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Did you ever hear
atoms move?

he physicist positions a single crystal of age-hardened

steel under the sharp diamond penetrator. He touches
a pedal, and the pyramidal tip of the diamond squeezes into
the polished surface of the steel.

The instant that it touches, things begin to happen inside the
crystal. Atoms begin to slip and slide, in layers. Some layers
abruptly wrinkie and corrugate. If you listen hard when this
happens, you hear a faint, sharp, “click.” This is the sound
of atoms suddenly shifting within the crystal.

You can see the action, too—or, rather, the results of it
The photomicrograph above shows the characteristic ridges
and ripples. The black diamond in the center is the depres-
sion made by the penetrator.

By studying these patterns, and correlating the information
with other data, scientists at U. S. Steel are trying to learn
what happens atomically when a steel is bent, flexed or
broken. Thus, they try to develop new and better steels for an
exacting and ever-growing steel market.

Research is only one area in which we need high-level scien-
tific personnel. Partly, this is due to the fact that men progress
so rapidly at United States Steel. Remember these figures:
among the 20,000 members of our management team, 99%
attained their position through advancement within the cor-
poration. If you want to take advantage of odds like this,
write far our booklet, “’Paths of Opportunity.”

Write to United States Steel, Personnel

Division, Room 5680, 525 William Penn

Place, Pittsburgh 30, Pennsylvania.

UNITED STATES STEEL
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The Jet Propulsion Labora-
tory is a stable research and
. development center [ocated
north of Pasadena in the
Joothills of the San Gabriel
mountains. Covering an 80
acre area and employing
2000 people, it is close to
attractive residential areas.

The Laboratory is staffed by
the California Institute of
Technology and develops its
many projects in basic re-
search under contract with
the U.S. Government.

Opportunities open to quali-
ﬁegl engineers of U.S. citizen-
ship. Inquiries now invited.

JOB QPPORTUNITIES
IN THESE FIELDS NOW

IMPORTANT DEVELOPMENTS AT JPL

Weapons Systems Responsibility

In the development of guided missiie
systems, the Jet Propulsion Laboratory
maintains a complete and broad respon-
sibility. From the earliest conception to
production engineering—from research
and development in electronics, guidance,
aerodynamics, structures and propulsion,
through field testing problems and actual
troop use, full technical responsibility rests
with JPL engineers and scientists.

The Laboratoryis notonly responsible for
the missile system itself, including guid-
ance, propulsion and airframe, but for all
ground handling equipment necessary to
insure a complete tactical weapcns system.

One outstanding product of this type of
systems responsibility is the ‘‘Corporal,”
a highly accurate surface-to-surface ballis-
tic missile. This weapon, developed by JPL,
and now in production elsewhere, can be
found **on active service' wherever needed
in the American defense pattern.

A prime attraction for scientists and
engineers at JPL is the exceptional oppor-
tunity provided for original research
afforded by ciose integration with vital and
forward-looking programs. The Lahoratory
now has important positions open for
qualified applicants for such interesting
and challenging activities.

) SYSTEMS ANALYSIS » INERTIAL GUIDANCE * COMPUTER EQUIPMENT

INSTRUMENTATION + TELEMETERING * FLUID MECHANICS
+  HEAT TRANSFER = AERODYNAMICS » APPLIED PHYSICS + PROPELLANTS
MATERIALS RESEARCH

JET PROPULSION LABORATORY
A DIVISION OF CALIFORNIA INSTITUTE OF TECHNOLOGY
PASADENA * CALIFORNIA
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IN THIS IS5SUE

ON O0UR -€ovER=-Dr. James Savage,
ane of the seven Caltech geologists
who set up -a research project last
summer: on the Blue Glacier in north-
western - Washington. Dr. Savage is
working. at the bore hole site near
the middle of the glacier, where pipe
is driven down through the ice to
check the glacier’s flow.

The Blue Glacier Project is part
of the IGY program, and is under
fessor of geology and chairman of
the “division of  geological sciences.
You'll find some of his crew and
some of their activities pictured on

pages 18 and 19.

TaeopoRe M. GREENE, professor
of the humanities at Scripps College.
visited the Caltech campus from De-
cember 3.5 as a guest of the YMCA.
An author and lecturer in the phi-
losophy of religion, art and educa-
tion, Dr. Greene spent much of his
time here in discussions with stu-
dents, but also gave some formal
talks—Tlike the provocative sample on
page 13.

PICTURE CREDITS

Cover Rabert P. Sharp
pps. 18,19 Robert P. Sharp
p. 22 U.S. Air Farce
p. 23 Sacramenia Peak Observatory
b. 28 Graphic Arts, Caltech

JANUARY, 1958

JANUARY, 1958 YOLUME XXI NUMBER 4

PUBLISHED AT THE CALIFORNIA [INSTITUTE OF TECHNOLOGY

CONTENTS

In This Issue 3

Major Philosophical Issues of the Modern Age 13

A consideration of some of the things that trouble us
most in our most thoughtful momenis today

by Theodore M. Greene

Blue Glacier Project 18
Caltech starts a comprehensive study of a glacier in

the shadow of Mount Olympus

The First Shots Into Interplanetary Space 20

A research project that may pave the way for direct
experimentation with the planets and their satellites

by Fritz Zwicky

An Anniversary 28
Caltech chemists celebrate the 40th anniversary of
the publication of the first American papers on
x-ray crystallography

The Month at Caltech 32
Alumni News 36
Personals 40
STAFF

Publisher.. oo, Richard C. Armstrong ’28
kditor and Business Manager ... Edward Hutchings, Jr.
Editorial Assistant Gerda Chambers
Student News. ... Brad Efron ’60
Student Photographers..................... .. . Dennis L. Paul 59

William R. Schmus 60

Published monthly, October through June, at the California Instituie of Tech-
nology, 1201 East California St., Pasadena, Calif., for the undergraduates,
graduate students and alumni of the Institute. Annual subscription $3.50
domestic, $4.50 foreign, single copies 50 cents. Entered as second class matter
at the Post Office at Pasadena, California, on September 6, 1939, under act of
March 3, 1879. All Publisher’s Rights Reserved. Reproduction of material
contained herein forhidden without written authorization. Manuscripts and all
other editorial correspondence should be addressed to: The Editor, Engineering
and Science, California Institute of Technology. © 1957 Alumni Association,
California Institute of Technology.

Printed in Pasadena PP 3



Léft to right: Lou Bernardi, Notre Dame, ’54; Norman Lorenson, Mich. St., ’55; Ernesi SEim?manﬁ, M.LT;; ’53;- Dick Swens(;n, Purdu'c, ’50.

So withe w4 ... amd,
yowll Srow withy wy! CONVAIR

FORT WORTH

CONVYAIR IS A DIVISION OF GENERAL DYNAMICS CORPORATION

4 » ENGINEERING AND SCIENCE



Harvey Graves (Dartmouth, BA ’SO, MSEE '51} discusses a reacfor experiment at the Westinghouse Reactor Evaluation Center, in Waltz Mill, Pa. As manager
of the Nuclear Design Section, Mr. Graves works with Dr. Wilfried Bergmann {Vienna, PhD '51), on right, and other young scientists who operate the facility.

At 30, Harvey Graves directs nuclear design
of two major Westinghouse reactors

After completing the Westinghouse Student Training
Course in 1951, Harvey Graves attended the West-
inghouse Advanced Design Course* and was sent by
Westinghouse to the QOak Ridge School of Reactor
Technology for one year. Back at Westinghouse again
in 1953, Engineer Graves did advanced work on nuclear
reactor development.

In 1955, he was promoted to supervisory engineer
on the Belgian reactor project. In 1956, he was again
promoted to Manager, Westinghouse Nuclear Design
Section. Today, Mr. Graves’ 24-man section is develop-
ing and designing the nuclear portion of commercial
reactors for the Yankee Atomic Electric Company and
the Center d’Etude de I’Energie Nucléaire in Belgium,

*Fully accredited graduate school

JANUARY, 1958

Progress? Certainly. And if you have ability and
ambition, you’ll find Westinghouse offers equal engi-
neering opportunities in automation, jet age metals,
radar, semiconductors, electronics, large power equip-
ment, guided missile controls and dozens of other
fascinating fields.

For more information on professional opportuni-
ties at Westinghouse, write to Mr. J. H. Savage, West-
inghouse Electric Corporation, 8 Gateway Center
Pittsburgh 30, Pa. V

VVestinghOuse |
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MARS outstanding design SEI

birth of a satellite

Most new ideas, like this inhabited satellite, start
out as drawings on a shect of paper. Here artist Russell
Lehmann shows the first step in building the space
station proposed by Darrcll C. Romick, aerophysics
engincer at Goodyear Aircraft. ‘

Two ferry ships, one stripped of rocket units, are
joined end to end. As athers are added, this long tube
forms temporary living quarters far crews. Eventually,
outer shell will be built around core, making com-
pleted station 3,000 fect long, 1,500 feet in diameter.

No one can be sure which of today’s bright ideas
will become reality tomorrow. But it is certain that
in the future, as today, it will be impartant ta use
the best of tools when pencil and paper translate a
dream into a project. And then, as now, there will be
no finer tool than Mars — from sketch to working
drawing.

Mars has long been the standard of profes-
sionals. To the famous line of Mars-Technico push-
button holders and lcads, Mars-Lumograph pencils,
and Tradition-Aquarell painting pencils, have re-
cently been added these new products: the Mars
Pocket-Technico for ficld use; the cfficient Mars lcad
sharpener and “Draftsman’s” Pencil Sharpener with
the adjustable point-length feature; and — last but
not least — the Mars-Lumochrom, the new colored
drafting pencil which offers revolutionary drafting
advantages. The fact that it blueprints perfectly is
just one of its many important features.

The 2886 Mars-lumograph drawing pencil, 19
degrees, EXEXB to 9H. The 1001 Mars-Technico
push-byiton fead holder. 19204 Mars-lumograph
imported leads, 18 degrees, EXB to 9H. Mars-
lumachrom colored drafling pencil, 24 colars.

JS. S TAEDTLER,INC.

HACKENSACK, NEW JERSEY:

at all good engineering and drawing material suppliers

Books

The Universe

The Planet Earth
New Chemistry
Plant Life

Lives in Science
Scientific: American Books
Simon and Schusier 3145 cach

b 1956 the editors of Seienéific
American Jaunched a series of paper-
backed books with the publication of
five titles—The New Astronomy, The
Plysics and Chemistry of Life. First
Book of Animals, Automatic Control
and Atomic Power. The hooks were
made up of articles from the maga-
zine, re-edited and grouped together
to form reasonably comprehensive
reports on specific fields of research.
These first books were so well-re-
ceived that the editors have now
come up with five new titles.

The new books cover cosmology
(The Universe). geaphysics  (The
Planet Earth), research with plants
(Plant Life), new developments in
the field of chemistry (New Chemis-
try), and a collection of biographies
of sclentists (Lives in Science).

The articles in the new hooks are
as clear and comprehensive as those
in the original set, and the subjects
covered this time should prove even
more interesting to the general
reader. The list of authors reads like
the roster of American Men of Sci-
ence. and Caltech is well represented
in two of the volumes.

Plant Life includes articles by
Frits Went, professor of plant physi-
ology; James Bonner, professor of
biology; and Frank Salisbury, who
got his PhD at Caltech in 1956—
and started his science-writing career
in the same year by winning the En-
gineering and Science writing contest.

The Universe includes a collection
of spectacular Palomar photographs;
articles by H. P. Robertson, profes-
sor of theoretical physics; William
A. Fowler, professor of physies;
Fred Hoyle, visiting professor of
astronomy; and Walter Baade, Ru-
dolph Minkowski, and Allan San-
dage, staff members of the Mount
Wilson and Palomar Observatories.

ENGINEERING AND SCIENCE



ENGINEER YOUR FUTURE AT BENDIX

Your future success as an engineer
depends on a variety of circumstances,
some of which you may influence,
others which you cannot. Fortunately,
the odds are heavily in favor of those
who plan intelligently and well. That
is why we urge you to give your
future the same painstaking study and
thought you would accord any diffi-
cult engineering problem. We helieve
you will make a wise decision if you
plan your engineering future with
Bendix. And here is why:

Bendix is one of the nation’s largest
and most diversified engineering-
research-manufacturing firms. The
creative ability and ambition of
Bendix engineers have contributed

A thousand products

JANUARY, 1958

importantly to this growth.

Then, too, Bendix is decentralized
—with twenty-four semi-autonomous
divisions located throughout the
country. Nine of these have heen
created or acquired since 1950. They
offer a broad range of opportunities
for personal recognition and rapid
advancement in a wide variety of
interesting technical fields.

Opportunities await the young engi-
neer qualified in such diverse fields
as electronics, electromechanics, ultra-
sonics, systems, computers, automa-
tion and controls, radar, nucleonics,
combustion, air navigation, hydrau-
lics, instrumentation, propulsion,
metallurgy, communications, carbu-

zm/jl/

AVIATION CORPORATION
Fisher Bldg., Detroit 2, Mich.

retion, solid state physics, aerophysics
and structures. Working with the
country’s leading engineers, you will
have chances aplenty to develop your
talents to the limits of your capability.
Make it a “must” to meet the
Bendix representatives when they visit
your campus, or write today for fur-
ther information concerning Bendix’
progressive personnel policies, broad
educational assistance program, and
other personal benefits. See your
college placement director or ad-
dress your inquiry to Dr. Gerald A.
Rosselot, Director of University
and Scientific Relations, Bendix
Aviation Corporation, 1106 Fisher
Building, Detroit 2, Michigan.

a million ideas



Picture Yourself in

Petrolenm Chemistry

at Phillips

What do you see? Are you helping design a
fractionation unit? Developing a new
rocket propellent? Perhaps you’re con-
structing a new polyethylene reactor . . .
or working on an improved octane num-
ber system. '

Petroleum chemistry is important at
Phillips . . . but so are gasoline refining,
uranium processing, pipe line design, oil
geology and exploration, research and the
dozens of other activities which are essen-
tial to Phillips broad and diversified oper-
ations. The wide selection of possibilities
available in these various specialties en-

ables you to choose a career that matches
your education and interests.

During the past ten years Phillips has
expanded tremendously. Many important
new developments are still in the making.
So when the Phillips representative comes
to this campus, be sure to arrange for an
interview. Meanwhile, write to our Tech-
nical Manpower Division for your copy
of our new brochure, “Career With A
Future”.

D. R. McKeithan, Director
Technical Manpower Division

Bartlesville, Oklahomg

ENGINEERING AND SCIENCE

PHILLIPS PETROLEUM COMPANY



Robert G. Hildenbrandt tells
what it's like to be . . . and
why he likes being . . . an
Electronic Circuit Designer
with IBM.

*“SOLUTION*

This is one of the cele-
brated problems of math-
ematics, dating from the
18th century. That it
CAN'T be done was
proved by the great
mathematician Euler in
1735. Euler’s “solution”
founded the science of
topology, important to-
deiy in electronic circuit
design.

JANUARY, 1958

Selecting a career can be puzzling, too.
Sometimes, as with the seven bridges, the
answers aren’t always available. In engi-
neering and research, it’s just as important
to discover that no solution may be possible
as to find the solution, It is equally true in
career selection that some companies can
provide solutions . . . opportunities for
growth . . . not always available in all com-
panies. Here’s how Bob Hildenbrandt found
.the solution to his career problem—at IBM:
“Since joining IBM,” Bob says, “I've seen
some amazing developments in advanced
circuitry. In my opinion, transistorized digi-
tal airborne computers represent one of the
most progressive assignments in electronics
today. As we enter the missile age, the
technology of packaging and miniaturiza-

FIGURING OUT A CAREER?

tion will take on increasing importance.
Transistorized computers offer an excellent
chance for development work in computer
circuits . . . high-frequency power supplies
. . . magnetic amplifiers, regulators, storage
devices. Challenge? It's tremendous —for
we’re working not only on present systems,
but those of the future!”

] * ® £

There are many excellent opportunities for
well-qualified engineers, physicists and
mathematicians in IBM Research, Develop-
ment and Manufacturing Engineering. Why
not ask your College Placement Director
when IBM will next interview on your cam-
pus? Or, for information about how your
degree will fit you for an IBM career,

Mr. R. A. Whitehorne

JUST WRITE TO:

IBM Corp., Dept. 852

590 Madison Avenue
New York 22, N. Y.

IBM

DATA PROCESSING
ELECTRIC TYPEWRITERS

INTERNATIONAL MILITARY PRODUCTS
BUSINESS MACHINES SPECIAL ENGINEERING PROOUCTS
CORPORATION

SUPPLIES
TIME EQUIPMENT




KaRL Bausch, Chief Electrical Engineer,
Power Division of the Bechtel Corporation.

ELECTRICAL ENGINEERING

One of a series of interviews in which

Bechtel Corporation executives discuss

career opportunities for college men.

QUESTION: Mr. Bausch, in con-
sidering a position with Bechtel, or
any other firm, isn’t it true that what
most college men want 1o know first
of all is “What will I be doing?”

BauscH: That’s true, and it isn’t an
easy question to answer. So much de-
pends on individual preferences and
abilities and the way a man develops.
On joining us, he would be asked if
he’d like to work on the drafting
board doing layout work. As an
alternate, he might prefer a starting
assignment jnvolving helping out on
calculations, requisitioning materials,
writing specifications, etc.

QUESTION: In other words you try to
give the new man seme freedom of
choice?

BauscH: As far as possible. We
know that the beginning period is a
difficult one. It takes some time for
him to get his feet on the ground and
we try to “expose” him to many dif-

10

ferent activities. In that way he gets
needed experience and familiarity
that help him decide the work for
which he feels best qualified. It also
gives us the opportunity to evaluate
his potential.

QUESTION: Assuming a man shows
the necessary ability and begins to
produce, how does he branch oui?

BauscH: Generally, in ejther of two
ways. He may work on the electrical
portion of power plants, designing
circuits, control and relaying systems,
unit protection, etc. The other way is
on the physical layout of pawer plants
—that is, location of equipment, con-
duit and raceway systems, etc. In
either case he would be put in charge
of one section of the project.

QUESTION: And his next advance
would be...?

BauschH: Assuming he progresses
satistactorily, he would ultimately

CAREERS WITH BECHTEL

move into a lead job as a group
supervisor in charge of the design of
the electrical system of the complete
plant.

QuesTtioN: Could you give an
estimare of the time involved in the
various sieps?

BauscH: That’s impossible. We have
no hard and fast schedule. In general,
we have found that it takes a man
about a year to get his feet on the
ground and become a real producer.
From that point on, it’s up to him.

QUESTION: In other words, he can
advance in keeping with his indivi-
dual ability ?

BauscH: That’s right. Of course,
there are many other factors in-
volved, including the vitally impor-
tant one of the great advancements
being made in every phase of the
electrical industry. These create new
jobs and new types of jobs involving
new skills. And for every opportunity
existing today, it is safe to predict
there will be at least two tomorrow,

Bechtel Corporation (and its Bechtel
foreign subsidiaries) designs, engineers
and constructs petroleum refineries,
petrachemical and chemical plants;
thermal, hydro and nuclear electric
generating plants; pipelines for oil and
natural gas transmission. Iis large and
diversified engineering organization
offers opportunities for careers in many
branches and specialties of engineering
—Mechanical...Electrical...Structural
...Chemical ... Hydraulic.

Write for new brochures showing the
wide variety of projects Bechtel builds
throughout the world.
Address: John F. ’Connell,
Vice President, Industrial Relations
220 Bush Street, San Francisco 4, Calif.

BECHTEL
CORPORATION

SAN FRANCISCO
Los Angeles - New York + Houston

ENGINEERING AND SCIENCE



ENGINEERING UNDERGRADUATES...don’t get lost in a forest of details!

DOUGLAS CLEARS THE WAY FOR CAREER BUILDING WITH
MAJOR ASSIGNMENTS BASED ON ABILITY

In planning your career, it’s important to know that your job will be more than a mere
detail in a vast project. At Douglas, you’ll work as part of a team sharing total responsibility
for projects of prime importance. This gives greater scope

to your assignment . . . and with promotion from within, more
opportunity to chart your future. Many important Douglas
assignments are awaiting career-minded engineers,

GOUGLRS L

VI For important career opportunities in your field, write:

\/@3“' C.C.LaVENE

DOUGLAS AIRCRAFT COMPANY, BOX &6101-F

FIRST IN AVIATION SANTA MONICA, CALIFORNIA
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Henri Poincaré...on disinterested fools

“But scientists believe that there is a hierarchy of facts,
and that we may make a judicious choice among them.
They are right, for otherwise there would be no science,
and science does exist. One has only to open one's eyes
to see that the hiumphs of industry, Which have enriched
£0 many praclicaI men, would never have seen the Iigllt
if ouly these pradica,} men had exisied, aﬂnd if 1hey had

not been preceded by disinterested fools who died poor,

who never ’r}mught of the usefu[, and who were not
guided by their own caprice.

‘What these fools did, as Mach has said, was to save their
successors the trouble of thinking. If they had worked
so[e[y with a view 1o imme&iah: application, they would
have left nothing behind them, and in face of a new
requirement, all would have had to be done again.”

~ Science et méthode, 1912,

THE RAND CORPORATION, SANTA MONICA, CALIFORNIA

A nonprofil organization engaged in rescarch on prohiems related to national security and the publi(t interest

12
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Major Philosophical Issues
of the Modern Age

A consideration of some of the things

that trouble us most 1m our most thoughtful moments today

by Theodore M. Greene

HE THINGS THAT TROUBLE US most in our most

thoughiful moments today tend to relale themselves
to each other; they have a common core and a common
base; they are facets of a deep central concern. What is
this concern? My answer may puzzle you. | think it is
the problem of human existence.

Your immediale response may be, “For heaven’s sake,
what do you mean by the problem of human existence?
We exist while we live, and when we die we cease to
exist. Where is the problem?” You might go on, in
criticism of my suggestion, by saying that, in one sense,
man has always worried about how to stay alive, and
that therefore our desire to stay alive is perennial, not
new.

We today, in this fortunate land of ours, are indeed
acutely aware of the danger of modern technology—
that is, of possible wholesale annihilation. This is one
contemporary problem of survival, but this is not the

“Major Philosophical Issues of the Modern Age” has been
adapted from a talk given by Dr. Greene at Caltech on December
3. 1957. Dr. Greene is professor of humanities at Scripps College.

JANUARY, 1958

problem I have in mind when I speak of the problem of
human existence.

Men have not always only wished to survive—to keep
alive; they have tried to live well, to have as many of
the good things of life as possible. We today, in this
country, are also interested in the good life—the physical
comfort, sensuous satisfaction, @sthetic delight, athletic
excitement, sex, food, the satisfaction of intellectual
curiosity—in short, everything that might be included
under the large rubric of “culture.” We too concern
ourselves about political queslions and prize our free-
doms. We too discuss our economic problems and prize
our high standard of living. We too cultivate our enjoy-
ments. But the problem of how to attain these values is
the cultural problen of human welfare rather than the
more basic problem which I have labelled the “problem
of existence.”

If this problem of existence is not the problem of
survival and not the problem of welfare, what is it?
We are today asking ourselves with unusual anxiety
questions that undercut these questions of survival and
welfare. In our more thoughtful moments we tend to

13



“We don’t know how to figure out the wherefore and why

of human life, though we are learning

more and more about the what of human life.”’

ask ourselves not merely. “How can I survive?” but
“Why should I survive at all?” We ask ourselves not.
“How can I get this, that or the other value?” but (in
our more thoughtful and anxious moments), “What real
value do these values which my society and I value
really have? Aren’t these all pipe dreams? Are not all
our Western values merely subjectively or socially con-
ditioned prejudices to which we are all prone but which.
when we really come to examine them, won't stand exam-
ination ?”

You remembher the famous lines from Iamlet: “To be,
or not to be: that is the question . . . To die, to sleep:
No more; and by a sleep to say we end the heartache

. . 'Tis a consummation devoutly to be wished.”

Here the Prince of Denmark, able, young. and in good
health, i so bedeviled by his problems thar. for the
time being at least. he can’t face life. “How weary. stale.
flat and unprofitahle.” he cries. “seem to me all the uses
of this world.” You will also recall his eloqunent expres.
sion of the logical outcome of what we today call
naturalistic reductionism: “What is a man, if his chief
good and market of hiz time be but to sleep and feed?
A beast, no more.”

All of you will have heard. and some of vou may
seriously have defended the proposition that. when vou
get right down to it. man is nothing but a very compli-
cated kind of animal. It was thiz rednetionism that led
Shakespeare to declare that life. so conceived. is “full
of sound and fury. signifying nothing.”

Shakespeare was prophetic in the lines which T have
just quoted. Life itsell has hecome a problem for us. or.
to put it somewhat differentiv. we have hecome a proh.
fern to ourselves. We don't understand ourselves: we
don’t know how to fizure out the wherefore and vwhy of
hirman ife, thaugh we zre learning mere and more
about the what of human tife. This Laflement gives rise
fusually inarticulately ) to our sense of deep anxiety,
frustration and angunish. 11 is this. T submit, that consti.
tutes the central. cultural. spiritual problem of our time.

[ think I can anticipate vour immediate reaction.
“What a fantastic thing to sav! Wouldn't you expect
that from a philosopher! Tsn't this just a case of abh-
normal misanthrops issuing froem an unhealthy brood-
ing of a neurotic soul?”

14

You may be right, but you must admit that [ am onc
of very many who feel this way today. Most of the
sensitive poets, novelists, artists, theologians and philoso-
phers of our time are distraught by this anxiety.

[t may seem to you to be very strange that T should
talk this way—of all places. in America. whose culture
is the most prosperons the world has ever known. and
here at Caltech, located in the most prosperous ecity in
the most prosperous part of the most prosperous state
of the Union. [sn’t “America”™ practicallyv synonymous
with prosperity, power, scientific and technological ad-
vance and political freedom? Have men ever had it as
2ood as we have it? Aren’t we all healthy. successful
and happy? True. we have a few minor problems such
as the possibility of wholesale anuthilation and an
indefinite armament race, mounting racial tension and
widespread internarional unrest. Still. need we healthy.
optimistic Americans, supporting our local Optimists
Clubs. worry our heads over these transient problems?
Surely. we have what it takes!

That is a question. Do we have what it takes? Whai
does “it” refer to? What have we got to face?

This at least is clear—thar we cannat merely live our
own lives. individually: or merely in small self-sufficient
groups: or even in larger self-contained groups. What
we have to face is life in our total. social. glohal. natiral.
cosmic environment. Our human nature is whar ir is:
and we are living in an actnal total aniverse. whatever
its nature mav be. These two factors constitiute our prob.
lemt and we are slapped down hard whenever we make
a mistake in assessing ourselves and our universe, We
are also duly rewarded when we assess ourselves and
our universe wizelv and when we aet arcordingly.

What then does reality, subjective and ohjective. dr.
mand of ua? What does “1ie” demand of us? What will
life =lap us down for if we don't rize to its challenge?

Our answer to this question will depend upon three
variahles. We have different phjectives. and our answer
will depend in part upon our objectives-—what we expect
of life, Tt will depend in part upon our view of the uni-
verse of which we are a part, And it will depend in part
upon our own estimate of oweselves as human beings,
\= we know. when we have three variables to manipulate
we can get a large number of rombinations.

ENGINEERING ' AND SCIENCE



Let me give you one or two examples. Suppose we
are old-fashiened #nough to-expound, in 1957, a strictly
mechanistic view of reality and man. This view has now
become largely outmoded, but it is still held in some
quarters, It implies a kind of falalism which asserts that
thought—1taking thought—makes no difference, If you
really accept this view it will dictate a distinctive an-
swer o the question. “What does it take?”—namely.
that everything we do and are is wholly and rigidly
determined by our heredity and environment and that
we. as moral agents, have no real responsibility for our
actions:

Suppase, alternatively, that we do not accept this
mechanistic determinism, Suppose that we believe that.
somehow, taking thoughi does make a difference, that
it ‘is" possible to-select and work for meaningfnl goals
and that man as & moral agent can and should seek such
goals. This belief will force us to conclude that despite
all hereditary and environmental influences we are some-
how genuinely free and responsible as human beings,

A perennial unsolved problem

What then do we mean by “freedom’™ and “responsi-
Lility”? This is one of the perennial unsolved prohlems
which thoughtful, morally sensitive people have tried
to solve for centuries. I feel free; 1 act as though 1 were
were free; I treat other people as though they were free—
and yet, when | try to answer the question, “How, pre-
cisely, is such a thing possible?” | feel that it is very
hard to find a satisfactory answer. This is the puzzled
state of mind in which many thoughtful people find them-
selves today, and their bewilderment is often a source
of acute anxiety.

Or again, if we believe that taking thonght does make
a difference, we can presumably deliberate upon, and
select, the ohjectives or values which we shall strive to
realize. This implies that some goals or values are
superior to others. And this, in turn, implies that values
are in some meaningful sense “objective” and “real”:
that we can more or less adequately apprehend them; and
that it is important to try to discover and actualize then.

Yet, in philosophy as well as in the social sciences, the
prevalent tendency in recent years has been to reduce all
values to the status of mere socially, eulturally and indi-
vidually conditioned prejudices. Men have tended to
deny that there are such things as objective values in
any significant sense, and therefore to deny the very
possibility of authentic value insights. They have the
possibility of real scientific insight, but the claim that
moral, aesthetic and religious insights are also possible
has been widely challenged and often repudiated.

I. A, Richards, the distinguished British student of
literature and language at Harvard, has for years been
preaching this doctrine. Values, he has insisted, merely
reflect man’s subjective, socially conditioned, irrational
prejudices which, in turn, can be expressed only in emo-
tive utterance. We merely prefer this or thal to some-
thing else, and there is in principle no way of deciding
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whether any liuman preference is right or wrong. Nothing
is in itself good or bad, beautiful or ugly. This is the
position of normative nihilism; there are no objective
values; all we have are irrational, indefensible, sub-
jective and social preferences or evaluations.

Some years ago, while 1 was still at Princeton, Ber-
trand Russell visited us and gave us one of his charac-
teristically brilliant and witty lectures, followed by a
discussion. During this discussion we said to him, “Mr.
Russell, do you believe in democracy ?”

“Why, of course, | do.”

“Do you really believe that democracy is valuable?”

“Well, I like it. I prefer it.”

“Do you think that democracy is superior to com-
munism ?”

“What do you mean by ‘superior’?”

“Do you mean that your preference for democracy is
purely an irrational preference?”

“Why, of course.”

“Then why do you go around lecturing and writing
in defense of democracy?”

“Because I prefer 1o have other people share my preju-
dices.” - V

“Then you are not arguing in defense of democracy?”

“Of course not. It is impossible to argue rationally
in support of any value.”

“Then you are merely indulging in emolive utter-
ance?”

“Why, of course.”

“But suppose somebody else emotes louder and more
cffectively than you do--then what?”

“All you can do is to try to hit them over the head
before they hit you.”

A symptomatic man

What impresses me in all this is the extraordinary dis-
parity between Bertrand Russell’s philosophy and his
actual behavior. He has lived and suffered, worked and
fought for values all his life; yet, as a philosopher, he
has developed a philosophy that makes all values, in-
cluding his own, utterly nonsensical. What sense is there
in that kind of philosophy? Yet, if I were a sociologist,
I would write a chapter on Bertrand Russell as a man
who is very symptomatic of our age. He has expressed
very eloquently the corrosive doubt, so widespread today,
in the reality or objectivity of all the values our Western
culture has developed and cherished for centuries.

Let us push this analysis one step further. Suppose
I were to say to you that I had quite an experience
crossing your campus just now—that I heard a noise
in the bushes, and, on investigation, discovered a couple
of Caltech boys beating a small child to death with
obvious satisfaction. Why would we be profoundly
shocked by such an occurrence ?—because we still believe
that all life is precious, and that human life has an
intrinsiec value and dignity. This beliéf has come to us
from our Western culture, partly from the ancient
Greeks, but chiefly from our Hebraic-Christian tradition.
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The characteristically religious way in which this belief
has beeii expressed has been that all men are beings of
intrinsic worth because they are children of God. Since

the Renaissance, God has become increasingly incredible,

riebtlots and unimportant; but we have continued to
assert the humane conclusion while discarding the theo-
logical premise. We still like to think of ourselves as
brothers, one to another, and we still try to respect one
another even in the absence of a beneficent Father.

Yet, how deeply rooted in our cilture and in our
liearts today is this conviction that each of us is a beirg
of infinite intrinsic value? Can we really helieve that,
in.a hostile or a neutral universe, man is allowed to exist,
with intrinsic valie, to flourish on this earth until he is
permanently snuffed out? If so, is this not a belief in the
miraculous emergence of human value out of a valueless
cosmos? What could be more fantastic than that man
should have real intrinsic value in a universe that knows
nothing whatsoever of value!

A basis for anxiety

When I stated my theme at the beginning of this talk
it may well have sounded very implausible. Yet, when
we raise these specific questions regarding freedom and
responsibility, value and human dignity in our universe,
our anxiety regarding the ultimate meaning and value
of existence appears to be not unfounded. In our thought-
ful moments we are profoundly puzzled and uncertain
resarding our freedom and our human value; we are
also increasingly persuaded that our universe itself is
meaningless and valueless. How long can doubts of this
magnitude persist without driving us to the desperate
conclusion that all human life is ultimately absurd, as
Sartre believes: or even obscene, as Celine irisists?

I repeat: Our greatest cultural problem today is ex-
pressed ir the question, “What, in the light of our
dominant beliefs and disbeliefs, can we make of our
lives?” This is the main concern of many of our leading
writers—men like Kafka in his novels The Trial and
The Castle; or Camus, who recently received the Nobel
prize; or Celine; or Sartre. who feels that the harder
you look at life honestly. the tnore you are filled with
nausea—the title of one of his novels; or O'Neill, who
strove mightily to find some answer to the enigma of
life and died without having found it; or Faulkner, who
comes pretty close to sayving, in his most optimistic
mormients, “They endure”—referving chiefly to ignorant
religiously-benighted negroes,

We find the same concern expressed, iti one way or
another, in modern music and painting and in much
current philosophy and theology. This, T submit, is the
ceritral problem of our age; I do not believe that only
a few “intellectuals,” epgheads or asthetic freaks feel
this way.

I have been teaching for some 35 years and have been
in close touchi with undergraduates all that time. The
change in the climate of opinion among thoughtful un-
dergraduates during this 35-year period is very marked.
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Many thoughtful undergraduates toddy echo this sare
anxiety or distress. So does the thoughtful businessman
ot member of one of our leading professiong. Tt is more
eloquently triie of juvenile delinquients and of the in-
creasing number of psychiatric patients who are pouring
into otir mental hospitals, Triie, we Americans are pros-
perous, comfortable, and apparently happy—but we
don’t have much zest for life. We are too puzzled about
ourselves and our human destiny to enjoy a sense of
real assurance and peace.

If [ am right in my cultural diagnosis, this deep and
pervasive anxiety gives rise, in turn, to widespread sec-
ondary symptoms. Contemporary superstitions are & case
in point. The Los Angeles Times runs a column
on astrology every day, and many businessmen, I am
told, will not sign a crucizl contract without consiilting
their astrologer.

This satne basic anxiety reflects itself, very differently,
in our vaccilating foreign policy and in our attitude
toward suffering humanity in other lands. We loudly
proclaim our respect for all human life and welfare, yet
we spend millions of dollars storing our surplus food
while millions of people in India and elsewhere are
literally starving to death. This goes on year after year,
yet we Americans are only mildly nneasy. If we can
have really deep moral convictions regarding the basic
values we talk about, would we allow this to happen?

Racial tensions

Or again, what underlies our current racial tensions?
Why is it that so many white Christians in predominantly
negro communities find it almost impossible to take a
strong stand for desegregation? Are we not pusillanimoiis
because we have lost our deep basic convictions in this
area of moral and social justice?

Or, 4s a final illustration of otir cultural malaise, we
love to talk about the importance of eduecation, and
liberal education, in our democracy. Yet, as a matter of
fact, we are spending far more momnev on ligqtior and
tobacco and gadgets than we are on education. Education
in science is likely to receive more support during the
next few years, hut what likelihood is there that liberal
education, and particularly education in basic human
vdlues, will receive the corresponding support which is
20 desperately needed?

Can there be any serioits question that our greatest
need today is normative, is the field of values and goals? -
You scientists. have made s supremie in. science- and
technology; thanks to you we still lead the world in this
important area. But do we lead the world in significant
democracy? How strong is our respeet for human life,
oiir passion for moral decency and justice? This is the
question mankind is asking, and we betray our grave
doubts and deep anxieties regarding the problem of
existence by our uncertain and ambiguous answer.

You will note that I have not offered any solution to
this problem. T did not promise to do so. but T should
at least indicate the direction in which T think we mmiust
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look and strive to cure ourselves of these ills. I’ll have
to state my case very briefly, at the risk of sounding dog-
malic.

I would start with the major premise that no man has
ever solved his problems by withdrawing from life, and
that no community has ever achieved or maintained its
cultural vitality by adopting an escapist attitude. We
are essentially dependent upon one another; we are all
subject to the same cosmic laws, physical and spiriiual.
Unless we learn how to live with our fellow men and
our universe. we are bound to warp our own privale
lives and impair our corparaie welfare.

Healthy relationships

Fanialso deeply impressed by the truth of the Biblical
insistence that “He that would save his soul will lose it.”
The answer to the problem of existence is not individual
or collective egoism. The answer must be sought in the
direction of re-establishing a more healthy relation with
our fellow men, with the world of nature, and with what-
ever ultimate mysterious forces may be operative in our
universe.

In the Middle Ages, at their cultural best, it was gen-
erally assumed that there was a God of righteousness
and love, that this God was more or less knowable, and
that man could therefore significantly relate himself to
God. Authentic, honest reverence for the Diety was still
possible, though there were, of course, a great many
people who fell short of such reverence. It was therefore
much easier for men to respect one another as the sons
of God, created in His image. Human respect was still
a valid ideal, even if it was not always practiced. It
was also possible for men in the later Middle Ages to
respect and commune with nature, to feel for nature
what came in the 17th and 18th centuries to be referred
to as “‘natural piety.” So long as man could live in a
community in which reverence for God, respect for man
and natoral piety prevailed, it was easier for him to
relate himself significantly to God, nature and man. He
could live his life within an assurance of belief and be
confident in the possibility of living a meaningful life
on earth.

What happened historically was that at the end of the
Middle Ages, despite the Reformation and Counter-
Reformation, significant religious faith became increas-
ingly difficult. Then, with the advent of modern science
and technology, as nature came to be better understood.
nature was first progressively mastered and then ex-
ploited. And the more nature was exploited, the more
was man lempted to lose his respect for it; natural
piety became increasingly difficult and rare. In the 19th
century, as the social sciences began to imitate the
natural sciences in their study of man, man himself came
to be regarded as part of nature and therefore (witness
high pressure advertising today) as available for preda-
tory exploitation. As a result, it is very hard for us today
to ﬁndkanyt‘hing in the universe which we can honestly
reverence, to find any reason why we should really re-
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spect one another or ourselves, or 1o respect and com-
mune with nature.

We must therefore iry to re-esiahlish, somehow—not
in medieval terms. but in mid-20th-century terms—a sig-
nificant working relation with whatever is ohjectively
real and valuable or meaningful in ourselves and in our
universe. This is the difficult task which faces us. It de-
mands of us all the intellectual and spiritual integrity.
all the realism and honesty and humility we can muster.
Above all, it requires of us an attitude of reflective com-
mitment or critical belief.

Only the uninformed believe that anything significant
can be proved to the hilt, either in science or in the field
of values. We are surronnded by mystery; life is inevi-
tably. a gamble. We must live by faith. Our only option
is to rely on a faith thal is erude, supersiitions and un-
informed. or to achieve a faith that is critical, reflective
and more or less informed. Our chief concern should
therefore be to cultivate the art of reflective and critical
commilment in every walk of life and area of helief.
This, of course, requires individual effort, but such ef-
fort will not suffice. No significant advance in human
culture has ever heen brought about by a single indi-
vidual working in isolation. It is the confraternity of
scientists that has slowly built up the mountain ranges
of science which, in tum, have made possible the peaks
of distinguished individual scientific discovery. The most
brilliant of scientists would he helpless without the con-
tinning tradition of cooperative scientific endeavor. The
same is true 1n art and literature, in the social sciences,
and in history. philosophy and religion.

The sense of community

We must therefore find a way of banding ourselves
together in corporate endeavor in every area of common
concern. We must try to visualize common goals, devise
methods of effective cooperation, and develop adequate
languages for self-expression and communication in art
as well as in science, in the fields of moral endeavor
and religious quest as well as in social and political
reform. We must sirive to recapture the sense of com-
munity, to build interlocking communities—stable yet
flexible, rooted in tradition yet progressive and creative,
socially oriented yet congenial to responsible individual
freedom.

This is no easy task. Our future as a culture, and
therefore our individual futures as individuals, are pre-
carious. We are not hound 1o succeed, but neither are
we doomed to fail. Our “problem of existence” is not
insoluble. We can, if we are wise and courageous enough
to do so, benefit from our exisiential anxieties. We can
achieve through them a deeper and more honest under-
standing of ourselves and one another, of nature and our
cosmos. Such growing maturity, in turn, can enable us
to achieve an idealistic realism and a reflective faith
sufficient to enable us to revitalize our culture and to
render our individual lives meaningful and useful. This
is our task in a period of cultural crisis.
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Blue Glacier
Project

LACIER MOVEMENT has long been

a source of interest to geologists be-
cause ice is a rock which undergoes solid
flowage on the earth’s surface, where the
process can he observed. Last summer, as
part of the IGY program, Caltech geolog-
ists started a study of the ice on the Blue
Glacier in northwesterri Washington. They
set up d retwork of 50 markers on the
surface of the glacier to measire the sur-
face velocity dand surface strain distribu-
tion, took seismic soundings to determine
the thickness of the ice and configuration
of the floor, and used a hotpoint bore to
penetrate the depths of the ice to 740 feet
to determine the vertical velocity profile
of the glacier. Next summer the team will

return to the DBlue Glacier to confinue

. ; . their research.
An airview of the Blue Gla-

cier, which is located just
below the 7.954-foot summit
of Mount Olympus in Wash-
tnglom.

W. Barclay Ray and Clus-
ence AHen, both assistant
professors of geology. and
Ronald Shreve, instructor .in
geology, check the thickness
of the glacier ice from «
seismogram which records.
photographically. the ware
soundings from detonations.




Clarence Allen, assistant professor
of geology. gets ready to make

a dynamite charge for seismic
wave soundings. The depth of the
glacier is exactly 910 feet.

The edge of the ice field

on Snowdome which feeds
into the Blue Glacier-—the
immensity of the field can
be gauged by the size of the

two men on the lower right.




The First Shots

Into Interplanetary Space

by Fritz Zwicky

N OCTOBER 16, 1957, at five minutes past 10
O o’clock Mountain Standard Time, the first man-
made pellets ever to escape from the earth were pro-
pelled into interplanetary space from an Aerobee rocket
at the Holloman Air Force Base iri Alamogordo, New
Mexico. The development which led up to this event
started in 1945 as part of a comprehensive program pro-
posed for the exploration of extraterrestrial space.

The experiment of October 16 was first suggested in
a note by me in the Publications of the Astronomical
Society of the Pacific (Vol. 58, 260, 1946) on June 3,
1946, It read, in part:

“Properly conducted detonations of shaped charges”
can be used to impart to all slugs of matter velocities
which, in order of magnitude, are the same as the veloci-
ties of detonation of these charges; that is 10 to 15
kilometers per second. If the slugs are launched at the
proper moment by shaped charges from rockets at high
altitudes, they will be expelled at heights where the at-
m()sphere is so tenuotis that the air resistance is very
small. Such particles mav be hot and luniinous on
launching. or they may become heated by friction with
the tenuous air, if their speed is high enough relative to
the atmospheric density, These particles will conse-
qiteritly assume the appearance of meteors: thus a multi-
tude of interesting tests present themselves. Sotne of the
particles may have velocities equal or superior to the
velocity of a ‘close’ satellite of the earth (about B
km/sec). or these velocities may even surpass the speed
of escape from the earth (11.2 km/sec). Some of these
particles may consequently he launched into satellite
orbits of the earth. while otliers may escipe into inter-
planetary space.

“If artificial meteors are bright enough. photographic

*Explosives that deliver their force in one direction, determined
by the actual shape of the charge itself.
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observations of them with telescopes of large focal
ratios, such as Schmidt telescopes, combined with auxili-
ary equipment such as objective prisms and gratings, in-
termittent shutters, and so on, should furnish new data
on the physical and chemical properties of the upper
atmosphere. Such observations would also give new
information on the problem of natural meteors.”

Later on, and particularly in my Halley lecture al
Oxford, Erigland, in 1948 (see Observatory Vol. 68, p.
121-143. 1948) I generalized my program to inclide
the following projects: 1) First throw a small bit of
matter into interplanetary space, 2) then a little more.
3) then a shipload of instruments, 4) and then ourselves,
5) Follow up the invasion of interplanetary space by an
attempt to reconstruct the solar system so as to make
the planets and their satellites habitable by man.

Since 1946 my efforts have been unceasingly directed
toward the realization of this five-point program. In the
spring of 1946, when I was a member of the Scientific
Advisory Board of the U.S. Air Force, T wrote to Gen-
eral G. M. Barries, then Chief of Army Ordnance, sug-
gesting that one of the V-2 rockets brought from Ger-
many be fired ot night. and that artificial meteors be
ejected from it by means of shaped charges, such as
those used in rifle erenades.

This request was granted and Colonel [now General)
H. N. Toftoy made all the necessary arrangements for
the firing, which took place at White Sands Proving
Grounds, New Mexico, on the night of December 17,
1946. The rocket Hew to a height of 117 miiles, and
valuable scientific data were obtained on the spectral
characteristies of the main jet of the rocket, as well as
on the luminosity of the hot graphite vanes immersed in
the jet for purposes of steering. The shaped charges,
however, which should have been ejected from the main
rocket and fired at heights of 120.000...150,000 and
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180,000 feet did not ignite, apparently because of a mal-
functioning in the firing circuit.

This failure proved to have mosi unfortunate conse-
quences, since several experis subsequently voiced the
dpinion that the shaped charges would not perform
as claimed, and that ground observations with available
telescopic equipment would not succeed in recording the
tracks of the particles or pellets ejected from the metallic
inserts of the shaped charges. Although the firing of
October 16, 1957 at Alamogordo finally proved that
these experis were mistaken, their earlier objections
were heeded by various agencies of the U. 3. Government
and the Armed Forces, and for ten years it proved
Impossible to ohtain the means and the permission to
repeat the fundamental experiment.

The Navy  autherities, however, made possible some
ground-testing of the jets from shaped charges at Inyo-
kern, China Lake, California. Some results were reported
in Ordnance, the journal of the Army Ordnance (July-
August, 1947). These results showed. in particular, that
the transportable 8-inch Palomar Schmidt telescope was
quite powerful enough to photograph, at distances of
hundreds of kilometers, the jets extruded from small
shaped charges. The cameras, equipped with either ob-
jective gratings or prisms, also gave much information
on the spectral characteristics of the jets, and conse-
quently on the reactions within the jet and the chemical
nature of its surroundings. Furthermore, it was learned
that the shaped charges and the inserts should be geo-
melrically as symmetrical as possible if fast jets con-
taining only a few pellets—rather than a spray of par-

ticles—were to be achieved.

In this connection, my associates at the Aerojet Engi-
neering Corporation in Azusa, Calif., and | developed
a most useful liquid explosive, consisting essentially of
nitromenthane CHNO,, doped with a small amount of
an amine, such as diethyl amine (C.H;),NH. This
explosive, commercially known as Jet-X, is naturally
more uniform than a solid explosive, and through its
use as a shaped charge most efficient extruded particle
jets have been obtained. During the preliminary ground
tests it was also found that, with various configurations.
pellets with speeds of 12 kilometers per second or more
could he achieved, which is quite sufficient to have these
pellets escape from the earth’s gravitational field if they
are launched at sufficiently great heights.

In elaboration of the idea that jets of fast particles
should be kot and luminous on launching, Joseph F.
Cuneo—patent attorney and industrial chemist of Covina,
Calif.—and I developed a series of alloys for the inserts
of shaped charges which, on detonation, are ejected in
the form of ultrafast hot and self-luminous pellets. Some
of these inserts which produce self-luminous artificial
meteors are:

a) An easily oxidizable insert, containing metals such
as aluminum, magnesium and lithium. These metals
would partly oxidize and generale much heat while
reducing H,0, CO. CO, gases which are generated
in the explosion of the shaped charge. As a result, hot

JANUARY, 1958

and luminous particles or liquid droplets are expe]]ed
which are visible in a vacuum.

b) A second type of healing may be achieved by sur-
rounding the pellets, oxidizable or not, with a reactive
malerial producing much heat on ignition by the detona-
tion of the shaped charge.

c¢) The most effective method of producing exceedingly
hot particles, however, is to use what we call “corusca-
tives” or “heat explosives” for the inserts. These are
combinations of solid or liquid reagents which react fast,
generale much heat and produce solid reaction products.
Upon ignition, then. coruscatives develop liitle or no
gas, and so they do not fly apart as conventional ex
plosives do. One of the well known combinations of
reagents which constitutes a coruscative is iron oxide
(Fe.0,) plus aluminum, forming the welding mixture
known as thermit. Un ignition, this mixture reacts and
produces Iron and aluminum oxide, with a resulling
temmperature of aboul 4000 degrees centigrade.

During the past few years we have successtully devel-
oped a number of compressed powder coruscatives which
have been used to form conically-shaped inserts for
shaped charges. Particles composed of the hot reaction
products of these coruscatives retain their high tempera-
tures for many minutes. When they are ejecied at high
altitndes, with speeds of 10/km sec or greater. they
should therefore be visible up to thousands of kile-
meters above the surface of the earth.

On the basis of the results achieved with shaped
charges. Captain W. C. Fortune of the U. S. Navy got
interested in the project of launching artificial meteors
al high altitudes. In 1955 he arranged for a series of
tests from balloons, which led 1o additional valuable
knowledge of how 1o conduct ultimate experiments with
artificial meteors.

The first of these ultimate experiments came about in

P g
4
- &
// ?i"\'
.
\
-
W
”
e
S F HORIZON “
-
—
-

Ultrafast pellets ejected at 14 km/sec, from 200 km
height, and at « 45° angle, follow the hyperbolic tra-
jectory with foci C and F' until they are bent into ellipti-
cal orbits around the sun. The heavier slug, ejected at
4 km/sec, describes the elliptical trajectory with foci C
and F and falls back to the earth. Debris jfrom the casing
falls at a shori distance from the explosion. ‘
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Three shaped charges, pointed in different firing direc-
tions, mounted in the top part of the instriument head of
an Aerobee rocket.

a most casual way. Dr. Maurice Dubin, of the Geophysi-
cal Research Directorate of the U. S. Air Force, had been
visiting Pasadena off and on since 1954 and had inter-
ested himself in the artificial satellite project. Someday
he hoped to make room for the shaped charges in the
instrument head of one of the many Aerobee sounding
rockets which were being fired for other scientific pro-
jects, such as cosmic ray studies, the study of the pro-
cesses in aurorae, and the analysis of the physico-
chemical properties of the upper atmosphere.

The first chance came late in the summer of 1957,
whien Dr. Dubin informed Ciirieo and me, as well as two
other experts on shaped charges—Drs. T. C. Poulter of
Stanford University and John S. Rinehart of the Smith-
sonian Astrophysical Observatory in Cambridge, Mass.—
that around October 15 an Aerobee rocket would he fired
in whose tip some extra space would be available to
install three small shaped charges.

Dr. Poulter’s group conducted some experiments to
show that the three charges, if properly motnted and
connected to the same detonator. could be fired without
interfering too much with one another—an interference
which. of course. coiild endanger the formation of really
well-defined fast particle jets.

Dr. Poulter’s preference was a very narrow conical,
or practically cylindrical. insert in his shaped charge,
This configuration is known to produce the fastest jets
so far achieved, reaching velocities of ejection of up to
30 kilometers a second. These cones, hoewever, produce
high velocities at the expense of mass in the jet. which
often is entirely gaseous. Dr. Poulter chose aluminum
as the material for his insert, relying on the low-density
diatomic and monoatomic oxygen in the high atmosphere
to oxidize his jet in part, while the high speed of the
latter also produces some luminosity because of fric-
tional heating. In addition, there is some oxidation of
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the aluminum from the more easily reducible oxides of
the explosive gases accelerating the aluminum insert—
which makes the particles hot and luminous even in a
vacuum,

Dr. Rinehart also chose an aluminum cone which,
however, was cuplike and massive—about one centi-
meter thick. From such a cone, more massive but slower
pellets can be expected than from Poulter’s narrow-angle
cone and thin inserts. Solid cast explosives were used
for both Poulter's and Rineliart’s cones.

Cuneo and I used a 1.5-millimeter-thick aluminum
cone of 60° apex angle, and about seven centimeters in
diameter, to back a compressed cone of a special fast
redactive coruscative cone of the same configuration, but
of aboitt 3 to 4 mm thickness. From this type of configi-
ration, an exceedingly hot jet of massive particles may
be expected, consisting of slags of aluminum oxide and
other refractory-like compounds, retaining their heat well
and radiating it away at a high temperature relatively
slowly, so that long trajectories become observable. The
explosive used for our shaped charge was the putty-like
composition called Cs, furnished by the Air Force.

All three groups were on location at the Holloman Air
Force Base to install their charges themselves. The
charges, during the upwards flight of the Aerobee rocket,
were all pointing downward, but in three different direc-
tions. Since the main section of the instrument head

_carried other types of instruments, the tip of the rocket,

in the shape of a durce’s cap, had to be detached, kicked
off and turned over in free flight away from the rocket,
in order to direct the ejection of the artificial meteors in
directions above the horizontal plane. The kick-off
mechanism and the timer for firing the shaped charges
were installed by the crew of the Geophysical Research
Directorate of the U. S. Air Force, iinder the direction of
Dr. Maurice Diibin, and according to his designs.

The sequence of eveiits was as follows:

The Aerobee rocket was launched from its tower at
Holloman Air Force Base at about 10:05 MST. Propellant
burnout was 45 seconds later, and the tip of the rocket,
with the shiaped charges, was kicked off 55 seconds after
launching. The tip coasted for another 36 seconds and
slowly turned over. The charges, then, were fired 91
seconds after launching of the rocket. and the artificial
meteors were ejected at a height of about 85 kilometers,

A very bright green flash was ohserved by all, but
only some experiericed observers saw one of the fast jets
streaking off toward the riorth north east. The brightriess
of the initial flash, as seen from the ground., was about
minus tenth visual astronomical magnitude, This Hash
was also ohserved from Palomar Mountaifi by iny dssist-
ant, Howard S. Gates. At this distance of exactly 1000
kilometers the flash appeared to be of minus fifth to
minus sixth magnitude.

On miost of the photographs taken with the super
Schmidts on Sacramento Peak, about 30 miles east of
Alamogordo, and with the cameras stationied in the
Alamogordo vallev, the flash appears as a bright blotch,
while two sharp short trajectories of two of the artificial
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meieors emerge from its center. The hrighter of these
tracks appears with clearly marked interruptions on the
photograph (helow) taken by one of the super Schmidts
with its fast interrupting shutter.

The evaluation of all the available data showed thai
the speed of the pellet of closely bunched particles in
the hrighier jet was at least 15 km/sec and that two jets
went clearly upward, away from the earth. Since the
pressure remaining at 85 km is roughly one millionth
of the pressure on the ground, a fast particle one milli-
meter thick would have Tost less than one hundredth of
jte kinetie efiergy i traversing ihe remaining ai,mwsphere_
Since the particles, from the analysis of the brighiness
of their trajectories, were clearly more massive than that.

and since they possessed almost twice the kinetic energy
necessary for escape from the earth, it is certain that
they got away from the gravitational pull of the earth
to become tiny salellites of the sun. describing orbits
around the sun, which, except for effects of light pressure
and loss of mass by evaporation, must be essentially
elliptical.

The firing was heing photographed from the Palomar
Observatory by Dr. M. L. Humason, using the 48-inch
Schmidt telescope, and by Howard S. Gates with the
18-inch Schmidi. On the 48-inch Schmidt plate there
appears a long, peculiar and slightly curved track orig-
inating approximately, but not quite exactly, in the
point of explosion of the shaped charges. The origin
of this track is still in doubt. It is, however, possible
that it can be explained as being due to one of the slow
slugs ejected from any shaped charges fitted by a solid
insert. Indeed, it should be remembered that three types

of particles were ejected in the experiment: (a) the fast -

particles travelling with velocities greater than the velo-

One of the ultrafast luminous pellets emerging from the
flash of the coruscative explosion. In this photograph,
made with a super Schmidt camera equipped with an
interrupting shutter operated at 1800 cycles per minute,
the distances between the interruptions of the track allow
calculation of the speed of the pellet.
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Spectrum of track of ultrafast particle of copper photo-
graphed with 3" lens and echelette grating. D is the
direct track, S-;, 5., and 5,, S: are, respectively, the

strong and the weak first and second orders in the spec-
frum.

city of escape from the earth (11.2 km/sec). (b) the
slow and heavier slugs with speeds of 3 to 5 km/sec,
and (c) the debris from the casing used to hold the
explosives. Both the heavy slugs and the particles of the
debris might have been sprayed aver an area the size
of the American continent or greater.

As a result of this experiment, made possible by the
whole-hearted cooperation of Dr. Maurice Dubin, of the
U.S. Air Force, we can now maintain that:

1. Small man-made projectiles were launched away
from the earth for the first time, never to return.

2. The initial tracks of these artificial meteors could
easily be photographed with ordinary cameras at a dis-
tance of 100 kilometers and it would be possible to re-
cord them with large telescopes at many thousands of
kilometers.

3. The firings proved that coruscative inserts can be
ignited by detonalive shear ignition in the relative
vacuum at the height of 85 kilometers, and that ignition
does not depend on the jets hitting an oxidizing atmos-
phere.

4. As to the usefuluess of the continuation of the Hol-
loman experiment—such experimenis will give informa.
tion on the density of the atmosphere hundreds of kilo-
meters above the earth’s snrface, on its state of chemical
composition and decomposition, on the number and char-
acter of the excited states of molecules, atoms and ions
in the lonosphere, on the origin of the aurorae, on the
electric and magnetic fields far from the earth’s surface,
on certain characterisiics of the moon’s surface—and
they will pave the way for direct experimentation with
all the planets and their satellites in the solar system.

23



An Anniversary

V-ray diffraction pattern of
the crystalline enzyme, ly-
sozyte, the structure of
which is now being studied
by Cualtech chemists. This
protein occurs in body fluids.
When a crystal of lysozyme
is placed in an x-ray diffrac-
tion camera and irradioted
by a beam of x-rays, the
crystal acts as a diffraction
grating, producing this char-
“ acteristic diffraction pattern.

Caltech celebrates the L0th anniversary
of the first American papers in x-ray crystallography

YRYSTALLOGRAPHERS from all over the courtry
(J carne to the Caltech camipus on December 16 to
celebrate the 40th anniversary of the first American
papers in s-ray crystallography. Caltech was one of the
first two cenfers in America (along with the General
Electric Company) to initiate studies in x-ray crystal-
lography. and the first two papers in this field were pub-
lished in 1917—by Prof. J. H. Ellis and Dr. C. L. Bur-
dick at Caltech, and by Dr. A. W. Hull of General
Electric.

Dr. Burdick was on hand for the 40th anniversary
celebration last month, to report on the beginnings of
x-ray crystallography, and Dr. Dorothy Hodgkin, who
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conducts ressarch at Oxford University, Erigland, was
the main spedker on current vésearch in the field, Dr.
Hodgkin is probably the most distinguished erystallog.
rapher in the world: with her students, she is respon-
sible for two of the biggest jobs ever completed in the
field of v.ray crystallography—the determination of the
strictures of penicillin and of vitamin B-12. She is now
working on the structure of insulin.

X-ray crystallography is a scienice concernied with the
determination of the positions of atoms in crystals, A
tiny crystal is motinted in an x-ray diffraction camera and
rotated-in a beam of x-rays. The crystal acts as a diffrac-

continued on page 28
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“This was the kind of challenge | was looking for”

Jokn Reiter (right) discusses the route of signals from the wove guide through the IF stages of ¢ microwave receiver

John A, Reiter, Jr., B.S. in Electronics, Arizona State College, '54,

discusses the biggest project so far in his Bell System career

“One of the reasons I joined a Bell Telephone
Company,” John says, “was because the engineer-
ing would bhe more interesting and challenging. 1
knew I'd chosen well when I was assigned to assist
in planning a microwave radio relay system between
Phoenix and Flagstaff, Arizona. This was the kind
of challenge | was locking for.

“It was to be a system requiring five intermedi-
ate relay stations; and 1 began by planning the
tower locations on ‘line of sight’ paths after a study
of topographical maps. Then | made field studies
using allimeter measurements and conducted path-
loss tests to determine how high each tower should
be. This was the trickiest part of the job, because
it called for detecting the presence of reflecting sur-
faces along the transmission route, and determining
the measures necessary to avoid their effects.

“Not the least part of the job was estimating
the cost of each of the five relay stations, taking into
consideration tower height, access roads, and the
need for special equipment such as de-icing heaters,
All told, the system will cost more than $500,000.

BELL TELEPHONE COMPANIES

JANUARY, 1958

When conistruction is finished in December of this
year, I'll be responsible for the technical consider-
ations involved in connecting radio relay and tele-
phone carrier equipment. Initially this system will
handle 48 voice channels, but can be expanded to
540. In addition to long distance telephone service,
it will also provide data transmission circuits.

“This assignment is an example of the challenges
a technical man can find in the telephone company.
You take the job from start to finish—from basic
field studies to the final adjustments—with full re-
sponsihility. To technical men who want to get ahead,
that’s the ultimate in opportunity.”

John Reiter is building his career with the Moun-
tain States Telephone and Telegraph Company. Find
out about career opportunities for you. Talk with
the Bell interviewer when he visits your campus.
And read the Bell Telephone haoklet on file in your
Placement Office, or write for a copy of “Challenge
and Opportunity” to: College Employment Super-
visor, American Telephone and Telegraph Company,

195 Broadway, New York 7, N. Y.
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Pratt & Whitney Aircraft engineer checks a
bread board model for o subminiature,
sncapsulated amplifier built with transistors,

A rig in one of the experimental test cells at P & W A ‘s Willgsos Labsratory. The six large finger-like devices are remotely
co‘n’tro”e.d probe positioners used to obtain bosic air flow measurements within a turbine. This is one of the techniques
for obtaining scientific data vitally important to the design and development of the world’s most powerful aircraft engines,



..,in the field of INSTRUMENTATION

Among the many engineering problems relative to
designing and developing today’s tremendously
powerful aircraft engines is the matter of accumu-
lating data — much of it obtained from within the
engines themselves — and recording it precisely.
Such is the continuing assignment of those at Pratt
& Whitney Aircraft who are working in the highly
complex field of instrumentation.

Pressure, temperature, air and fuel flow, vibra-
tion — these factors must be accurately measured
at many significant points. In some cases, the meas-
uring device employed must be associated with
special data-recording equipment capable of con-
verting readings to digital values which can, in turn,
be stored on punch cards or magnetic tape for data
processing.

Responsible for assembling this wealth of infor-
mation so vital to the entire engineering team at

Pratt & Whitney Aircraft is a special group of elec-
tronic, mechanical and aeronautical engineers and
physicists. Projects embrace the entire field of
instrumentation. Often involved is the need for
providing unique measuring devices, transducers,
recorders or data-handling equipment. Hot-wire
anemometry plays an important role in the drama
of instrumentation, as do various types of sonic
orifice probes, high temperature strain gages, tran-
sistor amplifiers, and miniaturized tape recording
equipment.

Instrumentation, of course, is only one part of a
broadly diversified engineering program at Pratt &
Whitney Aircraft. That program — with other
far-reaching activities in the fields of combustion,
materials problems, mechanical design and aero-
dynamics — spells out a gratifying future for many
of today’s engineering students.

e

Instrumentation engineer ot Pratt &
Whitney Aircraft is shown investigating
modes of vibration in a blade of a
single stage of o jet engine compressor.

Special-purpose probes designed
and developed by P & W A engi-
neers for sensing temperature,
pressure and air flow direction
at critical internal locations.

The “"Plottomat’’, designed by P & W A
instrumentation engineers, records pres-
sure, temperature and air flow direction.
It is typical of an expanding program in
automatic data recording and handling.

Pratt & Whitney Aircraft operates a
completely self-contained engineering fa-
cility in East Hariford, Connecticut, and /
is now building a similar facility in Palm 2=

Beach County, Florida. For further in-
formation about engineering careers at
Prait & Whitney Aircraft, write to Mr.
F. W, Powers, Engineering Department.

& -

]

World's foremost designer and builder of aircraft engines

PRATT & WHITNEY AIRCRAFT

Division of United Aircrafi Corporation

EAST HARTFORD 8, CONNECTICUT



An Anniversary . . . continued

tion grating, scattering the rays to a photographic emul-
sion which surrounds the crystal. After several hours,
the film is developed and the spots where the diffracted
x-rays struck show up as a pattern of dots. From precise
measurements the chemist can theri determine the size
and shape of the crystal’s minute units. The intensity of
each of the hundreds of dots is measured and is used in
the determination of the positions of the atoms in the
crystal.

The technique has been used at Caltech to determine
the structire of molecules in crystals of metals, minerals
and many organic compounds, especially those related to
proteins and other substances of biological interest. The
determination of a relatively simple molecule usually
takes one or two years to complete.

Th= study of crystallography dates back as far as the
16th century, but until x-rays were discovered by Roent-
cen in 1895 the research was conducted mainly by
mathematical measurement and visual study. The results
obtained from these methods were close to guesswork,
but even so, many researchers in the pre-x-ray period
came very close to the correct atomic count later proved
by x-ray study.

For 17 years after x-rays were discovered the rature
of these radiations remained controversial. Finally, in
1912, Professor Max von Late of Munich University
proved that they were like visible light except for their
short wave length. His investigations, which changed the
whole study of crystallography, got under way after
some informal discussions with a student who was pre-
paring his doctoral dissertationn on the passage of light
waves through crystals, He surmised that the separations
between atoms in crystal were of the same magnitide as
the probable lengths of the x-rays about which so much
controversy existed. And he suggested that crystals would
serve as a naturally-made grating for the diffraction of
x-rays, in the same way that artificially-ruled gratings
made by scratching lines on glass ‘with a diamond will
diffract ordinary light. Fxperimental tests proved this
to be true.

Later in the vear 1912, Sir William Bragg and his
son, Sir Lawrence, began the first x-ray crystallography
studies. Since von Laue had used erystals to study x-rays.
they figured. it should be possible to reverse the process
and use known x-rays to study unknewn crvstals,

Von Laue received the 1914 Nobel prize for his dis-
covery, and the Braggs’ work won them the prize in
1915. The 40th anniversary of their pioneer papers in
x-ray crystallography was celebrated in England in 1952
—and Dr. Dorothy Hodgkin was one of the main speak-
ers at these ceremonies, too.

Work on x-ray crystallography started in the United
States in about 1916, and the first papers were pub-
lished the following vear. The first of these was written
by Dr. A. W. Hull. Tn 1915 he was doing electronies
research at the General Electric Company in Schenectady
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when he heard a lecture by Sir William Bragg that
interrupted his electronics research for several years.
Sir William described his new work on the study of
crystal structure by means of x-rays. After the talk Hull
asked him if he had ever found the structure of iron, and
Sir William admitted they had riever been able to work
it out. Thouigh he was totally unfamiliar with both x-rays
and crystallography Hull went back to his laboratory
and began getting apparatiis together to find the erystal
structiire of iron, In 1917 his paper recorded his siiccess.

The second paper in the field was written by Prof.
J. H. Ellis, in the chemistry department of what was then
the Throop College of Technology, and Dr. C. L. Bur-
dick. Burdick was a graduate student of Dr. Arthur A.
Noyes' at the Massachusetts Institute of Technology. I'n
1916, at Noyes' suggestion, he spent six morths in the
x-ray laboratory of Prof. William Bragg at University
College in London.

On his return to MIT, Burdick’s assignmerit from Dr.
Noyes was to build a Bragg x-ray spectrometer with any
improvements which the state of the art would permit.
Late in the year, when Noyes left for his annual tour of
duty as visiting professor at Caltech, he asked Burdick
to come along with him. The uncompleted spectrometer
was abaridonied in Boston, and work on a riew one got
under way in Pasadena.

This machine, which was used to determine the strue-
ture of the mineral, chalcopyrite, was the subject of the
Burdick arid Ellis paper. The paper is #3 in the chrono-

logical list of papers published from the Gates and
Crellin Laboratories at Caltech. Today the list includes
233 papers in x-ray crystallography (out of a total of
more than 2,000 papers in all branches of chemistry)
and the x-ray ecrystallography laboratory at Caltech is
one of the largest in the field. turning out as much work
as any laboratory in the world.

Dorothy Hodgkin. one of the world’s leading crystallog-
raphers. stiidies an x-ray diffraction pattern in. the Cal-
tech laboratories.
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Chemistry is engaged in
the vital transformations
of the universe

RS
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Since the time of Ancient Greece, man has heen prob-
ing into the composition of the elements from which he
derives existence and sustenance. And these first at-
tempts, crude and unorganized as they may now seem,
nevertheless marked the first advance toward some
understanding of matter. Thereby chemistry was born.

What progress has been accomplished since the Aris-
totelian doctrine of the four elements! Man advanced
from there to the alchemist’s arcanum, and ultimately
to the harnessing of the atom by our modern scientists!

How far will the search go? So many secrets are yet to
be unearthed. The scientific mind is understandably en-
thralled by the magnitude of the task ahead. And the
enchantment, too, for the mystery is irresistible. Partic-
ularly when the solution means triumph over discoveries
apt to profoundly influence generations to come.
It is a tremendous challenge. But the true scientist’s

thirst for knowing, advancing, creating is only limited
by his vision and his courage before the unknown.
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« « « and you, too, can help
shape the future

See for yourself. Write our Director of College Rela-
tions. He will send you our booklet “Opportunities For
College Trained People With The Dow Chemical Com-
pany” and tell you when a Dow representative will visit
your campus.
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- THE DOW CHEMICAL COMPANY, MIDLAND, MICH,
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Science and Progress
at Avco—1957

Pictured above ig otir iew Research and Devel-
opment Center now under construction in
Wilmington, Massachiisetts. Scheduled for com-
pletion this year, the ultramodern laboratory
will house the scientific and technical staff of
the Aveo Research and Advanced Development
Division.

Truly significant discoveries and technical progress are the goals of the Avco
Research and Advanced Development Division. Some of the Avco RAD record
of accomplishments are contained in professional papers in scientific and tech-
nical journals. Much of it is classified for reasons of military security. But the
following ptblic announcements serve to outline some of the steps taken by
RAD—the “Breakthrouigh’”’ Division of Aveo—in pursuing its goal for 1957:

February 11, 1957
April 5, 1957

Site Prepared for Aveo RAD Center

Avco to Make Hypersonic Shock Tubes for Industry, Univer-
sities, Other Research Groups

July 1, 1957, . ........
July 2, 1957 .. .......

Aveo to Develop New Radio Pack Set for Maritie Corps
Prime $111 Million Contract Announced for Development by
Avco of Nose Cone for Intercontinental Ballistic Missile

Avee Shock Tube Research Has Produced Theoretical Break-
through on 5000-Mile Air Force Ballistic Missile

Tiny “Building Blocks” Revolutioriize Computer Design and
Construction

August 28, 1957

Movember 23, 1957. . ..

..... Aveo to Build Air Forece Combat Computer

Decembher 3, 1957

Aveo's record during the past year is significant from scientific, technical and
business points of view. It has been made possible by sustained effort at RAD
to maintain an atmosphere conducive to creative thinking and production of
the highest order.

Aveo’s new research division now offers unusual
and exciting career opportunities for excep-
tionally qualified and forward-looking scien-

Hesearch & Advanced Development

tists and engineers.

Write to Dr. R. W. Johnston, Scientific and
Technical Relations, Aveo Research and Ad-
vanced Development Divigion, 20 Soiith Union
Street, Lawrerice, Massachusetts.



‘When you graduate, do you want a

2

Sure you want a job . .. but you want more than just a job. You want a job
with opportunity, a job that offers a challenge. Union Carbide offers such jobs.

Jabs with apportunity for what? Advancement, for one thing. Union Carbide
is introducing new products at the rate of one every fifteen days. Each new
product opens up new avenues of advancement. Not only that; markets for
our present products are expanding at an exciting rate too. ’

Jobs with what kind of challenge? Union Carbide has always operated on the
frontiers of science. The challenges are the challenges of that frontier—the
challenges of new ideas. Union Carbide is already among the largest U. S.
producers of titanium—will tantalum be the next “wonder metal”? Union
Carbide pioneered the two major plastics, vinyl and polyethylene—is another
major hreak-through in the making? Challenging questions, and Union Carbide
people are answering them.

Representatives of Divisions of Union Carbide Corporation, listed below, will
be interviewing on many campuses. Check your placement director, or write to
the Division representative. For general information, write to V. O. Davis,

30 East 42nd Street, New York 17, New York.

BAKELITE COMPANY  Plastics, including
polyethyiene, epoxy, fluorothene, vinyl, phenolic,
and polystyrene. J. C. Qlder, River Road, Bound
Brogk, N. 1.

ELECTRO METALLURGICAL COMPANY
Over 100 ferro-alloys and alloying metals; titanium,
calcium carbide, acetylene. C. R. Keeney, 137—
47th St., Niagara Falls, N. Y.

HAYNES STELLITE COMPANY Special
alloys o resist heat, abrasion, and corrosion; cast
and wrought. L. E. Denny, 725 South Lindsay Street,
Kokomo, Ind.

LINDE COMPANY Industrial gases, metal-
working and treating equipment, synthetic gems,
molecular sieve adsorhents. P. I. Emch, 30 East
42nd Street, New York 17, N. Y.

NATIONAL CARBON COMPANY Indus-
trial carbon and graphite products. PRESTONE
anti-freeze, Evereapy flashlighls and batteries.
S. W. Orne, P. 0. Box 6087, Cleveland, Ohio.
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SILICONES DIVISION  Silicones for elec-
trical insulation, release agents, water repellents,
etc.; silicone rubber. P. 1. Emch, 30 East 42nd
Street, New York 17, N. Y.

UNION CARBIDE CHEMICALS COMPANY
Synthetic organic chemicals, resins, and fisers
from natural gas, petroleum, and cosl W. C.
Heidenreich, 30 East 42nd St., New York 17, N. Y.

UNION CARBIDE INTERNATIONAL COM-
PANY Markets UNion CARBIDE products and
operates plants overseas. C. C. Scharf, 30 East 42nd
Street, New York 17, N. Y.

UNION CARBIDE NUCLEAR COMPANY
Operates Atomic Energy Commission facilities at
Oak Ridge, Tenn., and Paducah, Ky. W. V. Hamilton,
P. 0. Box “P", Qak Ridge, Tenn.

VISKING COMPANY Apioneerin packaging
—producer of synthetic food casings and poly-
ethylene film. Dr. A. L. Strand, 6733 West 65th
Street, Chicago, Ill.

GENERAL OFFICES — NEW YORK
Accounting, Electronic Data Processing, Operations.
Research, Industrial Engineering, Purchasing. E. R.
Brawn, 30 East 42nd Street, New York 17, N, Y.
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The Month at Caltech

AGU Meeting

Tue ANNUAL PaciFic Southwest regional meefing
of the American Geophysical Union will be held on the
Caltech campus from February 6 to 8. Vito A, Vanoni,
Caltech professor of hydraulics and chairman of the
Pacific Sotithwest Regional Committee of the AGU, will
act as chairman of the program. James F. Bonner, pro-
fessor of biology at Caltech, will speak on “World Popu-
lation and Food” at a luncheon for the whole group on
the opening day of the meeting. Some 200 guests are
expected to attend the sessions which will be mainly
concerned with new developments in oceanography, me-
teorology and hydrology. The AGU, a national organiza-
tion of scientists and scientific workers in earth sciences,
was established in 1919 by the National Research Council
of the National Academy of Sciences.

On Leave

RicHarp Jamns, professor of geology, is now on a
leave of ahserice at The Pennsylvania State University
where he will spend six months in the College of Mineral
Industries. Workirig on a National Science Foundation
grant, Dr. Jahns will carry out experimerts in synthesiz-
ing certdin kinds of rocks to find out under what condi-
tions these rocks form and how ore-forming fluids might
separate from rock-forming melts,

Defense Science Chairman

H. P. RoBErTsoN, professor of mathematical physics
at Caltech, is now chairman of the Defense Scierice
Board in Washington, D.C.. a group of 28 men chosen
from civilian life by the Assistant Secretary of Defense.
The advisory panel is making a study of new scientific
research ard development and its application to combat-
worthy weapons syatems for the Departmernt of National
Defense,

Dr. Robertson, who received his PhD from Caltech in
1925. has been on the faculty here since 1947. A mem-
ber of the National Academy of Sciences and Fellow of
the American Physical Society and the Royal Astronomi-
cal Society, he is recognized for his researches in differ-
ential geometry. the history of relativity, cosmology and
applied mechanics. From 1950 to 1952 Dr. Robertson
served the Government as the Director of Research,
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Weapons Systeri Evaluation Group, in the Office of the
Secretary of Defense. From 1954 to 1956 he served as
the scientific advisor to the Supreme Allied Commander
in Europe. He is now also serving the Office of the Sec-
retary of Defense as a member of the Technical Advisory
Panel on Ordnance and acts as a constltant to other
Government agencies as well.

AUFS Checks In

ON January 6 the first of four representatives of
the American Universities Field Staff came to Caltech
to report on political, social and economic conditions
in foreign areas. Willard Hanna, reporting on Indonesia,
was on campus from January 6 to 15. James G. Maddox,
agricultural economist, will report to students, faculty
and friends of the Institute on current conditions in
Mexico from January 20 to 29. Richard H. Nolte, spe-
cidlist on the Arab nations of the Middle East, will be
here from March 3 to 12, and Phillips Talbott, whose
field is India and Pakistan, is scheduled to be here from
April 3 to 12.

All four men have just completed 18-month periods
of study in their chosen fields, under the auspices of the
AUFS, which is sponsored by Caltech and nine other
major universities.

Faculty Changes

The following promotions have been made in the
Caltech faculty, effective January 1.
To Associate PROFESSOR:
Charles 4. Barnes—Physics
Harden M. McConnell-—Physical Chemistry
To AssiSTANT PROFESSOR:
Felix H. Boehim-—Physics
Vincent 7. Peterson—Physies
To Sexnior ResearcH Fervow:
H. Hollis Reamer—Chemical Engineering

New Trustee

Joux S. Frvor, Los Angeles industrialist, has beeri
elected a metiber of the Caltech board of trustees. Mr.
Fluor is president of the Fluor Corporation, Lid., an
engineering and construction firm founded by his father,
the late John S. Fluor, Sr.

ENGINEERING AND SCIENCE



How RCA brings a richer, wider range
of musical sound to your home

Before high fidelity, the
sound of recorded music
was limited—much as
piano music would he if
you could hear only the
notes played on the center
of the keyboard. No
rich bass notes, no keen,
vibrant highs.

RCA achievements in the science of
sound and acoustics changed all that.
Today, with RCA Victor records and
high fidelity “Vietrolas,” the full range
of sound is reproduced so faithfully

that you can enjoy music almost as
though you were there.

And now, Stereophonie Sound! A
new and dramatic dimension in re-
corded music is also yours to enjoy
on RCA high fidelity instruments.
Stereophonie units can be added to
most “Vietrola”® Hi-Fi systems any
time you choose.

In this, as in almost every area of
electronic progress in home entertain-
ment, defense and industry, the leader-
ship of RCA serves you. RCA means
electronics at its best!

WHERE TO, MR. ENGINEER?

RCA offers careers in research,
development, design, and man-
ufacturing for engineers with
Bachelor or advanced degrees
in E.E., M.E. or Physics. For
full information, write to: Mr.
Robert Haklisch, Manager,
College Relations, Radio
Corporation of America,

Camden 2, N. J.

RADIO CORPORATION OF AMERICA
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This can be YOU...

Art Fox, B.C.E., Manhattan College ’47, reaches 77,000 engineers and construction
men as a Senior Editor of McGraw-Hill's ENGINEERING NEWS-RECORD

An Editor with a Hard Hat. Art, pictured above at
right with Assistant Resident Engineer MecCormack,
observes progress at the Beaumont Rapids power dam
at St. Maurice River, Quebec,

In ten short years, Art has climbed rapidly in his
profession. Just back from a 2,500-mile editorial trip
to Canada, here’s what he has to say:

“To me, journalism is a form of teaching. Backed
by the world-wide resources of McGraw-Hill, through
travel, by working with leading engineers, I report
on what’s new and significant in engineering and
construction. I try to make my articles more than
instructive—to inspire readers to tackle and solve
projects they might otherwise shy away from.”

Other than preparing reports in college, Art had
no early writing experience. Immediately after grad-
uation, he was employed by a leading firm of con-
sulting engineers. While on the job his appreciation
for the inspiration-power of the industrial magazine

Cranes and Concrete. Another view of the Beaumont
Rapids project. Art drove 1,800 miles from Montreal to
get three on-site stories. Like other McGraw-Hill editors
he got his story firsthand,

ENGINEERING AND SCIENCE



an“Engineer-Journalist”

grew, and in less than a year he applied for a position
with McGraw-Hill. ,

Art started with ENGINEERING NEWS-
RECORD in 1948 as an Assistant Editor. Since
then, Art has been “up to his neck in engineering”
. . . earned his P. E. license while an engineer-
journalist . . . been active in A.S.C.E, and other
professional organizations.

If you want a fast-moving career in engineering
journalism: prestige, variety, a view of the ‘“big
picture” in your industry, and more—uwe’re looking

Advertising Opportunities, too!

Excellent job openings exist on many
McGraw-Hill magazines, domestic and inter-
national, for advertising careers. ‘‘Successful
Careers” will give you the facts.

Dams and Tunnels. Here’s a shot Art took of work
on the Bersimis Powerhouse. Asa McGraw-Hill engineer-
journalist, you, too, will expand your professional back-
ground while reporting to your industry.

JANUARY, 1958

for you! You do not need previous writing experience,
but you do need: ambition, an alert, inquiring mind
and a desire to write.

Send today for your copy of “Successful Careers
in Publishing at McGraw-Hill.” Or write and tell us
about yourself, your achievements and career goals.
Write to:

Peter J. Davies

Assistant to the Editorial Director
McGraw-Hill Publishing Co., Inc.
330 West 42nd Street, New York 36, N. Y.

McGraw-Hill
Publications

p McGraw-Hill Publishing Company, Inc. 3
330 West 42nd Sireet, New York 36, New York *

Desks and Plans. Here’s Art at his desk in the McGraw-
Hill Building. You, like Art, will travel, participate in pro-
fessional societies and advanceyourseli financially and edu-
cationally—as well as serving your industry and profession.
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Alumni News

RPI President
; e Rictiarp G. Forsowm,
28, MS '29, PhD °32, has
been elected president of
Renssalaer Polytechnic Insti-
tute in Troy, New York. He
moves itito his new job on
March 1. Fot the past five
years, Dr. Folsom has heen
director of the Engineering

Research Institute and pro-
fessor of mechanical engi-
neering at the University of
Michigar.

Dr. Folsom joined the faculty of the University of
California at Berkeley in 1933 and rose through the aca-
demic ranks to become professor of mechanical engineer-
ing. From 1947 to 1953 he was chairman of the mechan-
ical engineering division, and in 1952.53 he was also
director of the university’s mechanical engineering labor-
atories.

Lecture Series

Howsrp S. Sikrert, PhD’ 38, and staff engineer
for the guided missile research division of The Ramo-
Wooldridge Corporation in Los Angeles, is the organizer
of a statewide series of lectiires now being presented by
the University of California’s extension division. The
series is sponsored jointly by UC’s departmerits of engi-
neering and physical sciences and by Ramo-Wooldridge.

The lectures, which started on Januaty 13 and will rin
through May 14, deal with the fundamental principles
of very long range ballistic vehicles and cover all fields
of scienice active in this research. The complete series
will be given in San Diego and San Francisco as well as
Fos Angeles,

Among the lecturers taking part are a number of
Caltech alumni and faculty members, incliding Lester
Lees, Caltech professor of aeronautics; Ernest Sechler,
"28, MS 20, PhD °33, Caltech professor of @ronauties:
Eberhard Rechtin, *46, PhD °50, chief of the electronics
research section of JPL: William H. Pickering, '32, MS
’33, PhD ’36, director of JPL; Martin Summerfield, MS
’37, PhD "41, professor of aeronautics at Princetonn Uni-
versity; Jack H. Trving, 42, special assistant to the vice
president of Ramo-Wooldridge; George P. Sutton, 42,
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MS 43, chief of the preliminary design engineering sec-
tion of Rocketdyne; Millard V. Barton, '32, manager of
the engineering mechanics department of the guided
missile research division of Ramo-Wooldridge; Frank
Lehan, *44, associate director of the electronic research
and development division of Ramo-Wooldridge; and
William T. Russell, *47, PhD ’50, manager of the inertial
guidance department of Ramo-Wooldridge.

Space Labs

Stmon Ramo, PhD ’36, and research associate in elec-
trical engineering at Caltech, has relinquished his duties
as executive vice president and secretary of The Ramo-
Wooldridge Corporation in Los Angeles, to devote full
time as president of the new Space Technology Labora-
tories, an autoriomous operating division of Ramo-Wool-
dridge. He remains as a board member of the parent
company.,

The new division is an outgrowth and extension of
the company’s guided missile research division, which
was responsible for the technical direction and systems
engineering of the Air Force ballistics missiles Atlas,
Titan and Thor. Designed primarily to aid in expanding
the Air Force space weapons programs, the new labora-
tories will have their own completely separate personnel,
facilities and services, and will not engage in maniifactur-
irig operations.

Other top officers in the Spate Technology Laboratories
include Louis G. Dunn, 36, MS 37 ME, MS 738 AEF,
exectitive vice president and general manager, and Riiben
G. Mettler 44, MS "47, PhD "49, vice president and
assistant gerieral manager,

At the same time. The Ramo-Wooldridge Corporation
and Thompson Products, Inc., of Cleveland, Ohio, an-
nounced the formation of a new subsidiary corporation
to be known as Thompson-Ramoe-Wooldridge Prodirits,
Inc. Dean E. Wooldridge, PhD °36, president of Ramo-
Wooldridge, will also serve as president of the new Los
Angeles comipanv which will concenirate its efforts on
industrial process control, including the marketing of its
first major product—the RW.300 digital control com-
puter. Joseph F. Manildi, 740, MS °42, 'PhD ’44, has
heen named general manager. New products in the field
of industrial process control will be undertaken for the
new corporation by The Ramo-Wooldridge Corporation.
which will also manufacture equipment in its newly acti-
vated manufacturing facility in Denver, Colorado.

ENGINEERING AND SCIENCE



“I’'m 1m the business
and I know...”

“Not ioo long ago 1 was in the same situation you
fellows are in now. Senior year and the big de-
cisions. What am I going to do with my education?
What am I going to do for a living?
“Well, I talked to a number of people and did as
much letter writing and locking around as I could.
The way I figured it, I wanted opportunity . . . a fair
chance to put my capabilities to work and to be
recognized for what I could do. Of course, I wanted
to be well paid, too. It all seemed to add up to the
aireraft industry . . . and to me it still does.
“In the space of just a few years I've worked on
quite a few prajects, impartant projects that some
day may mean a great deal to this country. They
sure meant a lot to me. And 1 wasn't standing still _
either. My salary and my responsibilities have in-
creased with each promotion. That means lois of.,
challenges, new and tough problems that we have to
solve, but that's the way I like it. So, if you want
some advice from this “old grad,” choase the aircraft
industry. It's the wisest choice, I'm in the Iousmes
and 1 know.”

Probably no other industry in America has gro
so fast and advanced so far in a short time as has
the aircraft industry. And yet there is no limit to
how far man’s inventiveness and imagination can /..
push the boundaries. Radical new concepts that~
would have been unthought of just a few years ago
are the drawmg -board problems of today.
Truly aviation is still in the pioneering stage, and
one of the leaders is Northrop Aircraft, which has
been making successful contributions to our
nation’s defense for over 18 years. Projects such as *.-
the Snark SM-62, world’s first intercontinental
guided missile, have identified Northrop as a suc-
cessful pioneer. And new aircraft such as the super-.
sonic, twin-jet T-38 advanced trainer are maintain-
ing this reputation.
Let us tell you more about what Northrop can
offer you. Write now, regardless of your class, to
Manager of Engineering Industrial Relations
Northrop Division, Northrop Aircraft, Inc., 103
East Broadway, Hawthorne, California.

ot

NORTHROP .

A Division of Northrop Aireraft, Inec.

BUILDERS OF THE FIRST INTERCONTINENTAL GUIDED MISSILE

JANUARY, 193§ 37
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Marquardt Means Opportunity

Every day, young engineers are finding opportunity at Mar-
quardt—and for good reason! Marquardt grew and still grows
on a foundation of engineering skill—guided by an engineer-
management with an engineer-philosophy. Engineers are key
men at Marquardt. And because engineers are key men, their
work and accomplishments are readily recognized and rewarded.

If you are an engineer, physicist, or mathematician with
ability to meet and conquer supersonic and hypersonic propul-
sion and controls projects, you’ll want to investigate the oppor-
tunities at Marquardt, the leader in ramjets—*“Powerplant of
the Future”.

Meet the Marquardt representatives when they visit your
campus. See your placement director for further information
and exact dates, or write to Dock Black, Professional Personnel,
Marquardt Aircraft, 165655 Saticoy Street, Van Nuys, Calif.

JANUARY, 1958

NUMBER TWO IN A SERIES
ON MARQUARDT MANAGEMENT

Don Walter, B.S.M. S., achisved
an outstanding academic record at
Cal Tech, Class of ’40, while earn-
ing seven varsity letters. Today as
Vice President in charge of Engi-
neering and Van Nuys Operations,
Don utilizes his technical and
teamwork background to lead Mar-
quardt’s engineering and develop-
ment manufacturing.

marquardfio.,

Van Nuys, Califarnia
Ogden, Utah

FIRST IN RAMJETS
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Personals

1922 -

Ruay W. Preston is an electrical consiilt-
itig engineer in Portland, Oregon, al-
though his work takes him to all parts
of Oregon, Washington, California and
Tdaho.

1926

William A. Lewis, Jr., MS *21, PhD '29,
is now research professor of electrical en-
gineeririg at the Illinois Institute of Tech-
nology in Chicago. This is 4 special chair
in electric power systems engineering, sip-
ported by three electric utility comipanies
and two electrical manufactirers. Bill iz
also chairman of thie AIEE Standards Comi-
mittee for 1957-58. His son, William C.,
who graduated in electrical engineering,
from Cornell last Jiine, has three children
of his owi now.

1929

William G. Young, PhD, vice-chancellor
of UCLA, was re-elected to a three-year
terin as regional director of the American
Chemical Society last month. Bill has been
a member of the UCLA faculty since 1930
arid was chairman of the chemistry depatt-
ment from 1940 to 1948 and dean of the
division of physical sciences from 1946
usitil last year, when he became vice-chan-
cellor.

1933

Ray H. Cripps. vice president of Ameri-
can Electronics, Tnc.. in Los Angeles, died
of & brain tumor on September 14. He
leaves his wife and a son, Dale. Ray and
Arthur Lamel. "33, were two of the three
founders of American Electronics in 1045,

1934 ;

Frunklin Offner. MS, presiderit of Offner
Electronics, Inc,, in Chicago, writes that
he was married on September 22, 1956 to
Janirie Ziircher in Switzerland.
They have a son, Laurens, five months old.

1935

Norwood L. Simmons, MS, chief engi-
neer of the west coast division of Eastivarn
Kodalk’s motion picture film departiment in
Los Angeles, has been named assistant
He's been with
the compzny since 1937. The Simmornses.

Geneva,

manager of the division.

who live in Pasadena, have five children.
1234
Reuben E. Wood. Ph) '39, is doing re-
for the National
ards in Washington, D.C, His most recent

search Burean of Stan-
work in the Bureau’s electrochernistry lab-
oratory has heen on wax-electrolvte hat-
teries, at the reqitest of the Army’s Diam-
cnd Ordnatice Fuze Laboratories.
1937

Rear Adm. Frederic A. Berry, USN (ret.)
MS, iz now in the meteorological resedarch
division of Aerometric Research, Inc., the
research affiliate of North American Weath-

Fred

er Consitltants in Santa Barbata,

40

formerly headed the meteorology depart-
ment of the U.S. Naval Postgraduate
School. The Berrys have four children—
a datighter, 11; two sons attending the
University of Virginia at Chatlottesville;
end a married daughter living in Alexan-
dria, Virginia.
1939

Curtis M. Lee has been transferred from
the Sparrows Point Plant of the Rheem
Manufacturing Company to their water
heater tesearch and development division
in Chicago, He is now manager of the
water heater test labotatory and writes that
he’s “enthusiastic about Chicago — but
homesick for California.”

Gustav A. Albrecht, MS, PhD '40, writes
that “teaching chemisiry by day and being
a miisic critic at night gives me a sort of
double life with many rewarding features.
Recently when I wrote an article on sci-
ence for the Pasadena [Independent, an
irate reader wrote to complain, saying [
should stick to my field—music.

“This is my fourth year at Glendale Col-
lege and my fifth as miisic eritic for the
Independent. It's a wonderful contrast to
leave a faculty meeting and drop in at
the paper, where people express themselves
tersely, and without loftv sermons.”

Murtin  Eichelberger, MS, former geo-
physical siipervisor with Geophysical Serv-
ice, Tric., in Dallas, Texas, is fiow a geo-
physicist in the airborne geophysics divi-
ciori of the Aero Service Corporation in
Philadelphia.

1941

Alex E. Green, MS, writes to correct our
December itern zbout him which said he
was “formierly with Florida State Univer-
sity.” “Actually,” he reports, “I am on =
leave of dhsence from there (I atn profes-
sor of physics and scientific director of the
Tandem Van de Graaf Laboratory), to the
theoretical division of the Los Alamos Sci-
entific Laboratory where T am a physicist.”

John J. Paiilson, who has riow been pro-
moted to section chief of the electrome-
chanical development section at Caltech’s
Jet Propulsion Laboratory, writes that “mv
wife and T just adopted our second child,
Karla Jean, who has red hait and blue
eves and iz just 4 months old. Jackie, her
Lyear-old brother is very proud of hei”

1942

Cdr. Tack I. Tomamichel, USN
died very suddenly last Jurne 24, from a
probable heart attack. He Jeaves one
datighter, Joan. Jack had served in World
War 11 and the Kerean War before his
retitement from the Navy in 1951,

1945

Ravniond Chuarn, MS, AE 48, PhD 53,

is condicting the installation of a rew
continued on page 44

(ret.)

Why Vought Projects
Bring Qut The Best
In An Engineer

At Vought, the engineer doesn’t often
forget past assignments. Like all big
events, they leave vivid memories.
And it’s no wonder.

For here the engineer contributes to
History-making projects — among
them the record-breaking Crusader
fighter; the Regulus IT missile, chosen
to afm our newest nuclear subs; and
the new fast-developing 1,500-plus-
mph fighter, details of which are still
classified.

The Vought éngineer watches siich
weapons take shape. He supervises
critical tests, and he introdices the
wedpons to the men with whom they
will serve.

Engineers with many specialties share
these experiences. Today, for exam-
ple, Vought is at work on importarit
projects involving:

electronics design and manufdcture

inertial navigation
investigation of advanced propulsion
methods
Mach 5 configurations

Vought’s excellent R&D facilities
help the engineer through unexplored
areas. And by teaming up with other
specialists against mutual challeriges,
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 repre-
sentative during his next campus visit.
¥ %k ¥
Or write directly to:

, C. A. Besio
Supervisor, Engineering Personnel
Dept. CM-4

enaneE
~

//’—\ N
QUG IET AFRCRAFT

/INCOFRPQRATED - DALLAS, TEXAS

ENGINEERING AND SCIENCE



A
Yought
Yignette

ONE OF A SERIES

IT WAS A ROUTINE CRUISE

for the Bon Homme Richard.

But for Wayne Burch, it was a memorable climax

to months of hard work. Aboard the carrier with

the Chance Vought design specialist was the white-
lacquered fighter he’d worked on so long.

*

Wayne had joined the Crusader dayfighter project
in Preliminary Design, on alighting and arresting
gear. He’d transposed his initial drawings into detail
design and, later, he’d watched his gear pass jig and
aircraft drop tests. At the Navy Test Center, the
Crusader’s gear absorbed maximum sink speeds and
arresting tension, and Burch once more was there.

*

Now, Navy pilots on the Bon Homme Richard were
taking the Crusader to sea, and Burch was going
along. This time his assignment was simply to watch,
and this time the Crusader was to be just part of
the picture. Vought wanted him to experience carrier
life and to see how his new weapon fitted in. For
Wayne, whose sea log began and ended with one
day’s fishing from a 20-foot launch, it promised to
be an eye-opening voyage.

JANUARY, 1958

~The Airéraft Desigﬁer
Who Went to Sea...

For six days the designer shared quarters with Navy
fighter pilots and had coffee with maintenance men.
He studied aircraft spotting and catapulting, and he
learned the sign language of the LSO (Landing Sig-
nal Officer). He marveled at the fingersnap timing
of the Navy’s deck handlers and at the Bon Homme
Richard’s mid-voyage refueling of two bobbing
destroyers. *

Wayne calls it “one of the most enjoyable weeks
of my life” . . . and, as other sea-going Vought
engineers have discovered, “one of the most profit-
able, too.

“Now I know the pilot’s job, what maintenance
wants . . . how really big the operation is.

“It’s something you don’t get if you stick too close
to design.

“I guess you’d call it perspective.”

At Chance Vought the designer stays in touch
with his product . .. Contact begins in development,
extends through test and includes, when possible,

a study by the designer of the tactical environment
in which his weapon will serve.

CHANCE

DUGHT ATRCRAFT

INCORPORATED - DALLAS, TEXAS
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control unit

Magnetic drum
storage unit

Clock generator and
power supply unit

Input-output unit

The Importance of
DIGI!ITAL TECHNIQUES

Digital techniqties constitute one of the important devel-
opments which have made possible the recent advances in
computers and related equipment for compitation, data
processing, and industrial and military electronic control.

Digital comptiters for scientific computation range from
small specialized units costing a few thousand dollars, to
large general-purpose computérs costing over a million
dollars. One of these large comptiters is a part of the Ramo-
Wooldridge Computing Center, and a second such unit is
being installed early this year.

Electronic data processing for business and industry is
tapidly growing based on earlier developments in electronic
computers, Data processors have much in common with
computers, including the utilization of digital techniques. A
closely related field is that of industrial process control. To
meet the needs in this field, Ramo-Wooldridge has recently
put on the market the RW-300 Digital Control Computer.

The use of digital techniques in military control systems
is an accomplished fact. Modern interceptor aircraft, for
example, use digital fire control systems. A number of Ramo-

Wooldridge scientists and engineers have pioneered in this
field, and the photograph above shows the RW-30 Airborrie
Digital Compduter.

The RW-30 is an example of what can bé accomplished
through the application of digital techniques ifi conjunction
with modern semiconductor components. It performs com-
plete mathematical operations, including multiplications, at
the rate of 4000 per second (as fast as large scientific com-
puters). Yet it occupies only 4.19 cubic feet, weighs 203
pounds and uses 400 watts power. It is packaged in four
separate units to facilitate installation in aircraft. The mag-
netic drum memory has a capacity of 2607 21-bit words.

The versatility inherent in digital techniques makes it pos-
sible for the RW-30 to handle such varied military aircraft
problems as navigation, arinament control and bombing, and
combinations of these problems, without changes in the
RW-30 itself.

The RW-30 also serves to illustrate the balanced integra-
tion of systems analysis and product engineering which is o
principal objective at Ramo-Wooldridge. Similar programs
are in progress on other airborne and electronic control sys-
tems, cominunication and navigation systems, and electronic
instrumentation and test eqitipment. Engineers and scientists
are invited to explore openings in these fields at Ramo-
Wooldridge.

The Ramo-Wooldridge Corporation

#8730 ARBOR VITAE STREET ¢ LOS ANGELES 45, CALIFORNIA
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NEEDED:

fmagineers
with a
sense of
adventure

FORECAST: There's a

WRITE for your copy of A Career for You With Alcoa

Aluminum is where the excitement is. New uses, new designs,
more metal being produced than ever before. Tomorrow will
be even better. Maybe you’ve seen Alcoa’s Forecast ads in
Time, Saturday Evening Post, The New Yorker.

The men who will make this forecast come true are in
college today. Perhaps it’s the man who sits next to you in
Advanced Phys Met or Machine Analysis or Heat Power
Design or Chem Engineering Kineties or Marketing or Cost
Accounting. Or maybe it’s you.

If you have that extra spark of imagination . . . creativity
. . . adventurousness . . . take the first step: see your Place-
ment Director or write for your copy of Alcoa’s Career
Guide. It tells an exciting story . . . of the future of the
young Imagineers who join up with the men who built the
aluminum husiness.

NEW! “ALCOA THEATRE"
EXCITING AOVENTURE
. ALTERNATE MONDAY EVENINRR

JANUARY, 1958

Aluminum Company of America
1825 Alcoa Building
Pittsburgh 19, Pennsylvania

Please send me a copy of A Career for You
Alcoa,

NAME

With

ADDRESS. .

CITY AND STATE

COLLEGE.

DEGREE

DATE OF GRADUATION
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Personals « o« continued

wind tunnel at USC, to be used for in-
dustry studies of outer space and high
speed travel problems. His chief assistant
on the project is K. Krishramurty. MS 52,
PhD °56. The wind tunnel is based on
a new coricept of Ray's (an outgrowth of
his PhD thesis) which allows testing of
tremendous air speeds and high altitude
stidies under controlled conditions in a
small  building without pumps, fans or
other paraphernalia generally associated
with wind tunnels. The test conditions
are produced by a process of freezing air,

Arthur C. Wilbur is currently employed
by the American Can Company in their
research department in Barrington, Illinois,
He writes that “we dre temporarily tesid-
ing in State College, Pennsylvania, where
1 am attending the AEC-sponsored Inter-
national School of Nuclear Science and
Engineering, The first half of the course
is given here at Penn State, or at North
Carolina. We will be leaving for Argonne
Nitional Laboratory at the end of Janu-
ary for the second half of the course. Also
with me are my wife and two children—
Laura, 9, and Curtis, 5.7

’ 1947

Robert M. Stewart writes that “I am
leavinig the Jet Propulsion Laboratory
(where T am currently on the director’s

staff) after 7 years, to join the Ramo-
Woo(jridge Corporation’s technical staff,
Will also move from Altadena to Encino.
Following the death of my wife four
years ago, I have beeri a bachelor father
with two children. Hence ['ve been doing
cotisiderable research oni the natire of
housekeepers (all 16 of them!).” ’

Jarvis L. Schwennesen, MS, chief of
the Chernical Processing Brarich, Idaho
Operations Office, of the U.S. Atomic En-
ergy Commission in Idaho Fills, received
the AECs “Outstatiding Service Award”
in 1956.

1949

Don Hibbard, & district geologist with
the Seaboard Oil Company, has been trans-
ferred to Caracas, Venezuela, where he
and two other zeologists are opening a new
office for the company. He writes: “Things
seemed to get off to a good start when
a well otir 3-company group is drilling in
[.ake Maracaibo came in for 7.200 barrels
of oil per day. We have our fingers
crossed that this kind of luck will con-
tinue.

“We like Caracas very much. Tt is u
heautiful odern city withi a climate about
as ideal as you can hope for. Tf we can
stirvive the inevitable delays and some of

the Venezuelan ways of doing business,

everyth.ing will he all right. As far as the
family goes, we've just had our third child,
Marisa, riow 3 months old.”

Hugh C. Carter, President of the Hugh

Carter Engireering Company in  Lorg
Beach, will teach an extension course in
mechanical estimating at USC this spring.
The course is designed for engineers, archi-
tects and contractors interested in estimat-
ing all types of building and engineering

constriiction materials.

Muajor Thomas D. Blazina, MS, who had
been in the U.S. Air Force cver since he
left Caltech, was killed in a plane crash
at Landstiithl, Germarny, on November 5.

Rolf M. Sincluir is now on leave of ab-
senice in Eirope from the Westinghoiise
Research Laboratories in Pittsburgh, where
he is a physicist. Recently he finished a
year’s appoinitment at the University of
Hamburg, and is now at the Labatoire de
Physique of the Ecole Normale Siipetietire
of the University of Paris. Rolf is in a
grottp working in low-energy niclear re-
search under Professor Hans Halbau., At
the erid of his year there, he will return
to the Westinghouse Lab.

1950

Dean A. Rains, MS ’51"., PhD) 54, is now

working with the rocket propulsion group
continued on page 48

CONDUCTORS
CONDUCTOR
SHIELDING
TAPE

HYVOLT
INSULATION

SEMI-CONDUCTING

CRESCENT

HYVOLT SHIELDED POWER CABLE

METAL
SHIELDING
TAPE

RUBBER-
FILLED

TAPE TAPE

FOR MORE AMPERES PER DOLLAR OF INSTALLED COST

NEQPRENE
SHEATH

CRESCENT HYVOLT insulation is made from butyl rubber which is inherently resistant to
ozone, heat, moisture and aging with excellent electrical characteristics. For 5000 Volt
or higher service, HYVOLT cables are provided with shielding to protect them from surface
burning, corona, and lightning surges.

CRESCENT INSULATED WIRE & CABLE CO.

TRENTON, N. J.
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HOW TO “BREADBOARD” YOUR FUTURE
« « « AT RAYTHEON

Right at the start, it’s nice to feel you “belong”—

to know what your job is, and the kind of future
open to you.

At Raytheon, while we recognize the importance
of trying your skills in various places, it’s company

policy to make you a producing engineer as soon
as possible.

Career opportunities exist for engineers, physicists
and mathematicians to man important projects in:
missiles, radar, communications, transistors, micro-
wave and cathode ray tubes, physics, infrared,
metallurgy, servomechanisms.

RAYTHEON MANUFACTURING COMPANY

You enjoy pleasant living in one of many attrac-
tive communities. Through Raytheon’s graduate
programs you can continue your studies at one of
several convenient centers of learn-
ing in the Boston area.

voun urs
anp Yous sUTVAN T RAYTHEOS

WRITE FOR THiS HELPFUL BOOKLET

Raytheon conducts campus interviews at
many colleges. Check with your place-
ment officer for more information. Write
to William J. Howells, Jr., for a copy of
“Your Life and Your Future at Raytheon”
—-no cost or obligation.
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WHAT ABOUT YOUR FUTURE?
—in Chemical, Electrical or Mechanical Engineering

If you are planning a career in chemical, electrical,
ot mechanical engineering, we believe you will be
interested in evaluating opportunities at Foed
~ Machinery and Chemical Corporation—a nation-
wide company that puts ideas to work, through
creative research and practical engineering, in
many diversified fields.

An FMC representative will be on the campus
to tell you about these career opportunities and to

FOOD MACHINERY AND CHEMICAL
CORPORATION

answer your questions. Your college placement
office has the date and will arrange an appointment
for you.

In the meantime, we invite you to write for
our brochure, “Putting Ideas to Work,” which
graphically describes FMC’s many product lines.

Address: Industrial Relations Dept., Food
Machinery and Chemical Corporation, P.O. Box

760, San Jose, California.

FQ0D MACHINIRY. 3
ANRD CHEMILAL
conronntinn Q)
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Tear out this page for YOUR BEARING NOTEBOOK...

O How to get higher

spindle accuracy,
cul cosis loo

The engineers who designed
this new surface grinder had 10
be suie of the highesr spindle
accuracy in order to get the
smooth spindle operation re-
quired for extreme precision
work. To hold the work and
wheel spindles rigid, maintain
highest accuracy, the engineers
specified Timken® 00" tapered
roller bearings. Timken 00"
bearings make possible the
closest machining tolerances
ever achieved. Run-our is held
to 75 millionths of an inch,
And they gave the manufac-
turer greater capacity in less
O space, cut manufacturing costs
Y over earlier spindles used.

How Timken bearings hold shafts rigid to maintain
accuracy—The full line contact between Timken bear-
ing rollers and races gives shafts rigid support over a
wide area. Shaft deflection is minimized. And the tapered
design of Timken bearings permits them to be set up
with the most desirable amount of end play or preload
that gives the best performance. V

Want to learn more about job  help create Better-ness? If so—write
opportunities? Timken bearings foryourfree copy of: “BETTER-ness
help make better machines. Better and your career at the Timken Com-
machines enrich our lives, give us  pany”. The Timken Roller Bearing
more sparetime. It's what the Timken =~ Company, Canton 6, Obio. -
Company calls Better-ness. Want to ‘

- TIMKEN .2
O ROLLER BEARINGS

TRADE-MARK REG. U, S. PAT. OFF.

3 . NV
NOT SUST A BALL O NOT JUST A ROLLER @D THE TIMKEN TAPERED ROLLER G=> BEARING TAXES RADIAL (%) AND THRUST -'@*- LOADS OR ANY COMBINATION -;@‘);\-
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Personals « + » continued

in the giided missile research division of
the Ramo-Wooldridge Corporation in Los
Angeles. The Rains’ fourth child, Brian,
was born on November 6. Their other
children are Diane, 6, Bruce, 5, and
Darryl, 1.
o 1952

Donald E. Stewart, MS °53, who received
his degree last month from the Stanford
Graduate School of Business, is being mar-
ried this morith to Carolyn Fox of South
Pasadena.

Tohn A. Carlson, MS, PhD °55, chief of
the receiitlyformed engineering analysis
department at the Teletype Corporation in
Chicago, annaunced the birth of a second
son, Jeffrey, last April 11. Their first som,
John, Jr., is two years old. The Carlsotis
are living in Park Ridge, Illinois.

Robert S. Davis, MS, is now director of
engineering development at the Scientific
Design Company in New York City.

1953
Gillingham,
neering designer at Northrop Aireraft in
Los Angeles, hias a son, James Robert, born
on October 29,

James LaTourrette, who receives Lis PhD
from Harvard next month, will stay at
Harvard for the academic year as a re-
search fellow, He has been appointed “Lec-

Robert mechanical engi-

SMOOT-HOLMAN

New shallow, two-by-four

TOAY LN =] LTI 2K

acrylic or vinyl diffusing panels

40° x 40° plastic louvers

tirret on Physics™ fot the spring term. The
f.aTourette family, which inclides a daugh-
tet, Mary Beth, born last October 18, is
looking forward te spending next year at
the University of Bonn, Germany, on an
NSF postdoctoral fellowship.

Peter L. Goldacre, PhD, writes from
Canberra City, Australia, that he has been
appointed senior research officer (biochem-
ist) ir the division of plant inddstry of
the Commonwealth Scientific and Indus-
trial Research Organization,

“My wife and L~ writes Peter, “look
back with some affection on oiir two years in
Pasadena as a most exciting and profitable
experience in otir lives, and we treasure
the tmany warm friendships begun at Cal-
tech. We now have two children—a daugh-
ter, Lesley Ann, 4, and a son, Philip, 2.
We have acqiiired a block of land at Mer-
imbula, some 150 miles away on the coadst,
whete we adre in the process of building
a weekender.”

Carl A. Anderson, Ir., control chemist
at the Stauffer Chemical Company in Ver-
rioh, California, now has a daiighter, Tere-
sa, born on December 1.

1955
Frank Wallace, experimental engineer at
the Pratt & Whitney Corporation in Man-
chester, Connecticut, annournces the birth

of a son, Stephen, on December 8.
1958

Jeremy F. Crocker is now stationed at
the Aero Medical Laboratory at Wright
Patterson Air Force Base in Dayton, Ohio.
He was married last Augiist to Ann Sears
of Corte Madera, Califoinia, at Hamilton
Air Force Base.

Lee R. Gallagher, MS, graduate stident
in physies at Caltech, was matried on De-
cember 6 to Astrid Jansa, daughter of
the former Czechoslovakian minister to Co-
lombia, South America, in Tustin, Cali-
fornia.

John E. Young is one of the 19 second-
year stiidents at the Harvard Law School
who have been elected to membership in
the Stiident Legislative Research Biireaii.
The Biireau assists members of Congress,
state legislators, attorneys general, faculty
members, and civic organizations in draft-
ing legislation to be presented to federal,
state, and local legislative bodies. Meni-
bets are chosen from stiudents of high
scholastic standing.

1957
Gordon R. Wicker, MS, is now a chemi-
cal engineer in the experimental plants de-
partinent of the Shell Development Com-
Emeryville, research

pany’s California,

center,

MRelatively large area

controls brightness and
assures uniformity of iltumi-
nation.

COMPANY

@
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C&e&'u Filters can be inserted

in louvered-style to create
desired atmosphere.

SMOOT-HOLMAN

iINGLEWOOD, CALIFORNIA
Send for illustrated, descriptive brochure.

M?au‘

455 El Dorade St.

Posadena, Calif.
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Recently AiResearch engineers were
called upon to develop an accessory
power motor for aircraft and mis-
siles which would operate at
+1000°F....a temperature area
where present-day hydraulic and
electrical devices fail.

Their answer was this cam piston
air motor, pictured ahove in a spe-
cially built transparent shell. Operat-
ing on hot air or gas, its efficiency
actually Increases as temperatures
rise.

This problem and its solution are

L1, 1 GARRETT

typical of many encountered at
AiResearch in aircraft, missile,
nuclear and electronic fields. Specif-
ically, you’ll find them in system
electronics; computers and flight
instruments; gas turbine engines and
turbine motors; cryogenic and
nuclear systems; pneumatic valves;
servo control units and air motors;
industrial turbochargers; air condi-
tioning and pressurization; and heat
transfer.

Upon your employment, in addi-
tion to direct assignments, a 9-month

orientation program is available to
aid you in selecting your field of
interest. This permits you to survey
the project, laboratory and adminis-
trative aspects of engineering at
Garrett. Also, with company finan-
cial assistance, you can continue
your education at outstanding uni-
versities located nearby.

Project work is conducted by small
groups where individual effort is
more quickly recognized and oppor-
tunities for learning and advance-
ment are enhanced.

® For full information write to Mr. G, D, Bradley.

CORPORATION

9851 S. SEPULVEDA BLVD. LOS ANGELES 45, CALIFORNIA

DIVISIONS: AIRESEARCH MANUFACTURING, LOS ANGELES ¢« AIRESEARCH MANUFACTURING, PHOENIX » AlﬁSUPPLY

AIRESEARCH INDUSTRIAL ¢ REX » AERO ENGINEERING % AIR CRUISERS o« AIRESEARCH AVIATION SERVICE
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preferred then. .. and now

THIS reproduction was made from an old photograph
dated 1880, found in the Kerite archives at Seymour, Conn.
It was taken as the steam tug “Western Union” completed the
laying of an 18-conductor Kerite insulated submarine telegraph
cable from New York, under the Hudson River, to Jersey City.
It indicated that Kerite insulated cable was contributing to the

= furtherance of submarine telegraph circuits long before the i
turn of a century,

. |
The value and service life of a product can be

no greater than the integrity and craftsmanship of its maker.

KERITE CABLE

THE KERITE COMPANY-30 Chiir¢h St., New York 7, N. V.
Offices also at 122 S. Michigan Ave., Chicago; 582 Market St., San Franciséo;

3901 San Fernando Rd., Glendale 4, Calif.; 31 St. James Ave., Boston;
4101 San Jacinto, Houston 4, Texas; 1010 Euclid Avenue, Cleveland 17, Ohio;
28 West Lancaster Avenue, Ardmore, Pa,

B
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YOUR ENGINEERING CAREER

with INGERSOLL-RAND

Seven ' electric-driven Ingérsoll-Rand - reciprocating compressors. totaling 21,900 horsepower ore at- work in this large
ommonia synthesis plant. The  units in the foreground compress mixed gases to more than 12,000 pounds per squore inch.

{

Here's What Compressor Engineering at Ingersoll-Rand

can mean to you...

TODAY, air power is one of the industry’s
| most vital requirements. Compressed air
and gases are the “breath of life” to chemical
and process industries, refineries, power
plants, steel mills, manufacturing plants,
mines and all types of construction jobs.
Hence, compressor and blower engineering
offers an exciting and ever-expanding field of
challenging opportunities that are virtually
industry-wide.

Ingersoll-Rand is the world’s largest man-
ufacturer of air and gas compressors and
Turbo-Blowers — supplying over 1000 differ-
ent sizes and types, ranging from 2 hp to

17,250 hp, in pressures from vacuum to
35,000 psi.

Ingersoll-Rand also manufactures pumps,
rock drills, diesel and gas engines, vacuum
equipment, blowers, air and electric tools
and specialized industrial machinery as illus-
trated at the right. These products require
engineering know-how in their design, manu-
facture and field application.

If you are looking for a leadership career
with long-range job security and excellent
opportunities for advancement, you'll find
it at Ingersoll-Rand. For further details, con-
tact your Placement Office, or write to
Ingersoll-Rand, 11 Broadway, New York 4.

OPPORTUNITIES for ENGINEERS NOW AVAILABLE:

@ Sales Engineering

® Design Engineering

e Production Engineering

® Business Engineering

Inger:soll-Ran

1-71] 11 Broadway, New York 4, N. V.

JANUARY, 1958
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January 18
Caltech at LaVerne

CALTECH CALENDAR

ATHLETIC SCHEDULE FRIDAY EVENING

DEMONSTRATION LECTURES
Lecture Hall, 201 Biidge, 7:30 P.M:

VARSITY BASKETBALL

January 17
A New Method foér Exploring the
Depths of Oceans
Dt. Hdrrison Brown

February 1
Redlands ot Caltech

S . ! January 21 February 7 jai 54
ALUMNI EVENTS Caltech ot Nazadrenes Caltech at Whittier anvary .
Desalting the Pacific
February 22 Dinner-Dance ) Dr. Jack E. McKee
January 25 February 8
April 12 Annual Seminar Caltech ot Redignds Caltech at LA State Januvary 31
The Temperatures of Pdst Epochs
J 11 Annual Meeting ) ) Dr. Samuel Epstein
une a eeting Janvary 58 Februury i1 o
June 28 Annval Pichic LA State ot Caltech Caltech at Occidentat FebE:":l"Y '7k
rthquakes
Dr. Hugo Benioff
I 3 L ALUMNI ASSOCIATION OFFICERS
SITBACKAND RELAX PRESIDENT SECHETARY
Willis R. Donahue, ‘34 Donald 8. Clark, ‘92
VICE-PRESIDENT ' TREASURER
Edward P. Fleischer, '43 Geotge B. Holmes, ‘38
BOARD OF DIRECTORS
Frank C. Bumb, '5] John E. Fleming, '46
L. Fort Etter, '35 Chester W. Lindsay, '35
John R Fee, ‘51 John E. Osborn, ‘39

Let Calmec Manufacturing Company
Worry About

Your Metal Parts and Products

We hove the most modern focilities and most
complete plant to give you the moximum of
service, whether it is a small port, a large paort,
or o product from your ideas to the shipped article
direct to your customers, under your nome, from

our plant.

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

Nick T. Ugrin, ‘34

ALUMNI CHAPTER OFFICERS
NEW YORK CHAPTER

Presiderit E. Morton Holland, ‘36
A. G. Edwadrds & Sons, 501 Lexington Avenue, New York 17
Vice-Pregident . Albert E. Myers, 290
530 Rock Road, Glen Rock, New Jersey

Sectetary-Tredsirer. Frank F. Scheck, '48

Pennie, Edmonds, Morton, Barrows & Taylor,
247 Park Avenue, New York

WASHINGTON, D.C. CHAPTER

Presideiit Frank H. Shelton, '49
Armed Forces Special Wedpons Project
Secretary-Tredsiurer Richard G. King, ‘49

Applied Physics Lakordtory, [ohhs Hopking University
Silver Springs, Mdryland

SAN FRANCISCO CHAPTER

President Donald E. Loeffler, "40
Shell Oil Company, Martinez

Vice-Pregidett Jules F. Mayer, 40
Chemical Divizion, Standdrd Oil Co., Richmond
Secretary-Treasuter Nermon Bulman, '52

Shell Ol Camganr Martinez
Meetings: Int ol luncheons every Thiirsday
Fraternity Cluk, 345 Bush St., San Francisco

CHICAGO CHAPTER

Secretory-Treasurer 49
Northwestern University, Evdnston
SACRAMENTO "CHAPTER )
President Charles M. Herd, 3D
State Division of Architecture, 1120 "N** St
Vice President Kenneth M. Fenwick, ‘28
State Division of Highways, 1120 "N 5t
Secretary-Treasurer Joseph A. Dobrowolski, ‘49
Portland Cement Associagtion
Meetirigs: Luncheon first Fridoy of each month.

University Club, 1319 "K' 8t., Sacramento
SAN DIEGO CHAPTER
Chairman Maurice B. Ross, '24
3040 Udal Street, San Diego 6, Calif.
Secretdary Frank John Dore, Jr., '45
Consolidated Vultee Aircraft Corp., San Diege
Program Chaifman Herman 8. Englander, ‘39

U 8. Navy Electronics Laboratory

52
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PHOTOGRAPHY AT WQRK
Ne. 30 in a Kodak Series

Pepsi-Cola International Panorama,
a magazine of places and people,
reaches people around the world,
builds recognition for Pepsi-Cola asa
product associated with the better,
happier side of life.

Photogra
speaks
in ever
language

This picture leaves no doubt that Netherlanders
are neighborly.

EASTMAN KODAK COMPANY, Rochester 4, N. Y.

. b 8

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.

® % 2 ¢ & 3 B3 S S S DD PO N RO e

 ® 2 B % & ® 3 @ e & 2 s o8 e K 2 ¥ s

CAREERS WITH KODAK

If you are looking for such an interesting oppor-
tunity, write for information about careers with
Kodak. Address: Business and Technical
Personnel Dept., Eastman Kodak Company,

What better way to say people take naturally to

“Pepsi” whether in Leopoldville or Lichtenstein?

To tell its story in 75 coun-
tries, Pepsi-Cola puts pictures
to work to add meaning to the
product’s global billing as *‘the
refreshment of friendship.”’
To build up an atmosphere of
friendliness and understanding
1in markets around the world,
Pepsi-Cola International pub-
lishes “Panorama”—and gives the
brunt of the job to photography.
Photography knows no lan-
guage barrier. 1t is clear to young
and old alike—appeals to every-

e & 2 0 & 2 ¥ o 2 3 8 2 P 0 e ¥ 0 e

Rochester 4, N.Y.

® o b & 0 8 2 P o 0

L I I I A )

one. With photography, people
are real; situations authentic,
convincing. This is what makes
photography such a powerful
salesman.

Large businesses and small can
use this powerful salesmanship—
can also use photography to cut
costs and save time in many other
ways. lt can help with problems
of product design—can watch
quality in production. It trains.
It cuts office routine. You’ll find
that it can work for you, too.

® 2 3 v 0 8 s s 0P A PR % e s 8
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Where do you find better advancement
opportunities—in a large company or g
smqlt one? To heip you, the college
student, resolve that probiem; Mr.. Abbott
answers the following questions con-
cerning. dadvancement opportunities in
engineering, manufacturing and tech-
nical marketing at General Eiectric.

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 pirnipoint 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 hest 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
recognized 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 backgrounds.

Q. How about speed of advancement?
Is G.E. a “‘young man's Company’'?

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 he 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 free 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. Our 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 ® Salary.
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