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You still have time

to enter

Send for this Free Booklet Now!

8 Cash Awards to Professional Engineers

7 Cash Awards to College Engineering Students

Mo Geographic Restriction

This competition involves the design of an overpass
structure in steel to carry a two-lane highway at
right angles over a four-lane interstate highway
on level terrain in accordance with standards for
today’s modern highways. For complete informa-
tion, just fill in and mail the coupon and ge! started
with your design without delay. Deadline for entries
is May 31, 1959.

USS is u registered trademark

(UgS) united States Steel

Competition Editor, Room 1831,
American Bridge Division,
525 William Penn Place, Pitisburgh 30, Pennsylvania

Please send me a copy of your $44,000 Steel Highway Bridge
Design Competition entry booklet.

Name ..o iii it iiiienneeseessssasoasooassssasssonsses

Professional or Design Engineer | N

] . (Check one)
Engineering Student

Address ...ivviiviieensterenensssstssssscossanssssassces
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there's Transitron

Atomic subs can navigate the globe without surfacing — getting their bearings from
electronic inertial guidance systems. Vital to the reliability of these guidance systems
is the tiny semiconductor. The industry’s broadest line of advanced silicon and
germanium semiconductors is made by Transitron, whose 3000 skilled employees
specialize exclusively in these products. In atomic subs, communications, missiles,
industrial computers, radar, jets — wherever there’s electronics — there’s Transitron,
known the world over for leadership in semiconductors.

TRANSISTORS * RECTIFIERS * DIODES * REGULATORS * VOLTAGE REFERENCES

“Tra ngitron

electronic corporation « wakefield, massachusetts

SALES OFFICES IN PRINCIPAL CITIES THROUGHOUT THE U. S. A. » CABLE ADDRESS: TRELCO
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Thorstein Veblen...on the pla.ce of science

h],n creative art, as wc“ as in critical taste, t}'le fa]tering
la]ent o[ Christendom can at tllc hest Tollow the lead of
the ancient Grmzks and the Chinese. In myt])»mal(ing,
folklore, and occult symbolism many of the lower har-
I)arians ];avc a(:llicved ihings beyond wl)at the ]aiier~day
priests and poets know how to propose. ]n po]itical
finesse, as well as in unreasoning, brute Joyaliy, more
than one of the ancient pcopl@s give evidence ol a

capacity to which no modern civilized nation may aspire.

“To modern civilized men, especially in their intervals

of sober rcﬂccﬁon, all these tl)ings that distinguis}m l}le

barbarian civilizations seem of dubious value. .. Jutile
in comparison with the achievements of science. They
c]wind]e in men's esteem as time passes. This is the one
secure holding-ground of latter-day conviction, that ‘the
increase and diffusion of knowledge among men’ is inde-
feasil)]y rigllt and good. When seen in such perspective
as wi” clear it of the trivial pcrp]exilies of work day ]ife,
this proposition is not questioned within the horizon of
western cu]turc, and no other cu]tura] idea[ ]10](:'5 a
similar unquestioned place in the convictions of civilized
mankind.”

,—-The Place of Science in Modern Ciuilizaiion, 1906

THE RAND CORPORATION, SANTA MONICA, CALIFORNIA

A nonprolit organization engaged in rescarch on problems related io national security and the public interest
g dagy P y P
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On Our Cover

the eyve belongs to James Lockhart,
research associate in biology. What he
is studying so closely is a pea plant —
the subject of his current research in
Caltech’s Earhart Plant Research Lab-
oratory. The lab, 10 vyears old this
spring, was the first one in the world
where plants could be grown under
every possible climatic condition, and
has attracted biologists from all parts
of the globe. For more on Earhart, see
page 18.

“Creativity in Science,”

on page 13 of this issue, was first pre-
sented as a talk in the creativity series
at the Pacific Oaks Friends School in
Pasadena. Its author, James Bonner,
is professor of biology and acting
head of the biology division at Cal-
tech.

“Seven Wonders”

The Reverend Ganse Little, author of
“Seven Wonders” on page 23, is not
(like most of the other writers for this
publication) connected with Caltech.
He is pastor of the Pasadena Presby-~
terian  Church. His article appears
here at the urging of practically every
Caltech civil engineer who heard it
wlien it was given originally as a talk
to the American Society of Civil Engi-
neers in Los Angeles last fall.

Picture Credits:
Cover — Graphic Arts
13, 17 — Harry Diarnond
18-22 — Graphic Arts

34 — Graphic Arts

36 — Sarah Huit
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Your imagination
- has a chance
to soar at

General Motors

GM positions now available in these fields for
men holding Bachelor's, Master's and Docter’s

degrees: Mechanical Engineering » Elecirical
Engineering = Industrial Engineering * Metal-
lurgical Engineering = Chemical Engineering o
Aeronautical Engineering » Ceramic Engineer-
ing * Mathematics ¢ Industrial Design e
Physics ¢« Chemistry » Engineering Mechanics.

4

General Motors engineers pre-check inertial guidance systems for

ballistic missiles in a “raceway” simulating actual missile wiring.

Men like these are deeply involved in today’s {astest moving and fastest
growing industry . . . electronics. At General Molors engineers and
scientists have a chance to develop their talents to the {ullest . . . 1o let
their imaginations soar.

You, too, can have a chance to put your imagination inlo operation at
GM. Every facet of engineering and science is found among General
Motors 35 divisions and 126 plants: automobiles, diesel engines, astro-
nautics, appliances, rocket propulsiun and solar energy . . . these are
just a few of the fields open to the inquiring mind.

To learn more about your opportunities at General Motors, write GM
Personnel Staff, Detroit 2, Michigan. Find out why men with imagina-
tion like to work at General Motors.

GENERAL MOTORS

Inzgincering and Science

PERSONNEL STAFF
DETROIT 2, MICH.



CONVAIR/ASTRONAUTI

Convair Division of

GENERAL DYNAMIC

ATLAS ICBM

and greatly accelerated

SATELLITE
PROGRAMS

Convair-Astronautics’ great new $40 million facility in San Diego was
created solely for the purpose of putting America first and farthest
into space. Here, graduates will participate in the program of the
nation’s mightiest missile, the Atlas ICBM, which powered the biggest
satellite into orbit. Other programs involve lunar and interplanetary
exploration. Many members of our staff rank among the warid’s lead-
ing authorities in their fields — distinguished scientists and engineers

to direct your career progress. We urge you to consider a future at
Convair-Astronautics.

We are seeking undergroduate and graduate students majoring in

AERONAUTICAL, MECHANICAL,
ELECTRONIC, ELECTRICAL AND
CIVIL ENGINEERING

plus graduate students majoring in

PHYSICS AND MATHEMATICS

Please write at once to Mr. R. M. Smith, College Placement Coordinator,
CONVAIR-ASTRONAUTICS, SAN DIEGO, CALIF.

CONSULT YOUR PLACEMENT OFFICE FOR FURTHER DETAIL
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MARS outstanding design SERIES |

automated bridge

The bridge of tomorrow will be self-activating,
equipped with electric-cye controls and an anti-freeze sys-
tem. No overhead structures will obstruct the view, or
interfere with radio reception, according to Robert J.
Companik of Chicago.

In his design, the bridge is operated by pressure
pumps that draw water from the canal mto the hollow
structure and hold it shut by the weight of the water.
To allow boats to pass, pressure is released, counter-
weights pull the sections together, and the bridge opens.
An clectric eye down the canal activates the opening and
the bridge does not close until an eye on the other side
is passed. Heating units keep both eyes free from snow
and ice, and a brine system keeps the bridge in operation
in freezing weather. '

Many ingenious solutions to traffic and other prob-
lems are on the boards today. To make their ingenuity
clear, and to translate them from idea into reality, re-
quires the best of drafting tools.

In pencils, of course, that mecans Mars, long the
standard of professionals. Some outstanding new prod-
ucts have recently heen added to the famous line of Mars-
Technico push-button holders and leads, Lumograph
pencils, and Tradition-Aquarell painting pencils. These
mclude the Mars Pocket-Technico for field use; the efhi-
cient Mars lead sharpener and “Draftsman” pencil sharp-
encr with the adjustable point-length feature; Mars Lu-
mochrom, the color-drafting pencils and leads that make
color-coding possible; the. new Mars Non-Print pencils
and leads that “drop out” your notes and sketches when
drawings are reproduced.

The 2684 Mars-Lumograph drawing pencil, 19 de-
grees, EXEXB 1o $H. The 1001 Mars-Technico
push-buiton lead hoider. 1904 Mars-lumagraph
imporied leads, 18 degrees, EXB 10 9H. Mars-
Lumochrom color-dratfiing pencil, 24 colars.

J.S|R|TAEDTLER,INC.

HACKENSACK, NEW JERSEY

at all good engineering and drawing material suppliers

Letters

Sigs:

In his article on “Admissions at Cal-
tech” (E&S — Januvary, 1959) Peter
M. Miller, assistant director of admis-
sions, makes a passing remark that is
50 obviously untrue as to demand re-
buttal: “The applicants (for Caltech
admission) must be male . . . The re-
striction seems to have had . . . no
deleterious effect on the sacial bloom-
ing of the Caltech undergraduate.”

Admittedly there are some who do
fine socially at Caltech. Many people
find that the lack of social competi-
tion or hard-to-break-in-to groups at
Tech make it an ideal place to “come
out of their shells” socially.

Yet, on several counts, the non-co-
educational nature of Caltech does
lead to “deleterious effects,” and cre-
ates problems which really ought to
concern the Deans (although appar-
ently they choose not to be aware of
the problems) and which ought to he
explained to prospective freshmen
(although usually they -are not).

The fact that Tech students have
to go to colleges which are anywhere
from 7 to 25 miles away in order to
find intelligent, college-age girls to
associate with makes social life at Cal-
tech into a strictly-weekends affair,
and a highly expensive one, too (60
cents for a phone call, for example).
The fact that, to the girls they asso-
ciate with, Tech students are cast in
the role of social outsiders tends to
make their “social bloom” both frus-
trating and unrewarding.

The girls that most Tech students
wind up dating leave much to be de-
sired. They are often high-school gixls,
or girls who cannot make a go of it
socially at their own schools.

Another major problem is that men
who do not have cars (especially
freshmen) are limited by transporta-
tion problems to attending the three
or four “hig” events each term.

The iruth, which the Deans ought
to face, is that a large percentage of
Tech students wind up marrying the
second or third girl they ever meet.
And for most of the rest, undergrad-
uate life at Caltech becomes, not
something to look back on with fond
memories, but rather something to
forget as soon as possible.

Howard Weisherg 60

Engineering and Science



James Reeder joined Westinghouse in 1955—
now working on jet aircraft power systems

At 26, James R. Reeder, a 1955 BSEE graduate of
Vanderbilt University, is fast becoming an expert on
aircraft electrical systems. Now the project engineer in
charge of designing and developing control and protec-
‘tive equipment for the AC electrical system of North
American’s A8J-1 twin jet fighter, he previously de-
signed transistorized protective equipment for the power
system in the Boeing 707 Stratocruiser.

Most important, Jim Reeder is doing exactly what he
wants to be doing. Upon completion of the Westinghouse
Student Training Course, he was assigned to the Aircraft
Equipment Department in Lima, Ohio. He has sub-
mitted 12 patent disclosures (which have resulted in
awards totaling mare than $800.00); and he has four
U.S. patents pending. Active in the AIEE, he has com-
pleted more than half the work required for his MSEE
at the University of Pittsburgh through the Westinghouse
Graduate Study Program.

Jim Reeder is one of many talented young engineers
who are finding rewarding careers with Westinghouse.

March 1959 *

You can, too, if you've got ambition and you’re a man
of exceptional ability. Our broad product line and
decentralized operations provide a diversity of challeng-
ing opportunities for talented engineers. Guided missile
controls, atomic power, automation, radar, semicon-
ductors, and large power equipment are only a few of
the fascinating career fieldsto be found at Westinghouse.

Why not find out now about the opportunities for
you at Westinghouse? Write to Mr. L. H. Noggle,
Westinghouse Educational Department, Ardmore &
Brinton Roads, Pittsburgh 21, Pennsylvania.

you caM BE SURE...iF1TS

VVestinghouse

WATCH WESTINGHOUSE LUCILLE BALL-DES!I ARNAZ SHOWS™
CBS-TV MONDAYS



A RESUME 1S A TWO-PARTY

Throughout your engineering career, the name
of the first employer appearing on your resume
can be as significant as your education. But, in
selecting that first employer, you should also
consider his resume.

ITT is the largest American-owned world-wide
electronic and telecommunication enterprise.
To give you an idea of the breadth of our
activity . . . there are 80 research and manu-
facturing units and 14 operating companies in
the ITT System playing a vital role in projects
of great national significance in electronics
and telecommunications research, development,
production, service and operation. ‘

The scope and volume of work entrusted to us
by industry and the government opens a broad
range of highly diversified engineering and

INTERNATIONAL TELEPHONE AND TELEGRAPH CORPORATION

87 Broad Street, New York 4, N. Y.

FEDERAL ELECTRIC CORPORATION » INTERNATIONAL ELECTRIC CORPORATION a
ITT '‘NDUSTRIAL PRODUCTS DIVISION o
INTERNATIONAL STANDARD ELECTRIC CORPORATION L]

DIVISION 4 I1TT FEDERAL DIiVISION a
INTELEX SYSTEMS, INC. s

DIVISION # ROYAL ELECTRIC CORPORATION o

AFFAIR

technical positions in all areas of our work. ..
from tiny diodes to complex digital computer
systems and a massive network of global
communications.

In addition to the opportunities for work and
association with distinguished engineers and
scientists, our graduate education tuition re-
fund program encourages engineers to continue

their formal training . .. and the facilities
for graduate work near ITT locations are
superior,

This is an all too brief resume. It would be
hard to associate yourself with a company that
offers the engineer greater choice of assign-
ment. Write us about your interests — or see
our representatives when they visit your
campus.

ITT COMPONENTS
ITT LABORATORIES »

iTT KELLOGG
AMERICAN CABLE AND RADIO CORPORATION 2

LABORATORIES AND MANUFACTURING PLANTS IN 20 FREE-WORLD COUNTRIES

Engineering and Science



Why Lockheed —

Lockheed’s leadership in aircraft is continuing in missiles. The Missile
Systems Division is one of the largest in the indusiry and its reputation
is attested by the number of high-priority, long-term projects it holds:
the Polaris IRBM, Earth Satellite, Kingfisher (Q-5) and the X-7.

To carry out such complex projects, the frontiers of technology in all
areas must be expanded. l.ockheed’s laboratories at Sunnyvale and

Palo Alio, California, provide the most advanced equipment for research
and development, including complete test facilities and one of the

most up-to-date computing centers in the nation. Employee benefits

are among the best in the industry.

For those who qualify and desire to continue their education, the
Graduate Study Program enables them to obtain M.S. or Ph.D degrees
at Stanford or the University of California, while employed in their
chosen fields at Lockheed.

Lockheed Missile Systems Division was recently honored at the first
National Missile Industry Conference as ‘‘the organization that
contributed most in the past year to the development of the art of
missiles and astronautics?’

For additional information, write Mr. R. C. Beverstack, Callege
Relations Administrator , Lockheed Missile Systems Division,
Sunnyvale , California.

lacﬁﬁegd/ MISSILES AND SPACE DIVISION

SUNNYVALE, PALO ALTO. VAN NUYS, SANTA CRUZ, SANTA MARIA, CALIFORNIA
CAPE CANAVERAL, FLORIDA ¢ ALAMOGORDO, NEW MEXICO
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Books

The American

High School Today

A First Report to Interested Citizens
by James B. Conant

MeGraw-Hill
(Glothbound

51.00
$2.75)

Caltech got a preview of James B
Conant’s report on  American  high
schools when the distinguished edu-
cator und diplomat visited the campus
for three days in January as a guest of
the Caltech YMCA’s Leaders of
America program. Now, here is Dr.
Conant’s complete report, published
after a two-vear study of high schools
in 26 states, financed by a grant from
the Carnegie Corporation of New
York.

In some hands this report might
have turned into another controversial
blast at public secondary education in
the United States. In Dr. Conant’s
hands it becomes a defense of the
American comprehensive high school,
and an impressive list of specific sug-
gestions (21 in all) for improving
public secondary education in this
country. Because these suggesiions
are, for the most part, practicaL and
possible, and irrefutable, the report
should get thoughtful consideration
from citizens representing «ll points
of view on the question of public edu-
cation,

Education and Freedom

by H. G. Rickover, Vice-Admiral, USN
L. P. Dutton Ca,, NY.. . . . $3.50

Resiewed by Paul C. Eaton

Admiral Rickover is already some-
thing of a national hero, the popular
image of him being that of a stormny
petrel furionsly buzzing ahout the
heads of conservative and complacent
battleship admirals dedicated to re-
-sisting the application of nuclear pow-
er to ship propulsion, much as the
cavalry generals of a generation ago
refused 1o listen to Billy Mitchell's
equally furious contention that the
afrplane was here to stay.

Whatever the nature and the real-
ities of the opposition to Admiral
Rickover in the Navy and in the

10

Atomic Energy Cominission, the north
polar transits of the nuclear-powered
submarines, Nautilus and Skate, have
been accomplished and the Shipping-
port, Pa., central station power plant
is a reality. Buzzing which can ])ring
about such results should be heeded,
in any field.

In Education and Freedom the field
is public elementary and secondary
education in this country today, and
the attack on the status quo is vigor-
ous, well-directed, and all along the
line. The hook consists of eleven
chapters and three appendices. The
greater part of the material in the
first nine chapters is based upon ad-
dresses which the author has deliv-
ered bhefore various civilian groups
during the past two years.

The general tone of the work is not
at all that of the stormy petrel; it is
primarily expository, well-document-
ed in contemporary foreign compari-
sons and historical precedents, and
deadly serious. The urgency of his
plea for upgrading our educational
standards derives in part from his
own difficulties in finding competently
educated people to stafl his assign-
ment in building the first nuclear
power plant for naval use. Incident-
ally, that story is very well told by
one of those he did find, Commander
E. E. Kintner, USN, in the January
1959 Atluntic.

It is possible in the baok to iden-
tify personal villains, comparable to
the battleship admirals and the cav-
alry generals, but Admiral Rickover
does not make the mistake of simpli-
fying the problem to soap-opera good
guys versus John Dewey and the Na-
tional Education Assocjation.

The “Freedom” term in the title
means pretty specifically our survival
as a nation, as in Thomas Jefferson’s
dictun: “If a nation expects to be
jgnorant and free . . . it expects what
never was and never will be.” Jeffer-
son would have loved Rickover. The
first three chapters deal with educa-
tion as our first line of defense (the
battleship admirals wince), lead time
and military strength, and pioneering
on the frontiers of knowledge.

Chapters five through seven, "En-
ergy Resources and Our Future,” “In-

continued on page 44

trom
Deep space to

Ocean floor

Vought offers this range
to the young engineer

At Chance Vought the engineer’s assign-
i ments range from the depths of the ocean to
| the farthest reaches of space...from hard-

ware operating aboard the Navy’s nuclear-

armed submarines to space research vehicles
still on the boards.

Here the engineer contributes to projects
such as the record-smashing Crusader jet
fighter series...the Regulus missiles ...
and advanced weapons, details of which are
still classified.

Under the guidance of the Vought engi-
neer, such weapons take shape. He super-
vises critical tests, and he introduces the
weapons to the men with whom they
will serve.

Engineers with many specialties share these
experiences. Today, for example, Vought is
at work on important projects involving:

SPACECRAFT AND ASTRONAUTICS
ADVANCED PROPULSION METHODS
ELECTRONICS DESIGN AND MANUFACTURE
ANTISUEMARINE WARFARE

Vought’s excellent R&D facilities help the
engineer through unexplored areas. And by
teaming up with other specialists against
mutual challenges, the Vought engineer
learns new fields while advancing in his own.

Would you like to know what men with
your training are doing at Vought...what
you can expect of a Vought career?

, For full information, see our representative
during his next campus visit.

Or write directly to:
C. A. Besio
Supervisor, Engineering Personnel
Dept. CM-14

DUGHT ATFRCRAFT

k4 /N COR bALLAS,

caarsao cExaAs
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Deep Water and Deep Space open up

-

Outer space and ocean depths present a tremendous
challenge to young engineers. Deep space and deep
water are hecoming new avenues of attack, and con-
sequently broad studies are now going on at Chance
Vought for safeguarding these approaches with
advanced weapons systems.

Toward space security, Vought s propulsion specialists
are analyzing nuclear and jonic power. Astronautics
design teams are studying crew quarters for spacemen
and devices for escape from orhit... drawing on the
near-space cockpit and capsule experlence of Vought’s
Crusader fighter developers.

Earth’s acean basins, too, are potential theaters of war.
Under the Office of Naval Research, Vought engineers

March 1854

Exciting Careers at Chance Vought

are seeking improved ways of detecting and identifying
the submarine — a weapon they know well. Since 1953,
U. S. Fleet subs have carried Regulus missiles and
support equipment.

Engineers of all academic specialties can find at
Vought an unmatched career area...as new capabil-
ities are forged ... weapons for deep water and deep
space defense. ‘ ‘

OUCGHT ATRCRAFT

rEXAS

I NCORPORATED DALLAS,

i



- MAN'S

FIRST

SPACE
COMMUNICATION
STATION

On 12 October 1958, an historic event took place. A group of Space Technology Laboratories'
engineers at Cape Canaveral, Florida, transmitted radio signals far out into space to the
NASA /Air Force Pioneer space probe vehicle. The tiny receiver and transmitter in the Pioneer
relayed these same signals to the Space Technology LaBoratories’ group at Manchester
University, England. e This significant experiment promises, like those earlier achievements
of Morse, Bell, and Marconi, to pave the way for the use of space vehicles to relay information
to and from points on earth. One day the entire world will view televised events as they
happen. e ~“uture experiments of this kind will undoubtedly assist mankind i'n his search to
understand, use, and benefit from his knowledge of space phenomena. e Scientists and
engineers whose interests and abilities enable them to contribute to these developments

are invited to join our technical staff.

Space Technology Laboratories, Inc. p.0.BOX 95001, LOS ANGELES 45, CALIFORNIA

The 250/ radio telescope pictured here is operated
by a team of British scientists under the direction
of Professor A. C. B. Lavell, University of
Manchester, whose cooperation contributed
materially to making this achievement possible.

[
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Creativity
1n Science
by James Bonner

Discussions of creativity frequently revolve around
creativity in art or creativity in literature. We all
imagine that we know how to recognize a great creat-
ive artist—an artist whose work soars out of and above
the imagination. 1 think we should first ask, in dis-
cussing creativity in science, whether there is in fact
any comparable creativity in this field. Is the scientist
creative? The popular picture of a scientist in our
culture runs somewhat as follows: A man in a white
laboratory coat grinds away in a logical and inexor-
able fashion (and dully too) for 20 years, and then
suddenly produces nylon or a bhetter mousetrap.

The popular picture of the scientist in our culture
might then suggest that scientific work does not grip
the emotions, that it is coldly logical, that it is not
creative as is the work of the artist. 1 am prepared,
however, to show that this is a misconception. There
are many grades and degrees of creativity and innova-
tion in science. The discoveries of which we read in
popular magazines are indeed most frequently ones
based upon the logical repetitive search for some
merely useful material—a new elixir that will magic-
ally cure chilblains in mice resident in orbiting space
vehicles, and so on. But this is not truly science; it is
applied science—and it bears the relation to high-
level creative science that the articles in popular mag-
azines hear to creative literature.

Scientific creativity lies much deeper than the
repetitive search for a better plastic or the trial and
error attempt to find a better desmogger for exhaust
pipes. Creative science lies, I believe, in the formula-
tion of relations between facts—the genesis of theories
which bring together under one roof observations
previously separately housed.

“Creativity in Science” has been adapted from a talk given by
Dr. Bonner ut Pacific Ouks Friends School in Pasadena.

March 1959
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We all think we know how to recognize a great cre-
ative artist, whase work soars above the imagination.

The scientist is confronted by a multitude of facts;
he wishes to reduce them to one fact, to formulate a
law of nature. This is the urge of a scientist, to find
unity in nature. He wishes to find similarities between
things not previously recognized as similar. He must
create a theory which will unify facts. There are prob-
ably many theories which unify a portion of the avail-
able facts, but he must imagine one that will unify
all. He must reject those theories that he has imagined
which will not encompass all facts. It is a hard task.
To formulate this theory, to imagine it, is strictly a
personal subjective act. It is not done by committees;
there is no known and inexorable way ta deduce the
correct hypothesis in advance; it must first be imag-
ined by some one person,

Think of some of the truly creative figures in

13



science—Darwin, for example. Darwin’s creative uni-
fying act was to see relatedness in all creatures, re-
latedness by evolution. No relatedness between the
earth’s living things had previously been imagined—
merely an almost infinite number of differences.

Or think of Niels Bolr and his atom, imagined
strictly ad hoc to relate the thousands and thousands
of spectral lines described as miscellaneous facts by
phySi(:ists for over a hundred years. Each of these new
innovations represented a gigantic new concept, per-
sonally conceived and brought to test in the same
sense that a creative work of art Is personally imag-
ined and brought to light.

There is another characteristic of the creative
scientific act which may often, although not always,
be perceived. This is the fact that it involves discard-
ing what is generally accepted, in pruning away dog-
ma, as a basis for a new and more general unifying
concept. Take Darwin again: He had first to discard
the accepted fact that each species is individually
created by the creator. This is in a sense a unifving
concept, and one generally acceptable and accepted
in Darwin’s time. Before Darwin could proceed to
imagine a new and more unitying concept—namely,
that species evolve from common ancestors and that
creation therefore occurred but once--he had to dis-
card the accepted view. A creative scientist, then,
has to have the strength to question what is presently
accepted, to turn things topsy-turvy as a part of his
creative synthesis.

What I have said about a few major examples of
scientific creativity is also true for less spectacular
examples. For there is a complete spectrum of creativ-
ity, from acts such as those of Darwin and Bohr, down
to the man who imagines how to reconcile today’s
laboratory results with yesterday’s different ones. We
see creativity in the scientist at work each and every
day; some days are merely more creative than others.

Finally, I may note that I assume that the urge to
unify, to bring relatedness where none was found
before, 1s a basic urge and drive for the scientific
persan. 1 do not know that this is true, hut I suspect
strongly that it is. 1 suspect that the desire to 11j]ify
and understand is a basic part of man’s emotional
arrangemeits.

The evolution of a creative scientist

Let us now consider some of the things that may
be observed during the process by which a young
person emerges as a creative scientist. I will take for
my study what happens in the course of graduate
education. Each fall we bring into our biology group
at Caltech a dozen or so young men and women, all
with fresh Bachelor's degrees. These are new gradu-
ate students. They have spent four yeurs in college
and twelve years in school before college. They are
tull of facts. They are full of learning. But with rare
exceptions they exhibit no evident qualities of the
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creative scientist. Let us, however, observe them two
or three years later. Many of these same young peo-
ple will he creative scientists. They will be daily
formulating and testing new and often highly original
concepts. They reveal their work to the world in print
and with great assurance. Some will be guiding others
along the same path. It is truly a heart-warming proc-
ess ta follow.

Surely these young people were creative in some
respect betore they entered graduate school, but it
had not made itself manifest in any obvious scdientific
way. One might conclude that all that has been hap-
pening in graduate school js that they have heen
taught—trained is a popular word—to use a new art
form, that of science.

Finding a subject

But 1 think that this would be misleading and that
the facts go deeper. During the course of graduate
education these students have had but few formal
courses. They know same new facts, to he sure, but
they are not gaining facts at the rate that they did
in their undergraduate years. There is, however, one
obvious thing that has happened, and that happens
to every scientist who becomes a creative practitioner.
Let us watch a new graduate student. He browses
around; he looks at many subjects; he talks to many
people; and suddenly one day he finds a subject
which really sends him, one that grips his emotions
for reasons he doesn’t understand but doesn’t think
about. He takes hold of this subject; he wants to find
out all about it; he reads about it in the literature; he
thinks about it; he dreams about it; he works on it.

I have seen some spectacular examples of this in
my vyears as a guider of graduate students. I have
seen young men spend one, two, three years in pedes-
trian work, routinely carrying out token investigations.
And I have seen these same young men suddenly
find a new subject which really excited them and then
blossom out as creative scientists in a period of months.
I believe it is safe to say that, unless the potential
scientist finds a subject which really grips his emo-
tions, the scientific creativity of the individual does
not come to the fore. This is an essential part of the
process of becoming a creative, productive scientist.

But the choosing of an appropriate subject of in-
vestigation isn’t the only thing that has been happen-
ing in graduate school. Graduate school is still con-
ducted by apprenticeship; the newcomer is put in
close association with a practicing creative scientist;
they talk; they make hypotheses; they think up crit-
ical tests of hypotheses; the apprentice is actually
watching and participating in the creative work of
another. There is obvious transfer here and one can
mark this in many scientists. The work of the master-
scientist-father can be detected years later in the
work and mannerisms of the former apprentice son.

Still another thing happens in graduate school.
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Graduate school s a very permissive institution.
There are no penalties for questions; everyone does
it. There is little structure; the apprentice slowly gets
to feel that he can question not only his immediate
colleagues, but anyone, professors included. Every-
one talks; everyone questions; everyone brings forth
new unorthodox ideas. At its best, graduate school is
a sort of continuous brainstorming session; new ideas
continuously pop out and are batted around. And in
this connection there is the matter of reward. In grad-
uate school the apprentice scientist is rewarded
for his questioning, for his spontaneity, by the approv-
al of his colleagues, by fellowships, and other symbols
of material wealth. He is rewarded, perhaps for the
first time, for spontaneous unorthodoxy.

Finally, as the graduate student-apprentice pro-
gresses toward becoming a creative scientist he re-
ceives responsibility—the responsibility to help others
along the same path. This appears to me to be a very
maturing experience, a step which helps to free the
onetime apprentice from his master, to make him
independent. This step involves real change from
dependency to adulthood, and the challenge to help
another is a catalyst which appears to make the great
step easier to take. '

These are some of the things which I think can be
seen happening in graduate school, things that help
to determine whether a student becomes a creative
scientist or a pedestrian, repetitive investigator. It
occurs to one naturally to ask whether we might take
the little knowledge that we have of education for
creativity in graduate school and apply it in the
earlier stages of the educational process —in the un-
dergraduate college years, for example.

The creative scientific act

Let us now pass to another aspect of scientific
creativity and consider the creative scientific act it-
self. How does a scientist have a creative thought?
What does he do when he wants to have a new idea?
The facts are simple and they are pretty well agreed
upon. The creative act follows a definite sequence of
steps, which we can outline as follows:

(1) Define the question. This may in itself be a
creative act, since to recognize a question which has
‘not been asked before may take great creativity.,

(2) Stuff with facts. Once the question has been
defined, the potential scientific creator must have all
the information that he can get. He may have to do
some experiments; he reads the literature; he gets
together all the information that he can imagine bears
upon the question at issue.

(3) Wait. The scientist may mull the facts over;
he may worry; but in principle what he has to do
now is wait. '

(4) A solution pops out. Perhaps many solutions pop
out. Often solutions emerge to consciousness when
one is halt asleep, or perhaps during a daydream.
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They may occur when one is talking with others, or
they mav happen during full hut solitary conscious-
ness. The principal point is that creative solutions
oceur at quite arbitrary and unpredictable times.

(5) Assess the solution. The scientist must now
ask himself whether his new creative idea is a useful
ome or not: Is it good or bad? Does it actually unify
everything that is present to be unified?

Steps 1, 2, and 5 above are conscious steps; they

“are logical. Steps 3 and 4 are not conscious; some-

thing is taking place in the preconscious, and here is
the nub of the problem of scientific creativity. There
are ways to get at what is happening during the wait-
ing period, and at the time the solution pops out. Sug-
gestions as to what is happening are contributed by
the study of free association and by the many modifi-
cations of the free association process that have been
applied to the study of creativity; as for example, in
brainstorming, in the psychoanalytic session, the Ror-
schach and Thematic Apperception tests of psycholog-
ists, and in observations of creative people who talk.

The nub of the problem

All of these observations suggest that one and the
same individual produces many new arrangements,
new constellations, new unorthodox concepts from
the same information. They suggest that what is hap-
pening during the preconscious interval before a
creative solution to a problem emerges is that the
facts which have previously been stuffed in to the
conscious are taken to the preconscious and there
jumbled and rearranged in all possible ways. From
time to time one of these rearrangements emerges to
consciousness — with greater frequency when certain
strictures are removed, as in half sleep or in the brain-
storming situation.

We are now in a position to make a formal model
of the creative process. We can farmulate this model
as follows: The scientist who wishes to make a cre-
ative salution to a problem must first have a problem
and must further possess information on the problem.
Next, he must have an objective. The objective is to
produce a new symmetry from the component parts
of this information. Next, the information is taken
into a device, the preconscious of the individual, and
there subjected to random rearrangement and recom-
bination. Finally, our unconscious machinery permits
the filtered release to consciousness of selected re-
arrangements.

The key question concerning the nature of the
creative act and the creativity of individuals seems
to me to lie, if the above model is correct, in what
determines which rearrangements come to conscious-
ness. Obviously, the filter process does us a good turn
if it serves the objective of only releasing rearrange-
ments that possess some new symmetry, and discards
at once all rearrungements that are nonsense and
which have no symmetry. But, nonetheless, the filter
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process is quite evidently a highly untrustworthy in-
strument; it is wholly subject, because it is uncon-
scious, to unconscious control and to the accompany-
ng ()pp()rtunities for distortion. The filter process can,
for example, quite unhidden, prohibit from coming
to consciousness creative rearrangements that threat-
en the security of the individual, that yun counter to
general opinion, that run counter to long forgotten
prohibitions learned in childhood, and so on.

The filtering act would certainly appear to be the
most vulnerable, the most unsatisfactory, and the least
accessible of the components of creativity. However,
I think that we may conclude that, insofar as this
part of the creative process is concerned, creativity
and spontaneity are closely allied, or perhaps iden-
tical. We may conclude, too, that to the extent that
we preserve and nurture spontaneous behavior, we
mininize the restricting influences of the filter pro-
cess on creativity.

Some cuse histories

Let us now stand back and look at some selected
examples of scientists at work. My examples cover the
spectrum from high to very low creativity, but they
are selected in a special way. In the first place, they
are fictitious, but if they really existed they would all
be hard-working, industrious, intelligent and meritori-
ous people, and people who have contributed sig-
nificantly to science — although with very different
degrees of productivity.

My first example is a bubbling, loguacious man of
broad interests; he understands any and all subjects,
and he can take any problem and contribute really
new solutions to it. He is verbal. In conversation on
any of a wide variety of matters he will take the sub-
ject, grind away inexorably and logically for awhile,
and then suddenly he will shift gears and take off in
fantasy, producing one new unorthodox concept after
another, reassorting all of the facts of the situation
into new arrangements, mostly nonuseful.

As he works on a prohlem, he takes the facts and
rearranges them audibly, as it were. We can imagine
that we see the preconscious reassartment process at
work. Among the many rearrangements produced by
this man, he selects consciously with great care and
logical skepticism. He discards all but a few. The
few that remain are subject to exhaustive testing in
every possible wav. He is a man of no self-delusion,
and his creative ideas, when they are finally passed
on to the world at large, are always (thus far) cor-
rect, He is @ man with no great measure of personal
investment in his ideas; an idea is not right merely
because it is his own. If logic shows that it is wrong
or nonuseful, he throws it away; he cauldi’t care less
about jt. This nian possesses to a high degree the
characteristics of a creative, productive person.

My second example is also a man who is bubbling,
spontaneous, loquacious and whimsical. He, too, takes
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a problem and grinds away on it audibly. Here again
we imagine that we see and hear the rearranging, re-
shuftling process at work, the rearrangements coming
out as successive fantasies. He is much less rigorous
than the preceding individual in the final selection
and assessment of his many new and fanciful ideas,
and many have proved to be incomplete or even
wrong. But his contributions have been tremendous.
He, too, has the ability to throw away his own ideas
when they are shown by others to be erroneous. Even
his mistakes have been useful for the progress of
science.

My third esample is a quiet man, a lone warker,
who does, however, produce creative and quite new
ideas. These have reshaped the world of science. But
he holds with equal tenacity ideas which appear to
be merely capriciously unorthodox. He is a man with
tremendous personal investment in his creative no-
tions, right or wrong. A questioner of any idea, no
matter whether good or bad, becomes at once a per-
sonal enemy. This man exemplifies the trait, common
to us all, of feeling that his views must be correct
because he wants so much to have them bhe.

My fourth example is another loquacious bubbler
wha spouts out a continuous succession of new ideas.
But he has, unfortunately, essentially no ability to
distinguish logically good new concepts from bad
notions. In following up the bhad with the good he
wastes his effort and, as a result, his scientific impact
has been much smaller than it should properly have
heen.

My next example is a quiet person of tremendous
erudition, full of facts, a creative poser of good ques-
tions. He poses a question, he gets the facts and then
more facts, but the creative rearrangement of these
facts into a unified picture does not come. Repeatedly
now this has happened. Time and again the facts so
laboriously gathered have been unified by others.
How frustrating!

My final example is of a hard-working, knowledge-
able person, an able esperimenter, but with neither
the ahility to pose new questions nor to solve creat-
ively a problem posed by others. Always a follower,
his work is repetitive and tends toward the determin-
ation of further significant figures in important con-
stants. He is a useful person, a technician, but not
creative. He comes close, perhaps, to the common
picture of a scientist in our culture.

Perturbations of the creative process

Let us now turn to some of the trouhles implicit
in these case histories which beset the creative scient-
ist, and indeed the creative worker generally. We will
disregard such obvious matters as the fact that many
scientists work under restrictive surroundings for
mere money. More pressing are the aspects sununar-
ized hy Lawrence Kubie in his book, The Neurotic
Distortion of the Creative Process, and in two articles
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Many scientists work under restrictive surroundings
for mere money.

in the American Scientist (Oct. 53 and Jan. 54).

The first has to do with the goals of the individual
scientist. What is the scientist unconsciously trying
to achieve by scientific work? I have already pointed
out that I assume it to be a human urge and desire
to make order, to unify, to simplify, to understand.
To a scientist for whom this is the goal, a creative
solution to a problem is its own reward. But we know
that creative solutions to problems can stand for many
other things. To one scientist they may unconsciously
stand for material success, to another they may mean
acclaim. Or, a creative solution to a scientific problem
may represent in symbolic form a way to seek aftec-
tion, and so on, endlessly.

These are distorted goals. Perhaps one of the com-
monest symbolic meanings of creative success for the
scientist is that of acceptance and adulation. To such
a scientist, science represents a route to such success
and adulation. Papers submitted to journals represent
stepping stones to fame rather than a sharing of
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creative discovery. And scientists in whom this dis-
torted goal stands high are not highly creative. Such
a person has a monkey on his shoulders distorting
Lis creative effort by distorting its goal.

Then there is the matter of problem selection. |
have mentioned that a student goes along browsing
through the fields of science and all of a sudden finds
a subject, a problem, which engrosses him. Ohviously

this choice has some bhackground, some meaning, just

as. does career selection in the first place. Perhaps
always, the problem selected has its intellectual chal-
lenge, but many problems do. Quite probably there
are unconscious factors at work in problem selection.
The problem has some symbolic meaning. In fact, a
great deal of jesting about this matter goes on in
biology—how geneticists are people justifying to them-
selves their own guilty interest in sex, etc., and since
this is made as a joke there is probably truth in it.

Creative unorthodoxy

I would note here too the problems associated with
the fact that creative thoughts are often held hy
others to be antisocial, or at least dangerously anti-
status-quo, and the sanction which is thereby implied
for safe, acceptable, but repetitive work, I think that
we can all sense that submissiveness, obedience, ac-
ceptance of authority, as the child learns and feels
it, can very well have a much wider meaning and
significance in later life in relation to creativity. The
creative scientist must of necessity allow unorthodox
thoughts to come to consciousness. Submissiveness
and acceptance of authority is the antithesis of this.
And so we should know and understand how to rear
children and produce adults in whom creative un-
orthodoxy has not been dampened by demands for
chedience.

These are just a few of the many ways in which
unconscious drives can and do prevent or dampen the
creative process. And the moral, it seems to me, is
twofold: first, that we need much more knowledge of
the creative process and the factors that atfect it, and
wider acceptance of this knowledge. We need to use
this knowledge to improve child-rearing procedures,
to improve educational processes, and to foster cre-
ativity in adults. Just consider college educational pro-
cedures with their learning by repetition, their de-
pendence on authority, and the competition between
students for grades that depend on acceptance of
these procedures. How much more wisdom could we
convey in the undergraduate years if we just knew
how to use the student’s own creative drive in the
learning process itself!

The second conclusion, and my final one, is that
the creativity of the scientist is beset by many traps
and hidden dangers. He needs self-insight and self-
awareness to avoid these dangers, and to maximize
and free his creativity to keep it turned to the solu-
tion of real problems.
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to record their growth. Current research on the plants may eventually determine why sugar cane suffers a decline
in sugar content during the years of its growth.

PLANT RESEARCH

Caltech’s Earhart Plant Research Laboratory, 10 years old this spring,
was the first laboratory in the world where plants could

be grown under every possible climatic condition. Here, light,
temperature, humidity, wind, rain, fog, or the gas content

of the air can be simultaneously and independently controlled. Biologists
from all countries are now working in the lab, studying how

to match plants to climate, and how to predict ripening, flowering
and other phases of the growth cycle. On these pages are some
examples of current research in the lah.



ffect of low temperature on peanut plants. The
plant on the left, grown at temperatures below 14°, failed to make chlorophyll and is colorless.

The only insect which gets into the carefully guarded laboratory
is there as research material — the willow fly (under the micro-
scope, above), a gall-producing inscct which attacks willow trees.




Plants are wheeled
from one climatic
condition to another

an four-foot trucks
called research

units. There are more
than 600 of these

in the lab.

A lab worker grafts
old tips onto a

young pea plant in a
condrol experiment
on senescence.

The black tips on
the wires are not
markers, but simply a
protection for lab
workers eyes.




Oswaldo Caso, from the
University of Buenaos Aires,
measures the diameter

of carrots with a caliper

to determine the growth
rate. Researchers are
attempting to produce an
improved type of carrot
seed for growth in
Argentina.

The effect of new light sources
is tested on the growth of
tomato plants. These plants are
six weeks old und have been
grown in a low temperature
—about 18°.




Piant Researeh . . . continued

A research aide measures dwarf peas which
have been treated with chemical compounds
to cure damage caused by high temperatures.

All planis are
checked regularly
for rate of devel-
opment and
growth. Leaves
and tillers of
barley plant are
being counted
here.

For genetic studies, pines are grown in
the lab, from seed to full-sized trees.




Seven Wonders

Seven modern wonders of civil engineering —

and some of the engineering wonders of Biblical times

by The Reverend Ganse Little

In 1955 the American Society of Civil Engineers
selected the Seven Modern Wonders of Civil Engi-
neering in the United States of America. These were
the Chicago Sewage Disposal System, the Colorado
River Aqueduct, the Empire State Building, the Grand
Coulee Dam and the Columbia River Basin Develop-
ment, the Hoover Dam, the Panama Canal and the
San Francisco-Oakland Bay Bridge.

All of us, in our day of scientific marvels, may well
take a bow, but we should also make a bow to the
past in the humility of an Isaac Newton who dis-
claimed credit in the words, “Remember, I was stand-
ing on the shoulders of giants.” The seven modern
wonders of engineering were superimposed upon the
shoulders of the engineering of Bible times.

T am not speaking of the so-called Seven Wonders
of the Ancient World (as of 200 B.C,, roughly)- the
Pyramids, the Hanging Gardens of Babylon, the
Phidias Statue of Zeus at Olympia, the Temple of
Artemis at Ephesus, the Colossus of Rhodes, the
Tomb of Mausolus, and the Pharos of Alexandria.

These were all non-utilitarian projects, and 1 have
‘purposely chosen to restrict our field of research to,
first, useful work (as did the American Society of
Civil Engineers in selecting its modern wonders);
and second, to those structures and engineering proj-
ects which had a definite effect upon Biblical history.

By such restriction we place a very definite limita-
tion upon the magnitude and grandeur of the engi-
neering involved. No aqueduct, for instance, specifi-
cally related to Biblical history can compare with the

“Seven Wonders™ is an adaptation of a talk given by the Reu-
erend Ganse Little, pastor of the Pasadena Presbyterian
Church, at a meeting of the American Society of Civil Engi-
neers in Los Angeles. :
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on which they were based

great Roman aqueducts. And so when I refer later to
the agueduct built by Hezekiah in Jerusalem, it isn’t
much of an aqueduct, judged by Roman or by modern
standards, but it was an amazing piece of engineering
for those ancient Biblical times.

In the Bible lands and times, as in the twentieth
century in our own country, water was the primary
concern, challenge, and problem of the civil engineer.
How to secure water, how to control it, how to chan-
nel it, how to convey it, how to cross it, and how to
use it taxed most of his budding genius and grit. Ts
it not significant that six out of the seven of the
modern wonders selected by the ASCE in 1955 had
to do with water problems?

The Bible lands were truly “a dry and thirsty land
where no water is.” At the time of the beginning of

true history in the Old Testament, the time of Abra-

ham, we find the first thing Abraham undertook when
he reached “the Land of Promise” was to dig the well
of Beersheba, because while the land was “fHowing
with milk and honey,” it was not flowing with an
abundance of water.

Many hundreds of years later, Moses — an engineer
of no mean magnitude — was mainly concerned with
water problems. In the course of the wilderness wan-
derings he struck water from “the rock,” and water-
bearing sandstone is still available in the same locale
today to duplicate the “miracle.” And his initial suc-
cess in crossing “the Red Sea” (probably Lake Car-
dawil, a shallow 43-mile-long lake filled with red
reeds) proves him to have been a close observer of
wind, weather, and water conditions in the wilder-
ness. He sweetened the bitter waters of Marah by
casting in some specie of wood, cbviously a primitive
method of water purification.
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1. Sewage Disposal

But there was little water purification on a major
scale in Moses’ day, or for many generations there-
after. And there is nothing in the Bible or in Bible
times comparable at all to Chicago’s sewage disposul
systen. '

Early civil engineers showed far more concern
about how to get water into the community than how
to get waste and refuse out of it. It is true that there
were elaborate plumbing and disposal systems in
Cretan Knossos (the Palace of Minos) in the Middle
Manoan Period — 2200 to 1600 B.C. Mesopotamia in
the time of Sargon and the Pharaohs of ancient Egypt
provided private and complex systems of plumbing
and disposal for the palaces of that day. But even
these systems were available only where there was a
plentiful water supply, plus the wealth of kings.

Throughout Biblical history and in Bible lands,
sewage disposal was practically nonexistent. Jeru-
salem, for example, had its Valley of Hinnom, used
in pre-Israelite times as the place of child sacrifice by
fire. Josiah, in order to desecrate it permanently and
thus render it unfit for such pagan ritual worship,
began to use it as a place for the disposal of the
waste, sewage and offal from both city and temple.
Aside from hacterial purification, fire was resorted to
as the chief reduction agent. Thus, Gehinnom (Valley
of Hinnom) became Gehenna, symbol of “Hell” and
the worms and fires thereof!

1. Aqueducts

As we give merited praise to the Colorado River
Aqueduct, it may be well to think back across the
centuries to the water tunnel of Hezekiah at Jeru-
salem. This is not Exhibit A of a great aqueduct sys-
tem even in that day and time. Roman aqueducts are
purported to have delivered 130,000,000 gallons of
water per day throughout the Empire at the height
of their development, and 90,000,000 gallons per day
wentl into the imperial city of Rome itself.

We also remind ourselves that in the world of his
day and time Pontius Pilate would never have been
known as the Roman Procurator who passed judg-
ment upon the unknown Galilean, Jesus of Nazareth,
but rather as the constructor of a great system of
aqueducts and other public works and projects
throughout Judea. '

But let’s Jook for a moment at the Jerusalem of
Hezekialis day, in the year 705 B.C. Sennacherib is
“descending like the wolf on the fold” and the fold
is desperately in need of water. Hezekialh and lis
engineers soon saw that there must be some way of
getting water from the spring Gihon — which was in
a totally unprotectable site outside the city wall —
into a mare secluded spot, so that during the antici-
pated siege water could be brought into the city with-
out too great a sacrifice of life. To answer this prob-
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lem Hezekialy constructed the Jerusalem water tunnel.
It was only 583 yards long, of which 362 yards
were dug through a hill. By such means water was
brought into a protected area which later became the
pool of Siloam of Jesus” day. This tunnel shows the
ingenuity and technique of those primitive days when
men, equipped only with picks, began excavation
from hoth ends of the project and met in the middle.

Sennacherib was the Assyrian general who, after
the conquest of Jerusalem, also laid siege in this same
campaign to Lachish, a city 20 miles to the southwest
of Jerusalem and one of the great fortifications along
the road to Egypt. Lachish itself had a very unique
aqueduct system which tunnelled about 70 feet in one
direction and then 80 feet in another direction, and
from which had been excavated 500,000 cubic feet of
solid limestone, all removed without explosives, drills,
or cranes!

After this invasion Sennacherib went back to As-
syria and 15 years later completed his own great
aqueduct at Jerwan, bringing fresh water from the
mountains to his capital at Nineveh 30 miles away.
Three hundred yards of this aqueduct, 50 feet wide
and 5 feet deep, was carried on masonry arches over
the valley of a small stream which hisected it.

I111.  Structures

The Empire State Building was selected as one of
the seven modern wonders of engineering in this
country. There is nothing comparable, of course, in
the Bible — unless you count the prehistoric tower of
Babel. But there was Solomon’s temple, constructed
sometime between 973 and 933 B.C.

The thing that impressed me most in my research
in this area was the variety of the work and the work-
ers employed. Hiram, King of Tyre, furnished the
major portion of the skilled workers in metal and in
wood. The Israelites were never truly proficient as
metal workers or as carpenters, but they excelled as
stone masons. Metal and wood were relatively scarce
in the so-called Holy Land, but stone was abundant.

The temple of Solomon was 60 cubits long, 20
cubits wide, and 30 cubits high. If vou believe the
Old Testament record, Solomon got together 108,000
talents of gold, and 1,017,000 talents of silver to pay
for the building of this structure. (The smallest tal-
ent, it might be noted, weighed at least 58 pounds!)
1t took him only seven years to build this beautiful
structure. He did it by virtue of pressing into service
30,000 native Israelites, in levies of 10,000 per month,
working in the forests of Lebanon under the direction
of Hiram’s skilled foremen — plus 150,000 Canaanites,
as hewers and carriers of stone, under Israelite direc-
tion. This was pure slave labor, just as in the pyramid
days, and a labor force of this magnitude requires a
sizahle skilled force of what we would call civil
engineers,

The size of the stones used in this operation varied
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from one to two and a half tons, comparable to the
type of construction in the pyramids. Some of them
were 25 cubits_in length, and we still do not have a
complete answer as to how blocks of stone of this size
and weight were cut, moved, and placed. Solomon’s
temple was destroyed at the time of the captivity of
the Jews.

IV. Dams

The Grand Coulee Dam and the development of the
Columbia River Basin was the fourth of the modern
wonders in the United States, according to the vote
of the ASCE. Again, the Bible cannot enter into com-
petition but we may still marvel at the Lake Moeris
Dam of ancient Egypt. This dam is not mentioned in
the Bible hut it had a profound effect upon Biblical
history. Of interest is the fact that somewhere in the
period of 2950 to 2750 B.C. — almost 5,000 years agol
— the Egyptians did attempt 4 huge masonry dam at
Sadd-el-Kafara on the Nile. Actually this was to be a
double masonry dam proposition with a rubble fill
area extending 120 yards in length up and down
stream between the two masonry dams. These dams
were to be approximately 348 feet long at the top,
265 feet long at the bottom, and 40 feet above the
stream bed. The work was never satisfactorily com-
pleted because the dams were overtopped in the proc-
ess of construction by floods —and masonry dams
were not attempted again by the Egyptians for many
thousands of years.

The Lake Moeris Control Dam, constructed in
about 2300 B.C., some 50 miles southwest of Cairo,
consisted of two earthen dams. One of these diverted

the flood waters from the Nile into the depression

which became known as Lake Moeris —an area
of 656 square miles, and containing 40,000,000 acre-
feet of water when filled, the depression itself being
situated about 150 feet below sea level. The second
dam was to let the water back out of Lake Moeris
downstream into the main channel after the flood
waters had subsided.

Such a control system meant that before and after -

each flood of the Nile both of these dams had to be
breached in succession, and then both of them had to
be rebuilt. This was a tremendous labor even by the
- standards of engineers and workmen who were of a
race of pyramid builders! This worked well for flood
control. But anyone who cut the dam in years of
normal flow or of reduced flow and diverted water
into Lake Moeris, impounding it there, could thereby
create a devastating famine in Jower Egypt and ad-
jacent areas.

V. Mining

Another of our modern wonders is the Hoover Dam,
but instead of talking about more dams, let me ex-
pand at this point on mining and the use of metals in
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Biblical times. According to Genesis, the first child
born to Adam and Eve was a boy by the name of
Cain. Cain means “smith” or “miner” —a curious
name to give a child in the legendary history of a
race supposedly composed of farmers, shepherds, and
nomads! But one of the descriptions of the Promised
Land in the Old Testament is a “land whose stones
are iron and out of whose hills thou mayest dig

copper.”

I have already suggested the huge amounts of cop-
per used in the temple of Solomon. Copper utensils
and mirrors were also employed in the homes of the
wealthy. Copper was used decoratively and protec-
tively on armor, weapons, and chariots. Solomon eon-
trolled extensive copper mines at Ezion-Geber. For
many years archeologists sought to find the ancient
site of Solomon’s “Pittsburgh,” now known in modern
terms as Tell Kheleifah, which is at the head of the
Gulf of Aquabah. It was located there for three rea-
sons: first, there was a tremendous draft from the
right direction up the Wadi Arabah to run the blast
furnaces; second, there were plentiful wells of fresh
water; and third, there were date palms for food. At
a very early stage of the game these copper mines
were under development, and in Solomon’s time they
were by all odds the greatest single source of his
wealth. Equally important products of the copper
mines and of the smelting furnaces of Solomon were
the six-foot copper saws used to cut some of the huge
blocks of stone in the building of the temple.

Copper and iron

In addition to the copper mines at the head of the
Gulf of Aquabah, there were the iron mines of Phi-
listia. The Philistines had a monopoly, a ‘stranglehold
on the iron mines. Those valuable mines were not
located in Israel proper in the days of King Saul.
Iron, prior to David’s day, was a strictly limited arti-
cle of supply in Israel. We read that Saul, the first
King of Israel, and Jonathan, his son had swords and
spears and metal armor, but such °quipment was
possessed only by a king and a priuce, not by the
common warrior at all.

You will recall that Saul tried to get David to put
on his armor and use his sword when he went out
against Goliath. David wisely preferred ¢, fall back
upon the simple instrument of destruction with which
he was skilled. But it was not a mistke that Goliath
of Gath, champion of the Philistines, would have had
a full suit of armor and a sword and a spear of iron.
He lived in the iron-mining country where all men
were thus equipped. In David’s boyhood, such farm-
ers in Israel as had the best plowshares made of iron
had to take them, or their colters or mattocks, to
Philistia to be sharpened. It was no wonder that Israel
wanted more than anything else to wrest the iron
mines from the control of the Philistines. And when

continued on page 28
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The Willgoos Turbine Engine Test Facility is the world’s most
extensive privately owned turbine development laboratory. De-
signed and built specifically to test full-scale experimental en-
gines and components in environments simulating conditions at
extreme altitudes and speeds, it is currently undergoing expan-
sions that will greatly increase its capacity for development test-
ing of the most.advanced forms of air breathing systems.

z 3

In chambers like this at the Willgoos Turbine
Engine Test Facility full-scale engines may be
tested in environments which simulate condi-
tions from sea level to 100,000 feet. Mach 3
conditions can also be simulated here.

In the new Fuel Systems Laboratory engineers
can minutely analyze the effects of extreme en-
vironmental conditions on components of fuel
systems — conditions such as those encoun-
tered in advanced types of flight vehicles
operating at high Mach numbers and high alti-
tudes. Fuel for these tests can be supplied at
any temperature from —65°F to 4+500°F.



OPERATIONS

Unmatched Engineering Facilities for Developing
Advanced Flight Propulsion Systems

Operations at Pratt & Whitney Aircraft are essen-
tially those of an engineering and development
organization. As such, an engineering atmosphere
dominates the work being done, much of which di-
rectly involves laboratory experimentation.

In the past three decades, expansion at Pratt &
Whitney Aircraft has been almost tenfold. In
recent years, greatest emphasis has been on extend-
ing engineering facilities to meet the needs of ad-
vanced research and development programs in flight
propulsion.

Among the Connecticut P & W A facilities are
many that are unequaled in the industry. Thus
today, Pratt & Whitney Aircraft is better prepared
than ever to continue development of the world’s
best aircraft powerplants . . . to probe the propulsion
future . . . to build and test greatly advanced pro-
pulsion systems for coming generations of flight vehi-
cles — in whatever form they take.

The Connecticut Aircraft Nuclear Engine Laboratory,

operated by Pratt & Whitney Aircraft, is situated on a

1,200-acre tract near Middletown. The Laboratory was

specially built for the development of nuclear flight
propulsion systems.

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

PRATT & WHITNEY AIRCRAFT

Division of United Aircraft Corporation

CONNECTICUT OPERATIONS — East Hartford

FLORIDA RESEARCH AND DEVELOPMENT CENTER — United, Florida



Seven Wonders . . . continued

David finally reduced Philistia, this was an occasion

for proper thanksgiving and rejoicing.

V1. Irrigation Works

The Panama Canal is modern wonder number six.
Although there is nothing like it in the Bible, the irri-
gation canals in ancient Canaan were as important to
the economy of that day and time. For instance, there
was the gigantic Nahrwan Canal of Sargon’s time, 400
feet wide, 15 feet deep, 250 miles long, paralleling the
left bank of the Tigris River and irrigating an area
of an average width of 18 miles!

Egypt, too, had her great canals. Thousands of
years ago the Egyptians built a canal detouring the
first Cataract of the Nile and opening it throughout
its length for shipping., Thousands of years ago they

dug a canal connecting the Mediterranean and the’

Red Sea which, fallen into disrepair through warfare,
was reopened by Egypt’s conqueror, Darius the Great.
It was enlarged to 200 feet in width, 40 feet in depth,
and used for more than a thousand years.

But nothing was more needed or more important
to an agricultural economy than the irrigation canals
in the central Negev of ancient Israel. Because of
this series of dams and canals, there flourished an
agriculture from the second century B.C. until the
seventh century A.D. which made the desert blossom
“as the rose,” and which modern Israel is now be-
ginning to duplicate.

The irrigation system of such canals was a neces-
sity in an area where the annual rainfall was four
inches — which usually fell in a 15-day period. The
Israelites conserved this limited annual rainfall by the
construction of low rubble masonry dams and clev-
erly contrived canals, indicating an observation  of
contour and an ingenuity of surveying that is truly
miraculous. In one 50-square-mile area the ruins of
17,000 such dam-canal systems have been uncovered.
These dams averaged 100-150 feet in length and be-
tween 5 and 6 feet in height. The result was a desert
that did blossom as the rose and produced barley,
wheat, legumes, dates, figs, and grapes, and supported
at the height of this agricultural period six cities of
between 3,000 and 6,000 population —all on four
inches of rainfall a year)

VII. Wells

Number seven on the list of modern wonders is the
San Francisco-Oakland Bay Bridge. The Bible can
ofter nothing comparable because bridges were non-
existent in Biblical times. People simply got their
feet wet or learned to swim! But we can comment on
some of the spectacular wells built in those times.

First, there is Joseph’s well at Cairo, which bears
the name of a famous Biblical character but is not
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mentioned in the Bible. It was 297 feet deep, all
through solid rock. The upper course went down 165
feet deep with an oblong square of 18 by 24 feet; the
remaining course went down the remaining 132 feet
with a narrowed dimension of 9 by 15 feet. The access
to the first level was by stairs cut out of the solid
rock, and at that first level mules were used to operate
an endless bucket chain which actually raised the
water from the lower level to the first level.

Then there is Jacob’s well, in the village of Sychar
in Samaria, which is mentioned in both the Old and
the New Testament. This was a relatively small engi-
neering feat, but even so it was 9 feet in diameter.
Originally it was 105 feet deep, until partial rubble
filled it up so that it was only 75 feet deep in 1843.
The last several feet of this well had been projected
through solid limestone.

The water of life

While there are many references to wells in the
Bible, there are only four wells mentioned by name.
One of them is Jacob’s well. Another is the well Abra-
ham dug when he first got to the Promised Land,
called the well of Beersheba. A third was the well
of Bahurim, which has its claim to fame in Biblical
history because it was in this well that two of
the couriers of David hid from the wrath of Absalom,
who, at that time, was trying to overthrow his father
in an abortive revolutionary movement. The fourth
was the well of Bethlehem. When David was in hid-
ing from the Philistines and also from Saul, he ex-
pressed the longing to have “but a drink of the water
from the well of Bethlehem,” and three of his body-
guards risked their lives to pierce the enemy lines
and get this drink for him.

It was at Jacob’s well that Jesus held his historic
conversation with the woman of Samaria which is
preserved for us in one of the most moving and beau-
tiful passages in the Gospel of John. Jesus had been
left at the wellside to rest while his disciples went into
the little village of Sychar to get something to eat,
and while he was there a woman from Samaria (the
Jews had no dealings with the Samaritans at all) came
to the well to draw water. It would have been un-
thinkable for a man and a Jew to have asked such a
woman for a drink of water, but Jesus did. -

There ensues a colloquy which I am sure is familiar
to many. Jesus begins to speak to her of “the water
of life,” and says that if she could come in contact
with this water of life, she would not need to come
hither again to draw. She replies, “The well is deep
and thou hast nothing with which to draw.” To find
the answer to this problem after the flesh has through-
out all the ages been the task of civil engineers who
have devised tunnels, aqueducts, wells, canals, and

~ dams.
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“| wanted a job | could grow with—and I've got it”

H. James Cornelius graduated from Swarthmore
College in 1954 with a B.S. in Electrical Engineer-
ing. He’s been “growing” ever since with the
Bell Telephone Company of Pennsylvania.

After an initial 44-week inter-departmental
training course, Jim was made Facility Engineer
in charge of the fast-growing Norristown-Potts-
town area. In that capacity, he engineered over
half a million dollars’ worth of carrier systems and
cable facilities between major switching centers
in Pennsylvania.

Today, he is one of 50 young engineers from
the Bell Telephone Companies chosen to attend a
special Operating Engineers Training Program at

Many young men like Jim Cornelius are finding rewarding careers
with the Bell Telephohe Companies. Look into opportunities for
you. Talk with the Bell interviewer when he visits your campus. And
read the Bell Telephone booklet on file in your Placement Office.
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Bell Laboratories. This 19-month course of study
—with full pay—deals with advanced techniques
and new concepts in electronics which signal a
new era in telephony. It involves both classroom
theory and practical laboratory applications.

When Jim and his colleagues return to their
companies, they’ll review major engineering proj-
ects. This will assure the best use of equipment
for current engineering, as well as for expected
new developments in communications.

“I wanted a job I could grow with,” says Jim,
“and I’'ve got it.- I can’t think of a better place
than the telephone company for an engineering
graduate to find a promising future.”

BELL TELEPHONE
COMPANIES



Research in Progress

Engineers and Earthquakes

Caltech engineers develop

a simple new instrument which should provide
valuable information on the effects of strong earthquakes

“Earthquakes, we will grant, can be disastrous, but
who’s going to sit around and worry about something
when you dont know when or where it will happen
— or even if it will come in your lifetime?”

This is the kind of reasoning behind the apathy of
the public toward the dangers of earthquakes to life
and property. And this public apathy is evidenced
every time a County Grand Jury proposes to reduce
earthquake requirements for buildings. As recently
as 1955, such proposals were made in Ventura and
Marin counties in regard to school buildings.

The proposals were promptly criticized by the
Earthquake Engineering Research Institute of Cali-
fornia. George W. Housner, Caltech professor of civil
engineering and applied mechanics, and president of
the E.E.E.1., pointed out that the destructive Califor-
nia earthquakes of 1906, 1925, 1933, 1934, 1940, and
1952 had amply demonstrated the fact that school
buildings not designed to resist earthquakes constitut-
ed a serious danger to the lives of school children.
Buildings designed according to the minimum require-
ments of the state law, he noted, were safe for oc-
cupancy during earthquakes—even though the build-
ings might suffer minor damage.

Interest in earthquake technology is much greater
in Japan than it is in the United States. In addition
to regular university research, the Japanese govern-
ment supports earthquake study institutes at Tokyo
and Kyoto. In the United States, the government
supports only the work of the limited number of men
who are working with the U.S. Coast and Geodetic
Survey, collecting data on destructive earthquakes.
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One compelling reason for Japan’s interest in this
research is its memory of the earthquake of 1923
which took more than 100,000 lives. California’s last
truly disastrous earthquake was that in San Francisco
in 1906 — so long ago that it arouses little concern.

In the past a number of potentially destructive
earthquakes occurred in California without being
near heavily populated areas, but in recent years
the growth of California’s population accentuates the
danger of earthquakes.

Caltech’s Engineering Division has recently launch-

“ed a major program in earthquake research, with the

ultimate objective of preventing disasters such as
accompanied the 1906 San Francisco and 1933 Long
Beach earthquakes.

One of the major stumbling blocks in the study of
the effects of strong earthquakes has always been a
lack of good data. More information is needed on
the effect of ground tremors on different structural
designs, and on the part that the particular geological
makeup of the surrounding area plays in the effect
of an earthquake on a building. With this kind of
data, it might, for example, be possible to correlate
soil conditions with earthquake damage.

Some of -this data can be acquired in laboratories;
some can be obtained by studying the effects of blast-
ing on nearby buildings; but much of the required
data can only come from direct study of actual earth-
quakes.

To provide information for engineering studies,
the U.S. Coast and Geodetic Survey maintains a num-

“ber of strong-motion accelerometers to record the
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Measure

your Future
in terms of
Bright Years

‘at Bendix

The distance between your college education and a bright
engineering future at Bendix is measured entirely by your
talent and ambition. Fine opportunities await able young
engineers at the many growing Bendix divisions located
throughout the country. Investigate Bendix career oppor-
tunities in such fields as electronics, electromechanics,
ultrasonics, systems, computers, automation and controls,

A thousand products

Bt

radar, nucleonics, combustion, air navigation, hydraulics,
instrumentation, propulsion, metallurgy, communica-
tions, carburetion, solid-state physics, aerophysics and
structures. Contact your placement director regarding
Bendix and interview dates, or write Director of Univer-
sity and Scientific Relations, Bendix Aviation Corporation,
1108 Fisher Building, Detroit 2, Michigan.

a million ideas

_AVIATION CORPORATION
+ Fisher Bldg., Detroit 2, Mich.
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Engineers and Earthquakes . . . continued

ground motion during strong earthquakes. The table
below shows the Pacific Coast strong-motion earth-
quakes for which there are recorded accelerograms
of ground motion sufficiently strong to be of engi-
neering interest.

Earthquake Strong-motion accelerometer station
March 10, 1933 Vernon

October 2, 1933 Vernon

December 30, 1934  El Centro

October 21, 1935 Helena, Montana
September 11, 1938 Ferndale

May 18, 1940 El Centro
February 9, 1941 Ferndale
June 30, 1941 Santa Barbara
October 3, 1941 Ferndale
March 9, 1949 Hollister

April 13, 1949 Seattle, Washington

Olympia, Washington

July 21, 1952 Taft

State Building, San Francisco

Alexander Building, San Francisco
Golden Gate Park, San Francisco
Southern Pacific Building, San Francisco

Qakland City Hall

March 22, 1957

The 1957 tremor is particularly valuable for engi-
neering studies since it was the first earthquake that
provided good records at more than two strong-
motion accelerometer stations in the epicentral region.

One reason earthquake data has been so hard to
come by (outside of the infrequency of ‘the earth-
quakes themselves) has been the prohibitive cost of
the instruments used to record the tremors. So, in
recent years, Donald E. Hudson, professor of engi-
neering at Caltech, and Prof. George W. Housner have
been actively engaged in developing a simplified in-
strument that could be produced at a low enough cost
to permit large numbers of them to be distributed
in important areas. The project is sponsered by the
National Science Foundation, and the first batch
of instruments has been constructed by the Wilmot

Engineering Company of Pasadena. A second batch

is now being made by the Sprengnether Instrument
Company of St. Louis for the U.S. Coast and Geo-
detic Survey.

: The Wilmot Survey Type Strong-Motion Earth-
quake Recorder, as the one presently designed is
called, is an instrument which measures directly one
point on the relative velocity response -spectrum
curves. It lacks the time-recording advantage of the
larger, more complex, and expensive accelerometers,
but only costs one-fiftieth as much. Whereas the

seismographs operated by seismologists are able to

measure small, distant quakes, the strong-motion
accelerometers and the new instruments are designed
to record only earth motions in the immediate vicinity
of the epicenter that are strong enough to be of
engineering significance. '

The instrument itself is essentially a free conical
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pendulum, with a period of 0.75 second and 10 per-

" cent of critical damping, which is capable of swing-

ing in all directions. The pendulum is topped with
an inverted smoked water glass. The motions of the
earth cause the glass to move against the point of a
needle, which etches a pattern into the smoked coat-
ing, tracing the motion of the pendulum and indicat-
ing the intensity of the earth movement. The glass

‘can then be removed and dipped in lacquer to make

the record permanent.

The particular design parameters for the instru-
ment were selected after a careful study of the com-
plete response curves for past earthquakes, and of
the dynamic characteristics of typical building struc-
tures. The results of the analysis of strong-motion
accelerometer data obtained for the San Francisco
earthquake of March 22, 1957 were particularly use-
ful in this respect. ‘

The entire eight-by-twelve-inch instrument weighs
eight pounds. Once bolted to a basement floor or to
a rock it requires no maintenance.

At a cost of about $100 each, one hundred of these
earthquake recorders are now being installed in the
Los Angeles and San Francisco metropolitan areas.
Dr. Cinna Lomnitz of the University of Chile (Cal-
tech PhD ’55) is constructing some of the recorders
for use in his country. One of the Caltech instruments
is being sent to India to serve as a model. When the
strong earthquakes that seismologists anticipate for
California do occur, this new instrument program is
expected to provide valuable information.

But the engineers who are working to decrease the
dangers of earthquakes to life and property realize
that they have another problem to overcome — which
is to get the results of their work out into practice.
Drs. Hudson and Housner are now in India at the
University of Roorkee, helping to set up a research
laboratory for the study of strong earthquakes and
their effects. They report that it will probably be
easier to set up the laboratory and to make the studies
than to induce the country to make full use of the
results.

As noted, our own country is not entirely free of
inertia in this respect — even though the larger cities
in California do make good use of preventive measures
against earthquake damage. But it is better to rely on
the adage, “God helps those who help themselves”
rather than to rely on the prayer recommended by the
author of a booklet published in Naples “after the
destructive earthquake of 20 March 1730:

The Lord bless you and keep you and show you
His face, and have mercy on you, and may He
turn His countenance to you and give you peace
and health. The Lord bless this house. and the
oceupants in it, and liberate it from the onset of
earthquakes. S

Engineering and Science



Energy conversion is our business

. . Division of General Motors,
*anat . Indianapolis, Indiana
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Just an annoyance?

A symphonic note?

Is it harmful?

How can it be put to use?
Waste energy?

What are its psychological
and physiological results?

What is a phonbn?

A precise definition of sound
is important to Allison be-
cause energy conversion is
our business and sound is a
form of energy. We convert
the energy of sound to destroy
madterials, to nondestructively
peer into material, to join ma-
terials without applying heat
from an arc or a torch, and for
myriad other applications.

Using theknowledge obtained
from our inquiries, Allison is
applying itssystemsengineer-
ing concept to new research
projects. In this effort we com-
plement our own capabilities
by drawing upon the intellec-
tual and physical resources of
General Motors Corporation,
its Divisions, and other indi-
viduals and organizations,
Thusweincrease the effective-
ness with which we accom-
plish our mission —exploring
the needs of advanced propul-
sion and weapons systems.

* Want to know about YOUR opportunities on

the Allison Engineering Team? Write:Mr.R.C.
Smith, College Relations, Personnel Dept.
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Architect’s drawing of the new W. M. Keck Engineering Laboratories to be located at San Pasqual and Chester.
Construction is scheduled to get under way late this summer.

The Month at Caltech

Engineering Building

The Institute has received a gift of $2,500,000 from
the W. M. Keck Foundation and the Superior Oil
Company for the construction of a new engineering
building. This is the largest gift received to date in
Caltech’s Development Program, and the largest the
Institute has ever received for building purposes.

The new building will be located at the northwest
corner of San Pasqual Street and Chester Avenue. A
five-story structure, with two floors below ground, its
major units will be a laboratory of engineering ma-
terials, a laboratory of sanitary engineering, and a
laboratory of hydraulics and water resources. It will
be named the W. M. Keck Engineering Laboratories.
Mr. Keck is founder and Chairman of the Board of
the Superior Oil Company.

The new laboratories will provide the Institute with

excellent facilities for teaching and advanced research
in several rapidly growing fields.

The new engineering materials laboratory will be
equipped with an electron accelerator for the study of
materials involved in nuclear engineering. It will also
provide space.for increasing instruction and research
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in physical metallurgy — particularly with respect to
the high-temperature properties of materials, which
are of special significance in the development of
missiles.

The new laboratory of sanitary engineering will
facilitate the investigation of some of southern Cali-
fornia’s most pressing problems, such as the intrusion
of salt water, the need to reuse waste waters in in-
dustry, and the disposal of air pollutants and sewage.
It will also make possible the chemical, bacterial, and
biological analyses of water and liquid wastes.

The new hydraulics and water resources laboratory
will include space for a flume, about 120 feet long, to

‘be used in extending the studies of sediment trans-

portation that have gone on at Caltech for 25 years.
There will also be space for settling tanks used in
studying methods of water purification and the me-
chanics of water flow in soil. Studies of coastal engi-
neering problems, such as those caused by wave
action, will be resumed. This work was interrupted
several years ago when outdoor facilities on the cam-
pus were razed to make way for permanent buildings.

Construction of the new building should get under

“way by late summer. .

Engineering and Science



There’s much more to it
than just the size of the FISH
and the size of the POND

O

We've been told that an engineering graduate is frequently attracted -to
companies our size because of his understandable human desire to be “a big
fish in a little pond”.

While it is true that (numerically speaking) our employee team is small
compared to some, we encounter great difficulty in trying to think of Sikorsky
Aircraft as a “little pond”. Our contributions to the field of rotary-winged
aircraft have not been small, nor can our field be considered limited or pro-
fessionally confining. Quite the contrary. Sikorsky Aircraft is the company
which pioneered the modern helicopter; and our field today is recognized as
one of the broadest and most challenging in the entire aircraft industry.

And what of the size of the “fish’?

Unquestionably, that is a matter involving your own indi-
vidual potential for growth. Like any far-sighted company,
we're always willing to talk with “young whales™!

For factual and detailed information about
careers with us, please write to Mr. Richard
L. Auten, Personnel Department.

SIKORSKY Al RCRAFT

751} ¥
N
ONE OF THE DIVISIONS OF UNITED AIRCRAFT CORPORATION
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Student Life

Reflections on Elections

What makes some men run

— and what makes others run from running

The rainy season finally came and the crazy hats
were pulled out of closets. It got cold, too, so there

was snow on the mountains. People went skiing and -

they went on snow parties, even if they couldnt ski
—just to fool around in the white powder. Others
weren’t fooling around at all. One Monday night, the
shortest nomination speeches in history were made,
and out of those nominations came a not-suprisingly
short list of ASCIT candidates.

Immediately, two questions arose within the stud-
ent body: Why were so few people running? And why
were the candidates who were already in the race
running? Of course, the questions had direct bearing
on each other, and they both referred back to the age-
old, “What do I want out of Caltech?”

In the pre-awareness days, the student house used

FEBRUARY
[ES PRI
vk owse.

Many candidates admit to having struggled with them-
selves for months, trying to decide whether to run.

to put a lot of pressure on its members to carry the
house name to a blaze of glory by placing five or six
men on the influential ASCIT Board of Directors.
Now, however, a completely different concept has
arisen. Individualism has crept into the picture. Can-
didates no longer just say that they can do a good
job and that they have had experience and that they
want to sit on the BOD because they have great
ideas on how to spend 15,000 dollars—they mean it.

Many of the men running admit to having struggled
with themselves for days and weeks and months and
years, trying to decide whether to run or not. Then,
in a torrent of anguished realization, they knew. They
knew that they could do the job, that they could furn-
ish the leadership so necessary to student government
at Tech, that the experience gained in handling money
and people was well worth the time. And they knew
that they had decided for themselves. Nobody had
high-pressured them into running for the honor of the
student houses; this was an individual choice based
completely on intelligent rationalization.

Many of these potential leaders did not discover
themselves until sometime during the week that AS-
CIT had decided to keep open for further nomin-
ations—but once they had tossed the hat into the ring,
their convictions strengthened every day. And then
they went around to all the student houses and told
the masses why they thought that they were the best
for the office and what they thought was wrong with
the office and what they were going to do about it
and what they thought was wrong with ASCIT policy
and what they were going to do about it —and the
smell of manure permeated the dining rooms.

The reasons for running were poor; the ideas were
even poorer. Nine out of ten blamed the disinterest
in school government offices on the “lack of coordin-
ation between the students and ASCIT.” They cited
experience, desire, anything that they could think of
to convince the interrupted diners that they were it.
And many of the rocks of self-realization summed it
up in one sentence: “I would appreciate your vote
next Tuesday.” Maybe that could be rephrased: “I
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would appreciate winning next Tuesday because that
means that you have accepted me and that you like
me better than the candidates I'm running against

and I would like very much if you liked me better.”

But it’s not all as basic as that. There are other
serious motives. The student may really feel that he
can get to know many of the people that he wants to
know through an ASCIT office; he may feel that he
can actually change a lot of school policies towards
things he doesn’t like through this office; he may even
feel that he will learn about his potentialities and learn
to understand people by working with them on the
Board and through the Board.

Very few of these dreams ever come true, unfortun-
ately. It’s pretty hard to realize your values and
understand your fellow officers when- any kind of
ego-ambition stands in the way; it’s harder still when
no principles are involved, but only the desire to win
—to win elections, to win minor points, to win pres-
tige.

What about those who didn’t run? First and fore-
most, they didn’t think they could win and nobody
took the time to either talk them into the fact that
they could win, or to rationalize their “fears.” Sec-
ondly, they honestly did not want to have anything
to do with elections, win or not.
~ What kind of animal is this out-of-it that has no

desire to reach the apex of self-importance? Does he
study constantly? Does he have no sense of social
prowess? Does he become extremely cynical at any
given timeP The main reason, essentially, that the
almost-candidates were not, was that they considered
the BOD a waste of energy; being an officer was
simply a security that they did not need.

These are not cynics. They are. people who have
thought and felt that the way to understanding was
not through prestige but through close relationships
with students and faculty and the outside world—the
kind of relationships that can be achieved without
running for office and perhaps burdening themselves
with unnecessary responsibilities. Some of these are
students who are students and do not include in their
goals their name at the top of a piece of ASCIT sta-
tionery. Some of these know what it is to govern at
Caltech and they realize the ridiculousness of the
whole idea.

And when it all comes down to the vote, it doesn’t
matter who you are or what you are running for—the
only thing that counts is how many friends you have
and how many friends the other guy has and how
long your name is and what letter it starts with and
when it’s all over and maybe you won, what does it
matter when you decide not to run next year?

— Martin Carnoy “60

ENGINEERS:

Edison offers challenge...and the chance to grow
with one of the fastest-growing electric utilities in the U. S.

‘ If you’re a civil, mechanical or electrical engineer, we at
Edison would like to talk to you.

We’d like to show you how the Southern California
Edison Company—to keep pace with the electrical needs of
one of the fastest growing areas in the U.S.—has embarked
upon the most progressive research and development pro-
gram in its history. A sample of that development; the
Pacific Coast’s first experimental atomic generating plant.

And we’d like to explain the part that you can play in
this expansion, both in the growth of Southern California,
and in the Edison Company itself. Your job would be
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challenging — your prospects unlimited.

Attractive working conditions, opportunity for advance-
ment, liberal employee benefits (including medical and
sick leave, insurance plan, vacation and retirement) —
all these add up to an interesting and rewarding career
with Edison.

For full details, write or call:
Mr. C.T. Malloy
Southern California Edison Company
P.O. Box 351—MAdison 4-7111
Los Angeles 53, California

o
SOUTHERN CALIFORNIA (@{&Q’L} COMPANY
St
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NEW JET QUEEN OF
* THE WORLD'S AIRWAYS

The beautiful Convair 880 Jet-Linet, soon to be joined by
her sister ship, the Convair 600, will begin serving the
world’s leading airlines next year. Fastest commercial trans-
ports of all, they are products of Convair-San Diego engi-
neering imagination.

Other projects here include the F-106 Delta Dart, fastest
and highest-flying jet interceptor. In addition, our engineer-
ing and scientific teams are engaged in studies of manned
satellite vehicles, STOL and VTOL aircraft, and nuclear pro-
pulsion for ‘weapons systems. These advanced programs,
plus joint projects with other divisions of General Dynamics
Corporation mean added challenge and responsibility for
engineers and scientists at Convair-San Diego. ‘

GRADUATES AND
UNDER-GRADUATES

will find vigorous climate for development and progress at
Convair-San Diego. The company has a distinguished his-
tory of flight spanning more than a third of a century, and
an unlimited future is assured by dynamic policies and pro-
gressive, forward-looking management. Sound balance of
commercial and military contracts means added stability.
San Diego, California, is a wonderful place to live. Its extra-
ordinary climate varies from cool, breeze-swept beaches, to
warm, dry deserts. Hiking and camping are minutes away in
the nearby Laguna Mountains, and charming Old Mexico is
just 15 miles south of the city.

We offer career opportunities to graduate and
undergraduate students majoring in aeronautical,
mechanical, electronic, electrical and civil engineer-
ing, and to graduate students majoring in physics
and mathematics.

An interesting booklet describing engineering careers at Convair-

San Diego is available upon request. Write to Mr. M. C. Curtis,
Industrial Relations Administrator,

CONVAIR/SAN DIEGO

A DIVISION OF

GENERAL DYNAMICS

3302 PACIFICHIGHWAY,SANDIEGO, CALIFORNIA







Alumni News

Board Nominations

The Board of Directors of the Alumni Association
met as a Nominating Committee on February 24,
1959, in accordance with Section 5.01 of the By-Laws,
Five vacancies will occur on the Board at the end of
the fiscal year (June 1959)— one vacancy to be filled
from the present Board, and four members to be
elected by the Association. The present members of
the Board and their retirement years are:

Frank E. Alderman ’30 1960
Frank C. Bumb °51 1959

John E. Fleming 46 1959

Wm. W. Haefliger ’50 1960

L. Fort Etter 34 1959  Ralph W. Jones ’38 1960

Edward P. Fleischer '43.1959  Francis E. Odell *44 1960
Nick T. Ugrin 34 1959

The following nominations have been made:

President — Frank C. Bumb ’51 (1 year)
Vice President — Ralph W. Jones ‘38 (1 year)
Secretary — Donald S. Clark 29 (1 year)
Treasurer — George B. Holmes ’38 (1 year)
Director — Robert J. Barry ’38 (2 years)

Director — Franklin G. Crawford 30 (2 years)
Director — Holley B. Dickinson 36 (2 years)
Director — Frederick W. Drury, Jr. 50 (2 years)

Section 5.01 of the By-Laws provides that the mem-
bership may make additional nominations for the four
(4) Directors by petition signed by at least twenty-
five (25) members in good standing, provided the
petition is received by the Secretary not later than
April 15. In accordance with Section 5.02 of the By-
Laws, if further nominations are not received by April
15, the Secretary casts a unanimous ballot for the
members nominated by the Board. Otherwise a letter
ballot is required.

Statements about the nominees are presented below.

— Donald S. Clark, Secretary

FrankiLin G. CRAWFORD re-
ceived his BS in mechani-
cal engineering in 1930
and went to work for the
Union Oil Company in
Oleum, California. While
at Union he served in re-
finery operations and engi-
neering and research. In
1942 he became associated
with The Fluor Corpora-

neer, and has advanced to

his present position of manager of projects. He has

een active as a worker for the Alumni Committee in

the current Caltech Development Program, and is

serving as a Ruling Elder in the Westminster Presby-
terian Church in Pasadena.
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tion, Ltd., as project engi-.

RoBerT J. Barry received
his BS in mechanical engi-
neering in' 1938, and then
worked progressively for
Lane-Wells, Lockheed,
Curtiss-Wright, and Good-
year. In 1946 he founded
the firm of Barry and Com-
pany in Los Angeles. They
are consultihg management
engineers who specialize in
& business surveys, organiza-
. tion and compensation
studies, inventory management, profit planning, and
industrial engineering, He is now president of the
South Pasadena Community Chest, and is a member
of the National Association of Accountants, and the
Sales Executives Club of Los Angeles. He is currently
serving as chairman of registration and catering for
the 1959 Alumni Seminar Day.

Hoirey B. DickiNsoN re-
ceived his BS in 1938 and
his MS in 1937, then went
to work for the Lockheed
Aircraft Corporation from
1937 to 1948. He joined the
Telecomputing Corpora-
tion in North Hollywood
as an engineer in 1948 and
eventually became vice
president, treasurer, and
director. In 1956 he joined
the Consolidated - Electro-
dynamics Corporation in Pasadena as assistant to the
president, and was recently appointed director of their
Datalab division. He is permanent class secretary for
the Class of 1936 and also serves as a team captain
for the Alumni Committee on the Caltech Develop-
ment Program.

Freperick W. DRURY, JR.,
received his BS in civil en-
gineering in 1950, then re-
turned to the U.S. Navy
for 28 months as an ASW
and Electronics Officer. In
late 1952 he joined the
Airox Company in Los An-
geles as a sales engineer,
becoming chief engineer
and vice president in 1954.
Since 1956 he has been
general manager of Ad-
mixtures, Inc., in Pasadena, specializing in research,
development, production, and sales of admixtures for
the concrete industry. He has served as program
chairman for the Alumni Winter Dinner  Dance and
Fall Dinner Meeting, and is 1958-59 chairman of the

“Alumni Association’s Program -Committee.

Engineering and Science



Nominations for Alumni Association. President and Vice President

Frank C. Bums, who has
béen nominated as presi-
dent of the Alumni Asso-
ciation, received his BS in
mechanical engineering in
1951 and returned to Cal-
tech for his MS in 1952.
"He then joined the Corn-
solidated Electrodynamics
Corporation in Pasadena
as an assistant engineer.
Just recently he was named
an -assistant- department
manager in the Consolidated Systems Corporation, a
subsidiary of Consolidated Electrodynamics. His pro-
fessional activities include active participation in the
American Society of Mechanical Engineering, Sigma
Xi, and Tau Beta Pi. He has served the alumni by
working on the Seminar Day Program Committee in
1955 and as Alumni Program Chairman in 1956-57.
In 1957-58 he was director of all social activities and
this year he is serving as athletic council representa-
tive. He is also a member of the Board of Directors
of the Alumni Association.

Rarpa W. Jones, who has
been nominated as vice
president of the Alumni
Association, received his
BS in mechanical engineer-
ing in 1938 and then
worked for the Byron J.
Jackson Company in Los
Angeles for two years as a
design engineer. In 1940
he joined the St. Paul
(Minnesota) Engineering
and Manufacturing Com-
pany as chief engineer, becoming works manager in
1943. Early in 1945. he returned to Caltech to work
on wartime projects, then served briefly with the Man-
hattan District Engineers in the Army, and worked
for a year at NOTS. Since 1947 he has been with the
management consulting firm of Booz, Allen & Hamil-
ton in Los Angeles and was elected to a partnership
in 1952. He served on the Alummi Seminar Program
Committee in 1956-57, and was general chairman of
the Committee in 1957-58. This year he is serving as
director in charge of the Seminar.

ADVANCED ELECTRONICS

Advanced Research & Development Laboratory

Ezxciting and challenging research programs in:

SOLID STATE PHYSICS
ENERGY RESEARCH
FLUID PHYSICS

Independent research scientists at the BS, MS, PhD level are needed now

ELECTRONIC ENGINEERS
PHYSICAL CHEMISTS
MECHANICAL ENGINEERS
PHYSICISTS

E
W
=

March 1959 ’ . ' . 41

Send resume to
Dr. A. M. ZAREM

Electro-Optical Systems, Inc.

170 Nort Daisy STREET — PasApENA, CALIFORNIA
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L2133 of the thought barrier

8408 aaty

A\
:INCO:

Over the years, we have been hearing of many “bar-
riers” in science . . . the sound barrier, the water
barrier, the thermal barrier.

Of all the barriers, the hardest one to break through
has always been the thought barrier. Every one of
these “barriers” has been conquered by men to whom
the word, impossible, means: “hasn’t been done, yet.”

The sound barrier is a shattered concept, as dis-
credited as the phlogistic theory.

Don Campbell’s Bluebird stopped all talk of the
water barrier.

The heat of air friction against the metal “skin”
of an airplane was supposed to create a heat barrier
at Mach 3. Materials now in production can safely
withstand the much higher temperatures involved in
flight at Mach 5.

Today the thermal barrier is being called the
“thermal thicket” —evidence in itself that no barrier
exists.

An interesting point that all of these “barriers”
have in common: each was conquered with the help

‘of nickel-containing alloys.

This is not surprising when you stop to consider
how many useful properties and combinations of
properties are offered by the various nickel alloys:

Corrosion resistance to a wide variety of solids,
liquids and gases . . . strength at high temperatures
. . . toughness at sub-zero temperatures . . . unusual
electrical properties . . . ability to protect product
purity . . . spring properties.

When you are faced with a metal problem, investi-
gate Nickel and its alloys. Inco’s List “A” and List
“B” contain descriptions of 377 Inco publications
which are available to you, covering applications
and properties. For Lists “A” and “B”, write Educa
tional Service. :

THE INTERNATIONAL NICKEL COMPANY, INC.
67 Wall Street, New York 5, N.Y.

INCO NICKEL

NICKEL MAKES ALLOYS PERFORM BETTER LONGER
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STRAIGHT TALK TO ENGINE
, ~ from Donald W. Douglas, Jr.

President, Douglas Aircraft Company

I've been asked whether non-aeronautical engi-
neers have good prospects for advancement in
the aviation industry.

The answer is yes, definitely ! At Douglas many
of our top supervisory people have moved up from
other engineering specialties. The complexity of
modern aircraft and missiles requires the greatest
variety of engineering skills known to industry,

For example, we now have pressing needs for
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mechanical, structural, electrical and electronics
engineers in addition to aerodynamicists, physi-

"cists and mathematicians. Whatever your back-

ground in the engineering profession may be,
there are prime opportunities in the stimulating
aircraft and missiles field.
Please write to Mr. C. C. LaVene
Douglas Aircraft Company, Box 600-E
Santa Monica, California



BOOkS. . « » continued

vestment in Human Resources,” and
“The Education of Our Talented
Youth,” obviously invite comparison
with The Next Hundred Years, re-
cently published by three Caltech
professors. While there is no direct
reference to the latter volume, Rick-
over comes to pretty much the same
conclusions using pretty much the
same data. A difference exists in point
of view; Education and Freedom
stresses that action is mandatory.

Anybody can write a book deplor-
ing anything. This book explains what
is to be deplored, it compares the de-
plorable with the admirable, and it
produces a recommended program for
doing something to convert the pres-
ent deplorable state of American pub-
lic education to something admirable.
Appendix One, “Primer for Parents,”
is a realistic, do-it-yourself manual.
Appendices Two and Three are ob-
jective explosions of contemporary
Dutch and Russian educational phil-
osophies and the specifics of their
application,

In conclusion, this is recommended
reading for everybody concerned with
education, along with James B. Con-
ant’s The American High School To-
day, with which it has many points
of congruence, especially with re-
spect to the teaching of foreign lan-
guages. Other recommended readings,
and readings as a basis for intelligent
action, made by Admiral Rickover
himself, are Quackery in the Public
Schools, by Albert Lynd (1933), and
The Resioration of Learning, by Ar-
thur Bestor (1955).

As Charles van Doren says in the
preface, “This is a fine and thought-
ful book, and it is probably going to

make a lot of people very angry. I ’

think that’s a good thing.”

Paul C. Eaton, Dean of Students at Cal-
tech is Lt. Comdr., USNR (Ret.). In
World War 11 he served in various units
of the Third, Fifth, and Tenth Fleets,
principally in anti-submarine operations.
In 1947 he had active duty in submarines
in the Gulf of Maine, his own backyard,
just before joining the staff at Caltech.

Morphologische Forschung

by F. Zwicky
Winterthur, Switzerland . . . $2.20

" Written in German, Fritz Zwicky’s

latest book, Morphological Research,
is subtitled Character and Develop-
ment of Material and Conceptual Re-
lationships.

Dr. Zwicky, Caltech professor of
astrophysics and staff member of the
Mount Wilson and Palomar Observa-
tories, defines morphological research
as “total research which is concerned
with all the solutions of any given
problem and which evaluates the re-
lative values of all of these solutions.”

Dr. Zwicky has already wriiten ex-
tensively of applications of the mor-
phological method to problems in jet
propulsion and in astronomy — most
recently in Morphological Astronomy,
(1957). In his new book, he discusses
the applications of the method to
sociological as well as scientific, tech-
nical, and military problems.

CRESCENT

Insulated Wires and Cables

Pictured here are just a

few of the many wires

and cables made by
CRESCENT. They have an

enviable reputation for

‘quality and endurance.

CRESCENT INSULATED WIRE & CABLE co.

TRENTON, N.J.
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This electronic centralized air data
. computing system, pioneered by
AiResearch engineers, now enables

aircraft to operate at maximum effi-

ciency continuously. By sensing air

conditions surrounding the airplane,

it automatically makes in-flight

adjustments and feeds vital informa-

tion ‘to_the pilot. This centralized

. combination of transducers, com-
puters and indicators is the most

’ complete air data computing system
ever produced by any manufacturer.

Many such pioneering develop-

THE § - ARRE" | CORPORATION oFor full information write to Mr. G. D. Bradley

oA

ments are underway in challenging,
important work at AiResearch in
missile, electronic, nuclear, aircraft
and industrial fields.

Specific opportunities exist in
system electronics and servo control
units; computers and flight instru-
ments; missile auxiliary power
units; gas turbine engines, turbine
and air motors; cryogenic and
nuclear systems’; pneumatic valves;
industrial turbochargers; air condi-
tioning and pressurization ; and heat
transfer,including electroniccooling.

‘98571 S.

SEPULVEDA BLVD.,

ENCGINEERING AT GARRETT
OFFERS YOU THESE ADVANTAGES:

¢ Intensified engineering is con-
ducted by small groups where
individual effort and accomplish-
ment is quickly recognized provid-
ing opportunity for rapid growth
and advancement.

e An eight-month orientation
program is offered prior to perma-
nent assignment tohelp determine
your placement in a variety of
analytical or development projects.

e Advanced education is available
through company financial assist-
ance at nearby universities.

LOS ANGELES 45,

AIRESEARCH INDUSTRIAL ® AERO ENGINEERING ® AIR CRUISERS e AIRESEARCH AVIATION SERVICE

March 1959

CALIFORNIA

DIVISIONS: AIRESEARCH MANUFACTURING, LOS ANGELES » AIRESEARCH MANUFACTURING, PHOENIX o AIRSUPPLY
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TECHNOLOGY

eessvsesenersnsneansrvne

During the past year members
of our staff have published a
number of significant papers
in the following fields:

sssvecvencanisersrssnnoe

Electrodynamics
Nuclear Physics
Thermo-Nuclear Power
Magnetohydrodynamies
Solid State Physics
Commaunication Theory

seccscsearnesaronasasees

A brochure listing these
reprints may be obtained

by directing your inquiries to
Dr. Charles T. Morrow.

ecccsscsarssrsnssssesens

Space Technology Laboratories’
role in the fields of Ballistic
Missiles and Space Vehicles
provides a medium through
which scientists and engineers

" are able to direct their
interests and abilities toward
the solution of complex

space age problems,

Inquiries regarding staff
openings are invited. Write
to Mr. James Benning.

Space
Technology

Laboratories, Inc.
P.O. Box 95001,
Los Angeles 45, California
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Personals

1923

Harold A. Barnett resigned as city en-
gineer of the City of San Marino last
month after 35 years of service. He
hopes to devote more time to his pri-
vate engineering practice (Barnett, Hopen
and Smith) and also plans a trip back to
his native Mississippi after an absence of
20 years. Hal will continue as city engi-
neer for Gardena, a job he’s held since
1930.

1928

Fred C. Lindvdll, PhD, chairman of
the division of engineering and aeronaut-
ics at Caltech, is one of ten men who
have been selected by the staff of the
Pacific Missile Range at Point Mugu
(and approved by the Chief of the
Bureau of Aeronautics in Washington )
to act as members of the Pacific Missile
Range Advisory Committee. The Com-
mittee will advise PMR personnel on the
management and conduct ¢f major pro-
grams in the defense establishment. Two
other Caltech men were chosen as mem-
bers of the committee; C. C. Lauritsen,
PhD 29, professor of physics at Caltech;
and William B. McLean, BS '35, MS ’37,
PhD ’39, technical director of the Naval
Ordnance Test Station at China Lake.

George T. Harness, PhD ’33, associate
dean of the school of engineering at the
University of Southern California, has
been nominated as a national vice presi-
dent of the American Institute of Elec-
trical Engineers, which assures his elec-
tion for a two-year term, starting in Au-
gust. George has been on the SC fac-
ulty since 19486.

Tomizo Suzuki writes from Japan that
“after working for the U, S. Army as a
civil engineer for seven years, I had to
find a new position last spring due to
ever changing international relations. I
rejoined Hazama-Gumi, Ltd., in March
1958, and came to Miboro, Gifu Pre-
fecture, where the company is building
a huge rockfill dam with a sloping core
on the Sho River, which empties into the
Japan Sea. Tt is located in the northwest-
ern part of Central Japan amidst rugged
mountains where the rain and snow fall
abundantly. In this region peculiar cus-
toms and culture endure due to long
isolation from other parts of the country.

“The height of the Miboro Dam will
be about 430 feet when it is completed,
and the maximum electric power out-
put will be 215,000 kw. We use up-to-
date equipment with the technological
assistance of the Guy F. Atkinson Com-
pany of South San Francisco. Richard G.
Rofelty, 29, is the project manager of
the company here at Miboro.

“With regard to my family —our

“Pencils are any draftsman’s
most important tool. So use
the finest: EAGLE TURQUOISE.®
They hold their needle point
for line after line of unchang-
ing width. Their leads are
smooth . . . make drawing eas-
ier. There's a full range of 17
grades. And in each grade,
1009%, uniformity. TURQUOISE is
the pencil most pros prefer.
Better use 'em yourself.”

FREE SAMPLE! Write Eagle Pencil

Company, Danbury, Connecticut, for
a free sample TURQUOISE. -

EAGLE
TURQUOISE

PENCILS - LEADS . HOLDERS
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daughter, a graduate of the Aoyama Ga-
kuin University, will be married to a di-
rector of a chemical company in Tokyo
this month — and my older son, who will
graduate from the Law School of the
Chuo (Central) University in' Tokyo,
plans to join the Matsushita Electric Ap-
pliance Manufacturing Company after
graduation. .

“Howard Nagashi, 29, MS ’31, and
his daughter, came to see the dam last
May . . . My best regards to professors,
friends and acquaintances in and around
Pasadena.”

1932
Kenneth H. Swart, MS ’33, is vice
president in charge of engineering as
well as a director of the H. C. Smith Oil
Tool Company in Compton. He’s been
with the company for four years. Ken
has two sons: Kerry, a UCLA graduate,
now at Fort Ord; and Ron, who is 10.
Ken has a four-wheel-drive jeep which
he uses to explore some of the almost
inaccessible parts of the Mojave Desert

and of Baja California.

1933

Harold Omsted, MS, chief structural
engineer for the L. A, Board of Educa-
tion, has been elected president of the
Structural Engineers Association of
Southem California. Other newly-elected
officers include Cydnor M. Biddison, *40,
structural engineer with Hillman & No-
well in Los Angeles, who is treasurer;
and jack N. Sparling, 33, vice president
and chief engineer of Quinton Engineers,
Ltd., in Los Angeles, who is first vice
president.

Ammon S. Andes, MS, is now chair-
man of the department and professor of
aeronautical engineering at the Univers-
ity of Kansas in Lawrence, where he has
been teaching since 1946. “For the last
8 years I have worked every summer in
industry,” he writes, “spending last sum-
mer at Convair in Pomona, Calif. I also
attended the 1.A.S. summer meeting in
Los Angeles and the American Society
of Engineering Education’s summer na-
tional meeting at Berkeley. I have two
daughters; the oldest is now teaching art
in Denver, Colorado.”

1936
Chauncey W. Watt, Jr., writes from
Concord, Mass., that “although we re-
turned to California for two years (1956-
57) New England won out after all,
Now at Raytheon as corporate director
of engineering practices in Waltham,
Mass. We love the lakes, rivers, green
trees, and fields —and particularly like
being able to see them, there being no
smog here. My only daughter is 12 and
in the 7th grade —and is a confirmed

New Englander as well.”

1937
Stanley Feuer, MS ’38, president of
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the Stanley Feuer Company in Los An-
geles, writes that the company celebrat-
ed its 10th anniversary last month. “We
are -mechanical engineers and contrac-
tors,” Stan writes, “and we specialize in
design, salés, and installation of com-
mercial . and industrial heating and air
conditioning systems. 1 have also been
busy raising a family during the past six
years. Margot and I have three boys —
Zachary, Joshua and Mark.”

1938

Sam Watson, Jr., is now in Abadan,
South Iran, and is celebrating his 10th
year as a geologist with The Texas Com-
pany. In that time he has traveled from
Bakersfield, Calif., to Colorado (in ur-
anium mining), to Lewiston, Montana
(in oil); to Iran, where he is resident
geologist at the Agha Jari Field. The
Watsons have two children—Susan, 11,
and Sammy, 9.

Howard S. Seifert, PhD, is now spe-
cial " assistant for professional develop-
ment of Space Technology Laboratories,
in Los Angeles. He was formerly a mem-
ber of the firm’s Astrovehicles Labora-
tory. The Seiferts have three children
and live in Playa Del Rey.

Carlton L. Horine is process and proj-
ect manager with the Collier Carbon
and Chemical Corporation (formerly the
Brea Chemical Corporation) in Brea,
California. The Horines have a son and
two daughters — all lively teen-agers.

1939
Warren E. Wilson, dean of the school
of engineering at Pratt Institute in Brook-
lyn, N. Y., has been named chairman of
the department of engineering at Harvey
Mudd College in Claremont. He takes
on his new duties next fall.

Frank E. McCreery is vice president
of engineering at the Rohr Aircraft Cor-
poration in Chula Vista. He has three
sons — Jim, 4, Bill, 3, and Doug, 2.

Robert H. Widmer is now chief engi-
neer for technical design at Convair, a
division of the General Dynamics Cor-
poration, in Fort Worth, Texas. He has
been with the company since 1939, He is
married and has two children.

Calvin A. Gongwer, MS, is now man-
ager of the new anti-submarine warfare
division of the Aerojet-General Corpora-
tion in Azusa. He was formerly head of
the company’s systems and underwater
engine divisions.

1944

Robert J. Parks, chief of the depart-
ment of guidance and electronics at JPL,
was named La Canada’s “Man of the
Year” last month. He received a plaque
and honorary membership in the La Ca-
nada Kiwanis Club. Bob was given the
award for contributions made by his

continued on page 48

Douglas diversification affords
broadened opportunities, com-
bined with stability and se-
curity.

Engineering at Douglas is
divided into three basic areas
...missile and space systems,
transport aircraft and combat
aircraft. In these military and
commercial categories, each
advancing beyond present fron-
tiers of achievement, engineers
and scientists can progress to
the limit of their capabilities.

In addition, supervisory and
executive openings are filled
from within the company.
Many of the top executive
officers at Douglas are engi-
neers who have moved right up
to assume wide responsibility.

We are interested in engi-
neers with backgrounds in
other fields as well as avionics,
aircraft and missiles.

For further information write
to Mr. C. C. LaVene, Douglas
Aircraft Company, Inc., Santa
Monica, California. /

+ Section B.

006

the most respected name in aircraft,
missile and space technology

47



Personals . . . continuea

group in pioneering electronic develop-
ments in missiles and rockets, and for
his leadership in the development of the
Sergeant guided missile. Bob and his
wife and three children live in La Ca-
nada. _

Leon Trilling, AE "47, PhD ’48, asso-
ciate professor of fluid mechanics at MIT,
was a member of the recent U.S. Mission
on Engineering Education to the USSR
— whose chairman was Fred Lindvall,
PhD °28, chairman of Caltech’s division
of civil, electrical and mechanical engi-
neering and aeronautics. Secretary of the
Mission was Newman Hall, PhD ’38,
chairman of the mechanical engineering
department at Yale.

Dean - A. Naldrett, MS 44, died last
September 22 of bulbar polio. He was
superintendent of the Anchor Bay
Schools in New Baltimore, Michigan.
Dean is survived by his wife, Ilah, and
four children — Sherrel, Phyllis, Alan and
Ronald.

1947

Joseph Rosener, Jr., is now the owner
of the Empcor Corporation in Burbank,
one of the southwest’s leading suppliers
of etched circuits. Joe will be president
and general manager. He had been with
the G. M. Giannini Company for the

Virtue Bros. Mfg, Co., world's fargest manufacturer of metal dining furniture,

past four years. The Roseners and their

three children (ages 6, 4 and 2) live in
Pasadena.

1949

Theodore W. Rose is now a senior re-
search engineer at Rocketdyne in Canoga
Park. His work involves the development
of propellant values for large liquid fuel
rocket engines. The Roses have two chil-
dren — a daughter, 5 and a son, 8.

Samuel R. Hoffman, MS, reports that
he is an elementary teacher in the Los
Angeles City Schools, and also owner of
the Camp Kinneret Day Camp in San
Fernando. The Hoffmans have two sons,
5 and 7, and live in Reseda.

Dr. P. N. Leiderman, MS, is now a
research psychiatrist and an instructor in
psychiatry at Harvard Medical School in
Cambridge, Mass. The Leidermans live
in Waban, Mass., and have three chil-
dren — Deborah, 4, Erica, 3, and Jo-
shua, 1.

1951

Richard G. Brewer writes that he was
“married in 1954 to Lillian Magidow
and we are now four, with Emily almost
2, and Larry, 3. I enjoyed a two-year
vacation at the Army Chemical Center as
a draftee in 1955-57. I recently com-
pleted my PhD at UC in Berkeley. We

managed our first family camping trip
by going to Sequoia National Forest last
summer and this was-followed by a hec-
tic cross-country drive to New England
where I am employed as an instructor
in the Harvard chemistry department.”

George J. Smith, MS, PhD 58, geolo-
gist with the U. S. Geological Survey in
Menlo Park, announced the birth of his
first child —a boy, Randall — on Decem-
ber 21. :

1954

Albert Pitton, resident development/en-
gineer at Rocketdyne in Canoga Park,
reports an addition to the family — Ann
Catherine, born last June. Al is current-
ly working on a rocket engine test stand
at Santa Susana. Also seen on the prem-
ises, he writes, are Dean C. Daily, ’51,
Bill Haighler, ’55, and Dwight L. Den-
nis, "56.

1958
Lance Hays, Caltech graduate student,
writes that his first child — Deborah Ann
— was born on October 12.

Norman T. Ellett was married to Nancy
Lee Freeman (Scripps 58) at Wayne,
Illinois, in December. The Elletts are
now living in Cambridge, Mass., where
Norm is going to the Harvard Business
School.

chooses Smoot-Hoiman lighting fixtures for true scientific lighting!

scientiﬁc_glly deS|gned SMOOT-HOLMAN lighting brings you
“TOMORROW'S LIGHTING TODAY”

Robert Kjer Jakobsen, Chief Designer, Virtue
Bros. Mfg. Co., says: “We’re using Smoot-
Holman Perfect Vision Luminaires in many
areas in our office and plant.

a good lighting job...which the Perfect
Vision Luminaires give. We have to consider
not only initial cost but maintenance as well,

Smoot-Holman’s analogue
computer. Used to achieve
superior lighting design We have found that the Smoot-Holman Per-

and performance! fect Vision Fixture meets all our require-
Send for free literature ~ Ments perfectly.”

ientifically designed
T ey designed £ MOOT-HOLMAN COMPANY
~ Inglewaad, California
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“In making our decision, first importance was .

The world of books
is the most remarkable creation of man.
Nothing else that he builds ever lasts.
Monuments fall,
nations perish,
civilizations grow old and die out,
and after an era of darkness
new races build others.

But in the world of books are volumes
that have seen this happen again and
again and vyet live on,
still young,
still as fresh as the day they were written,
still telling men’s hearts
of the hearts of men centuries dead.

—Clarence Day

=X\ /ROMAN'S

SYCAMORE 3-1171 695 E. COLORADO. ST., PASADENA
RYAN 1-6669 ’
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Engineer Larry Klivans reviews the results of a computer-
simulated ground checkout of Radioplane Division’s
near-sonic RP-76 rocket-powered target drone. Formerly

at Norair Division, Larry came to Radioplane in 1955. At
31, he is Manager of the Division’s 140.man Electronic
Support Group, is working toward his doctorate at UCLA, .

YOUNG ENGINEERS ARE NORTHROP'S NEWSMAKERS!

Northrop Corporation’s dynamic and diversified corporate struc-
ture creates an ideal work climate for forward-thinking scientists
and engineers. Our three autonomous divisions are all in Southern
California — are all headed by progressive management eager to’
examine and try new ideas.

Let's assume that you are a man who can qualify for one of our
engineering teams — a man who can create history!

YOU'LL EARN what you’re worth, get increases as often as you earn
them — based on your own individual achievements. Our salary
structure is unique in the industry; our vacation policy extra-liberal,
as are all of our other fringe benefits.

YOU'LL LEARN while you earn, with no-cost and low-cost education
opportunities at leading Southern California institutions — earn ad-
vanced degrees and keep abreast of latest technological advances
in your own chosen field.

YOU'LL WORK with men who are acknowledged leaders in their fields
—men chosen for their own capabilities and for skills in guiding
and developing the creative talents of younger men. And, these
are men who delegate authority, assuring your fair share of credit
for engineering triumphs.

YOU’I.L BE FLEXIBLE-able to apply your talents to the work you enjoy,
in the field best suited to your own inclination and ability. Northrop
Corporation and its divisions offer wide diversity, with over 30
operational fields to choose from. All oﬁer challenge aplenty —
opportunity unlimited!

March 1959

RADIOPLANE DIVISION. Creator of the world’s first drone family; has
produced and delivered tens of thousands of drones for all the U.S.
Armed Forces. Now developing ultra-advanced target drone sys-
tems for weapon evaluation, surveillance drone systems, and mis-
sile systems.

NORTRONIGS DIVISION. Pioneer in celestial and inertial guidance.
Curréntly exploring infrared applications, airborne digital com-
puters and interplanetary navigation; developing ground support,
optical and electro-mechanical, and data-processing equipment.

NORAIR DIVISION. Creator of SAC’s intercontinental USAF Snark
SM-62. Currently active in programs for the ballistic recovery of
orbiting man; flight-testing the USAF T-38 supersonic trainer;
readying the N-156F NATO-SEATO fighter for flight tests.

NOW WRITE! Get full information on Northrop Corporation and all
of its Divisions. Then choose the division that offers you the most
challenge. To reserve your spot where news is Aappening, write:
Engineering & Scientific Personnel Placement Office, Northrop
Corporation, P.O. Box 1525, Beverly Hills, California.

Divisions of NORTHROP CORPORATION

49



Twenty-Second Annual Alumni Seminar
Saturday, April 11, 1959

'THEME — THE SPACE AGE

Nationally Famous Evening Speaker

The evening speaker, Major General John B. Medaris, U.S.A., is an outstanding authority in the
field of missiles and has been concerned with ordnance phases of the Army since 1926. He is now
Commanding General, United States Army, Ordnance Missile Command. His subject will be,
“The Exploration of Space.”

Special Two-Hour Tours of the Jet Propulsion Laboratory

Tours will be started from the Caltech campus with all persons being transported to and from
JPL by bus. Tours will be taken in groups of from 15 to 20 people. A bus carrying 50 persons
will leave the campus every 15 minutes, between 8:30 a.m. and 2:15 p.m.

Thirteen Outstanding Lectures

A group of 13 lectures will be given during three periods in the morning, and will be repeated
during three periods in the afternoon in order to accommodate those who take the JPL tours.

Alumni outside of southern California who wish to attend the Seminar should write the Alumni Office for reservations.

SEMINAR LECTURES

WHAT WILL SPACE VEHICLES BE MADE OF ?
Pol Duwez, Professor of Mechanical Engineering

MESSENGERS FROM SPACE
H.V.Neher, Professor of Physics

New environmental conditions encountered in space
flights have created new problems in the field of
materials. In addition to the much publicized cone
reentry problem, in which extremely high tempera-
tures are generated by aerodynamic heating, other
unusual conditions exist in  space. The experimental
study of materials under such conditions is obvious-
ly very difficult since the only laboratory in which
the experiments can be performed is space.

Space beyond the earth is not empty. It contains
electromagnetic radiations and high-speed particles
or nuclei of the atoms, which we call cosmic rays.
In addition it contains gas in the form of ionized
clouds or plasmas. Such clouds from the sun have
pronounced effects on the aurora, the ionosphere
and on cosmic rays. They may also be the source
of the radiation in the newly discovered Van Allen
bands around the earth. Cosmic ray particles are
probes that feel out this space and have given con-

CARBON-14 AND SOCIETY
Linus Pauling, Professor of Chemistry

siderable information on its properties.

INDIA — GROWING PAINS OF A NEW NATION

There has been considerable difference of opinion Robert A. Huttenback, Lecturer in History

as to the harmful effects of radioactive fallout from

testing of nuclear weapons. There is evidence that
this fallout will cause leukemia, bone cancer, and
other radiation diseases. It may also cause stillbirth,
childhood deaths and physical and mental defects
at birth. Dr. Pauling will discuss the genetic and
physiological effects of Carbon-14, a by- product of
nuclear weapons testing.

50

Master of Student Houses

Mr. Huttenback has just returned from India where
he spent a year conducting research on a Ford
Foundation grant. He will make some observations
based on his experiences which will include a dis-
cussion of the attitudes behind Indian foreign pol-
icy, domestic development and social evolution.

Engineering and Science



PARTY LINES TO SPACE VEHICLES
Roy W. Gould, Associate Professor of
Electrical Engineering

PROPULSION FOR INTERPLANETARY FLIGHT
Frank E. Marble, Professor of Jet Propulsion and
Mechanical Engineering

Current techniques for relaying information from
satellites to ground stations will be described and
a look taken at future systems. The ultimate limita-
tions of communication systems will be discussed
—and how these limitations will affect our ability
to communicate with space vehicles.

SCOTT FITZGERALD : THE COST OF FAME

Henry Dan Piper, Associate Professor of English

Dr. Piper is completing a book about this well-
known American novelist who died forgotten in
Hollywood in 1940. Since then, Fitzgerald has been
the object of a spectacular revival of interest. This
lecture will strip away the aura of myth from Fitz-
gerald’s life and work, and will explain why he has
become such a legendary figure in our culture.

CARE AND FEEDING OF SPACEMEN

James A. Lockhart, Research Fellow in Biology

To support human life in a space vehicle or on
another planet, we must provide the type of bio-
logical cycle prevalent on earth. This requires that
the vehicle carry all necessary physical equipment
to make available a continuous supply of food and
oxygen. Dr. Lockhart will explore such a system.

One of the most demanding requirements in the
fascinating field of space exploration is that of pro-

. pelling instrument packages or men over the enor-
mous distances involved. A brief look will be taken
at these distances and at the times required for
some interplanetary trips. Conventional rockets will
be examined to see what sizes are needed for these
missions. Some of the novel space-propulsion de-
vices will be discussed, such as ion, plasma, and
nuclear propulsion units, to show what part they
may play in the future exploration of space.

THE CLOCK PARADOX
H. P. Robertson, Professor of Mathematical Physics

The theory of relativity predicts that a clock in
motion loses time in comparison with one at rest.
This leads the true believer to the startling conclu-
sion that a traveler to outer space would, on his
return to the earth, be younger than his stay-at-
home twin; and the heretic to the paradoxical con-
clusion that, since motion is relative, the earth-
bound brother could as cogently deny the rejuven-
ating effects of travel! Dr. Robertson will discuss
the theoretical background and experimental verifi-
cation of this and related effects. The seminar will,
it is hoped, conclude with King John that “This was
sometime a paradox, but now the time gives it
proof.”

NEW ORGANS FOR OLD :
Elizabeth S. Russell, Research Fellow in Biology NUCLEAR EXPLOSION? CAN YOU BE SURE?

Frank Press, Professor of Geophysics

Man has long sought means to replace diseased or
defective human tissues or organs. Dr. Russell will
discuss her experiments in transplantation of blood-
forming tissues in mice as a possible cure for con-
stitutional diseases. She will take a look into the

future possibilities of extending transplantation to -

human organs.

Director of the Seismological Laboratory

+ Our negotiations with the Russians on the control
of nuclear tests depend to an overwhelming extent
on the detection of nuclear explosions. The princi-
pal methods of detection will be described, and Dr.
Press, who made a recent visit to Russia, will dis-
cuss Russian capabilities in this field. The proba-
bility of future peaceful control will be explored.

WILL WORLD LEADERSHIP
LEAD US TO THE POORHOUSE?
Alan R. Sweezy, Professor of Economics WILL THE SPACE PROGRAM EXPLAIN

)
What is the impact of the budget on the economy? THE EVOLUTION OF OUR SOLAR SYSTEM:

What is the relation between taxes and economic
welfare? In what ways and under what conditions
does the budget contribute to the danger of infla-

Harrison Brown, Professor of Geochemistry
Using lunar and planetary probes, which are plan-
ned in our space program, we can learn a great deal

tion? What is the relation between the budget and
economic growth? When is it safe to use deficit
financing? Is the budget already too large for safety
or could we manage to absorb further increases if
necessary?

March 1859

about the origin and evolution of the planets. Dr.
Brown will review some of the major problems con-
cerning the solar system, and he will describe the
kinds of observations from space vehicles which can
help in the solution of these problems.
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April 11
June 10

June 27

SwIMMING

April 3

U of Arizona at

Caltech

April 10

Caltech at Whittier
April 16

Caltech at Redlands

BASEBALL

April 1

Pomona at Caltech
April 4

San Diego U at Caltech
April 8 .

Whittier at Caltech
April 11

Caltech at Whittier
April 14

Whittier at Caltech

ALUMNI CALENDAR

Annual Seminar
Annual Meeting

Annual Pienic

April 3

CALTECH CALENDAR

ATHLETIC SCHEDULE

FRIDAY EVENING
DEMONSTRATION
LECTURES

Track

Claremont-Harvey Mudd

at Caltech Lecture Hall, 201 Bridge, 7:30 p.m.
April 11
e March 20
Caltech at Whittier Location of Function in the
April 18 Brain
Caltech at Redlands — Mitchell Glickstein
April 3
TENNIS Rivers — World’s Biggest Earth-
April 2 movers
U of Arizona at Caltech -~ Norman H. Brooks
April 4 April 10
Caltech at Redlands Abnormal Molecules of
. Hemoglobin
April 11 — Linus Pauling
~ Caltech at Occidental April 17
April 18 Microwaves
Pomona at Caltech — Roy Gould

SITBACK AND RELAX

Let Calmec Manufacturing Company
Worry About
Your Metal Parts and Products

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

our plant.

CALMEC MANUFACTURING CO.
Robert A. McIntyre, M.S, ’38 KImball 6204

5825 District Blvd. Los Angeles 22, Calif.

ALUMNI ASSOCIATION OFFICERS
PRESIDENT SECRETARY
Edward P. Fleischer, '43 Donald 8. Clark, ‘28
VICE-PRESIDENT TREASURER
Frank C. Bumb, ‘51 George B. Holmes, ‘38

BOARD OF DIRECTORS
Frank E. Alderman, ‘30 William W. Haefliger, 'S0
L. Fort Etter, '35 Ralph W. Jones, ‘38
John E. Fleming, ‘46 Francis E. Odell, ‘44
Nick T. Ugrin, ‘34
ALUMNI CHAPTER OFFICERS
NEW YORK CHAPTER
President Frank F. Scheck, '48
Pennie, Edmonds, Morton, Barrows & Taylor
247 Park Avenue
Vice-President and Treasurer Dudley B. Smith, '45
Cluett, Peabody & Company, 530 Fifth Avenue
Secretary E. Morion Holland, ‘36
A. G. Edwards & Sons, 485 Lexington Avenue
WASHINGTON, D.C. CHAPTER
President Frank H. Shelton, ‘49
Armed Forces Special Weapons Project
Secretary-Treasurer Richard G. Xing, ‘49
Applied Physics Laboratory, Johns Hopkins University
Silver Springs, Maryland
SAN FRANCISCO CHAPTER
President Jules F. Mayer, ‘40
Standard Qil Co. of Calif., Chemical Divisicn, Richmond
Vice-President Norman Bulman, ‘52
Shell Oil Company, Martinez
Secretary-Treasurer James A. Ibers, '51
Shell Development Co., Emeryville
Meetings: Freaternity Club, 345 Bush St., San Francisco

Informal luncheons every Thursday
CHICAGO CHAPTER
President Laurence H. Nobles, '49
Depariment of Geology, Northwestern University, Evanston
Vice-President Philip E. Smith, ‘38
Eastman Kodak Co., 1712 Prairie Avenue
Secretary-Treasurer Thorne J. Butler, ‘51
Medical Center, Northwestern University
SACRAMENTO CHAPTER )

President Alfred Schaff, Jr., 41
Aerojet-General Corporation

Vice-President George Langsner, ‘31
State Division of Highways, 1120 "'N** Street

Secretary-Treasurer ) Paul J. Jurach, ‘46
State Division of Highways, 1120 "'N'* Street

Meetings: University Club, 1319 "K'’ Street-

Luncheon first Friday of each month
SAN DIEGO CHAPTER
Chairman Maurice B. Ross, ‘24
3040 Udal Street
Secretary ) Frank J. Dore, ‘45
Consolidated Vultee Aircraft Corp.

Program Chairman Herman S. Englander, 39
U. S. Navy Electronics Laboratory
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From _research to finished product—

Photography works with the engineer

, Photoelastic stress analysis helps the design engineer
Sparks fly as the plant photographer pinpoint areas requiring extra strength.
records a grinding technique for study.

Today photography plays many important roles in
industry. It speeds engineering and production pro-
cedures. It trains and teaches. It sells. In whatever
work you do, you will find photography will play a
part in improving products, aiding quality controls
and increasing business.

Careers with Kodak

With photography and photographic processes becoming
increasingly important in the business and industry of
tomorrow, there are new and challenging opportunities at
Kodak in research, engineering, electronics, design and
production.

If you are looking for such an interesting opportunity,
write for information about careers with Kodak. Address:
Business and Technical Personnel Dept., Eastman Kodak
Company, Rochester 4, N.Y.

Giant machines produce a flow of photo-exact engi-
neering drawings—save countless hours of drafting
time.

EASTMAN KODAK COMPANY
Rochester 4, N.Y.

Color transparencies on
the production line aid
operators in assembly
operations—save time
and reduce errors.




Where do you find better advancement
opportunities—in a large company or a
small one? To help you, the college
student, resolve that problem, Mr. Abbott
answers the following questions con-
cerning advancement opportunities in

engineering, manufacturing and tech-
nical marketing at General Electric.

Q. In alarge Company such as General
Electric, how can you assure that every
man deserving of recognition will get it?
Don’t some capable people become lost?

A. No, they don’t. And it’s be-
cause of the way G.E. has been
organized. By decentralizing into
more than a hundred smaller oper-
ating departments, we’ve been able
to pinpoint both authority and re-
sponsibility. Our products are engi-
neered, manufactured and marketed
by many departments comparable
to small companies. Since each is
completely responsible for its success
and profitability, each individual
within the department has a defined
share of that responsibility. There-
fore, outstanding performance is
readily recognized.

Q. |If that's the case, are opportunities
for advancement limited to openings
within the department?

A. Not at all. That’s one of the
advantages  of our decentralized
organization. It creates small oper-
ations that individuals can ‘“‘get their
arms around”’’, and still reserves and
enhances the inherent advantages of
a large company. Widely diverse
opportunities and promotions are
available on a Company-wide basis.

Q. But how does a department find the
best man, Company-wide?

A. We’ve developed personnel reg-
isters to assure that the best quali-
fied men for the job are not over-
looked. The registers contain com-

One of a series®

Interview with General Electric’s

Earl G; Abbott

Manager —Sales Training

Advancement in a Large

Company: How

plete appraisals of professional em-
ployees. They enable a manager to
make a thorough and objective
search of the entire General Electric
Company and come up with the
man best qualified for the job.

Q. How do advancement opportunities
for technical graduates stack-up with
those of other graduates?

A. Very well. General Electric is
recoghnized as a Company with out-
standing technical skills and facili-
ties. One out of every thirteen em-
ployees is a scientist or engineer.
And approximately 50 per cent of
our Department General Managers
have technical back, s.

Q. How about speed ancement?
Is G.E. a ‘“‘young man s wempany”’?

A. Definitely. A majority of all
supervisors, managers and outstand-
ing individual contributors working
in the engineering function are below
the age of forty. We believe that a
job should be one for which you are
qualified, but above all it should be
one that challenges your ability. As
you master one job we feel that
consideration should be given to
moving you to a position of greater
responsibility. This is working, for
in the professional field, one out of
four of our people are in positions of
greater responsibility today than
they were a year ago.

Q. Some men want to remain in a
specialized technical job rather than go
into managerial work. How does this
affect their advancement?

A. At G.E. there are many paths
which lead to higher positions of
recognition and prestige. Every man
is essentially freé to select the course
which best fits both his abilities and
interests. Furthermore, he may mod-
ify that course if his interests change

it Works

as his career progresses. Along any
of these paths he may advance
within the Company to very high
levels of recognition and salary.

Q. What aids to advancement does
General Electric provide?

A. We believe that it’s just sound
business policy to provide a stimu-
lating climate for personal develop-
ment. As the individual develops,
through his own efforts, the Com-
pany benefits from his contributions.
General Electric has done much to
provide the right kind of opportu-
nity for its employees. Outstanding
college graduates are given graduate
study aid through the G-E Honors
Program and Tuition Refund Pro-
gram. Technical graduates entering
the Engineering, Manufacturing, or
Technical Marketing Programs start
with on-the-job training and related
study as preparation for more re-
sponsible positions. Throughout
their G-E careers they receive fre-
quent appraisals as a guide for self
development. Company-conducted
courses are offered again at all
levels of the organization. These
help professionals gain the increas-
ingly higher levels of education
demanded by the complexities of
modern business. Qur goal is to see
every man advance to the full limits
of his capabilities.

If you have other questions or want
information on our programs for
technical graduates, write to E. G.
Abbott, Section 959-9, General
Electric Co., Schenectady 5, N. Y.

*LOOK FOR other interviews dis-
cussing: . ® Qualities We Look For
in Young Engineers ® Personal
Development o Salary.
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