high on the scales for Artist, Psychologist, Architect,
Physician: and on the group that includes the Physi-
cist, Chemist, Mathematiciari, and Ergineer scales. He
is also high on the Math-Physical Science Teacher,
Musician, and Certified Public Accountart scales.
These are the occupational groups whose patterns of
likes and dislikes are similar to his. He scores low on
the Banker, Mortician, Real Estate Salesman, and Life
Insurance Salesman scales. These are the groups
whose likes and dislikes are the opposite of his.

V. PERSONALITY TYPE

Lastly, the potential scientist has a specific ap-
proach to the world around him. He prefers his intui-
tions to his senses. He responds more to inner hunches
or intuitive possibilities than to the actualities around
him. The impressions that come to him from the out-
side via his senses dre much less importank to him
than the ideas and implications he can derive from
them. He prefers thinking to feeling,

In his formation of judgments and values he is
systematic, objective, and impersonal rather than
sympathetic or antagonistic, personal or subjective. If
logic dictates. he will act counter to his feelings. He
is introverted rather than extroverted. His main points
of reference are internal and are focussed on his ideas,
thoughts about himself, and private personal concerns.
He gives secondary consideration to the external
world of people and things. In David Reisman’s
term he is itmer-directed.

He also tends to withhold judgment until all the
facts are in. and he has had a chance to order and
rationalize them in terms of his own private system
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of standards and values. As a consequence of this style
of life he tends to be quiet and reserved and some-
what uncomfortable in casual social situations. He fs
primarily interested in his studies and does very well
in them. He is usually original and brilliant in scien-
tific and theoretical subjects. Skeptical, critical. and
independent, he is always open to new facts, new ex-
periences, or new conditions without prejudging them.
He is generally very determined and often stubborn:
he can sometimes be led, but never driven.

With the addition of personality type to the pat-
terns of iriterests, preferences, values, and intellectual
factors, we have what might be called the research
scientist profile.

Obviously, a specific scientist will not alwavs match
this profile in detail. With as complicated and elab-
orate a set of patterns as these, there are many ways
in which the individual might deviate. But the more
closely he matches the profile, the more likely it is that
he will have the abilities, motivations, and inclinations
to find science a satisfactory and rewarding career.
The more he deviates and the more he approximates
the profile of some other occupational group, the less
likely it is that he will continue to pursue a scientific
career.

When we look at what comprises the profile — in-
tellectual abilities, values, preferences, interests, and

arsonality type — it is immediately evident that these
are not human characteristics that can be developed
overnight in college or high school. In a sense, they
begin to develop at birth. with the interaction be-
tween an individual's genetic makeup and his en-
vironmental experiences. They take a lifetime to form,
continuing to crystallize throughout much of adult-
hood. However. having begun at birth, the profile
has much stability by high school age, and by then
cannot be drastically altered. Neither the high school
nor the college can make a “scientist” out of a “non-
scientist.” But these patterns often become visibile in
rather primitive form even before high school age. Tt
is possible, then, to make earlier identification than we
commonly do todas, if we will onlv pay more atten-
tion to what we already know, and if we will work
diligently to learn more abhout these patterns,

This early identification is of crucial importance.
becaise we can provide the most inspiring experietices
for a student only after we have identified his inique
potential.

Here, then, is the challenge to our industrial society.
Only through maximum use of our high-potential tal-
ent can we maintain the rate of growth that we have
experienced in the past. Only by an increased knowl-
edge and use of these patterns for early identification
can high school teachers help their students realize
their potential more fullv —and can the teacher
become more effective as o teacher, This i¢ indeed the
most challenging aspect of education today.

Engineering and Srience



THE CRYOGENIC GYRO

A fundamentaily new type of gyroscope with the possi-
bility of exceptionally low drift rates is currently under
development. The design techniques used in conventional
electro-mechanical gyros appear to have been largely
exploited. A break-through is needed, and the cryogenic
gyro may well provide it.

The cryogenic (liguid helium temperatures, in the range of
4°K) gyro consists of a superconducting sphere supported
by a magnetic field. The resulting configuration is capable
of support in this manner as a result of a unique property

CALIFORNIA

of a superconductor. Exceptionally fow drift rates should
be possible. This crycgenic gyro has performance potential
unlimited by the constraints of conventional electro-
mechanical gyros.

This is just one example of the intriguing solid state con-
cepts which are being pioneered at JPL for meeting the
challenge of space exploration. In addition to gyre applica-
tions, superconducting elements are providing computer
advances and frictionless bearings. The day of the all-solid-
state space probe may be nearer than one realizes.

INSTITUTE OF TECHNOLOGY

JET PROPULSION LABORATORY

A Research Facility operated for the National Aeronautics and Space Administrotion
PASADENA, CALIFORNIA
Employment opportunities for Engineers and Scientists interested in basic and applied research in thase fields

INFRA-RED s OPTICS » MICROWAVE « SERVOMECHANISMS « COMPUTERS « LIQUID AND SOLID PROPULSION « STRUCTURES » CHEMISTRY
INSTRUMENTATION + MATHEMATICS « AND SOLID STATE PHYSICS « ENGINEERING MECHANICS « TRANS|STOR CIRCUITRY

Send resume, with full quolifications and experience, for cur immediate consideration

January, 1961



Student Life

THE GREAT ROSE BOWL HOAX

Undergraduate pranks, as practicallv any graduate
will tell you, are nothing new. In fact, freshman
knowledge of English literature reveals that pranks
have been around as long as the Reeve's Tale — and
they probably have a long antiquity before that.

Certainly, at Caltech, mldergradnate pranks are as
old as the Institute. Hardly a day goes by that some
Tech students aren’t out-talking people at Pershing
Square, or hanging funny signs in obscure places, or
engaging in some other moderately interesting frolic.
Every so often, however. a truly noble stunt is pulled
off —a stunt involving untold man-hours of prepara-
tion and imagination above and beyond the call
of reasoriable likelihood. (Caltech students, so some-
body said. are above and bevond reasanable likeli-
hood anyway, so they appreciate noble stunts.)

One of these occiirred this month, before a national
television audience, during the half-time ceremonies
at Pasacdena’s annual Rose Bowl football gaine.

On this notable occasion a grotp of Techmen under-
took to “rewrite the scenario” for the University of
Washington’'s half-time card demonstrations. This was
a task involving Brobdingnagian dedication, Fontball
game card-sections usually involve upwards of 1.000
students who sit en masse and hold tp colored cards
to form patterns — words and mascots’ pictures are
favorites. The Caltech pranksters completely changed
three of Washington's patterns.

First they made the unwitting Northerners spell
out “CALTECH” instead of “WASIUNGTON.”

Then, when the card-section was supposed to spell
out “huskies” in flowing script, they arranged things
so that, instead of the “h” the dot over the “i” ap-
peared (irst. The tail of the “s” showed up next. And
then, flowing inexorably backswards, the cards went
from “s” to “e” to “i” to k7 to Y7 to “u” to ‘b’ —to
finally, indeed. spell out “huskies.”

Then the pranksters had the card-section depict a
Caltech Beaver in place of the Washington mascot.

These surprising substitutions came in numbers 10,
11, and 12 of a projected 14-trick sequemce. As a
result, the frustrated Flusky card-section went out of
business after pattern 12.

This particular stint was undertaken by 14 mem-
hers of Lloyd House at Caltech. Most of them are
in the class of 1962 ind most of them helonoed o
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freshman section "I, which was notorious in its year
for wacky stunts. Obviously, they've kept their section
loyalty, and their fondness for folderol. (In fact,
looking to the future, they have approximately 50
prank plans carefully filed away in two overstuffed
boxes of IBM cards.)

The Fourteen started work an the great Rose Bowl
hoax before Christmas by making a series of telephone
calls to various Rose Bowl officials, From these, they
discovered that the Washington and Minnesota card-
section stuidents would arrive on December 29, and
would stay at Long Beach State and Occidental Col-
leges, respectively.

Picking out Washington to pick on, the Fourteen
sent one of their number to Long Beach State, posing
as a reporter for the Los Angeles Dorsey High School
Dorseygram. He arrived |5 minutes after the Wash-
ington band and card-section had atrived, and asked
for the card-demonstration director. He was sent to
Roomn 105 of a Long Beach State dormitory. where he
tound the director stashing away his precious cards
tntil Ness Year's Day. Room 105 the Techman noted,
was located only two doors away from an easilv-lock-
picked entrance to the dormitory.

Approaching his prey and offering hiin a cigarette,
the Techman asked the director just how his card-
section worked. The director obligingly told him,
down to the minutest detail.

Each of Washington’s 2,232 card-section members.
said the director, gets his own stack of coloved cards
to hold np. as well as an instruction sheet that looks
something like this:

i. PURPLE 4, VIOLET

2. PINK 5. MOUANARING

3. POLEA DOTS o LAFFER

-

KT,

The card-section is divided into numbered sub-
sections. On each sturit, the director calls ouit section
numbers, sounding a little like a deliberate quarter-
back, When a subsection number is called, each of
its members holds up his cards. For example, a di-
rector will call out 1-2-3-4-5, and the whole card sec-
tion will spell out H-Y-M-[-E with each subsectiom
holding up its letter when its number is called.

The would-be veporter also found out that the card-

continned on page 30
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THE DIVERSITY
OF ELECTRONICS
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CAMPUS INTERVIEWS
February 2 and 3, 1961

Find out more about the wide range of programs, unigue
Professional Register, advanced sdqcational programs and
relocation allowances offered by Hughes,
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your College Placement Director. Or wrile Hughes College
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HUGHES AIRCRAFT COMPANY
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Malibu, Newport Beach, Oceanside,
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Student Life . . . continued

section director planned to eat dinner abmit an hour
later. One of the Techmen came back at that time,
picked his way into the room, and took an instruction
sheet from the middle of the heap the director had
hidden behind a table. “They’d never miss one,” hissed
the lock-picker.

They didn’t miss one, either, as the Fourteen dis-
covered after they had made a hurried trip to a near-
by printer to have approximately 2,300 near-dupli-
cates of the instruction sheets run off for about $30.

They also discovered that their printer had furn-
ished them with manila sheets to replace Washington’s
white ones, but after some futile atternpts at dyeing,
they gave up and hoped that the gods would mask
the difference.

The next day, Saturday, the Techmen again arrived
at Long Beach State when the Washingtonians weren’t
there. (The intrepid pseudo-reporter had discovered
that evervbody was going to Disneyland that day.)
Picking the lock again, they stole the master plans —
large pieces of graph paper colored the way the stunts
were to appear — from the director’s satchel. They
then decamped for the Lloyd House lounge.

There, they spread their 2,232 substitute instruc-
tion sheets over the tables and floor, and set about

WHY DOUGLAS AIRCRAFT CHOSE “PVs”

e BETTER LIGHTING. "PV" means ‘‘Perfect Vision”® Luminaire.
The initial foot candle reading in every section of the 120,000
square foot room illustrated above was in excéss of 200 foot
candlies with no glare or hotspots.

e LOWER FIRST COST. Installed cost slightly less than $1.20 per
square foot.

e LOWER MAINTENANGE COST.
e N0 NOISE— KO HEAT.

Consulting Engineers: Holmes & Narver, Inc.
Electrical Contractors: Pacific-Western Co.

30

stamping them with “correct” instructions — changing
the words in demonstrations 10 and 11, and rounding
off the Flusky's ears and giving him buck teeth to
turn him into a Beaver in demonstration 12. Ten houis
later, the project finished, five of the Fourteen and
2,232 new cards left once more for Long Beach and
Room 105.

Knowing that Washington was elsewhere, celebrat-
ing New Year’s Eve, the Techmen picked their way
into the room once again, replaced the master plans,
and substituted the altered instruction sheets for the
original ones. Then they returned to Pasadena for a
day-and-a-half wait.

Nobody knows whether Washington discovered the
substitutions ahead of time — because there would
have been no time for re-substitutions anyway. As it
stood, the card-section director was observed riding
contentedly in the Rose Parade on the morning of the
game — and standing open-mouthed in the afternoon
when his long-planned seqjuence went awry in stunts
10, 11, and 12. ,

Which is all the Techmen wanted anyway. As one
of the Fourteen explained: “We just did it to see if
it could be done.”

—Lance Taylor 62

Among the Missing

The Caltech Alumni Association is
trying to complete its file of Caltech
publications and is still lacking some
of the early issues of the schonls an-
nuals. Would anyone who has copies
of the following publications be will-

ing to send them to the Association?

THE POLYTECHNIC
1896 through 1912
THE THROOP TECH
1913 through 1915

Engineering and Science



AT RAYTHEON...

Scientific imagination focuseson . . .

RADAR . .. INFRARED . .. MISSILE SYSTEMS
... COMMUNICATIONS & DATA PROCESSING
w+. MICROWAVE ELECTRONICS . .. SOLID STATE
... SONAR ... ELECTRON TUBE TECHNOLOGY

Positions designed to challenge your scientific
imagination are offered by Raytheon Company to
exceptional graduates (Bachelor or advanced degree)
in EE, ME, physics or mathematics. These assignments
include research, systems, development, design and
production of a wide variety of products for
commercial and military markets.

Facilities are located in New England,
California and the South.

For further information, visit your
placement director, obtain a copy of
- "Raytheon . . . and your Professional
= Future”, and arrange for an on-campus
interview. Or you may write directly to
Mr, J. B. Whitla, Manager-College Relations,
1360 Soldiers Field Road, Brighton 36, Mass.

Excellence in Electronics
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A “‘stream-of-action” environment with unusual growth
possibilities should be a major factor in a choice of
career. And that’s an excellent reason for considering
carefully the opportunities existing in Sikorsky Aircraft.

We believe that our company is just the “right-sized
stream”. Young engineers can eénjoy diversified, small-
group activities, as well as stature opportunities in a
field that is wide open to the expression of imagination
and professional competence.

Sikorsky Aircraft is the company which pioneered the
modern helicopter. Our curtrent program is far-ranging
and is recognized as one of the broadest and most
challenging in the entire aircraft industry.

Work associations are stimulating and in an atmosphere
of progress. Assighments could include joining an elec-
tronic team of twenty to thirty associates—or--working
with a highly selective group of four or five on interest-
ing problems of radiation, instrumentation, auto pilot-
age, automatic stabilization, etc.

If you want to enter this “streani-of-action”, the tinie is
now. Opportunities for personal progress have never
been greater.

For detailed information about careers with us, pleas:
vrite to My, Jamze L. Purfizld, Erplogment Sopervisor

SIKORSKY AIRCRAFT coomrore

DIVISION OF UNITED AIRCRAFYT CORPORATION
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INERTIAL ENGINEERING INGENUITY

Litton’s LN-3 Inertial Navigation System for the NATO F-104, now in production, owes
its excellent performance to Litton-designed technical features such as:

Integrators with linearity of better than 1 part in 10,000.

Fully transistorized d.c. amplifiers "vith internal gain better than 107 with offsets,

referred to the input, of 20 microvolts maximum. Operational characteristics are
constant between —53°C. and 85°C.

Systems of the future require evaluation of computer performance and evaluation of
other system units, such as miniarure inertial platforms. Would you care to move ahead
in this field shoulder-to-shoulder with acknowledged experts? If so, contact Mr. Harvey
Lashier, Office of Advanced Scientific Education, Canoga Avenue at Ventura Freeway,
Woodland Hills, California. Telephone: Dlamond 6-4040. You can share in generous
employee benefits, including stock purchase and tuition-paid education plans. Reloca-
tion assistance is provided.

LITTON SYSTEMS, INC,

GUIDANCE & CONTROL SYSTEMS DIVISION
Beverly Hills, California

John Tamura and Robert Ehner discuss the optimization of the LN-3 Computer Integrator design with
Dr. Harold Rell, assistant director of ihe Guidance Systems Laboratory
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Donald W. Douglas, Jr., President of Douglas,
discusses valve and fue! flow requirements
for space vehicles with Dr. Henry Ponsford,
Chief, Structures Section,

Spaceliners have
the biggest thirst
wn the universe

Each 6,000,000 pound thrust rocket
ship now being planned for manned
interplanetary exploration will gulp
as much propellant as the entire
capacity of a 170 passenger DC-8
Jetliner in less than 4 seconds! It
will consume 1,140 tons in the
rocket's approximately 2 minutes of
burning time. Required fo carry this
vast quantity of propellant will be
tanks tall as 8 story huildings, strong
enough to withstand fremendous G
forces, yet of minimum weight.
Douglas is especially gualified to
build giant-sized space ships of this
type because of farriliarity with every
structural and environmental prob-
lem involved, This has heen gained
through 20 years of experience with
missile and space svstems,

Douglas is now seeking qualified
engirneers, physicists, chemists and
mathematicians for pragrams like
SATURNplusothersstichas ZEUS
SKYBOLT, MISSILEER. DELTA,
GEMNIE and AMIP. For full informa-
tion write to My, €. C. LaVene,
Douglas Aldrcraft Company, inc.,
SentaMonica.C» SectionB,

Jiforn

—
MISSILE AND SPACE SYSTEMS # MILITARY AIRCRAFT
DC-8 JETLINERS & CARGO TRANSPORTS
AIRCOME® B8 GROUND SUPFORT EQUIPMENT
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Personals

1914
Albert W, Wells died on Auguost 3 of
cancer. He had retired in 1945 from the
engineeriig department of the Los An-
geles Railway. He is survived by his sis-
ter, Rachel Wells,

1920

Russell M. Otis, PhD 24, died oo No-
vember 19 of a cerebral hemorrhage. At
the time of his death he was vice presi-
dent of the Oil Shale Company in Bev-
erly Hills. Dr. Otis had a fellowship with
the first physics faculty at Caltech and,
under the direction of Robert Millikan,
was the first scientist to do research at
the Institute on cosmic rays.

From 1924 to 1927 he worked at the
Bell Laboratories in New York, where
he designed the vacuum tube used in the
first transatlantic telephone. He then
served as research director at the Huglies
Development Cormpany until 1931. He
spenit a number of years as a consulting
engineer in private practice before be-
corming research director of the Lane-
Wells Company in 1941, and in 1952 he
became vice president of the frm. He
joined Qil Shale in 1958.

He is survived by his wife, a son, Rob-
ert, and two grandchildren.

1922

Richard M. Bozorth, PhD. writes from
Short Hills, N.J., that he “made a sec-
ond trip to the USSR at the request of
the State Department and happened to
be in Moscow at the break-np of the
Paris Conference, and in Sverdlovsk (a
closed area) when the U-2 was in the
news. I received an inscribed gift at the
Sivth Annual Conference on Magnetisin
for founding the conference. I'm retiring
from the Bell Laboratories nest April
and am planning to accept an invitation
to spend a svear at the Universty of
Tokyo, and also spend some time as a
consultant to the 7.8, Naye.”

1930
Henry Tmus is now rotating shift su-
perintendent in the plant superintencd-
ent s office of Technicalor Tne, He is also
the prond  copossessor of an o Seadems
Award for an invention of wet printing
motion picture film. "Our famile is ex-
ploding.” he writes, “We've got kids in
Sacraimmento (at Aerviet): at the Uni-
cersity of Virginia (working for a inias-
ter's degree it business): and at U.C.
Riverside {where our freshman daugh-
ter is studving to become a lab technic-
jan).”
1931
Brigadier General Benjamin €. Holz-
men, %8 33, hes been nained Cormunan-
der of the Air Force Cambridge Research

Laboratories in Bedford, Mass. He was
formerly Commander of the Air Force
Office of Scientific Research in the Air
Research and Development Command.
He is married and has a daughter, Kath-
erine, 17.

1932

Walter P. Huntley, a partner in the
law firm of Fulwider, Mattingly & Hunt-
ley in Los Angeles, died of a heart at-
tack on December 12. A former JPL em-
ployee, Walter also worked . at Decca
Records in Middlesex, England, for over
a veatr before joining the RArm of patent
attorrieys. He is survived by his wife; a
son, Michael, who is in the Army in
Japan; a daughter, Judy; and twins,
[Lindsay and Christina.

1934

Paul L. Kartzke, MS '35, takes over as
executive vice president of the Shell Qil
Company of Canada in Toronto this
motth, He has been vice president in
charge of exploration and prodiiction at
the Calgary Office. The Kartzkes have
three children: Barbara, who graduated
from the University of Colorado last
Juve, and is now studying at the Uni-
versity of Geneva; Paul, a freshman at
Stanford: and Richard, a student at
Lawrenceville Academy in New [ersey.

1938
Charles F. Robinson, MS, PhD 49,
director of the Bell & Howell Research
Center in Pasadena, has heen elected
vice president of Consolidated Electro-
dynaics Corporation, a  subsidiary of
Bell & Howell. He has been with CEC
since 1947,
1940
Cowidr. William A. Spooner was trans-
ferted last sumirtier fromi the Bureau of
Naval Weapons in Washington, D.C.. to
Tndiznapolis. where he i< now prograims
officer at the U.S. Naval Avionies Fa-
cility. "My wife and two childrer { Billy,
8 arl Eileen. ) are having their First
evperience of living in the AMidwest” he
woritee, “Nect February Towill complete

18 vears in the Nucv — g coresy [ never

anticipoted when [ gradvated from Cal-
tech Aost of my dute has been in the
field of aviation electronics but  has
hroadened into more general  manage-
ment activities since T ogredusted  from
the Harvard Biwsiness School in 10567

1942

Paraimecicar  Nilakantan, MS.  writes
from Bangalore, Indin, that he is now
director of the National Aeronantical
Laboratory there. He was formetly di-
rector of technical desvelopment and pro-
dhetion (adr) ot the Misistry of De-
cordinued on page 36
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Gl COMMERCIAL OPERATIONS:

Graduates andcal, elec-
trical or mechanical engineering, will be interested in
evaluating the opportunities offered by Food Machinery
and Chemical Corporation, with headquarters in San
dose, Californda—a natlon-wide organization that puts
ideas to work through creative ressarch and practical
engineering.

planning careers in che

MO offers career opportunities in these ficlds:
Agricultural Chemicals + Agricultural Equipment -
Automotice Sercicing Equipment < Food Canning &
Freezing Lquipment « Defense Materiel « Fire Fight-
ing Equipment * Industrial Chemicals + Materials
Handling Equipment « Power Gardening Equipment -
Packaging Equipment » Food Packing and Processing
Equipment * Petroleum Specialty Equipment + Pumps
and Water Systems + Waste Disposal Equipment

DEFENSE DPERATIONS:

FMC's Ordnance Division,
located at San Jose, California,
produces mobile support equip-
ment for military programs in-
cluding amphibious tracked
vehicles and missile ground sup-
port equipment. This fully in-
tegrated organization and its
well equipped facilities provide
coordinated control of each
phase of every project from
design concept through devel-
opment and production.

The division possesses complete prototype and quantity
variety of test equipment and processes, as well as
complete testing grounds for tracked vehicles and mis-
sile bandling equipment. Young graduates employed
by FMC have the opportunity of working with men
of outstanding engineering talent and leadership in
mechanical, structural, electrical, hydraulic, and metal-
lurgical specialties,

This challenging field offers tremendous possibilities
for the young engineer. Because of rapid advancements
in this sphere of activity, FMC is constantly looking
for men with the specjal capabilities for creative engi-
neering and development.

To acquaint students with the broad scope of career opportunities in FMC’s
diversified activities, we invite you to write for copies of our brochure, “Putting
Ideas to Work,” which graphically presents FMC's operations and product lines.

Address:

Personnel Administration Department

P. Q. Box 760, San Jose, California,
or Industrial Relations Department
161 East 42nd Street, New York 17, New York

$OOD MACKINERY
ANTCHEMICAL
CO*'P.‘P'Q‘K @

January, 1961

Putting Ideas fto

Work

FOOD MACHINERY AND CHEMICAL CORPORATION
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We're not [ooking for a
direct answer.

This is just to remind you

that a good knowledge of
miniaturization is worth having
~— wherever you go in the
world of engineering.

Keeping engineering minds
well-informed on the latest
progress in — and with —
MPB miniatyre and instrument
bedrings is one of oyr main
objectives, MPB bearings dare
made in over 500 types and
sizes, with O.D.'s from 5/8”
to 1/10”. They are ysed in
over 16,000 applications,
ranging from dental
handpiéces to missile systems,

Magnificent Miniatures,

a 16mm color dnd sound film,
pictures the manufacture and
uses of MPB bedrings. The new
comprehensive MPB cotalog
with bdsic engineering informa.
tion, describes the complete
line and many applications,
Both are available to your
class or group, without charge,
from Miniature Precision
Bedrings, Inc., 21 Precision
Park, Keene, N. H.

Helps youn perform
miracles i instrumentation

contintied

Personals . .

fense of the Government of India. He

has been vice president of the Aerorviaiit-
p . .

ical Society of Tndiz since 1958.

1943

William C. Thompson is now working
with digital comnputers at Autotietics. He
was formerly with North American Avi-
ation in Downey, The Thompsons have
two daughters, Margaret 314, and Shelby
Lee, 1.

1944

Walter Fillipone, MS, senior geophysi-
cist at the head office of the Union Oil
Cornpany in Los Angeles, writes that he
had a visit with Enrigite Silgado, MS '44,
in Lima, Peru, last year. Enrique is
teaching at the University there. Walter
spent a couple of months last siimmer in
Australia where he supervised the start
of Union Oil's exploration in the Surat
Basin in Queensland.

Robert McAnlis writes that he and
his family are now in New Tersey, where
he operates out of the general engineer-
ing headquarters of the Johns-Manville
Company in Manville. Bob travels to the
various Johns-Manville plants i New
Jersey and California. acting as a con-
sultant in industrial ventilation and dust
control. The McAnlises have three
daughters — 12, 10 and 8.

1945

Jaines K. Nason died in Los Amigos
Hospital in Downey on November 21
of polio. e had gained national tecog
nition as resident engineer on the Tong
Beach Bridge and the Long Beach Free-
way in North Long Beach, by predicting
the amount of <ettling within one-cighth
of an inch. He was on his way to greater
success as a construction engineer wher
poliv stiuck Ffive vears ago. After some
time in an iron lung and a vear of hos-
pitalization.  he came howe, He con
tinued working in a specially riggec
wheelchair and also painted picture
o hobby. He was offered o scholarship
by the Nations! Articks Schoal racerith
Jim is survived bv his wife and two
davehters — Cynthin. 7. and Deborgh. &

1950

Adam Schuch, PhD, is alternate group
leader at the Los Alamos Scientific Lab-
oratory in New Mexicn. He has been at
the lab for 11 vears,

John B. Riitheiford. MS, is now =
partver in a new Ffirm. Rutherford &
Chekene, consulting engineers in San
Francisco. He was formerly in business
for himself as a structural engineer in
T.os Altos,

Terome K Delson, MS, PhD 53, will
he in Coperhagen for o cear ne n con-

siiltant i power  svskem planning  For

the North Zealand Electricity and Train-
way Company.

Floyd B. Humphrey, PhD '56, re-
search group sitpervisor at JPL, now
has two daiighters — Virginia, born on
November 5. and Victoria, 4.

1951

Woldemar V. Jaskowsky, consultant at
the Plasmadynie Corporation in Santa
Ana, is in Germany for a year at the
Institute of Plasmaphysics in Munich.

I. P. Nitsch, PhD, is associate director
of a phytotr(m now under counstruction
at Gif-sur-Yvette, aboiit 15 miles south
of Paris. The lab iz being built by the
French counterpart of the National Seci-
ence Foundation. “As good followers of
Caltech’s example and lead in this field,”
writes Jean, “we have patterned the gen-
eral disposition of climatic rooms after
that in the Earhart Plant Research Lab-
oratory. We have added a biochemistry
laboratory and a  “semi-phytotron”  to
the striictire — miaking this  phytotron
the largest in the world. Even though
the lab may still take sote 2 years to
complete, research work on rnatirally-
occurring plant hormones is already well
started, and workers from various coun-
tries are coining here. Caltecli’s pre-and
post-cloctoral research fellows will always
be especially welcome.”

1955

James L. Adams, instriictor at Stan-
Ford University. was married on Novem-
ber 9 to Mise JTudith Scholtz at Knights

Landing,

1956

Thomas P Cordon. MS. PhID 59, is
now in the research and development
departiment of Five Chemicals of Can-
ada. a stbsidiary of 8, B. Penick and
Co, in Toronto. The Gordons have a
won,  Christopher, bhorn fast Marcli

Bijron Johneon, Jr.. is city engineet of
Claremont, Calif, He hos Bea sone -
Dougles, 365 and Meal, 115,

Ravmond  Orbacl writes that “after
getting mi BS in phisies myv wife and
I omesed to Berkelee where in 1958 o
born, In Junusre 1060
I received iy PhD. Since then we have
been living in Osford, Eungland, where
[ have been doing research at the
Clarendon Laboratory on an NSF fellow-
chip. Oiir secotid child was born here —
a girl, Deborah. With the renewal of my
NSF grant we evpect to be here yet
another vear.” :

con. Dlncid, wes

1957
Lt Pierre Lecegonrgues. I8, is still in
the French Air Force seriing as a pilot
in Algeria. He hopes howecer, to return

bt civil engineering in the «pring.
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Ability of energy to do work?
A mathematical canvenience?
Gibbs' Free Energy?

What does it mean in isothermal
electrochemistry?

The concept of energy availability
in all its ramifications is becoming
ever more important to Allison’s
energy conversion mission.

Current projects involving this con-
cept include electrochemical con-
version systems (for satellites, space
systems, and perhaps even your
future automobile), heat regenerator
systems and photolysis regénerators.

In our inquiries we rely not only on
our own resources but also on the
talents of General Motors Corpora-
tion, its Divisions, and other organi-
zations and individuals. By applying
this systems engineering concept to
new research projects we increase the
effectiveness with which we accom-
plish our mission —exploring the
needs of advanced propulsion and
‘weapons systems.

Division of General Motors, Indianapolis, Indiana
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Research Problems at
Hamilton Standard

BEACON

on a new world of
scientific

exploration:

Electron Beam Physics and Technology

Hamilton Standard’s research activity on the electron
beam process has created a fascinating new realm of
scientific exploration, and in some instances, unexplained
pheriomena, For example, through experimentation sci-
entists have observed that a 100,000-volt electron beam
has found its way throtigh a one-half inch stainless steel
plate. Research on other phases of the process include
studies on such interrelated areas as applications in
thin-film technology, joining metals to non-metals, crys-
tal-growing processes . . . studies in electron ballistics . . .
high-voltage generation involving dielectric materials . . .
obtaining and measuring ultra-high vacua. There are
a variety of problems to be solved by Ph.D.’s in Physics
or Electrical Engineering . .. and they will find these
assignments challenging and rewarding. Facilities will
include a complete Research Laboratory under the
direction of Dr. Charles F. Squire, formerly Professor
of Physics and Director of Research at Rice University,
Houston, Texas.

By controlling the electron beam with an electro
optical lens and a deflector system it is possible to perform
milling, drilling and welding operations on any known
material. Intricate configurations and close tolerarnces
heretofore impossible have been achieved with this
process. For example, complex slots or shapes with
over-all dimensions of only a few thousandths of an
inch or holes as small as 25 microns in diameter can be
produced in such materials as tungsten, carboloy and
quartz. The one-pass weld (shown lower right) was made
in 0,400 thick stainless steel. No filler metal was added.

A full complemernt of scientific arid engineering skills is
being applied in electron beam activity just as it is
through Hamilton Standard’s varied product pictire. The
Company is today a@ dynamic force in many fields of in-
terest . . . risgile and space gystems, solar generation, life
suppart systems for space vehicles, ground support equip-
ment, aircraft engine controls, starters and environ-
mental conditioning systems.

DETALL. YOUR CAREER REQUIREMEMTS ta the
Hamilton Standard grediate school fepresenta-
tive . .. then visit our facilities and meet scientists
working on the Electron Beam process, For further
information, reply to Mr. R. J, Harding.

AMILT TANDARD DIVISION
an organization dedicated to Q’M@éf?fa mdgnqmeefm{; 8@8&%&2

UNITED ATRCRAFT @@@@@Wﬁ?%&%
WINDSOR LOCKS, CONNECTICUT
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Helimut Schelp, chief engineer, AiRescarch Manufucturing Dicision of
Arizona, Phoenix, surrounded by typical gas turbines now in production

AiRescarch Gas Turbine Engines,
the smost widely used power source for
the starting. air conditioning. cooling and
heating of =1 airerafi, now are becoming
a prime power source for industry,

Eazier to maintain hecause of few
moyving parts, these lightweight gas
turbine engines develop more horse-
power per pound and ineh than any other
engine. Most efficient at max-
imum speeds, they run

e (1.UL151) CORPORATION

iary Gas Turbines beco
e power source for industr

on almost any fuel and start immediately
in any weather.

Fulure prime power applications of
AiResearch gas turbines for industry in-
clude: earthmoving equipment; ¢mall in-
dependent generator plants; marine use;
helicopters and small conventional air-
craft; emergency power plants; air con-
ditioning. heating, refrigeration: atomic
energy (closed cycle gas turbine
with atomic energy heat source).

ranging in size from 30 10 850 hp. Clockiwiise from the top: (1¢ 85-28
CICP 165 GIPTG-6+ GIP 301 GTP70-10 - GIU 85-2.

The foregoing and other diverse. highly
interesting Garretl programs provide out-
standing opportunities for engineers.

An orientation program lasting a period
of months is available, in which new
graduates work on assignments with ex-
perienced engineers in laboratory, pre-
liminary design and development projects.
Should you be interested in a eareer with
The Garrett Corporation, write to Mr. G.
D. Bradley in Los Angeles.

AiResearch Manufacturing Divisions

LOS ANGELES 45, CALIFORNIA » PHOENIX, ARIZONA

OTHER DIVISIONS AND SUBSIDIARIES.: AIRSUFPLY-AERO ENGINEERING o« AIRESEARCH AVIATION SERVICE ¢ GARRETT SUFPFPLY a AIR CRUISERS

AIRESEARCH INDUSTRIALA GARRETT MANUFACTURING LIMITED» MARWEDEL S GARRETT INTERNATIONAL S.A.¢ GARRETT (JAFPAN} LIMITED

January, 1961
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January 20
January 24
January 27

Jatiuary 28

January 31

ALUMNI EVENTS February 4

BaskETBALL

Whittier at Caltech

Caltech at [.aVerne

Pomona at Caltech

CALTECH CALENDAR

ATHLETIC SCHEDULE FRIDAY EVENING

DEMONSTRATION
LECTURES

Caltech at Occidental

Lecture Hall, 201 Bridge, 7:30 p.m.

Tanuary 20

India o
—Robert Hutteriback

Caltech at Upland College

January 27

UC Riverside at Caltech Essential Oils

—A. J. Haagerni-Sinit
February 3

March 4 Annual Dinner Darice February 7 Organic Photochemistry
Cal Western at Caltech ~George Hammond
May 6 Annual Seminar February 10 February 10
Claremont-Harvey Mudd at Blood atid Heredity
June 7 Annual Meeting Caltech —Ray Oweri

fine

printing
when
nromised

Magazines
Catalogs
Newsletters
Programs
House Organs
Books, etc.

Pasadena’s oldest and most
complete publication house. ..

A
OF PASADENA

ALUMMNI ASSOCIATION OFFICERS

PRESIDENT SECRETARY
Ralph W. Jones, '38 Donald S. Clark, 29
VICE-PRESIDENT TREASURER
Holley B. Dickirison, 38 Jehn R. Fee, 'S5l
BOARD OF DIRECTORS
Rebert I Rarty, '38 Tohn D {3ze, '53
Franklin G. Crawford, 30 William L. Holladay, 24
Frederick W. Drury, jr., '50 Howaord B Lewis, Jr, 48
Clatide B Nolte, '37
ALUMNE CHAPTER OFFICERS
NEW YORK CHAPTER
President Harry J. Moore, 48
IR M Corpeordtion, 530 M adizon Evenue
Vice-President Tames Townsend, 'S4
) D Eagt 65tk St
Treasirer H. Melson Upfl'vegrow ‘54
58 Centar St., Berne 1],
Secratury Frank B, ‘a8

Vitro Corporation of Ameria, 261 Madison Avenue

WASHINGTON, D.C. CHAPTER

President Fronk H. Shelion, ‘49
Brmed Forces Special Weapons Project
Secretary-Trodsurer Richard G. King, '49

« Hopkine University

Applied Physics Laboratory, |
S r Springs Maryland

SAN FRANCISCO CHAPTER

Pregident Jarmies £ Ibers, 'Si
Ske!l Davelopmsnt Co., Emeryville
a

A Hendsrson, '54
kand

Vice-Presidant

Secretary-Tredsurer _ Sablinger,
. Mounta
San  Fra

Mestings: Frateenity
Intermal funche

CHICAGO CHAPTER

President Lerurer 43
Lapattmant =f Tealoyy, Maorth waston U ‘on
Vira-President et

Fepovmon Vodal Compnny
Secratary-Tregdiurer Ther
Madieal Center, Morther

SACRAMENTO CHAPTER

Proegident James W. Dunharm, 29
Divisicn of Shiall Cralt Harbors, State of Califorriia,
Dept. of Netural Resources

rxisie Avenue
I Bitler, 'St
ern Unjvareity

Vice-President Eugsns W, Belster, '45
) Aerojet-Geaneral Corporation
Secretary-Treasirer . Dongld Meixner, Jr., '46

tate of California, Dept. of Natural Watet Resources
Meetings: University Club, 1313 E Street

Luricheon first Friday of each month

Visitiig alumni cordially invited—no resservation

Skl DIEGO CHAPTER

Chairman chur:xi%eDBUdR]oss, ‘24
< al Sireet
455 EL Dosrano StREET Seeretary Erank |. Dore, 45
o P Chai H B
A N . o . egrom airpraon "'rrnal’ nglanaer g
PasapENA CALIFORNIA g, nigrer S Eaglaader, 32
40
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If your sights are set

With the 1BM Sage computer, Alr Force pe
gencrated displays projected in the Command Post.

on electronics—

SOmpuicr=

-youll find Photography at Work with you

ThE engineer working in elec-
tronics finds photography one of
his most valuable tools. For ex-

ample, he uses camera and film

to capture and study the fleeting
transient on the oscilloscope face.

X-rays and film provide him
with a check on the internal in-
tegrity of sealed components.
Even intricate circuits can be
printed and miniaturized by
photographic methods.

There’s hardly a field on

which you can set your sights
where photography does not play
a part in simplifying work and
routine. It saves time and costs
in research, on the production
line, in the engineering and sales
department, in the office.

So in whatever you plan to
do, take full advantage of all the
ways photography can help.

CAREERS WITH KODAK:
With photography and photo-
graphic processes becoming in-

EASTMAN KODAK COMPANY
Rochester 4, N.Y.

creasingly important in the business
and industry of tomorrow, there
are new and challenging oppor-
tunities at Kodak in research, en-
gineering, electronics, design, sales,
and production.

If you are locking for such an
interesting opportunity, write for in-
formation about careers with Kodak.

Address: Business and Technical
Personnel Department, '
Eastman Kodak Company.
Rochester 4, N.Y.




Q. Why does your company have train-

ing programs, Mr. Abbott?

A. Tomorrow’s many positions of major
responsibility will necessarily be filled by
yournig men who have developed their
potentials early in their careers, General
Electric training programs simply help
speed up this development process.

In addition, trainiing programs provide
gradiates with the blocks of broad ex-
perience on which later success in a
specialization can be built.

Furthermore, career oppotrtunities and
interests are broiight into sharp focus
after intensive working exposures to
several fields. General Electric then gaing
the valuable contributions of men who
have made early, well-considered deci-
sions on career goals and who are con-
fidently working toward those objectives.

€. What kinds of technical trdining pro=
grams does your company conduct?

B, Gereral Electric conducts a number
of training programs, The G-E programs
which sttract the great masjority of
engineering gradustes are Engineering
and Science, Mantfscturing, and Tech-
nical Marketing.

€. How long doés the Enginestring and

Seietice Program last?

B, Thet depends on which of seversl
avenues vou decide to talke, Many gradu-
stes complete the training program dur-
ing their first year with General Electric.
Each Program metnber hzs three or four
responsible work assignments at one or
more of 61 different plant locations.
Some gradustes elect to take the Ad-
vanced Engineering Program, supple-
menting their work assignments with
challenging Company-conducted study
courses which cover the application of
engineering, science, and mathematies to
industrial problems, IF the Program metn-
ber has an analytics] bent coupled with a
deep interest in maethematics and physics,
he may continue through & second znd

One of o series

Interview with

General Eleciric’s Earl G. Abbott,
Manager —Sales Training

Technical Training Programs
at General Electric

third year of the Advanced Engineering
Program.

Then there is the two-year Creative
Engineering Program for those graduates
who have completed their first-year
assignments and who are interested in
learning creative techniques for solving
enigineering problertis,

Another avenue of training for the
qualified graduate is the Honors Program,
which enables a man to earn his Master’s
degree within three or four semesters at
selected colleges and universities. The
Company pays for his tuition and books,
and his work schediile allows Him to earn
75 percent of full salary while he is going
to school. This program is similar to a
research assistantship at a4 college or
university,

Q. Just how will the Manufacturing
Treinirg Pragram help prepare me for
o career in manufacturing?

A. The three-year Manufacturing
Program consists of three orientation
assignments and three development
assignments in the areas of manufacturing
engineering, dquality control, materials
management, plant engineering, and
manufacturing operations, These assigh-
ments provide you with broad, funda-
mental rmanufacturing knowledge and
with specialized  knowledge in  vour
particular field of interest,

The practical, on-the-job experience
offered by this rotational program is sup-
plethented hy particips
facturing studies curriculum  cove
all phases of manufacturing,

tion in 2 manu-

g

G What kind of training would | get
on your Technical Marketing Pregram?

A. The one-year Technical Marketing
Program is conducted for those graduates
who want to use their engineering knowl-

Sessiarnal develdprent

edge in dealing with customers. After
completing orientation assignments in
engineering, manufacturing, and market-
ing, the Program member may specialize
in one of the four marketing areas: appli-
cation engineering, headquarters market-
ing, sales engineering, or installation and
service engineering.

In addition to oh-the-job assignments,
related courses of study help the Program
member prepare for early asstimption of
major responsibility.

Q. How can | decide which training
program | would like best, Mr. Abkot?

A. Well, selecting 2 training program is
a decision which you alone can make. You
made a similar decision when you selected
your college major, and now you are
focusing your interests only a little more
sharply. The beauty of training programs
is that they enable you to keep your
career selection reletively broad until you
have examined at first hand a number of
specializations.

Furtherrnore, trarisfers from one Gen-
eral Electric traihing program to another
are possible for the Program member
whose interests clearly develop in one
of the other fields.

Persanalized €areer Flarirning
ix Creneral Flectric' s term for the
placerniert, and pro-

of engi-

salectior,

neers arid setertists, If vore wonkd
fike « Personalized Career Plarn-
ning folder which describes in
morve detail the Corriparny’s trafne-
ing programs for techrical gradi-
afes, write fo Mr. (hbott at Seec-
tion  959-1%.  General Electric
Company. Schenectady §, N. Y.

R’agress le Our Mosr Important Prodlvet
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