


Only STEEL can do so many jobs so well

.

Zoot Chute. m the processing of anthracite
coal, the best-dressed coal chutes, these days,
are wearing linings of Stainless Steel. For
where ordinary carbon steel chutes wear out
and have to be replaced in 2 months, chute
linings of stainless steel give 5 years of effi-
cient service. In addition to hundreds of tons
of coal, 17,500 gallons of water flow over
these chutes each day.

OPPORTUNITIES
WITH U.S. STEEL

If you're thinking about what you’re
going to do after graduation . . . if
you're interested in a challenging,
rewarding position with a progres-
sive company . . . then it will pay you
to look into the opportunities with
United States Steel. Your placement
director can give you more details,
or we’ll be glad to send you the in-
formative booklet, “Paths of Oppor-
tunity.” United StatesSteel Corpora-
tion, 525 William Penn Place, Pitts-
burgh 30, Pennsylvania.

Steel and the Stars seem unrelated. But in almost every attempt man makes to learn
more about his universe, to build bridges to the unknown, steel plays a vital part. Here,
for example, in the Palomar Observatory housing the 200-inch Hale telescope—world’s
largest—the rotating dome with precision balanced shutters is made of steel, fabricated
and erected by United States Steel. Only steel can do so many jobs so well.

Springs in the Corn.
Many farmers have dis-
covered that they can
greatly reduce cribbed
corn losses resulting
from moisture damage
with U-S‘S American
Flexi-Vents. These
large, flexible steel
springs, joined in long
lengths, suitably spaced
throughout the crib,
provide ventilation for
stored corn and guard
against mold spoilage.

UNITED STATES STEEL e vuesus o e o oy o

For further information on any product mentioned in this advertisement, write United States Steel, 525 William Penn Place, Pittsburgh, Pa.
AMERICAN BRIDGE . . AMERICAN STEEL & WIRE ond CYCLONE FENCE . . COLUMBIA-GENEVA STEEL . . CONSOLIDATED WESTERN STEEL . . GERRARD STEEL STRAPPING . . HATIONAL TUBE
OIL WELL SUPPLY . . TENNESSEE COAL & IRON . . UNITED STATES STEEL PRODUCTS . . UNITED STATES STEEL SUPPLY . . Divisions of UNITED STATES STEEL CORPORATION, PITTSBURGH
UNITED STATES STEEL HOMES, INC. - UNION SUPPLY COMPANY « UNITED STATES STEEL EXPORT COMPANY * UNIVERSAL ATLAS CEMENT COMPANY 4-415




A true

eCe at General Motors think it is.

For, as a writer in our Engineering Journal phrases it:

“Every engineer must know how to make and
read engineering drawings, because it is the
basic method upon which all designing and
subsequent manufacture is based. It is cer-
tainly not a language to be learned only by the
comparatively few draftsmen who will be pro-
fessional writers of it. But rather it must be
thoroughly understood by all who are con-
nected with technical industry.”

That’s why we take a dim view of the present trend for
recent graduates to short-cut the drafting and design-
ing room. For—not to mention the harm to the profes-
sion and to the industries it serves—there is even greater
harm to a young engineer’s chances to build a sound
career for himself.

So—in discussing the many opportunities that await
the talented, hard-working engineering graduate who
elects to join the General Motors family — we must be
completely frank:

Those opportunities often start on a drafting board.

human equation?

But on that drafting board you can blueprint a blue sky
future for yourself—which can range from high posi-
tions in engineering, manufacturing, projection, sales
or service—even to the top management group.

How about checking with your College Placement
Office and arranging for an interview with our GM
College Representative the next time he visits your
campus. Let him help you prepare to draft a sound and
satisfactory future at General Motors.

GM Positions now available in these fields:

MECHANICAL ENGINEERING
METALLURGICAL ENGINEERING
CHEMICAL ENGINEERING
ELECTRICAL ENGINEERING
INDUSTRIAL ENGINEERING
BUSINESS ADMINISTRATION

GENERAL MoTORS CORPORATION

’Personnél Staff, Detroit 2, Michigan
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this application of a familiar tech-
nique for studying stresses. In this
case, 11 was used 10 develop gears
that are less than 5 inches in
diameter yet easily transmit over

1000 horsepower.

Inherently, the design and de-
velopment of aircrafi engines offers
unusual opportunities for applying
basic engineering principles
learned in school. In few other
places can a technical graduate

utilize his education and abilities

teeth for a 1000 h.p. bite...

Undoubtedly you will recognize

more fully — gain recognition and

advancement.

Many of our engineers who had
imporiant roles in developing the
most powerful jet engime known to
be in production - rated in the
10,000-pound thrust class — are

still in their twenties.

To those young gradunates who
can see the career possibilities in
ihe rapidly evolving field of air-
craft propulsion, we can offer a
real opportunity for growth and

professional development.

PRATT & WHITNEY AIRCRAFT

Division of United Aircraft Corporation

East Hartford 8,

Cannecticut
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On the cover thix month are George
Beadle and Linus Pauling, the men in
charge of Calicel’s chemiral hiology
program.

Chemical  biology 1s not a  new
science: iU's merely the name given to
work in chemistry that is of bhivlogiral
interest. and werk in biology in whieh
the chemical approach is used. Col-
laboration between the fields of chem-
istry  and  biology has always been
particularly active here at Caltech—
thanks largely to the faet that George
Beadle, head of the Biology Division,
is a chemically-minded hiologist: while
Linus Pauling, head of the Chemistry
Division, iz a  binlogically-minded
chemist.

For the past seven years the Rocke-
feller Foundation has been supporting
the Caliech work in chemical biology.
Now, with a new conditional Rocke-
feller grant of %1,500.000, it looks as
if the program can go ahead on some-
thing like a permanent basis, The story
of the program is on page 9 of this
issue.

The Chalienge of Man's Future, on
page 16 of this issue, has been adapted
from a forthcoming book by Harrison
Brown, Calieeh  Professor of Geo-
chemistry. The hook--The Challenge
of Maw’s Future. is due to he pub-
lished on March 19 by The Viking
Press. Meanmtime. the sample we're
running in this. and in the next isne
of £&5. ought 10 whet your appetite.

PICTURE CREDITS

Cover Hank Hoag
peo 10 Hank Hoag
p. 11 Ralph Lovherg °50
p. 13 Hank Hoag
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BOOKS

SARTRE: HIS PHILOSOPHY AND
PSYCHOANALYSIS

by Alfred Stern”

Liberal Arts Press, N.Y. $4.50

Reviewed by Hunter Mead
Professor of
Philosophy & Psychology

I vust soyir that | began Dr
Stern’s book with cansiderable pre-
judice. Like most Americans. | knew
existentialism only al second hand
from reviewers and references in
scrious magazines. plus having read
one of Sartre’s novels and having
seen the film based on his novel The
Chips Are Down.

These  inadequate  sources  had
eiven me a distoried picture of the
whole existentialisi movement. again
probably the view of most Ameri.
cans. Neither the pessimism nor the
obzcenity which characterizes much
existentialist thonght had bothered
me pariicularly, and 1 had even be-
come accuztomed to regarding nau-
sea as something of profound meta-

*Associate Professor of
Language and Philosephy

physical significance. What I had
tell, however. was that the movement
was basically a war-born phenom-
enon, and that like all soch phen-
omena had 1o be judged strietly
within that narrow historical setting.

This volume of Dr. Stern’s has
not only comvinced me of my error,
but has made me recant to the de-
grec that I now regard existentialism
as a really significant development
in Furopean thought.

While Stern points out how much
of  Sartre’s thought is derivative.
and suite properly chides him for
not acknowledging the sources he
uses o heavily. the fact remains
that 1his  remarkable Frenchman.
while still in his thirties, was able
to give voice to the feelings and
ideas of innumerable younger LFuro-
peans. And il seems to me probable
that hiz writings will continue 1o
reflect these feelings and ideas for
more than the one genevation which
produced them.

Wonld Sartre’s philosophy have
been produced if there had been no
World War 117 Since the general
outline of his thought was in exist-
ence Dbefore the war, the answer
seems to be yes. Would he have
found the andience he did had there

that come of progressive ingenuity.

® For many years K&E has pioneered in the manufacture
and development of finest quality surveying instruments.
K&E surveying instruments are renowned all over the world
for their superb performance under conditions of all kinds,
for their magnificent workmanship and for special features

K2

Drafting,
Reproduction and
Surveying Equipment

KEUFFEL & ESSER co- and Materials,

£ST. 3857

NEW YORK * HOBOKEN, N, J.
Chicage * 5t Louis * Detroit * San Francisco * Los Angeles * Montreal

4

Stide Rules,
Measuring Tapes.

been no war, or at least if France
had not known German occupaiion
for several years? Possibly not; at
least it seemns unlikely he would
have found his audience so quickly.
Are the pornography and the em-
phasis upon physiological function
an essential part of his philosophy?
Apparently the pornography is not
really essential. hut certainly bodily
functions and states (e.g., nausea)
are basic to his thinking. And cer-
tainly no contemporary thinker has
revealed so clearly both the basis
and the metaphysical-ethical impli-
cations of anxiety.

It is of course now quite fashion-
able to acknowledge that this is an
age of anxiely. that anxiety iz the
most pervasive psychological prob-
lem of our day. and so on. But
Sartre. it seems to me, reveals unique
insight in his treatment of anxiety
as central in modern living. particu-
farly among free men. He shows
that anxiety is the inevitable price
which we pay for freedom and in-
tellectual emancipation, and, unlike
most wrilers (particularly psycholo-
gists) who discuss anxiety, he sees
no cure for it.

Lir this sense (as in several others)
his philosophy is pessimistic, and
as Dr. Stern points out, his psy-
choanalysiz is anything but a ther-
apy. At most the existeniial psy-
choanalyst would merely try to get
his patienls to accept anxiely as
normal, and perhaps try to aid them
in learning 10 live with this state.

But exactly what is exislentialism
—what are its fundamental ideas
and frames of references? Well, that
iz Dr. Stern’s story--and in my
opinion he tells it admirably. Wheth-
er Sartre will have any new con-
verts as a result of this book is
doubtful; certainly Dr. Stern is not
oul to make converts, and he points
out the inadequacies, even the fail-
ures, of Sartre’s thought very
plainly.

But reading this volume will in-
crease almost anyone’s understand-
ing  of an important  part  of
Furopean thonght. One can  only
wish it were required reading for
those persons in our governmenl
who are in charge of our efforts to
keep France within the European
defense communily and to persuade
the younger generation of French-
men that their destiny lies outside
the Soviet orbit. Sartre is not a Com-
munist. and not even a fellow travel-
ler, as Dr. Stern shows. But a peru-
sal of thiz book makes some An-
erican eflorts to keep France seeure-
Iy on our side seem as naive as
those traditional stories about the
hirds and the hees.
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A MESSAGE TO
COILLEGE ENGINEERING
STUDENTS
from Dr. J. A. Hutcheson, Vice-president
and Director of Research,

Westinghouse Flecuric Corporation
University of North Dakota, 1926

To the young man bent on C(_mquering the unknown

Behind every successful career, there’s a driving force.
An ingpiration, an ambition—call it what you will—that
spurs a man on.

It has been interesting to ine o watch the progress of
the young men in our rescarch departinents . . . watch
their ambitions take shape. Men, who only yesterday, it
seems, came 10 us from the universites, and are now
engaged in vital projects in our applied and fundamental
rescarch programs. These young men are exploring the
unknown—Ilooking for something hetter than ever before.
It’s a challenging life—and a rewarding one.

vou caN 8 SURE... ¢ its

%stinghouse

FEBRUARY, 1954

But what does this mean to you as a graduate? It
means your abilitics, your education, and yeur ambiizons
may carry you to undreamed of heights. Here at
Westinghouse, we recognize ambitions as well as abilities,
and do everything in our power to encourage them.
You are assisted in reaching your goals by means of
carefully developed training programs. You are given
the opportunity to pursue graduate work toward Masters’
and Ph.D. degrees. Here, you arc treated as an individual.

You who are bent on conquering the unknown are
G-10274

welcome at Westinghouse,

For information on carcer opportunities
with Westinghouse, consultthe Placement
Officer of vour university, or send for
our 44-page book, Finding Your Place
in Indusiry.

Write: Mr. S. H. Harrison, Regional
Educational Co-ordinator, Westinghouse
Liccirie Corporation, 410 Bush Surect,
San Francisco, California.




Cross section of an electric drill
showing Needle Bearings used on
the intermediate shafts and on

the spindle. Note that two of
these bearings are the closed-end
type which act as efficient and
economical seals on shaft ends.

TORRINGTON NEEDLE BEARINGS
help make products more compact

These days, design engineers have
to consider sales charts as well as
blueprints and specifications.

Two portable electric drills,
for example, may have the same
capacity, the same speed, the
same chucks and the same price,
yet one may ouisell the other.
Factors like overall appearance,
compactness, and light weight
often contribute to product
success.

Unique Design
Promotes
Compact Designs

The Torrington Needle Bearing
has been used in many products
because of the weight and space

savings it affords. Its unique de-
sign—a thin hardened outer shell
retaining a full complement of
small diameter rollers—gives it
maximum capacity in minimum
space. In fact, for its size and
weight, the Needle Bearing can
carry higher radial loads than any
other type of anti-friction bearing.

Permits Reduction
in Size and Weight
of Related Parts

In the electric drill shown here
the small size of the Needle Bear-
ing permits close shaft center
distances to make for overall
compactness. And, since Needle

THE TORRINGTON COMPANY

Torrington, Conn, *  South Bend 21, Ind.

Bearings are press-mounted in
plain round housing bores—with-
out retaining rings or shoulders—
housings can be made smaller and
lighter. The fact that Needle
Bearings require .no inner race
when running on hardened shafts
results in further savings, without
sacrificing capacity or durability.

Needle Bearings are in use on
many other products where com-
pactness and light weight are im-
portant design factors. Aircraft,
small gasoline engines, hydraulic
pumps and materials handling
equipment are just a few of the
products that utilize the Needle
Bearing’s high capacity and small
size to good advantage.

District Offices and Distributors in Principal Cities of United States and Canada

TORRINGTON VEFD(F

NEEDLE « SPHERICAL ROLLER o TAPERED ROLLER « CYLINDRICAL ROLLER ¢ BALL  NEEDLE ROLLERS
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"HOW
HERCULES
HELPS....

Hercules’ business today helps almost
everyone’s business. It embraces the
production of synthetic resins, cellulose
products, chemical collon, lerpene
chemicals, rosin and rosin derivatives,
chlorinated products, and many other
chemical processing materials—as well
as explosives. Through close cooperative
research with its customers, Hercules
has helped improve the processing or
performance of many products.

Paper towels absorb more moisture without falling apart when Hercules Kymene®
resins are added in manufacture. These resins, a few of many of Hercules’ varied

papermaking chemicals, help improve many other types of wel-sirength papers
and paperhoard, including map paper, V-board, and hag papers. '

A
Vinyl and asphalt-type floor tiles are Lacquer made with nitrocellulose and
processed with Neolyn® or Mastolyn®  other Hercules ingredients gives more
resins to give them “builtin” resist-  and more cars, trucks, and buses their
ance to both grease and alkalies, while  lustrous, longer-lasting beauty. No
lowering manufacturing costs. other finish dries so fast.

HER C ULES HERCULES POWDER COMPANY Wilmington 89, Delaware

Sales Offices in Principal Cities

ECE4-2
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: Visit the HUGHES Exhibit
i at the

: WESTERN COMPUTER CONFERENCE
| AND EXHIBIT

I LOS ANGELES, FEBRUARY 11 AND 12
: AMBASSADOR HOTEL

PLANNING THE RIGHT ANSWERS

One significant solution lies in the
extensive use of airborne automatic
equipment, including electronic digital
computers, to augment or replace the

human element in aircraft control,

ar BHUaHES Research and Develop-
ment Laboratories each problem is at-
tacked basically, beginning with systems
planning and analysis. This consists of an
exhaustive examination of the require-
ments of a problem, together with an
evaluation of the best means for satisfying
these requirements. The objective is to de-
sign the simplest possible mechanization

Culver City, Los Angeles County,
California

Address:
SCOIENTIFIC AND
ENGINEERING STARE

consistent with a superior performance.

These techniques, employing many
special talents, are responsible at Hughes
for the successful design, development
and production of complexly interacting
automatic systems for all phascs of elec-
tronic control of interceptor navigation,
flight control, and fire control. Similar
accomplishments may be pointed to in
the guided missile field.

Methods of systems planning and anal-
ysis responsible for achievements in the
military area are also being applied at
Hughes to adapt electronic digital com-
puter techniques for business data proc-
essing and industrial controls. '

HUGHES
Research
and Development
Laboratories

The complexity of modern

air defense—extreme aircraft
speeds, highly complex weapons,
new combat strategies, the advanced
state of today’s technology—poses
serious problems for the

scientist and engineer.

Dr. E.C. Nelson (left), Head of Computer
Systems Department, and J. H. Irving,
Head of Systems Planning and Analysis
Department, discuss a problem in the
systems planning and analysis stage.
PHY SIOISTS

AND

ENGINEERS

Hughes activities in the computer field are
creating some new positions in the Systems
Planning and Analysis Departinent. Expe-
rience in the design and application of
electronic digital computers is desirable, but
not essential. Analytically inclined physi-
cists and engincers with a background in
systems work are invited to apply.
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- CHEMICAL BIOLOGY

Collaboration between biology and chemistry at Caltech has already resulted in some im-

‘pressive discoveries. Now a new grant promises to put the program on a long-term basis.

T 5E RocKEFELLER FOUNDATION last month made a con-
ditional grant of $1,500,000 to the Institute for research
in chemical biology—the condition being that the In-
stitute match the Foundation’s $1,500,000 in a period of
three years.

This means that if the Institute can raise approxi-
mately $100,000 every two months for the next three
years—from individuals, corporations or foundations—
the Rockefeller Foundation will contribute an equal
amount toward the support of chemical biology at
Caltech.

This new grant is actually a continuation and an ex-
tension of support provided by the Rockefeller Founda-
tion for several years. Present work in chemical biology
here is being conducted in part on a $700,000, seven-year
Rockefeller grant, available at the rate of $100,000 a
year. »

Chemical biology is; of course, no new branch of
science. It is merely the name given to thal work in
chemistry which is of bhiological interest—and to that
work in biology in which. the chemical approach is used
to solve biological problems:

Though this collaboration between chemistry and
biology i§ certainly not unique to Caltech, it is neverthe-
less in full and vigorous operation here, and is proving
to be an increasingly productive field of research.

From the chemical side, Caltech’s chemical biology
program includes:

1. Organic chemistry—the chemistry of the com-
pounds of carbon, which occurs in practically all of the
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substances which constitute living matter.

2. The principles of molecular structure, as these
apply to compounds of biological importance—particu-
larly the proteins and the nucleic acids. These are key
substances in all living systems. They are enormously
complex. They have never been synthesized, and their
structure is not known, but they are essential to the
progress of biology.

Proteins form a vital part of the protoplasm of all
plants and animals. Their presence in cells and tissues
(and therefore in man’s food materials) is essential to
the continuance of life.

Nucleic acid is considered to play an important part

‘in the synthesis of protein, with which it usually occurs

combined. According to the most recent studies (page
11) it may be the subslance out of which genes are made.
It may also be the key to reproduction.

3. Immunochemistry—studies of the structure and
action of antigens and antibodies.

4. Enzyme chemistry—attempts to discover and iso-
late enzymes, the catalysts responsible for many of the
chemical reactions of living organisms.

5. Disease in relation to molecular abnormalities. This
unique field of research has developed from the discovery
four years ago in the Caltech chemistry laboratories,
that some forms of anemia are based upon abnormali-
ties of the hemoglobin molecule. ‘

From the hiological end the Caliech chemical biology
program covers:

1. The physiology of plants and animals.



2. Biochemistry—the chemical reactions which take
place in living organizms,

3. Certain chemical aspects of embryology tsuch as
the mechanism of fertilization).

1. Chemical genetics—studies of the genes, the units
of heredity. and what they do in relation to the develop-
ment of form and function in an organizsm.

3. lmmunogenetics—the investigation of how genes
are related 1o the antigens thai are of importanece in
blood groups. skin grafting. and immunity 1o disease.

6. Bio-organic chemistry ---the chemistry of naturally
oceurring compounds.

7. Virology-—studies of virnses. the smallest known
entities that can reproduce themselves.

8. Some aspects of plamt and animal ecology.

I general this program involves an altempt to uncover
basic principles rather than to attack specific practical
problems. The researchers are trying to determine the
structure of genes and the mechanism of their action
rather than to develop commercially profitable mutants;
to obtain a fundameutal understanding of viruses and
antibodies rather than 1o prepare an antiserum for a
particular disease; to learn the basis of the physiological
activity of drugs in terms of their molecular structure
rather than to find a new hacleriostatic substance.

Nevertheless, practical discoveries are often made in-
cidentally in the course of fundamental investigations.
In fact, the Caltech workers hope that in the course of
this fundamental research new ideas will be developed
which will provide the basis for elinical rescarch on such
medical problems as those presented by neoplastic,
cardiovascular, and virus diseases,

Several impressive discoveries have taken place in
chemical biology in recent years.

The structure of proteins

In 1931 Dr. Linus Pauling. chairman of the Caltech
Division of Chemistry and Chemical Engineering. and
Dr. Robert B. Corey, Professor of Structural Chemistry,
reported their discoveries of the essential alomic strue-
ture of several proteins-—including those found in hone.
muscle. and red blood cells,

One of the most important problems in the field of
biochemistry is 1o find ouwl how proteins, the principal
building blocks of the body. are put together.

The major components of all living cells are proteins,
fats, carbohydrates, salt and water. Though all of them
are essential, the proteins among these are responsible
for many of the activities which we associate primarily
with living things—and in this respect, they may be con-
sidered more important than any of the other compo-
nents of living cells.

Some of the most important proteing include hair,
silk. wool. horns. fingernails and feathers. The major
components of skin and muscle are proteins; so are the
major components of hemoglobin and the antibodies
found in the blood. In addition, hoth the viruses and the
genes either contain proteins or are closely associated
with them.

Altogether. there arc thousands of different kinds of
proteins in the human body. Unlike the molecules of
most other chemicals. which consist of a score or 1wo of
individual atoms. protein molecules are made up of
thousands —sometimes millions—of individual atoms,

George W. Beadle, chairman of the Caltech
Division of Biology. and Linus Pauling,
chairman of the Division of Chemistry und
Chemical Engineering. Pauling is pointing
out details of bonding in a proposed pro-
lein siructure,
ENGINEERING AND SCIENCE



Dr. Renato Dulbecco. Associate Professor
of Biology. His new technique jor siudy-
ing anfial viruses made (0 possible to
isolate.  for ihe  first genetically
pure sirains of the three knowa types of
polio virus. ‘

lime.

each occupying a specific place in the architecture of the
molecule.

The first greal advance toward an understanding of
protein structure was made in 1900 when Emil Fischer,
a German, found that a protein molecule is composed of
simpler substances known as amino acids tof which
there are 24 in all), and that the amino acids, in turn,
are linked 1ogether into larger groups known as peptides,
and the peplides are linked together into even larger
groups known as polypeptides.

The problem of determining the structure of proteins
then became one of finding the sequence of various amino
acids in the chain and the way in which the chain is
coiled.

lnstead of trying to study the complicated proteins
directly, Pauling and Corey. some fifteen years ago.
began 1o investigate the crystal structure of the amino
acids. of simple peptides, and of other simple substances
retated to proteins. In this way they were ultimately able
to obtain enougli structural information to permit the
precize prediction of reasonable confignrations of the
structure of several proteins.

Virus research

In 1952 Dr. Renato Dulbecco. then a Senior Research
Fellow in Biology tnow Associate Professor!. developed
a new techniyue for studying those viruses which attack
animal tissue tas compared with those whiel anack only
plants. or bacteria). These are the viruses which cause
such diseases ax smallpus. shingles. influenza and polio-
myelitis. Formerh. animal viruses could be studied onlh
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by the slow and expensive process of infecting monkeys

or tat less coxt) chicken embryos.

Dulbecco’s new technique is to grow a single layer
of animal tissue cells in a nutrient medium in a small
dizh and then to introduce a weak suspension of virus
particles. I a single virus attacks a tissue cell it will
multiply and produce a small visible area of dead cells.
Thus the number of virus particles in the original sus-
pension can he counled and the progeny from any single
virus can be “bred” for further study.

This technique is analogous to the “plague count”
technique so widely used for study of the viruses thal
attack bacteria.

The importance of this development has already been
demonstrated. Last year. applying the plaque technique
to polico virus, Callech researchers were able 10 isolate
for the first time genetically pure strains of the three
known types of polio virus. This means that it is now
pussible to star intensive studies of the development
and hereditary properties of that virus.

Nucleic acid

in 1953, J. D. Watson, then at the Cavendish Labora-
tory in Cambridge tand now Senior Research Fellow in
Biology at Caltech), and I, 1. C. Crick proposed a
molecular structure for desoxyribonucleic acid (DNA).
This chemical is found largely in the chromosomes,
and recently has come to be thought of prime importance
in living systems. Various types of biological cxperi-
mentation indicate a close relationship-if not identity —
with the gene itself. the unit of heredity.

1



The Watson-Crick. structure consists of two tnot one.
as had previously been proposed) polynucleotide chains
helically coiled around a common axis. A polynucleotide
iz a long chain molecule formed by the regular union
of nucleotides {units containing sugar, phosphate. and
purine or pyrimidine bases).

The DNA structure has four bases; two of these—ade-
nine and guanine-—are purines; and two-—thymine and
cytosine

are pyrimidines. The two chains are held to-
gether transversely hy hydrogen bonds between bases in
such a way that guanine is bonded to cytosine and ade-
nine to thymine, The phosphate residues are on the
outside of the helix.

The DNA structure is of particular interest because it
indicates how it might carry out the essential operation
required of genetic material- that of exact self-duplica-
tion. The feature that appears to have special biological
significance is the complementary nature of the two com-
ponents of the double helix. The structure presumes
that specificity is determined by base composition and
order; when the specificity of one chain is fixed, that of
the other is determined in a complementary way. Pre-
sumably during nucleic acid biosynthesis the two com-
plementary components of the helix separate and each
directs the synthesis, not of another chain exactly like
itself, but rather of a complementary counterpart.

Chemistry at Caltech

Research in chemistry at Caltech began in 1913
the year that Arthur A. Noyes, then Acting President of
the Massachuseits Institute of Technology and Director
of its Research laboratory of Physical Chemistry, be-
eame associated with this institution. The first unit of
the Gates Chemical Laboratory was constructed in 1916.
the second unit in 1927, and the Crellin Laboratory in
1937,

For six years Dr. Noyes divided his time between Cal-
tech and MIT. In 1919 he began to spend full time here.
and teaching and research in chemistry expanded vigor-
ously. Dr. Noyes, a physical chemist, concentrated on
the inorganic aspects of the science, and aspiring chem-
ists came from all over the country to study under him.

Among these was Linus Pauling, a graduate of Oregon
State Agricultural College. After three years of ad-
vanced study under Noyes, Pauling was so interested in
the physical aspects of chemistry that he considered be-
coming an atomic physicist. On a National Research
Fellowship he spent a year in Munich. studying theoreti-
cal physics under Arnold Summerfeld. In the following
year he studied with Niels Bohr in Copenhagen and
Erwin Schroedinger in Zurich.

But chemistry was still his chief interest. In 1931,
when he was 30 vears old. he become a full professor
at Caltech. and when Dr. Noyes died in 1936, Pauling
was chosen to succeed him az chairman of the Division
of Chemistry and Chemical Engineering.

Uinder Pauling the division began to expand its studies
in organic chemistry. With the support of several grants
and an endowment fund of $1.000.000 from the Rocke-
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{eller Foundation. the field of organic chemistry was
=0o0p as strong as inorganic chemistry at Caltech. And,
under Pauling’s influence. it concentrated on the organic
chemistry of snbstances of biological importance, such
1z antibodies and hemoglobin.

Biology

Changes were taking place in the Division of Biology
at Caltech. 100. Work in biology got under way here in
1928, when the first unit of the William G. Kerckhoff
laboratories of the Biological Sciences was built (the
second being added in 1938).

Thomas Hum Morgan came from Columbia Univer-
sity to organize the Division of Biology at Caltech. The
presence of the famous geneticist here atiracted students
and faculty interested in this branch of biology. Among
these was George W. Beadle, a graduate of the University
of Nebraska, with a Ph.D. from Cornell University, who
came to Caltech as a National Research Fellow. Beadle
worked in Dr. Morgan’s laboratory from 1930 to 1936,
went to Stanford University for 10 years, then returned
to Caltech in 1945 as chairman of the Division of
Biology. .

In the years when Pauling was hecoming interested in
the biological aspects of chemistry, Beadle was con-
cerned with the chemical aspects of biology. At Stan-
ford. his research with the bread mold, Neurospora, did
much to establish the chemical nature of gene action—
and to encourage the development of the now thriving
field of chemical genetics.

It was inevitable thal, with Beadle and Pauling in
charge, the Divisions of Chemistry and Biology at Cal-
tech would work together closely. In 1946, in fact,
shortly after Beadle became chairman of Biology, he
and Pauling outlined their first joint program of re-
search on the fundamental problems of biology and
medicine.

This program has been supported, to date, by the
Rockefeller Foundation’s $700,000 seven-year grant, as
well as by a number of grants from foundations, private
sponsors, government agencies, and other organizations.

Gifts and bequests of the late Norman W. Church have
now provided a fund of approximately $1,000,000 for
the construction of a new chemical biology laboratory
(E&S--February 1953) adjacent to the Crellin and
Kerckhoff buildings. and with connections planned to
both of them. Construction of the Norman W. Church
Laboratory of Chemical Biology should get under way
this year.

To date, $1,500,000 has been authorized for the con-
struction of the Church Laboratory—though the cost of
building will probably be closer to $2,000.000. When
funds can be found for the purpose. it is also planned
to build a 90 x 50 foot conneclion between the Kerckhoff
and Clinrch Laboratories, The estimated cost of this
wing is $600.000. It would contain a general stockroom
for the Division of Biology and, in addition to labora-
tories for general use, specialized laboratories for the
virus research that is now being carried on partly in
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James D. Watson, Senior
Research  Fellow in Biol-
ogy. Wuh F. H. C. Crick,
he has proposed a mol-
ecular  structure for des-
oxyribonucleic acid (DNA)
~— @ chemical which is
closely related to, if not
identical with, the gene.
A model of the DNA
structure is in the lower
right hand corner of this
picture; Watson is ex-
amining a possible struc-
ture for another form of
nucleic acid — ribosenucleic

acid (RNA).

inadequate space in the Kerckhoff Laboratories, and
partly in space borrowed from the Huntington Memorial
Hospital Medical Research Institute.

These proposed additions to the physical plant, how-
ever, must come from a source other than the new Rocke:
feller grant—and other than the matching $1,500,000
which the Institute hopes to raise. These funds are
urgently needed for increasing costs of research and
training programs, normal salary increases, and a mod-
est increase in activities.

Most important of all, the new Rockefeller grant will
be used for long-term projects. If the chemical biology
program at Caltech is to be effective, its support must be
on a long-term basis. In order to attract high-calibre
faculty men it is necessary to offer tennre. On the ave-
rage, this means that support should be available for
a period of 15 to 25 years. Short-term support, like that
provided by the National Institutes of Health, the Na-
tional Science Foundation, the Office of Naval Research,
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and the Atomic Energy Commission, cannot be used
safely to underwrite tenure appointments. Short-term

‘support, besides, is usually designated for fairly specific

aclivities.

Support from the Rockefeller Foundation, besides
heing long-term, can be used catalytically for supporting
ventures in their speculative beginning stages, and for
supporting non-fashionable work in areas which are im-
portant, but in which project funds are not available. At
Caltech, as at similar institutions, experience has shown
that a laboratory engaged in basic research—where the
turn of a given investigation and its needs cannot be
foreseen far in advance—must have flexibility in the

" use of funds for effective operation.

Ixperience over the past seven years, during which
time the chemical biology program has existed in its
present form, indicates that if a capital sum of $3,000,-
000 is added to present funds, the future of the program
should be assured for a period of 15 to 25 years.
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SCIENCE IN_ART

EE

The Madonna of Canon van der Paele. painted by Jai van Eyck in 1436, shows that spectacles were then in use.

THE INVENTION OF SPECTACLES

by E. C.

A LTHOLGH THE 3ANCGIENTS were apparently more Famil-
iar with optics than with any other branch of physies,
and although mirrors and burning glasses are very old
- and the magnifying power of such glasses was
observed yaite earlv- it may safely he said that the lens
as an optical instrument was practically unknown up
to A.D. 1270. The question of whether the ancients had
any knowledge of the theory and use of dioptric instru-
ments. such as lenses. telescopes. and microscopes, has
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WATSON

been examined exhaustively by Professor Thomas Henri
Martin. Dean of the Faculty of Letters of the University
of Rennes. and his conclusion iz definitely a negative
ore,

There 1z good reason o believe thal spectacies were
imvented in ltaly near the end of the thirteenth century.
Their inventor wds most probably Salvinoe d’Armato
degh Armati of Florence. who died in 1317, The evi-
dence for this identification. as sumnmarized by F. Wilde.

ENGINEERING AND SCIENCE



Charles Singer. and George Sarton iz as follows:

1. The naturalist, poel. and scholar, Francesco Redi.
published in 1678 and again 1n 1690 a manuscript dated
1289, in which was the following passage: 1 find myself
20 pressed by age that 1 can neither write nor read with-
out those glasses they call spectacles, lalely invented,

to the great advantage of poor old men when their sight
grows weak.”

2. Bernard De Gordon. a physician at Montpellier, in
his Lilium medicinae (1303). in recommending an eye-
salve, says, “It is of such great value that it will
make an enfeebled old man read tiny letters withoul
spectacles.”

3. Giordano Da Rivallo, a Dominican friar of Pisa,
in a sermon delivered on February 23, 1305, said that “it
is 1ot twenly years since there was discovered the arl
of making spectacles to see better, one of the best and
most necessary of arts . . . | have myself seen and
spoken to the man who first discovered and made them.”

4. A Latin chronicle of 1313 or thereabouts, which
was originally in the library of the monastery of St
Catharine at Pisa, but which is now lost, stated that
“Brother Alexander of Spina, a modest and good man.
knew how to make anything which he had seen or heard
of. He made spectacles, which had bheen previoush
made by someone who was unwilling to communicate
his knowledge. while he himself was only too glad and
willing to do so0.”

Portrait of a Clergyman (with glasses), by Quinion
Massys. was painted tn abowt 1515.
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Altar sereen by Michuel Wohlgemuth (1434-1519) in
the church of St. {fames (n Rothenburg, Germany.

5. An epitaph in the church of Santa Maria Maggiore
in Florence reads as follows: “Here lies Salvino
d’Armato degli Armati of Florence, inventor of spec-
tacles. May God pardon his sins. Anno . MCCCXVIL”

The frst spectacles may have consisted of two lenses
suspended by pieces of leather from a cap. The form
with which we are now familiar probably dates from the
early fifteenth century.

Spectacles and artists

After their invention, the use of spectacles spread
slowly over Kurope. This fact can be demonstrated by
a study of old painlings as well as in other ways,

The Madonna of Canon van der Puaele, executed hy
Jan van Fyck in 1436, clearly shows a pair of spectacles.
This fine painting now hangs in the Municipal Museum,
Bruges, Belgium. Other early paintings of nole in -
which spectacles or eye-glasses are clearly depicted in-
clude an altar screen by Michael Wohlgemuth (1434-
1519) in the church of St. James in Rothenburg. Ger-
many (above), and the Portrait of a Clergyman painted
by Quinten Massys about 1515, which was in the Liech-
tenstein Gallery at Vienna (left).

One of a series of articles devoted to reproductions of
prints, drawings and paintings of interest in the history
of science—drawn from the famous collection of E. C.
Watson, Professor of Physics and Dean of the Faculty
of the Calijornia Institute.
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THE CHALLENGE

0F MAN'S FUTURE

WHEN WE LOOK at the world situation solely from the
point of view of technological and energetic feasibility,
we must conclude that the resources available to man
permit him, in principle, to provide adequately for a
very large population for a very long period of time.

There are, of course, physical limitations of some sort
which will determine the maximum number of human
beings who can live on the earth’s surface. But at the
present time we are far from the ultimate limit of the
number of persons who could be provided for.

If we were willing to be crowded together closely
enough, to eat foods which would bear little resem-
hlance to the foods we eat today, and to be deprived of
simple but satisfying luxuries such as fireplaces, gardens,
and lawns, a world population of 50 billion persons
would not be out of the question. And if we really put
our minds to the problem we could construct floating
islands where people might live and where algae farms
could function, and perhaps 100 billion persons could be
provided for. If we set strict limits to physical activities
so that caloric requirements could be kept at very low
levels, perhaps we could provide for 200 billion persons.

At this point the reader is probahly saying to him-
self that he would have little desire to live in such a
world, and he can rest assured that the author is think-
ing exactly the same thing. But a substantial fraction of
humanity today is behaving as if it would like to create
such a world. It is behaving as if it were engaged in a
contest to test nature’s willingness to support humanity
and, if it had its way, it- would not rest content until
the earth were covered completely and to a considerable
depth with a writhing mass of human beings. much as a
dead cow is covered with a pulsating mass of maggots.

For population densities 1o reach levels much higher

than those which exist in present-day agrarian cultures,
a great deal of technology is required. India, for exam-
ple, could not possibly support her existing high popu-
lation density without the benefit of the knowledge and
materials she obtains from the industrialized society of
the West. Without the existence of an industrialized
society somewhere in the world, disease could not be
effectively controlled and there would be no transpor-
lation adequate to the shipment of food from areas of
surplus to areas of deficiency.

As is indicated in an earlier chapter, within a period
of time which is very short compared with the total span

of human history, supplies of fossil fuels will almost
certainly be exhausted. This loss will make man com-
pletely dependent upon waterpower, atomic energy, and
solar energy—including that made available by burning
vegetation—for driving his machines. There are no
fundamental physical laws which prevent such a transi-
tion, and it is quite possible that society will be able
to make the change smoothly. But it is a transition that
will happen only once during the lifetime of the human
species. We are quickly approaching the point where, if
machine civilization should, because of some catastrophe,
stop functioning, it will prebahly never again come into
exislence.

It is not difficult to see why this should he so if we
compare the resources and procedures of the past with
those of the present. V

Our ancestors had available large resources of high-
grade ores and fuels that could be processed by the most
primitive technology—crystals of copper and pieces of
coal that Tay on the surface of the earth, easily mined
iron, and petroleum in generous pools reached by shal-
low drilling. Now we must dig huge caverns and follow

This article has been adapted from the concliding chapter of the book, The Challenge of
Man’s Future, by Harrison Brown, to be published March 19, 1954. by The Viking Press
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Population figures and living standards are still on the rise. How

|ong can it last? A considered analysis of what's ahead for all of us.

by HARRISON BROWN

seams ever further underground, drill oil wells thous-
ands of feet deep, many of them under the hed of the
ocean, and find ways of extracting elements from the
leanest of ores—procedures that are possible only be-
cause of our highly complex modern techniques, and
practical only to an intricately mechanized culture which
could not have been developed without the high-grade
resources that are so rapidly vanishing.

As our dependence shifts to such resources as low-
grade ores, rock, seawater, and the sun. the conversion
of energy into useful work will require ever more in-
tricate technical activity, which would he impossible in
the ahsence of a varlety of complex machines and their
products—all of which are the result of our intricate
industrial civilization, and which would be impossible
without it. Thus, if a machine eivilization were to stop
functioning as the result of some catastrophe, it is diffi-
cult to see how man would again be able to start along
the path of industrialization with the resources that would
then be available to hini.

Should a great catastrophe strike mankind, the agra-
rian cultures which exist at the time will clearly stand
the greatest chance of survival and will probably inherit
the earth. Indeed. the less a given society has been in-
finenced by machine civilization, the greater will be the
probability of its survival. Although agrarian societies
offer little security to the individual, they are neverthe-
less far more stable than industrial ones from a long
range point of view.

Is it possible to visualize a catasirophe of sufficient
magnitude to obliterate industrial civilization? Here
the answer must clearly he in the aflirmative. for., in
1954, it takes no extraordinary imagination to foresee
such a sitnation, ,

It must be emphasized, however. that industrial civil-
ization can come to an end even in the absence of a
major catastrophe. Continnance of a vigorous machine
culture beyond another century or so is clearly depend-
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ent upon the development and utilization of atomic or
solar power. If these sources of newly applied energy
are to be available in time, the hasic research and de-
velopment must he pursued actively during the coming
decades. And even if the knowledge is available soon
enough, it is quite possible that the political and eco-
nomic situation in the world at the time the new transi-
tion becomes necessary will be of such a nature that the
transition will be effectively hindered. '

At the present time a part of the world is agrarian
and another part is either already industrialized or in
the process of industrialization. It appears most un-
likely that these two greatly different ways of life can
co-exist for long. A world containing two major pat-
terns of existence is fundamentally unstable—either the
agrarian regions of the world will industrialize or, in
the long run, the industrial regions will revert to agra-
rian existence.

That the agrarian regions of the world will attempi
to industrialize is unquestionable. We see about us today
signs of revolution, of reorganization, and of reorienta-

-tion of goals leading toward the creation of local coun-

terparts of Western machine culture.

The search for greater personal security. longer life,
and more material possessions will force the agrarian
regions of the world to attempt to industrialize. But the
probability of their succeeding in the absence of a major
world catastrophe in the near future is small. There are
clearly paths that could lead to a successful transition
in the world as a whole. But the nature of man makes
remote the possibility that the steps necessary for com-
plete transition will be taken. The picture wounld change
considerably if Western machine civilization were to
collapse, thus giving the present agrarian cultures room
into which they could expand.

Collapse of machine civilization would be accompanied
by starvation, disease. and death on a scale difficult to
comprehend. In the absence of adequate sanitation facil-
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jties. the ability o inoculate against diseasc. facilities
for food transportation and storage. factories for pro-
ducing items which are essential to the maintenance of
life, the death rate would reduce the popalation to a level
far below that which could be supported by a stable
agrarian sociely which practices intensive agricultural
techniques. There would be such violem competition for
food that savagery would be the heritage of the sunvivors.
Human life would be confined unce again to those areas
which can be most easily cultivated. watered. and fer-
tilized, and the principles enunciated by Malthus would
once again become the major force operating upon
human poepulations. Only very slowly would the number
of persons climb Lo the level which could he supported
by a world-wide agrarian culture--about 5 billion.

The agrarian society of the future

The characteristics of the agrarian society of the future
would probably be very much like those of most parts
of China teday or like those of societies which existed in
Europe as late as the early eighteenth century. The
ratio of available food to total population would he low.
There would be no large-scale industries. for metals
would be practically non-existent and the only sources
of energy would be wood and waterpower. Lack ol ade-
quate supplies of metals would prevent the widespread
use of electricity, Although parts of society wonld benefit
from accumulated knowledge concerning public health
and human biology, death rates would be high. Anti-
biotics and vaccines would be non-existent. Birth rates
would almost certainly lie close to the Diological
maximum.

Although machine civilization as it exists al the present
time is unstable and may revert to an agrarian culture.
it is important that we examine ways and means whereby
stability inr a world industrial society might be achieved.
Can we imagine a sequence of events that might lead
eventually to industrialization of all peoples of the
world? Aund can we further imagine political. economic,
and social structures that would permit the resulani
soclety to maintain a long-range stability ?

The most immediate danger

Perhaps the most immediate danger to confront ma-
chine civilization is war. It is clear thal industrial civ-
ilization cannot afford the luxury of many more wars. It
is conceivable that the next war could so shatter it that
it would be unable to recover. On the other hand. it is
also conceivable that it couid survive two or three more.
But in any case. the number which can be tolerated is
finite. and each conflict will decrease further the prol-
ability that industrial civilization will continue to exist,

Wars in the pasi have been fought for varieties of
causes, for resources such as water. agricultural land.
and ore deposits. for outlets 10 markelts. to discard yokes
of enslavement and to sever colonial bouds. to further
religions. economic, and political creeds, to obtain power
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for power’s sake. They have been fought over the pur-
suit of military security and over real or imagined threats
to security. The causes of past wars have indeed been
manifold, and the potential canses of future wars are
equally numerous.

A fighting chance

No matter how we look at the picture, the threat of
war is the greatest immediate danger confronting indus.
trial civilization. The possibility of man’s eliminaling
war as an instrument of national policy indeed appears
remote. and fo the extent that this is s0 1l seems likely
that industrial civilization is doomed to extinetion. Never-
theless, the picture is not completely black. for we can
conceive of ways and means nol only of eliminating
specific causez of war hut of eliminating war itself. The
fact that we are able 10 recognize these problems and
conceive of solutions gives some hope that man’s intelli-
gence may save him in the fulure as it has saved him
in the past. Remote though this possibility may be. it
is the one 1o which those of us can cling who are un-
prepared to admit that man’s destiny is, « priori, an
ignominious one.

For the purpose of our discussion. let us assmne that
war and the possibility of war between existing indus-
trialized nations disappear from the earth, though this
seems most unlikely. Would the problems of survival of
industrial civilization be solved? li is clear that they
would not. Elimination of war. although it is an abso-
lutely necessary condition for survival, is by no means
a suthcient condition. In truth, the task of eliminating
war, difficult though it may appear. pales into insigni-
ficance beside the further problems that will confront us,

Controlling rates of population growth

One of the most important, from both a short-range
and a long-range point of view, is that of eontrolling
rates of population growth and at the same time per-
mitting human beings 10 take Tull advantage of the bene-
fits of public healih and modern medicine. Here there
can he no escaping the fact that il starvation is to be
eliminated. if' the average child is to stand a reasonable
chance of living out the normal life span with which he
is endowed at birth. family sizex must be limited. The
limitation in birth rates must arise from the utilization
of contraceptive techniques or abortions or a combina-
tion of the two practices,

We know that by proper application of technology ihe
carth could support a considerably larger population
than now exists. But no matter where we place the limit
of the number of persons that can be comfortably sup-
ported. at some point in history population growth nust
stop. And if population growih is 10 stop without our
having excessively high death rates. we must reconcile
onrsehves to the fact that artificial nieans must be applied
to Iimit birth rates.

CONTINUED ON PAGE 34
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THE MONTH AT CALTECH

President-Elect Beadle

D& Georce W. BEapLE, professor of biology and chair-
man of the Caltech Division of Biology, hecame presi-
dent-elect of the American Association for the Advance-
ment of Science last month. He will serve as president-
elect for a year, and will then succeed Dr. Warren
Weaver of the Rockefeller Foundation as president of the
organization,

Dr. Beadle will be the fourth Caltech faculty member
to serve as A.A.A.S. president. The others were Arthur
Amos Noyes (1927), Robert A. Millikan (1929), and
Thomas Hunt Morgan (1930).

A geneticist, Dr. Beadle is noted for his revolutionary
development, in 1940 with Dr. E. L. Tatum, of the use of
the bread mold Neurospora az a simple and effective
research tool for the study not only of heredity but of
problems in biochemistry as well. This followed from
their discovery, using Neurospora, that genes control the
synthesis of vitamins and amino acids in the living cell.
Previously, Dr. Beadle had made many contributions in
the genetics of corn and of the fruit fly, Drosophila
melanogaster.

His work has been recognized with honorary DSc
degrees from Yale, Nebraska, and Northwestern, and in
a number of awards. These include the Lasker Award of
the ‘American Public Health Association in 1950, the
Dyer Lectureship Award of the National Institutes of
Health in- 1951, and the Gold Medal of the Emil Chris-
tian Hansen Foundation of Copenhagen in 1953. He was
elected to the National Academy of Sciences in 1944.

He has been chairman of the Biology Division at Cal-
tech since 1946, when he came 10 the Institate from Stan-
ford University. where he had heen professor of biology.
Prior to juining the Stanford faculty in 1937, he had
taught at Harvard for a year and spent five years (1931
36) in research apnd teaching at Caltech.

A native of Wahoo. Nebr., he received his BS and MS
degrees from the University of Nehraska and his PhD,
in 1931, from Cornell Upiversity. ‘
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Firebird

T HE FIBsT GaS turbine automobile ever to be built and
tested in the United States made its debut at the General
Motors Motorama in New York last month. Known as
the XP-21 Firebird, the experimental car was produced
by General Motors with a strong assist from Caliech.

Underlying the unique aerodynamic styling of the car
is a series of special wind tunnel tests developed at Cal-
tech. To make it completely streamlined the car had
to have a tail fin or some flat vertical surface behind its
center of gravity, to hold it on course when in motion.
The final design of the Firebird was worked out after a
scale model of the car had been given wind tunnel tests
at Caltech, under the direction of Dr. Peter Kyropoulos,
associate professor of mechanical engineering. .

The Firebird is not being touted as any “car of to-
morrow”; I's merely a laboratory on wheels, built 1o
further study the commercial possibilities of the gpas
turhine.

General Motors XP-21 Firebird, an experimental gas
turbine car, gets a road test,
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THE MUNTH » a2 s« CONTINUED

The car will be on view locally when the GM Motor-
ama comes to Los Angeles on March 5. Its mechanical
anatomy, the reverse of the conventional automobile, in-
cludes a 35-gallon glass fiber-plastic fuel tank in the nose
ahead of the driver. The engine. consisting of iwo
mechanically independent parts. iz behind the driver.
These 1wo parts are called the gasifier section and ihe
power section. The gasifier section provides a source of
compressed hot gas. and the energy from this gas is
delivered by the power section to the car’s rear wheels.
Thus. the gasifier section replaces the engine and torque
converter pump in a conventional automobile. while the
power section replaces the torque converter turhine,
transmission, and rear axlc gears.

R. F. Mecl.ean, Caltech "43. a member of the GM
slyling stall. served as coordinator of the Firebird
project.

Visiting Professors

WV 1SITNG PROFESSORS at the Institute this term include
Drs. K. L. Bullen, geophysics; D. Dwight Davis. verte-
brate paleontology; H. C. van de Hulst. astrophysics;
Luna B. Leopold, geology ; Barbara McClintock, biology;
William Shockley and Victor F. Weisskopf, physics;
and John W. Williams, chemistry.

Dr. Bulien, on leave from the University of Sydney,
Australia, where he is professor of applied mathcmatics,
is devoting his time at Caltech to seismological studies.

Dr. Davis is curator of the Division of Verlebrate
Anatomy of the Museum of Natural History in Chicago.

Dr. van de Hulst. who is doing research and teaching
at Caltech in radio astronomy and galactic structure, is
on leave from the University of Leyden, the Netherlands,
where he iz professor extraordinary.

Dr. Leopold. a geologist with the Water Resources
Division. U. 8. Geological Survey, is doing experimental
work in hydrodynamics at Caltech and teaching geo-
morphology.

Dr. McClintock. an imestigator for the Department of
Genetics of the Carnegie Institution of Washington, is
continuing her genetic studies here.

Dr. Shockley, Caliech "32. comes from the Bell Tele-
phone Laboratories in Murray Hill. New Jersey. and
Dr. Weisskopf from the Massachusetts Institute of Tech-
nology. where he is a professor of physices,

Dr. Williams. professor of chemistry at the University
of Wisconsin, is engaged in studies of protein chemisiry.

New Trustee

M. Jonn E. BakBer has been elected to the Institute
Board of Trustees. A charler member and past-president
of the California Institute Associates. Mr. Barber was
associated for many years with the Uniied States Steel
Corporation in executive capacities in the Columbia-
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Geneva Steel Division at San Irancisco. and the Con-
solidated Western Steel Division at Los Angeles.

Carl Braun

C i FrankLIN Braun. a trustee of the California In-
stitute and founder and president of the C. F. Brann en-
gineering firm in Alhambra. died on February 4 of a
Leart attack.

C. F. Braun & Co. is one of the country’s largest com-
panies building oil refineries and chemical plants.

Mr. Braun. a native of Oakland, received a BS in
mechanical engineering from Stanford University, and
an LLD from Occidental College. He established the
Braun Co. in San Francisco in 1909. and moved it to
Alhambra in 1922, It has designed and constructed
chemical plants valued at $300,000,000,

Mr. Braun was a director of the Friends of the Hunt-
ington Library. a trustee of Claremont Men’s College,
and a consulling professor of the Stanford Graduate
School of Business. He had also previously served as
director of the California Institute Associates.

Associate President

&S HaxNon CRaNDALL, JR., president of the California
Hardware Company of lLos Angeles. has been elected
president of the California Institute Associates, succeed-
ing Charles 5. Jones, president of the Richfield Oil
Company.

Also elected were William Clayton, president of the
Clayton Manufacturing Company, El Monte, who will
serve as third vice-president; and itwo new members of
the Board of Directors: Jerome K. Doolan, vice-president
of the Bechtel Corporation, los Angeles, and Robert L.
Minckler, president of the General Petroleum Cor-
poration.

Re-elected were Archibald B. Young, first vice-presi-
dent; Seeley (5. Mudd, second vice-president; Alexander
King, secretary; Herbert L. Hahn, treasurer; and I1. H.
(5. Nash, assistant secretary and assistant treasurer.

New Seismo Station

T HE FOURTEENTH in the network of auxiliary seismo-
logical stations operated by the Caltech Seismological
Laboratory has now gone into operation. The new station
is Jocaled at the lsabella Dam, a project of the U. S.
Army Corps of Engineers on the upper Kern River.

Like the other installations in the Caltech network. the
Isabella Dam station is equipped with one of the short
period recording seismographs developed by Dr. Hugo
Benioff to record local earthquakes. Routine work con-
nected with the operation of the seismograph will he
handled by residemt engineers at the lsabella Dam
project.
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This germanium refining
method keeps impurities
down to less than
9 parts in a billion

A new method of metal refining. currently in use at the
Western Electric plant at Allentown, results in the pro-
duction of germanium that is better than 99.9999995%
pure — the highest degree of purity ever attained in a
manufactured product.

The need for germanium of such exceptional purity
came about when research by Bell Telephone Labora-
tories in the field of semi-conductors led to the develop-
ment of transistors, which are manufactured by Western
Electric.

The transistor is a tiny crystal device which can amplify
and oscillate. It reduces space requirements and power
consumption to a minimum.

Various forms which germanium takes before being used in trau-
sistors are ghowa in this photo. Bur ut top 18 an inget of ger-
manium aftes reduction jrom germanium dioxide, Neat is ghown
the germanium ingot after the zone refining process used by
Western Electric. Below the inguts aie shown 3 germuanivm crys-
tals grown by machine, 6 slices cut from these erystals, und sevecul
hundred germanium wafers ready for assembly tato transistors.

i this refintuy apparatus, at Western Electric's
Allentown, Pa. plawt, germaniwin is passing through
nedtiple heating zoues in tandem, producing a bur contuining

impuiities of less then 5 parts in a billion for use in transistors.
Note heuting cotls on the horizontal quart: tube.

Germanium crystals of the size required in transistors
do not occur in nature; they are artificially grown at
Western Electric. At this stage in transistor manufac-
ture, other elements are introduced in microscopic quan-
tities to aid in controlling the flow of electrons through
the germanium. But before these elements can be intro-
duced, it is necessary to start with germanium of excep-
tional purity, so that the impurities will not interfere
with the elements that are deliberately added.

So Bell Telephone Laboratories devised an entirely new
method of purification, known as zone refining, which
was developed to a high-production stage by Western
Electric engineers.

In zone refining a bar of germanium is passed through
a heat zone so that a molten section traverses the length
of the bar carrying the impurities with it and leaving
behind a solidified section of higher purity. By the use
of multiple heating zones in tandem, a number of molten
sections traverse the bar. Each reduces the impurity

“content thus producing a bar which contains impurities

in the amount of less than five parts per billion.

Because of the importance of the transistor in elec-
tronics, the zone refining process -- like so many other
Western Electric developments — has been made avail-
able to companies licensed by Western Electric to man-
ufacture transistors.

This is one more example of creative engineering by
Western Electric men. Engineers of all skills — mechan-
ical, electrical, chemical, industrial, metallurgical, and
civil — are needed to help us show the way in funda-
mental manufacturing techniques.

o,

i

[ Western Erectric |
o

A UNIT OF THE BELL SYSTEM SINCE 1882

Manutacturing plants in Chicago, . ¢ Kearay, N. J. * Baltimore, Md. * Indianapolis, ind. * Allentown & Laureldale, Pa. * Burlington, Greensboro
& Winston-Salem, N. C. * Buffalo, N. Y. * Haverhill & Lawrence, Mass. * Lincoin, Neb, * St. Paul & Duluth, Minn, Distributing Centers in 29 cities
and Instaliation headquarters in 15 cities. Company headquarters, 193 Broadway, New York City.
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THE CALTECH ALUMNI

IV. Occupation and Income

by JOHN R. WEIR

|» rrEvious ARTICLES we have discussed certain aspects
of the survey relating to the occupations of our alumni
We have pointed out that the wreat majority have fol-
lowed the specific field in which they got their training,
have been in it ever zince they left school. and intend to
continue in it for the rest of their working carcers. It
they were to leave it. it would be only for another spec-
ialty within the fields of science or engineering. They are
in positions of importance and influence. and have the
responsibility of directing and controlling other people
as project leaders, supervisors, administrators, and ex-
ccutives. They consider themselves more successful than
the average, and if they had it all 10 do over again.
would go back io the same school and major in the
same field.

in thiz aricle we will complete the vocational picture
of our Calicch alumni with a discuseion of fields of
employment and income medians and distributions,

Occupalionul <. % Y % Y%
Fields PhDs  Fs  MS:  BSs Caltech

Research and

Development 40 38 34 20 30

Administration O 6 13 19 15
Design 1 9 11 14 11
Teaching 36 2 7 2 9
Production and

Operation 1 5 7 3
Military 2 31 7 3 5
Construction and

Maintenance 1 3 8 )
(hex 15 9 20) 27 20)

A: the 1able shows, our Bachelors are aboutl evenly
distributed among Research and Development. Adminis-
tration. and Design. Only 2 percent are in Teaching.
This distribution alse holds for alumni with Master’s
degrees. Amang the PhD)'s. 10 percent are in Research
and Development, and 36 percent are in Teaching.
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About three times as many Bachelors as PhD’s are in
the field of Administration. Other occupational fields in
which the number of alumni were so small as to be not
significant were: student, selling and advertising. field
work, consulting, laboratory, law, insurance, medicine,
stalistics.

From another standpoint, almost all of our alumni
are in positions requiring leadership and adminisira-
tive skill. A quarter of the alumni have from 1 10 5
people responsible 1o them, a quarter 6 through 19,
a quarter 20 through 199, and 7 percent have over 200
responsible to them. Approximately 80 percent thus
have one or morc people responsible to them. This
figure points to the need for excculive and administra-
live lraining as an essential component in the education
and training of the young scientist or engineer.

Earned income

The median earned income for the Caltech alumni as
reported in the fall of 1952 was $7,000 per year.
Havemann and West report median earnings for three
different groups which permit significant comparisons
with this figure. They give the median earnings for U. S.
college graduates as $5.345. the median earnings for
professional men tconstruction, engineering, architec-
ture) as $3.472, and the median earnings for the gradu-
ates of seventeen technical schools as $6,135.%

*The actual figures given by lNavemann and West are, re-
~pectively, $4.689, $4,800, and ¥5.382. The data for the Havemann
and West survey, however, were gathered in 1948, and a correction
must be made for the inflation that has occurred between that
time and the fall of 1952, when our data were gathered. A
comparison was made hetween the annual surveys of professional
seientilic salaries by the Los Alamos Seientific Laboratory and
the index of the cost of living of the United States Bureau of
Labor Statistics. In each case the averages had risen 14 percent
{from 1918 to 1952, 0 it was considered safe to assume that a
correction of 13 percent for the Havemann and West figures would
make them comparable to our 1952 data. This correcticn has
been made in every case where we compare our data with Have-
mann and West.
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Navys new radio Voice

dedicated to America’s security

WORLD'S MOST POWERFUL MILITARY RADIO TRANSMITTER
A 6-YEAR NAVY-RCA PROJECT!

On Jim Creek, in the State of Washington, stands the world’s
most powerful military radio transmitter—its giant
antenna stretches from mountain peak to mountain peak.

A 6-year project of the Navy and RCA, “Big Jim”
was built and installed to provide the Navy, for
the first time, with instant communications with
naval units everywhere, on the seas and under the
seas, on land and in the air.

Speaking at the dedication ceremonies; Brig. Gen.
David Sarnoff, Chairman of the Board of RCA, said:
“May I express the wish, which I know all in our
Armed Services share, that this powerful instrument

for transmitting intelligence may add to our
national security and to the peace of the world.”

The first message flashed by the “Big Jim” trans-
mitter was from Admiral Robert B. Carney, Chief of
Naval Operations, to U. S. Navy personnel around
the world. He said:
“With this message we forge another link between
you and your homeland. With it, we build a new
security channel from America to the naval units
which form its outer ramparts of defense.”

INTRIGUING OPPORTUNITIES FOR
GRADUATING ENGINEERS

Youre sure to find the exact type of
challenge you want in Engineering De-~
velopment, Design, or Manufacturing at
RCA. Men with Bachelor’s, Master’s or
Doctor’s degrees in EE, ME, IE or Phys-
ics are needed. You'll find your optimum
career work among the hundreds of prod-
ucts RCA produces for the home, sci-
cnce, industry and Government.

If you have the necessary education
and experience, you will be considered
for a direct engineering assignment. Oth-
erwise, you’ll participate in our Special-
ized Training Program, in which you
can explore RCA’s many interesting en-
gineering operations for a full year.

Your rapid professional advancement
is enhanced at RCA by the free flow of
engineering information.

Write today to: College Relations, AT DEDICATION CEREMONIES — Gen. Sarnoff
RCA Victor, Camden, New Jersey. operates key to transmit first radic message,
Or, see your Placement Director. dictated by Admiral Carney, to American

fleet units around the world.

RADIO CORPORATION OF AMERICA

World leader in radio— first in television
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ALUMNI SURVEY . . . comnnueo

It is also possible to estimale an approsimate median
earnings hgure for all scientists and engineers in the
United States by combining figures from the Los Alamos
Scientihe Laboratory Survey of Professional Scientifie
Salaries for 1952 and from the National Society of
Professional Engineers” Report for 1952.53, This esti-
mated median, hased on reports {from 30.000 scientists
and 12.000 engineers. comes to $0.916 per year.

The chart below shows earned income by age for
Caltech alummi. 1. S. college graduales. and Ui, S. males.
The advantage of a college education is obvious, Also,
the advantage of a Caltech education in science and
engincering is clear. and these differences become even
more impressive if we recall the extreme youthfulness
of the Caltech alummi. For example. of the 12,000 engi-
neers mentioned above, only 13 percent got their de-
grees after 1916, whercas 50 percent of the Caltech
alomni got their degrees alter this date. As our alummi
grow older. the tendency for carnings to increase with
age will have the effect of raising the Caltech median
considerably above where it it now. (The down curve
beginning at age 50 can probably best be understood as

A DEGREE PAYS OFF AT ANY AGE

EARNINGS
# 10,000 |
89,500
9,000 | 8 9,000
8,000 }-
#7118
7,000 | 703 '
6,000 |
5,000
4,000 | §4,032
83,243
3,000 [ / T 33,056
$2,792 »
% §2,672
2,000 |
$1,778

1,000 { i L 1 L

20 30 40 50 60

AGE

O Median Earnings of Coilech Graduates

o " " "U.S Men " (Havemann & West)

® " Income “ Ali U. S Man
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reflecting the changes initiated at the California Institute
in the middle twenties under the influence of Drs. Hale,

Noyes. and Millikan.)

Income from consulting activities

Our Caltech graduates do not get much income from
consulting fees. Only 7 percent earn more than $1,000
a year from this activity—and this 7 percent includes
those whose sole earned income is from consulting
practice. What consulting income there is, is mainly
concentrated in the PhD group. Twenty-three percemt
of them report zome income here, contrasted with only
8 percent of the BS’s and MS’s. This lack of consulting
activity is probably largely determined by the youth-
fulness of our alumni. as consulting aclivities tend to
increase with age and experience in the field, and with
the development of a professional reputation.

Consulting Income

None 88.7%
£100 10 8500 2.6
8500 to $800 1.8
£1,000 to $5,000 5.0

$5,000 to $100,000 1.9

It is equally true that few of our alumni have in-
come from inherited wealth or large investments. Only
12 percenl receive more than $1.000 per year from
sources other than occupational and consulting activities.

Total income

If all sources of income are combined, we gel a iotal
income median of $7,900 for Caltech alumni. Havemann
and West give the median total income for U. 8. gradu-
ates as $6,140, indicaling a $1.700 advantage for the
Caliech grad. The Caltech distribution runs as follows:

Total Income

Under $5,000 12.49,
$5,000 1o $8,000 37.2
$8.000 10 $11,000 29.1
$11,000 10 $40.000 20.4
$40,000 and over 9

It grouped by years ow of BS, and according to
Lighest degree earned, the following medians obtain:

Median Total Income

By Years Out of BS, by Highest Degree Farned

BS MS PhD
I through 10 years 5,700 6.000 6.900
11 through 20 years 9,000 9,000 8,400
21 through 30 years 10,100 10,500 11,000
Over 30 years 10,800 11,500

* insufficient sample

ENGINEERING AND SCIENCE
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ALUMNI SURVEY . ..

CONTINUED

And here again as our alumni get older as a group,

all of these medians will be higher. and the gap be-
tween the Caliech alumni and the other groups noted

for comparizon will widen conziderably.

Do advanced degrees help?

Oue would expect that the extra effort and expense
entailed in obtaining an advanced degree would reflect
iself that is. a PhD ought
to have a considerably larger income than a Bachelor.
of
degrees reveals that such is not the case. The chan below
shows the median earned income for PhD's. MS': and
BSs by years they obtained their BS degree.
The line for the PhI)'s iz mosily on the hottom. Only
during the first few years of employment do they eain

in an increase in income;

However, a comparison carned income for various

since

more than the Bachelors. From then on they are con-
siderably lower,

The
Masters

and
these

all Bachelors

$7.500. Do
as well as the com-
mentz made in the preceding paragraph? Actually they
do not. There iz a disproportionately large number of
BS’s and MS's

which depresses

median earmed income for
$7.000. Phbys 1

figures coniradict the chart helow,

For

in the early year tlow income} age groups

their medians. We could make more

valid comparisons and draw more meaningful conclu-
if this depressive effiect were removed. Doing this
gives an “adjusted” median earned income for Bachelors
and Masters of $7.980.%

Our PhD)’s earn an average §500 a year less than our
BS’s. although they have had four additional years of ad-
vanced education! Is there a penalty for knowing too

sions

much? Yes. in a sense, there is. Thirly-six percent of
our PhI)’s go into teaching, and the earned income of
these teachers is relatively =o low that it drags the median

for all I’hi)’s

old story-—society doesn’t reward knowledge and scholar-

down below that for the BSs. It's the same

ship for itself alone.

Teaching or industry?

Only 9 percent of our alumni are in teaching--2 per-
cent of the BS's. and 36 percem of ithe PhD's. Never-
theless. the relative earnings available in “teaching versus
industry” are an ever-present concern of many of our

alumni; so some comparisons may be quite welcome.

]hJ~ adjustment was made Iy equa]umg the number of BSs
or MS’s with the number of PhD’s in each group. Over-all
medians for B or MSs were then estimated {rom theze now-
equalized groups.

EARNINGS #10,000 #10,000
$10,000 |
89,600
9,500 |-
9,000 |-
* $8,800
8,500 |-
EARNINGS 8,000 -
BY 7,500 |
DEGREE 7,000 |
6,500 |
An advanced !
degree doesn't 6,000 |
mean o higher
) g 5,500 |-
income
5,000 b
4,500 - L { | { ] | i }
5 0 15 20 25 30 35 40

YEARS OQUT QF B. S. DEGREE

O Median Eornmgs nghest Degree Earned: Bachelor's (1656)

0
*
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u

o

v + Master’s {I161)
" " " " :Dactar's (710)
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‘pu{
yourself in
his place...

A year ago he was knee-deep in texthaooks,
plugging for his B.S. Tonight he’s on his
way to Vancouver, or Miami, or Portland,
Maine. Tomorrow he’ll help an Alcoa cus-
tomer make a faster ship, a stronger shovel,
a lighter highway trailer.

In Alcoa laboratories, plants and sales
offices from coast-to-coast, amhitioys young
Sales Development Engineers are helping
to make aluminum more useful, in more
ways, to more people. We need more men
just like them to help us meet ever-growing
demands for Alcoa Aluminum . .. Alcoa
“know-how?,

Maybe you are already thinking about
trading your textbooks for a position in
production supervision, industrial research
or sales engincering. Tell us about it, give
us an idea of your background in Chemical,
Electrical, Mechanical, Metallurgical or
Industrial Engineering.

Good men go places fast with Alcoa, in
their daily associations with leaders in the
aluminum industry. Right now it may he
quicker than you think from a seat in the
classroomn to your career with Alcoa. Why
not find out?

Your Placement Director will be glad to
make an appointment for you with our
Personnel Representative. Or just send us
an application, yourself.

-~ ArumiNuM CoMPANY OF AMERICA, 1825
Alcoa Building, Pittsburgh 19, Pepna.

ALUMINUM COMPANY OF AMERICA

ALCQA ON TV brings the warld to your armchair with *‘SEE IT NOW'" featuring Edward R. Murrow. Tuesday evenings on most CBS-TV stations.
FEBRUARY, 1954 27



ALUMNI SURVEY . . . conmnueo

In order to avoid complications, comparisons will be
limited to the Phl)s.

One thing is certain. The PhD’s certainly represent
a high degree of scholastic ability, Almost the entire
group reports A and B grades-—and within this group.
more of the A students tend to go into leaching.

Grades of Teaching and Non-Teaching PhI) s

Teaching Non-teaching
Mosily As 58%¢ 1%
Mostly Bs 36 15
Mostly Ce §! 1

The mediar earned income for the teaching PhD's
{7 percent of the Caltech sample) is $6,500. For ihe
non-teaching PhI)s (12 percemt of the sample) it is
88.200—a difference of $1.700 a year. Hf additional in-
come from consuliing, hooks, lectures, etc. iz included.
the teachers report $7,600 total income versus $9.000
for the non-teachers—a difference of $1,400.

While a person making $7.600 a year could hardly be
called poverty-stricken, even in these times of inflation,
there certainly is a significant financial sacrifice entailed
if one enters the academic field. It would indeed be
interesting to identify the true otivations leading to
the decision to accept such a sacrifice.

Palities

As muost studies show, there is a relationship between
the amount of money one has and his political afhliation:
The higher the income the greater the affiliation with the
Republican party. The Caltech alumni are no exception.
They show a delinite. though minor, correlalion between
income and Republicanism.

FAMILY INCOME AND POLITICAL PARTY

FAMILY INCOME REPUBLICANS DEMOCRATS INDEPENDENTS

$7,500 8 OVER & \\:
s NN

43,0000 47,500 55%

LESS THAN §3,000 (50% ]

% NNCAN

Religion

Havemann and West found that the Jewish members
of their zample reported varning more money than the
Protestants and Catholies. This is not true for the Caltech
alumni. The Caliech Protestant graduates lend to have
the higher incomes. This difference might be explained
by the fact that Caltech has had very few Jewish gradu-
ates uniil recently; thus, theyv are relatively young and
as yet have not realized their potentialities to a degree
comparable with the rest of the Cahech alumni.
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Coliege finances

Havemanu and West reported that, in general, the
students who had their parents’ financial support in col-
lege cashed in later on the security and prestige which
this seemed to give them. The median income for those
who worked their way through school was about 10
percent below the median for those whose families had
put them through. The opposite is true for our alumni.
Those who earned the majority of their expenses at
Caltech report a median total income $300 greater than
do those who earned a quarter or less of their college
expenses, Apparently our alumni are more likely to get
their jobs and income by determination and hard work
than through family position and influence.

Median Total Income of Self-Help and
Family-Supported Men

CIT U.S.
Farned none to 14
of college expenses $7.700 $6.014
Kared 1/, 1o 1%
of vollege expenses 8.000 5.694
Earned 14 to all
of college expenses 8,000 5,507

Extra-curricular activiites

An item of considerable importance and interest 1o
the Caltech student is the maller of the relalive import-
ance of grades versus extra-curricular activities in their
contrihution to success in later life. Would it be better
for him to forego all exira-curricular activities, student
body offices, clubs, elc., and concentrale on his hooks,
becoming a 100 percent dyed-in-the-wool snake? Or
should he study just enovugh to get by, and spend most
of his time on exlra-curricular activities, learning how
1o win friends and influence people?

This is a constant problem, and up to the present
lime we have had no adequate empirical dala on which
to base conclusions. However. the results of our survey
now permit us to draw some ientative conclusions on
this matter.

The median total income for our graduates who report
gelting mostly Az iz $8.100 a year. The median total
income for those who report getting mostly Cs is $7,500
—or $600 less a year, and hardly what one would call
a profound difference. If we look at those of our alunni
who report participation in four or more activilies, we
find that their median total income is $8,800 a year. But
those who reporl no extra-curricular activities while in
school have a median of $7.200—a difference of $1.600,
and almost three times the difference between high and
low grades!

ENGINEERING AND SCIENCE



Another,bage Jor YO“R BEAR N 'NOTEBOOK

How engineers designed .0002”
accuracy into a gear shaver table

To get the high accuracy necessary in gear shaving
operations, engineers had to have extreme spindle
rigidity. If the spindle could be held rigid, it would
eliminate chatter and vibration, To get this rigidiry,
engineers mounted the table spindle of this gear shaver
on Timken® tapered roller bearings. The resuli—a
measurement of this gear shaver’s accuracy showed a
maximum runout of .0002”, exceptional in view of the
fact that these bearings have 17%” and 16%" bores.

How TIMKEN® bearings hold
spindles in rigid alignment

Deflection is minimized, end-play and chatter
eliminated because the tapered construction of
Timken bearings enables them to take 2ny com-
bination of radial and thrust loads, Line contact
between rollers and races gives spindles wide
support for extra rigidity.

Want to learn more about
bearings or job opportunities?

Many of the engineering problems you’ll face after

TIMKEN graduation will involve bearing applications. For
help in learning more about bear-

AT L.ARK wEe. § 5 Par OMF ings, write for the 270-page Gen- ‘

TAPERED ROLLER BEARINGS e€rallnformationManualonTimken

bearings. And forinformation:bout

the excellent job opportunities at

the Timken Company, write for a

copy of "“This Is Timken”’. The

Timken Roller Bearing Company,

Canton 6, Ohio.

NOT JUST A BALL O NOT JUST A ROLLER > THE TIMKEN TAPERED ROLLER c=
BEARING TAKES RADlAI.@;) AND THRUST —@- LOADS OR ANY COMBINATION —:@E—
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ALUMNI SURVEY « » » CONTINUED

If these two items are combined. even more inter-
esting relationships are revealed. Let’s divide the alumni
All-Aroupd Students—-those who re-
port getting mostly As and indulging in four or more

extra-curricular activities; Big Men on Campus—those

inte four groups:

who get mosily Cs. but who were in four or more extra-
curricular activities; Smakes —those who report getting
mostly As but who did nol 1ake part in any extra-
curricular activities; and Those Who Just Sat There—-
graduates who report getting mostly Cs and who were
not in any extra-curricular activiiies.

Grades, activities and income

The median earnings of these four groups are shown
in the chart below. The Ail-Around Students have the
highest income. Those Who Just Sat There the lowest.
If we compare the Big Man on Campus with the Snake.
it appears that i you Lave 1o take your choice belween
grades and activities, you’d hetter take the activities. But
an even better solution is 1o combine good grades with
at least a few activities.

This is quite different from the way it is among the
. S. college graduates as: reported by Havemann and
West. While extra-curricular activities appear to be very
imporlant in relation to the laler success of the Caltech
graduate. they make litile difierence for the U. 5. gradu-
ate. On the other hand, while grades seem 1o make rela-
tively little difference for the Caltech graduate, they are
very important for the U, 8. graduate.

TOTAL INCOME

THE CALTECH
LADDER
OF SUCCESS

The All-Around Student
gets to the top,
but Those Who Just
Sat There still sit

there — on the bottom
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(rades probably make more difference among the
L. 5. college graduates because there are large differ-
ences in scholastic ability within this group. Grades
don’t mske much difference at Caltech, because all of
our students are A students when compared with the
L. S, college group.

The factor that seems 1o differentiate significantly
among Caltech graduates is their pariicipation in extra-
curricular activities—that is, their capacity and willing-
ness to assume group leadership. participate in group
activities, and find fun and relaxation in social and
cultural pursuits in addition to their academic work.
To obtain material rewards in life, it is not only im-
portant to know something, but it is even more importamt
to be able to communicate this knowledge 1o others, and
to cooperate with them in its application and develop-
ment. It seems reasonable to assume thal participation
in extra-curricular activities might be a rough measure
of such communication ability and social facility.

GPA and vocational success

These facts indicate that while our system of grades
and grade point averages may be valuable for our own
administrative purposes, it has litile value as a measure
for predicting subsequent vocational success. 1f we wani
a method of making such predictions we might do bhet-
ter to Dbase our grading system on extra-curricular
aclivity. It would seem to be only a mild exaggeration to
say that anyone able to get a degree from Callech will

MOSTLY A'S,

9,000 4 OR MORE ACTIVITIES
MOSTLY ¢S,
4 OR MORE
$ 8,000 ACTIVITIES
MOSTLY A'S,
87,200 NO ACTIVITIES
1
1
MOSTLY C'S,
# 6,500 NO ACTIVITIES
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There’s plenty of ‘*head room” for you

If you are a senior in any ficld of en-
gineering, it would be advisable to
consider the advantages of a carcer at
Boeing after you graduate.

Boeing, for mstance, makes a policy
of “promoting from within.” Regular
merit reviews give you steady opportu-
nity and recognition. And in a com-
pany with a growth record like Bocing's,
there’s always plenty of “‘head room” to
move into.

Another advantage at Bocing is career
stability: Boeing has grown practically
continuausly during its 37 years of op-
eration. Today Boeing actually employs
more engineers than even at the peak
of World War II.
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Still another Boeing advantage is
the variety of experience and contacts
available to you here. Boeing is con-
stantly alert to new materials and tech-
niques, and approaches them without
limitations. Extensive subcontracting
and major procurement programs — all
directed by cngincers —give you con-
tacts with a cross section of American
industry. Aviation, in fact, is unique
in its variety and breadth of application
— from applied research to production
design, all going on at once.

At Bocing you'd work in Seattle,
Washington, or Wichita, Kansas — two
fresh, medern cities with a wide variety
of recreational facilities, fine shopping
and residential districts, and universitics

at Boeing

which provide excellent graduate study
courses. The company will arrange a
reduced work week to permit tune for
this study and will rcimburse tuition
upon successful completion of each
quarter’s work.

There are openings in all branches
of engineering (mechanical, civil, elec-
trical, aeronautical, and related fields)
for DESIGN, PRODUCTION AND
RESEARCH. Also for servo-mecha-
nism and electronics designers and ana-
Tysts, and physicists and mathematicians
with advanced degrees.

For turther information,
consult your PLACEMENT OFFICE, or write

JONN ©. SANDERS, Stalt Engineer — Personnel
Boeing Airplane Gompany, Seattle 14, Wash.

BOLING
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ALUMNI SURVEY . .. connnueo

find his earnings directly related 10 his capacity to estab-
lish adequate interpersonal relationships, assume lead-
ership responsibility and understand and enjoy activities
outside of his held of specialization.

Civic octivities

The median earned income for all Caltech alumni re-
porting no participation in civic activides i> $5,000; for
those participating in five or more, it 1s $8,200—a dif-
ference of $3.200!

Earnings Civic uctivities engaged n
None 1 through 4 5 or more
Less than $3.000 23%. 9% 5172
$3.000 10 $5,000 19 12 5
$5.000 10 $7.500 30 30 29
$7.500 and over 28 54 6l

The difference in medians mentioned above is twice
the difference between no extra-curricular activiiies and
four or more. five times that hetween C grades and A
grades. and seven times the difference between BYS’s and
PhD’s.

How can we aceount for this difference—-the largest
we have found? The most plausible explanation would
be 1o assume a close relationship between civic activities
and extra-curricular activities. Thal is, a person with
the interest and capacity to participate in extra-currieular
activities as a student would also tend to be active in
civic aflairs as an alumnus. The following hgures sup-
port this hypothesis.

Civic Activities Extra-curricular uctivities

None 1 through 3 4 or more
None 4% 2% 19
1 through 1 66 62 30
5 or more 30 36 49

The earlier comments made concerning the hows and
whys for the conlribution of extra-curricular activities
to high earnings is even more relevant here. The Caltech
alumnus who accepts the social and cultural responsi-

hilities, the obligation to assume leadership. and ihe
obligation to contribule to his community and state—
all in proportion lo his training and capacity—is also
an alumnus with a relatively high income. I is an oft-
stated assumption thal the person who has the awareness
and willingness to assume civic and social responsihility
will be a happier and more productive person. This is
certainly the reasoning behind the Humanities program
at Caltech. Apparently ii also leads to higher income—-
a very persuasive lestimonial for breadth of interest and
activily.

Punting the income differences we have bheen discussing
into a rank order table highliglts some of the interesting
result= of thiz part of our survey.

4dvantage of:

Five or more civic affairs over no
civic affairs $3,200

A grades and 4 extra-curricular activilies over
(. grades and no extra-curricular activities 2,500

Non-teaching PPhD) over teaching PhD 1.700
Caltech graduates over U. S. college graduates 1,655
Four extra-curricular aclivities over

no activities 1,600
Caltech graduates over U. S. professionals

{Construction, engineering, architecture) 1,528
B.S. tadjusted®) over teaching PhD 1,480
Caltech graduates over graduates of

17 technical schools 865
A grades over C grades 600
B.S. {adjusted®) over PhI)s 500
Self-help over family supported 300
Non-teaching PhD’s over BS (adjusted™) 220

Caltech graduates over scientists and

engineers according to Los Alamos

and National Society of Professional

Engineers surveys 54
* see footnote on p. 26

Perhaps the most dramatic relationships revealed are

the large differences for civie and extra-curricular ac-
tivities, and the small differences for grades and degrees.
At least for Caltech graduates. it isn’t how much you
know that counts—it’s how well you use what you know.

This is the Jourth in a series of articles on the
alumni sarvey. Next month Dr. Weir, the man re-

spousible for the survey, will compure the ulumni

who majored in science with those who majored in

engineering.
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ELECTRICAL ENGINEERS
 MECHANICAL ENGINEERS,

electrical and mechanical engineering design and development
stress analysis, airborne structural design, electrical and electronic
circuitry, systems studies, instrumentation,

mechanical test, applied physics problems.

telemetering, electro-
Sandia Corporation,

a subsidiary of the Western Electric Company, offers
outstanding opportunmes to graduates with Bachelor's or advanced degrees, with
or without applicable experience.
Sandia Corporation engineers and scientists work as o team at the basic task of
applying to military uses certain of the fundamental processes developed by
nuclear physicists. This task requires original research as well as
development and production engineering

straightforward
A new engmeers place on the Sandia team is determined initially by his
training, experience, and talents . . . and, in a field where ingenuity and
resourcefulness are paramount, he is afforded every opportunity for professional
growth and improvement.

Sandia engineers design and develop complex components and systems
thal must funclion properly under environmental conditions that are much
more severe than those specified for industrial purposes. They design and
develop electronic equipment to collect and analyze test data; they build
instruments to measure weapons effects. As part of their work, they are
engaged in liaison with the best production and design agencies in the
country, and consult with many of the best minds in all fields of science.

i i ',

Sandia Laboratory, operated by Sandia Corporahon under contract
with the Atomic Energy Commission, is located in Albuquerque — in
the heart of the healthful Southwest. A modern, mile-high city of 150,000,

Albuquerque offers a unique combination of metropolitan facilities plus
scenic, historic and recreational attractions — and a climate that is
sunny, mild, and dry the year around. New residents have little diffi-
culty in obtaining adequate housing

Liberal employee henefits include paid vacations, sickness bene-
fits, group life insurance, and a contributory retirement plan.
Working conditions are excellent, and salaries are commensurate
with qualifications.

A_limited number of positions for Aeronautical Engineers,
Mathematicians, and Physicists are also available.

Makae application lo: PROFESSIONAL EMPLOYMENT
DIVISION A-1

Or contact through your Placement Office the Sandia

Corporotion representative with the Bell Telephone

System College Recruiting Team for an
interview on your campus.

ANDIA BASE o ALBUQUERQUE, NEW
FEBRUARY, 1954 '

MEXICO
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MAN'S FUTURE . . . conrmuen

This conclusion is inescapable. We can avoid talking
about it, moralists may try to convinee us to the con-
irary, laws may be passed forbidding us 1o talk about it,
fear of pressure groups may prevent political leaders
from discussing the subject. but the conclusion cannot
be denied on any rational basis. Either population-con-
trol measures must be both widely and wisely used. or
we must reconcile ourselves to a world where starvation
is everywhere, where life expectancy at birth is less than
30 years, where infants stand a betler chance of dying
than of living during the first year following birth, where
women are little more than machines for breeding. pump-
ing child after child into an inhospitable world, spending
the greater part of their adult lives in a state of
pregnancy.

The extent to which human beings avoid discussing
conception control is truly incredible. Volume after vol-
unie has been written, and conference after conference
has been held on the subject of ncreasing world food
production. and arguments have raged over whether or
not food production can be increased sufficiently rapidly
to keep pace with population increase. Huge efforts have
been made te improve public health in many of the un-
derdeveloped areas. Yet if anyone, in an official or semi-
official capacity, is so hold as to suggest that the approach
is one-sided. paralysis sets in. The minorily pressure
groups start ta work on the hapless individual, and soon
he claims that his remark: were misinterpreted.

Conception conirol — vnnaturail?

Some of those who fight against conception control do
so on the ground that it is “unnatural.” Yet what could
be more unnatural than appendectomies or injeclions of
penicillin? And. for that malter, iz not agriculture itself
unnatural ? Certainly a potato field growing in Western
Europe is one of the most unnatural 1hings in the world.
The plant is not indigenous; forests were removed so
that the plot could be cultivated: plants which prefer
to grow there are uprooted so that the potato can thrive
without competilion: artificial fertilizers are applied to
the ground; insecticides disturb the balance of insect
life. Clearly, once man invented agriculture he moved
into an unnatural world, and. as hiz knowledge has
increased, his dependence upon unnatural surroundings
has increased. Those who maintain that conception con-
trol should not be used hecause it is unnatural would be
far more consistent if they urged simultaneously abol-
ishment of all clothing. antisepiics. antihiotics. vaccina-
ions. and hospitals. together with all artificial prac-
tices which enable man to extract food from the soil.

A second sector of the world which vigorously opposes
contraception is the group which maintains that such
practices are contrary to the precepts of religion. This
concept indeed places man in an interesting light, repre-
senting him as one who. though he was created with the
means of alleviating suffering by modifying the effects
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of natural processes (as he proves every time he puts
on an overcoat or takes a pill). yet believes that he is
obeying the will of his Creator when he refuses to estab-
lish and maintain a balance between resources and popu-
lation by the simplest and most humane of all possible
ways,

The outlook is all the more interesting in view of the
fact that it is the children who suffer the most in regions
where the ratios of food to population are very low.
When I walk through such regions, where birth rates are
at a biological maximum, and | see dirt-encrusted. mal-
nourished, disease-ridden children, | know that this is
not the sort of world advocated by the One who said.
“Suffer little children to come unto me, and forbid them
not, for of such is the Kingdom of Heaven.”

The Church knows this 100. but offers only these
choices to underprivileged groups: an almost impossible
degree of continence, the diflicult spacing of intercourse
according to the principle of the highly unreliable
“rhythm theory™ (reluctantly accepted but not encour-
aged by some religionists), or the spawning of children
who. a priori. cannot be supported and are doomed to
die in filth and misery.

The guilty ones

Who. then, are the guilty ones in this grisly drama®
Are they the parents. whose love for each other is per-
haps the one tolerable aspect of an otherwise bleak and
miserable existence? Or are they those who pass laws
and issue edicts prohibiting the spread of contraceptive
knowledge and. in so doing, help to perpetuate the misery
and unhappiness which exists? Or, perhaps, are they
the persons, whose name is legion, who are frightened
by the creedists and in their fright refuse to take action.

The members of the third group. which actively op-
poses contraception. do so not hecause of any deep con-
viction that such practices are either sinful or “un-
natural.” but rather for the straightforward and unfor-
tunate reason that they want their particular group,
whether it be nation. race, or adherents to a creed. to
become more populous. This motivation was partly re-
sponsible for many of the actions and attitudes in haly
during Mussolini’s time and is responsible for existing
official attitudes toward birth contrel in the Soviet Union.
The leaders of the Catholie Church undoubtedly recog-
nize that if adherents to the faith are able 10 maintain
a substantial difference in birth rate between Catholics
and non-Catholics. the proportion of Catholics in the
population as a whole is likely to increase. Similar
thoughts probably determine in part the attitude of
numerous groups of people.

In recent years a new attitude toward hirth control
has appeared in several underdeveloped areas—-the fear
that industrialized nations are attempting to exterminate
them hy propagandizing contraceptive techniques. This.
of course. is a blind. unreasoning fear- bul no more
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HIDDEN HENCHMAN ...

Early man used Nature’s rocks and stones to shape
and sharpen his crude tools and weapons. Today,
industry has at its command abrasives that will do
in seconds jobs that formerly required days of
tedious toil.

Yet relatively few people know or appreciate the
vital labor-saving, back-stage role which abrasives
play in the production of practically all mechani-
cally finished articles.

Through the centuries man’s ceaseless search for
better abrasives has paralleled progress in produc-
tion. Wheel-shaped sandstones replaced rocks . . .
only to give way to emery and corundum, which
were sieved, sized, glued to paper and cloth or
bonded in pottery mixtures to form artificial grind-
ing wheels.

But it was by the discovery of silicon carbide and
crystalline fused alumina—man-made minerals from
the electric furnace—that the grinding wheel be-
came a high speed, precision production tool.

AMERICA WORKS LIKE THAT...

Industry’s insatiable desire to improve its products
and make them available at lower cost has sparked

McGRAW-=-HILL PUBLISHING COMPANY, INC.

330 WEST 42nd STREET, NEW YORK 36, N. Y.

BUSINESS

HEADQUARTERS FOR TECHNIGCAL AND

FEBRUARY, 1954

the specialized skills and knowledge of a myriad of
men . . . has led to the development of thousands of
different styles and types of abrasive products for
innumerable industrial applications.

America can work like that because it has an all-
seeing, all-hearing and reporting Inter-Communica-
tions System.

THE AMERICAN INTER-COM SYSTEM ...
Complete communication is the function, the unique
contribution of the American business press . . . a
great group of specially edited magazines devoted to
the specialized work areas of men wha want to
manage hetter, design better, manufacture better,
research better, sell better, buy better.

COMMUNICATION 1S OUR BUSINESS ...

Many of the textbooks in which you are now study-
ing the fundamentals of your specialty bear the
McGraw-Hill imprint. For McGraw-Hill is the
world’s largest publisher of scientific and technical
works.

After you leave school, you will want to keep
abreast of developments in your chosen profession.
Then one of McGraw-Hill’s many business maga-
zines will provide current information that will help
you in your job,

INFORMNATION
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MAN'S FUTURE . . . commus

unreasoning than most other attitudes which prevail. This
particular attitude will probably inerease in importance
in years to come, nurtured by existing race struggles and
by the conflict between the Soviet Union and the West.

In view of the diversity of the atiitudes which result in
active opposition to family-limitation techniques. there
is serious question that human populations in the world
as a whole will ever be stabilized. Indeed, a convinecing
argumen? can be presented to the effect that the popula-
tion of the world can never be stabilized over a long
period of time by a willful decrease of the hirth rate.
At the moment, however, important though the prohlem
of ultimate stabilization is, the most pressing prohlem
confronting us is whether or not the growth potentials
of the underdeveloped areas can be decreased to the point
where such areas can undergo industrialzation without
undue population pressures being built up in the process.

It is possible to imagine a process whereby areas such
as India might industrialize al a rate greater than the
rate of population increase, hut it is possible to imagine
such a process only if the rate of population increase
normally associated with industrializalion is in some way
greatly lessened. lLet us make the drastic assumption,
for the purpose of discussion, that organized opposition
to dissemination of birth control information can be
ignored, and lel us attempt to visualize a program
whereby birth rates might, under the circumslances, be
lowered more rapidly than death rates within the frame-
work of an industrialization process.

New techniques of birth control

As is pointed out in an earlier chapter, new tlechniques
of birth contrel which are on the horizon offer consider-
able promise of being both inexpensive and applicable
within the social structure of many of the underdeveloped
areas. 1l is quite possible that within the next few years
injections will be available which will produce sterility
for a period of several months. Further, it is quite pos-
sible that drugs will be available which will prevent,
without serious side effects, implantation of a fertilized
egg upon the wall of the uterus. Let us assume that such
drugs are available-—as they almost certainly can be.
given adequate research and development. We must then
ask: It is possible 10 establizh techniques that would
secure bolh widespread use and widespread acceptance?

The degrec of personal cpposition to contraceptive
techniques will vary greatly from culture to culture and
from area to area. In Jamatca, for example, one would
have to combat the belief that “*a woman must give birth
to all of the babies she has in her” if she is to remain
healthy. In Puerto Rico one would be confronted with
the desire for children as symbols of virility. In Asia
one would be confronted with the deasire for male chil.
dren. for additienal faurm hands, and for the secusity
which is believed to be brought by large families. Never-
theless, in spite of such individual opposition, there is
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evidence that in most such areas there is a large propor-
tion of women who do not want to become pregnant—-
or at least not so frequently.

Although effective contraceptives can prohably be
made quite inexpensively by Western siandards, it is
doubtful that the cost will ever be brought down 1o the
point where they can be easily afforded by persons whao
are as poverty-stricken as those in the greater part of
India today. This means that if birth control is to be
really effective prior to the completion of the industrial
transition it must be made a part of government policy,
and, in particular, hirth-control programs should be in-
corporated as integral parts of the public-health pro-
grams lhat are established.

Government birth-control programs

Major birth-control programs can rationally be given
priority over many aspects of public-health programs, (or
lowered birth rates automatically result in improved
public health. Less frequent exposure 1o childbearing re-
sults in lowered female mortality. Smaller family sizes
result in better nutrition and lowered infant mortality.
In addition, the lowered food requirement for an indi-
vidual family results in generally lowered adult mor-
tality. Thus, a major hirth-control program can in itsel{
be looked upon as a major public-health program.

In each area where comprehensive family-limitation
programs are eslablished. considerable social research
will be necessary in order to ascertain the most satisfac-
tory approaches for gaining general acceptance of the
new ideas. Incentives must be devised and new educa-
tional approaches must be used. There must be social
experimentation on a vast scale. There will be failures,
of course, bul, given suficient imagination and effort,
it 1 likely that there will also be successes.

There are persons who maintain that no amount of
effort can succeed in lowering birth rates more rapidly
than the rate of decrease that has been associaled with
industrialization processes in the pasl. Such views might
well prove to be correct, but it seems more likely at the
present time that such views are wrong. In any event,
sound predictions of success or failure on the basis of
existing knowledge are impossible. We shall never
know whether or not success is possible until a vigorous
effort is made and our ingenuily and imagination have
been wholeheartedly applied to the problem. If we sue-
ceed there will be hope. 1f we fail. the prospects for suc-
cessful transition of the underdeveloped areas to stable
industrial societies will he so remote as 10 border on
the impossible.

The secoad, and concluding, part of this extract from
Hurrison Brown’s forthcoming book, *“The Challenge
of Man’s Future” will appear next month.
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Simple enough now, this vertical ascent was history-making in 1939,

o can rnemembers

THE FIRST SUCCESSFUL HELICOPTER

Just two years before Pearl Harbor, Igor Sikorsky
took the controls of a weird-looking machine —
culmination of a dream of thirty years. Moments
later it rose from the ground. Though the flight
lasted only a few seconds, the VS-300 became the
first practical helicopter in the United States.

Less than six months affer Pearl Harbor, the Air
Force took delivery of the first military Sikorsky.

Since then, rapid developments prove that the
helicopter, most versatile of military aircraft, has
tremendous commercial potentials.

Helicopters of the future will be the product of
tomorrow’s engineers. Sikorsky is young and grow-
ing. It offers life-time opportunities to young men
who choose work where their skills and abilities will
be constantly challenged.

Cne of the four divisions of United Aircraft Corporation
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Perhaps you belong at Sikorsky — in the research
departments, the drafting rooms, the engineering
laboratories.

You can remember the first successful helicopter
— you may be the man to build tomorrow’s! Learn
more about employment opportunities at Sikorsky
from C. R. Banks, Personnel Department,

(0(«

—r

\

IKORSKY

South Avenve Bridgeport 1, Conn.
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IRC 340

Precision, high-speed winding:
equipment for IRC slements

IRC WINDING SKILL OFFERS
REALISTIC SAVINGS TO INDUSTRY

.. . another reason why engineers specify IRC Resistors

Savings in the initial cost and assembly of component
parts are an increasingly important factor to electronic
engineers. That’s why they depend upon IRC for their
resistor requirements. IRC’s mastery of winding wire
elements—dating back more than 25 years—today pro-
vides a wide variety of unique units that offer realistic
possibilities for savings.

INTERNATIONAL
RESISTANCE CO.

401 N. Broad St., Phila. 8, Pa.
(A}kmm Cincuit, Sal‘# MW\ In Canada: International Resistance Co., Toronto, licensee

PW 7-7W
20000  10%
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d'i'versification:

another reason why

Lockheed in

California offers...

's for engineers -

diversified production

Huge luxury airliners, cargo transports,
fighters, bombers, trainers and radar search
planes are rolling oft Lockheed assembly

lines. Twelve models are in production.

diversified development projects

The most diversified development program
in Lockheed’s history is under wey—and

it is still growing. The many types of aircraft
now in development indicate Lockheed’s
prcduction in the future will be as varied

as it is today—and has been in the past.

This capacity to develop ard produce such a wide range of aircraft

is important to career-conscious engineers. It means Lockheed offers you broader

scope for your ability. [t means there is more opportunity for promotion with

so many development and pracuction projecls constantly in motion. It means your

juture is not chained to any particular type of aircraft—tecause

Lockheed is known for leadership in virtually all types of aircraft. Lockheed’s

versatility in development and production is also one of the

reasons it has an unequaled record of production stability year after year.
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diversified living

You work better in Lockheed’s atmospnere
of vigorous, progressive thinking—and you
live better in Southern California. You enjoy
life to the full in a climate beyond compare,
in an area abcunding in recreational

opportunities for you and your family.

LOGl{lleed AIRCRAFT CORPORATION

BURBANK, CALIFORNIA
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S.SWHITE

FLEXIBLE SHAFTS
save paris on
remote control
applications

Just compare the simplicity of the flexible shaft
control, shown above, with the combination of
rods, bevel gears, pulleys and belts that might
otherwise be necessary. The savings in parts and
costs are obvious. What's more the flexible shaft
is less complicated, needs no alignment; is easier
to install and gives more freedom in mounting the
coupled parts where desired to assure better and
more convenient operation.

Many of the problems you'll face in industry will
deal with the application of power drive and
remote control with cost being an essential factor.
‘That's why it will pay you to become familiar
with S8.8.White Flexible Shafts, because these
“Metal Muscles’® offer important savings in trans-
mitting power or control, '

SEND FOR THIS FREE
FLEXIBLE SHAFT BOOKLET

Bulletin 5008 contains basic
flexible shaft facts and shows
how ta select and apply flexi-
ble shafis. Write for a copy.

L) [/
tmm& INDUSTRIAL DIVISION
DENTAL MFG. €O. Dept. C, 10 East4DthSt.
NEW YORK 16, N. Y,
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ALUMNI NEWS

Alumni Seminar

T He seventeenti Annual Alumni Seminar will be
held this year on Saturday, April 3, C. V. Newton 34 is
the Alumni Association director in charge of the event,
and the detailed planning is in the hands of a commitiee
headed by Hugh C. Carter '49.

Arrangement of the program i: being handled by
Willis R. Donahue 34, Don D. Davidson ‘38, Manfred
Eimer *47. and John Fee °51. Donald D. Mon 47 in
charge of printing, Otio Sass "30 is handling the cater-
ing, Richard M. Rochm 48 the registration, and Ernest
B. Huge ’29 is in charge of Institute Relations.

Speakers for the daylime program are still being lined
up, bul arrangements have already been completed to
have Dan Kimball, ex-Secretary of the Navy, and now
president of the Aerojel General Corp., as the main
speaker at the evening dinner. Mr. Kimball will 1alk en
“The Obligation of the Normal Citizen to Understand
the Workings of His Government.”

Alumni Dinner

Tue Avumnt Association will hold its next dinner
meeling on Tuesday. March 16, at the Rodger Young
Auditorium, 936 West Washington Boulevard, Los
Angeles.

Main speaker is to be Charles A. McKeand, Director
of Employee Relations for the Merchants and Manu-
facturers Association of lLos Angeles. His talk, “Putting
Technical Ideas in Motion,” will concern the problems
faced by the engineer and scientist in Irying to com-
municale technical ideas.

Prof. Hallett Smith, chairman of the Division of
Humanities at Caltech, will also speak at the dinner—
on current Institute plans for adding to the Humanities
curriculum.

Dinner will he served at 6:30, though the bar opens
al 5:30. Reservations should be in the Alumni Office by
March 10.

Notes

T ae AreMnt Orvice hereby extends its thanks to all
those who wrote in with information on the Lost Alumni
listed in cur January issue.

Latest bulletin on the Alumni Swimming Pool and
the new gymnasium going up in Tournament Park:
Plans have been completed and have gone out to con-
tractors for bids. They are due back March 2.
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DU PONT

GEST

A major in glibness and a minor in
solid information—those were the
mythical requirements for a sales-
man in the old days. But they really
never sufficed for a man selling the
products of chemical technology.

Today, the diverse applications of
Du Pont’s 1200 products and prod-
uct lines create a need for trained
sales personnel representing many
different technical backgrounds.
These men must deal intelligently
with problems in chemistry and en-
gineering applied to such fields as
plastics, ceramics, textiles, and many
others.

Du Pont technical men are as-
signed to various types of techniecal
sales activity. In some spots they are
equipped to handle all phases of sell-

James A. Newman, 3.5.in Ch.E., North C

Technical
Sales

ing. In others they deal mainly with
customer problems. Also, certain de-
partments maintain sales develop-
ment sections, where technical prob-
lems connected with the introduction
of a new product, or a new applica-
tion for an established product, are
worked out.

For example, a technical man in
one of Du Pont’s sales groups was
recently called upon to help a cus-
tomer make a better and less expen-
sive hose for car radiators. Involved
were problems in compounding, such
as choice and amount of neoprene,
inert fillers, softeners, accelerators,
and antioxidants. Correct processing
methods also had to be worked out,
including optimum time and tem-
perature of milling and extruding.
The successful completion of this

arolina State (left), discusses study of optimum

settings und conditions for carding nylon staple with Prof. J. F. Bogdan of North Carolina

State’s Research Division.
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project naturally gave a good deal
of satisfaction to the customer as
well as Du Pont.

In another case a customer wanted
to reduce carbon contamination of
arc welding rod stock. A Du Pont
technical service man suggested
changes in cleaning procedures that
lowered contamination by 90 per
cent. The new process also reduced
metal loss during heat treatment—a
benefit that more than offset the cost
of the additional cleaning operations.

Technical men interested in sales
work usually start in a laboratory or
manufacturing plant where they can
acquire needed background. Depend-
ing on their interest and abilities,
they may then move into technical
sales service, sales development, or
direct sales.

In any of these fields, the man
with the right combination of sales
aptitude and technical knowledge
will find interesting work, and excep-
tional opportunities for growth in the
Du Pont Company.

W. A, Hawkins (left), B.S.M.E., Carnegie

Tech., demonsirates extrusion of “Teflon”
tetrafluoroctuyiene resin for a customer.

ASK FOR ‘“Chemical Engineers ai
DuPont.’’ This new illustrated booklei
describesinitial assignments, training,
and paths of promotion. Just send a
post card to K. I. du Pont de Nemours
& Co. (Inc.), 2521 Nemours Building,
Wilmington, Delaware. Also avail-
able: “Du Pont Company and the
College Graduate™ and “"Mechanica:
Engineers at 1Du Pont.”

REG U s par.Ort

BETTER THINGS FOR BETTER LIVING
... THROUGH CHEMISTRY

Watch “Cavaicade of America” on Television
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PERSONALS

1918

Ralph T, Tuylor is now assistant super-
visor for the State Division of Architecture
in charge of supervision of public schoo!
construction for the 13 southern counties
of the state. Formerly in charge of field
supervision, Ralph moves into the slot
vacated hy Ernest Maug *26 (see helow).

1921
Edward F. Forgy s still assistant sales
manager of the motor and control division
at the Westinghouse Corporation in Buf-
falo, New York, His son Ed has just ye-
turned to Fort Ord from Korca. Son John
was married last year and is now in the
Army.
1922
Francis L. Hopper. atter spending  the
holidays with grandehildren in San Fran-
cisro, visited the Institute and spent ten
days in southern California renewing old
acquaintances, Hop is still with the Bell
North

Carolina, working with military electronic

lahoratories  in  Winston-Salem.
systems  for guided missiles. antiaireraft
fire control. and underwater sound.

1925
Frank Cluyton, chief plant engineer at
Comair in Fort Worth, Texas, has been
elected to a three-year term as state direc-
tor of the Texas Society of Professional
Engineers.

Neal [. Smith. formerly executive as-
sistant in the public relations department
of the Lockheed Aireratt Corp. in Burbank.
has now hecome county administrator of
Sonoma  County. He's Santa
Rosa, Calif.

living in

1926
Ernest Maug has been made supervisor
for the State Division of Architecture in
charge of supervision of public school con-
struction for the 13 southern California
countics. He was formerly assistant super-
His work
design  and

visor of the southern division.
involves the supervision  of
construction for all school districts in this
area.

1927

Robeit  Creveling  writes from Albu-
gueryue, New Mexivo, where he's working
for the Sandia Corporation. that he got his
MS in 1952-- 25 years after graduation
from Caltech-{rom the University of New
Mextco, where his wife Letitia graduated in
1928, and his daughter Letitia 11 almost
graduated this year. Instead, =he married
an Air Force eutenant and is now in Tue-
son, where he's taking flight training. The
Crevelings other daughter. Patsy, is now
in high school.

George K. Moure has just been elected
chairman ol the of Electron
Physies of the American Physical Society.
Now living in Summit. New Jersey, the

Division

Mooves have three children- a daughter,
Kathleen, whe s a freshman at Panzer
College in Orange, N. J., and two bhoy-.
Stephen and John, in high school.
1928
W illiam L. Olsen died on January 15. A
resident of San Marino. he had been Los
Angeles County engineer since graduating
from Caltech, and was engineer for plan-
ning the Arroyo Seco Parkway and An-
geles Crest Bridge, on the Angeles Crest
Highway. Suriving him are his widow,
Mz, Wilma 1. Olsen, art sopervisor of San
Gabriel City Schools; a son, David; his
mother. Mys. Andrew Olsen of Sierra
Madre: and a sister Mrs. Clarence Wilson
of Pasadena.
1929
Col. Luurence K. Lynn of Sacramento
recently received the lLegion of Merit in
Korea for “exceptionally meritorious con-
duct in performance of outstanding serv-
jce” as IX Carps engineer from April 1 1o
Qctober 20, 1953, He entered the Army in
1940 and served in Kurope in World War
11. {le is now commander of the 24th Ln.
gineer Group on the Korean peninsula,
1930
Edward M. Thorndike. hD), who is pro-
fessor of physics, and chairman of the de-
partment at Queens College, N. Y., staris
a vear of sabbatical leave this month.
Truman H. Kuhn, professor of geology
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Replacing o rivet
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... o hinge pin

... o stop pin
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-.. O 5et screw

... & bolt and nut

FEBRUARY, 1954

dia. from
1/16" 10 1/2"

«s o« @ modern fastener
that saves time and money
on thousands of applications

Rollpin is a hollow, split, cylindrically formed pin with chamfered
ends. It is simply driven into holes drilled to normal production teler-
ances. Because Rollpin is slightly larger than standard sized holes,
it compresses as inserted. It is self-locking—and vibration.-proof—
because of the constant pressure it exerts against hole walls. Its shear
strength exceeds that of a cold rolled pin of the same diameter. Rollpin
is readily removed with a drift or pin punch—and can be reused.

Because of its versatility—and the production economies it makes
possible—Rollpin is finding wide usage in almost every phase of manu-
facturing activity. Write for design information on the Rollpin. It will
enable you to cut costs for many applications where use of rivets, set
screws, dowels, and straight, serrated or cotter type pins create instal-
lation or performance problems.

ELASTIC STOP NUT CORPORATION OF AMERICA

2330 Vauxhall Road, Union, New Jersey
Elastic Stop Nuts with the famous red collar
are another ESNA product
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PERSONALS . . . commum

and dean of ihe graduate school at the
Colorado School of Mines in Golden, Colo-
rado, recently returned fropr a trip 1o Tur-
key, where he estimated the chromium
reserves of a Turkish mining company.
1934

John F. Pearne. etill practicing patem:
law as a partner in the firm of Evans &
MeCoy in Cleveland. writes that he still
hasn’t been able to uncover a single Tech
alumnus in that area, aud has about de-
cided that there aren’t any. (d4re there?)

1936

Wilson H. Bucknell was recently named
chief engineer and operating head of the
generator  division  of  the O'Keele &
Merritt: Company, Los Angeles. Buck has
heen instrumental in the development of
several unique and highly efiicient engine-
which are now being
volume-produced at PKeefe & Merritt for
the military. In this conneetion he has

generator  sels.

just completed a comprehensive six-week
tour of Army Engineer Field Maintenance
establishments in Japan and Korea.
Kenyon T. Bush. formerly superinten-
dent of the Grawelli Chemicals depart-

ment in La Porte, Texas, 38 now assistam
production manager.
1937

Richard T. Brice. Ph.D)., is with the (his
Elevator Co. in New York City, At the
moment he's defense manager. in charge
ol administering contracts for national de-
fense items. A liule over a year ago the
Brices moved into a new home in West
Orange, N. J.

Stanley vanVoorhees is the inventor of
the first power-driven skis 1o take you up-
hill. As reported in the December issue
of Science and Mechanivs, Stan eonceived
the idea ol “regulation skis rigged with
bill-climbing traction belts and powered
by a back-packed gasoline engine with
Hexible drive shafts at each ski.

1938

B oesley T. Butterworth. M5, writes
from Galena. Objo. that lis ten-year-old
son Richard had polio this spring, but has
fully recovered by now. Wes is a member
ol the school hoard in Galena’s Big Walnut
District. is also a member of the executive
hoard of the laocal 1AS chapter.

Stephen I, Jennings. M.S.. has been

Wings that flapped

were strictly
for the birds

KP-BS Bearing

A generation ago, about everyone thought that airplane wings
should be rigid 1o be safe. Not so today. Designers of today’s high
speed planes have found that safety hinged on wing deflection.

To insure unrestricted control systems on wings that bend,
Fafnir developed a standard series of Self-Aligning Torque
Tuhe Type Ball Bearings which provide friction-free movement,
reduce cost and weight. By keeping in step with aircraft progress,
Fafnir continues to lead in the production of aircraft bearings.

The Fafnir Bearing Company, New Britain, Conn.

claeses:
gearing

FAFNIR

BALL BEARINGS
rZP
MOST COMPLETE Le{g '} LINE IN AMERICA
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iransferred by General Eleetrie from their
analytical engineering section in Schenec-
tady, New York, to the aircrafr gas turbine
Jivision in Cineinnati. Ohio.

J. Kneeland Nunan. M.S., was recently
elected president of Consolidated Vacuum
t.orporation of Rochester, New York, a
subsidiary of Consolidated Engineering
Corporation of Pasadena.

1939

John €. Evvard. Ph.D. 13, now chief of
the supersonic prapulsion division ol the
Lewis Flight Propulsion Laboratory of the
National Advisory Commitice for Aero-
nautics, presented a paper (“Transition-
Peoint Fluctuations in Supersonic Flow™)
at the annual meeting of the Institute of
deronautical Seiences in New York last
month. John went to work for the NACA
Aecronautical Laboratory at Langley Field,
Virginia, in June 1942, and iransferred to
the Lewis Flight Propulsion Laberatory in
Cleveland, Ohio. in October ol the zame
year. He's living in Strongsville. Ohjo. with
his wife, Jean, and their son.

Junies Rainwater has been professor ol
physies at Columbia University since 1952
and iz doing  rescaveh  with  Nevis 385
MEV  proton synchrocyelotron.  Jim  has
been narried since 1942 and now has
[our children tthree boys and one girl)- -
the oldest, 7 years, and the youngest, 20
months.

1940

H. E. Heywood. M.S., has been assistam
chief engineer of the Toledo. Ohio, plant
of the National Supply Company for the
past five years. ‘They are national manu-
facturers of oil feld machinery. Late this
year he’ll be moving to Gainesville, Texas,
to become manager of u new plant Na-
tional is bhuilding there,

Ray Richards has been appointed head
of the tield service planning department,
field service division, at Lockheed Air-
craft Corporation. He joined the vompany
in 1940,

1941

Frederick B, Clarke reports among his
“honors and possessions™ one wife, Mary
G.; two boys, Freddie (6) and George
(2); and two companies—Rogers and
Clarke, which makes lenses, and Optical
Machinery, Ine., which makes lens grind-
ing equipment. The Clarkes live in Rock-
ford, Ilinois,

1942

Jue Franzini. Engr. "$4, and his wife
announced the arrival ol Cheryl Ann on
January 13. The Franzinis now have two
daoghters and two ~ons. Joe is still a mem-
ber of the civil engineering faculty as
Stanlord University.

1943

Lawtence Raymond Pugh announces that
he has formally changed his last name to
Rockwood. At the same time, he’s leaving
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Richard J. Conway, Lehigh 51, selects
anufacturing Engineering at Worthington

RICHARD CONWAY checks
cutting tool with machinist
before milling a pump casing.

After completing his general training which brought him in
contact with all departments, Richard J. Conway decided that
manufacturing engineering was his field. He says, “I chose the
Manufacturing Engineering Department after completing my
general training at Worthington because as a graduate in In-
dustrial Engineering I can learn the practical aspects of my
field while applying theory I learned in college.

“The personnel of this department work together as a team
toward the solution of the numerous problems which arise
daily. We have the cooperation of all other departments in the
corporation in getting the necessary facts pertinent to the solu-
tion of these problems. In the course of our day it may be
neéessary for us to meet the Plant Manager, Chief Engineer,
Comptroller, several department heads, clerks, foremen, ma-

FOR ADDITIONAL INFORMATION, see your College
Placement Bureau or write to the Personnel and Training
Department, Worthington Corporation, Harrison, N. J.

FEBRUARY, 1954

chinists and many others throughout the company.

“I have contributed to the solution of many problems han-
dled by this department including metal spraying, machining
procedures, purchasing new equipment and designating proper
dimensions to obtain desired fits between mating parts.

] enjoy my work because I'm doing the work 1 want and
my formal education is being supplemented with practical
knowledge gained from the tremendous wealth of knowledge
available to me at Worthington. I know from personal contact
with many other departments in the Corporation that Wor-
thington can and will find their young engineers a spot which
will give them the same opportunities as have been afforded me.”

When you're thinking of a good job, think high—think
Worthington.
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Successful designs must have
low manufacturing costs.

HOW TO CUT COSTS
WITH WELDED
PRODUCT DESIGN

OW manufacturing costs are a
“must” in today’s product plan-
ing. As a result, every engineer must
know, above all, how to eliminate
needless cost in machine designs.

First consideration in designing
machinery must be the materialused.
Steel is three times stronger, twice
as rigid as cast iron, yet costs only a
third of the price of gray iron.

That's why machine parts built
with welded steel designs often cost
50% less to produce.

SR

Fig. 1. Original construction of gear case
cover weighed 66 pounds . .. required milling
of bottom edge for oil-tight seal with gear case.

Fig. 2. Steel designed gear case cover
now used weighs only 10 pounds. . . costs balf
as much to produce. Fabricated entirely in
the mannfacturer's own shop by arc welding.

Keep in step with the rapid progress in manufac-
twing with arc welding. Latest design develop-
ments are available in bulletins and handbooks
that guide the engineering student. Write

THE LINCOLN ELECTRIC COMPANY
Cleveland 17, Ohio

THE WORLD'S LARGEST MANUFACTURER OF
ARC WELDING EQUIPMENY
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his job with Beckman Instruments in Pasa-
dena. to become plant manager ol Electro-
Measurment Ine. in Portland, Oregon.

1944

Paul 5. ¥inter is director of the Afghan
Institute of Technology in Kabuf, Afghan-
istan.

1945

K. Mariin Stevenson is on the technical
staff at the Hughes Research and Develop
ment Corp, in Culver City,

1946

Howard B . Morgan. Jr. writes that he's
out of the Navy at last with a full licuten
ant promotion. Right now he's a sales en-
gineer with Anaconda Wire and Cable in
the Cincinnati, Ohilo, office.

David C. Lincoln. M8, "47. with the
Sperry Gyroscope Company in Great Neck.
New York, zince 1949, was recently pro-
moted to the new position of enpineering
section head for missile control systems in
the Flight Controls Engineering Deparn-
ment.

Li. Col. Henry L. Gephart. M.S., is now
assigned 10 the design branch of the air-
eraft laboratory at the Wright Air Devel-
opment Center. Wright-Patterson Air Force
Base, Ohio.

1947

I €. Cooley. M3, has been a technical
engineer with the aireraft nuclear propul-
ston department of the General Electrie
Company in Cineinnati, Ohio, since March.
1953. He received the degree of Doctor of
Science in mechanical engineering at M1T
in June, 195].

Morris Feigen. MS, is on the technical
staff of the Hughes Researclh and Develop-
ment Laboratories in Culver City.

Roger D. Stuck is teaching at Warren
Wilson College, Black Mountain, N. (.
He wiites that his wife Christine, and
childyen Dean and Phyllis are thriving--
and that he will be too. as soon as a
broken arm mends up.

Manfred Eimer. M.3. *48, Ph.J). °53, 1s
now in the reasearch analysis section at
the Jet Propulsion lLaboratory in Pasa-
dena.

1948

John R. B. W hittlesey. M.S. 50 hus
heen studying for his Phbb in mathe-
matical statistics Jor twe and a halt
years at the University of North Carolina.
He's currently a research assistant under
a grant from the Ford Foundation, says
he's maintaining an interest in quantum
theory and in peychometrics. lias recentl
published a note in the Duke Journal of
Parapsychologi-—and may soon he drafted.

Nol Mate. M3, received his Phd, {from
Ohio State University on December 18.

Ed Hall, MS, writes that they're expect-
ing a bhaly on the ldes of March. He's
=il ar the Wright-Patterson  Air Foree
Bare in Ohio. “trying 10 develop rockets

that go ftaster, higher and further than
anything previously known to man.”
1949

Emmett I, Monrve. M3, received lhis
M.D. degree in 1953, is now imerning at
Akron City Hospital in Ohio, and plans to
eater general practice nest summer— lova-
ton still unknown. The Monroes are laing
in Cuyaboga Falls, Olio, and have 1wo
daughters-- Janise. 3, and lLisa, 1.

Clayton M. Zieman. PhD. was recently
made professor of electrical engineering
and head ol the department of electiieal
engineering at the United States Ajr Force
Institute of Technology .at Wright-Patter-
son Air Foree Base, Ohio.

Murvay S. Bainstein, M3, returned from
Europe a year ago after completing a two.
year contract as a Corps of Engineers ¢iv-
iian employee. He's spent the past year
working for Hardesty & Hanover, New
York bridge consultants, as a structoral
dezigner. “Not married yet,” says Murray.
“and ne good prospects. Futore plans de-
pend on the whim of the drafi board.”

1949

Frank H. Dickey. PhD.. has joined the
Continental Oil Company as a consultant
in theoretical research and will make
his headquarters at Punea City, Oklahoma,
Frank has beew a chemistvy instructor at
the University of California at Berkeley
for the past two years, and Defore that,
studied for a year in Sweden on a Gug-
genheim Foundation Fellowship.

1950

Shigeru 1. Hondu finished his require-
ments for his PhD) in plant physiology
from the University of Wisconsin last Octo-
ber. e is now on a Fulbright fellowship
at the Botany Schoul of the University of
Sydney, Australia.

Richard Scott Pierce. PhD) "32, now
studying at Harvard under a Frank B.
Jewett postdoctoral fellowship, has Deen
named to receive a Jeweit Jellowship for
a second year. He is currently engaged
in research on the analysis of automata and
lattice ordered rings.

Henry Shapiro. M.S. '51, Engr. 52 was
recently advanced to the position of Chiel
of Applied Mechanics at the Propulsion
Research Corporation in Los Angeles,

1951

Ulrich Merten and the Tormer Kathy
Williams were married in St Lonis last
November. Kent Stratton 51 came {rom
Dak Ridge, Tennessee. to be best man.
Mert is still at Washington University in
st Louis. working on a PhD in radio-
clremistry,

Carl 4. Hirsch s now working for The
Parsons Co.. Frederich. Maryland.

1952

Bill frwin and his wife announce the
arrival of a son. Michael William. on De-
cember 30, 1953, Bill i~ a held engineer
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at Induflux Testing Service in Loz An-

geles,
1953

Arthur E. Britt is now a member of the
technical staff of the Ilughes Research
and Development Laboratories in Culver
City.

Bill Blodgett is working as a field en-
gineer for the Sperry Gyroscope Co. on the

for a few months—aor go nverseas.”

Alphonse Peters is warking ax a cost en-
gineer for the Goodyear Atomic Corp. in
Portsmouth, Ohio.

Donald E. Coles. PhD. now a research
felow in aeronauties at Tech. is the win-
ner of this year's Lawrence Sperry Award
{rom the Institute of Aeronautical Sciences.
The award is made for a notable contii-
bution by a young man to the advancement

to the basic knowledge of turbulent skin
fiietion and heat transfer “at supersonic
speeds.

Joseph 1. Gleckler. M.S., is working
{for Procter & Gamble. in the company’e
Long Beach plant.

Swaroop BhanjDeo is doing gradua.ce
work in geology at Stanford.

Donald 0. Emerson is now a graduate
avsistant at Penn State.

Skysweeper, a radar-controlled AA gun.
Right now he’s at Aberdeen DProving graduate 1o

Ground, Maryland, though he’s due to Puckert, PhD) 49, having won it in 1918,
‘14, PhD “48. won it

move on to Fort Bliss, Texas. by about next

of aeronauties, Don iz the third Caltech

and Bean Chapman

Patrick J. Fazio i working in the geo-
award— Allen logical department of the Shell Qil Com-
pany in Los Angeles.

Richard A. Knuapp has a job with the

month.  “After that” says Bill, “who last year. Don was cited this year for his Cerro de Pasco Copper Corp. in Moro-
knows? May even get back to Pasadena experimental and theoretical contributions cocha. Peru.

- AND RELAX

Let CALMEC Worry About

Your Metal Parts and Products

We have the most modern facilities and most
complete plant to give you the moximum of
service. We stand ready to supply small parts,
lorge parts — or products developed from your
ideas, ond shipped direct to your customers, under

your name, from our plant.

CALMEG MANUFAGTURING CO.

ROBERT A. McINTYRE, M.5. '3 Kimbali 6204
5825 DISTRICT BLYD. LOS ANGELES 22, CALIF.

Sales Offices in Most Principal Cities « Branch Office and

The Smoot-Holman Silvray Skylike flush type recessed unit is now
compietely wired and pre-assembied at the factory with fuil
UNDERWRITERS APPROVAL. These new fectures greatly sim.
plity installation procedure, resulting in savings in time and
money. Skylike utilizes the Silvercd Bowi incandescent

tamp, sizes 150W/500W, and its contemporary des

th baoked white enamel finish, harmonizes with
every ceiling. For quality and economy, instoll
SMOOCT-HOLMAN pre-assembled Sky-
Iike units—single or multiple.

EQUIPMENT ® INGLEWOO

Warehouse, San Fromcisco

Oil Properties Consultants, Inc.
Complete Petroleum and Production
Engineering Service
Subsurface Geology ® Micropaleontology

Reservoir Mechanics
Secondary Recovery and Evaluation

Registered Engineers

Petroleum Engineering

Associates, Inc.
Complete Laboratory Service
Core-Analysis ° PVT ® Fractional Analysis

Florent H. Bailly, 27 René Engel, Ph.D. "33
709-711 South Fair Oaks Avenue SYcamore 3-1156
Pasadena 2, California RYan 1-8141

AND CONSTRUCTION COMPANY

ENGINEERS .« CONTRACTORS + DESIGNERS

Phoenix LOS ANGELES Las Vegas

Merrill Berkley

AEC ENGINEERING

STEAM POWER PLANTS « PROCESS PIPING
MECHANICAL EQUIPMENT INSTALLATIONS

NOrmandy 3-8291
Robt. M, Heidenreich
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BASKETBALL
February 18, 4:15 p.m.
L. A. State vs Coltech at
Armory
February 20, 7:30 p.m.
Redlands vs. Caltech at
p.C.C.
Febrvary 23, 8:15 p.m.
Occidental vs. Caltech ot
p.C.C.
February 24, 8:15 p.m.
Coltech at Pomona

TRACK

ALUMNI| ACTIVITIES

March 17 Dinner Meeting February 20, 2:00 p.m,
Interhouse Meet

Aprit 3 Alumni Seminor Doy February 27, 2:00 p.m.
Pasadena Colliege, Chapman

i and Westmant ot Caitech

June 9 Annuval Meeting March 6, 1:30 p.m.
Conference Relays at

June 24 Annual Picnic Pomona

CALTECH CALENDAR

February, 1954
ATHLETIC SCHEDULE

BASEBALL

February 23, 4:15 p.m.
Nazarenes at Caliech
March 1, 4:15 p.m.
Muir at Caltech
March 6, 2:15 p.m.
Cal Poly (SLO) at Caltech

TENNIS

Febrvary 20, 1:30 p.m.
Pomona ot Caliech
Febraury 27, 1:30 p.m.
Occidental at Caltech
March 6, 1:30 p.m.
Whittier ot Caltech

GOLF

February 19, 1:30 p.m,
Muir at Brookside
February 26, 1:30 p.m.
P.C.C. ot Brookside
March 5, 1:30 p.m.
L. A. State ot Caltech

DEMONSTRATION
LECTURES

Friday Evenings
7:30 p.m. — 201 Bridge

Feb. 19—'liquid Air," by Pro-
fessor E. C. Watson

Feb. 26—"The Expanding Uni-

verse,”" by Professor
H. P. Rabertsan

March 5—""longevity Under Ad-
versity in Canifers’' by

Professar E. Schulman

Y.M.C.A. FILM SERIES
7:30 p.m. — Cvlbertson Hall

Feb. 21—"The Passion of Saint
loan”

March 7—""Saints and Sinners”

ALLEN MACHINE & TOOL CO.

Designers and Builders of Special Machinery and Toals

13409 S. Alameda Street

Also General Machine Work
Compton, California
Phones: NEvada 6-1219 — NEwmark 58141

L

LABORATORY

COLOR FILM PROCESSING « COLOR PRINTS « PHOTO CHEMICALS

ﬂ RALPH B. ATKINSON 30—7273 SANTA MONICA 3LYD., HOLLYWOOD 46, CALIF.

Trent R. Dames ’33

General Offices: 816 West Fifth Street, Los Angeles 17
Portland

DAMES & MOORE
William W. Moore ’33

So0il Mechanics Investigations

Regional Offices in Los Angeles San Francisco
Seattle  Salt Lake City New York London

312 N. Foothill Blvd.

OLNEY BROTHERS
RUG AND FURNITURE CLEANING

ORIENTAL RUG EXPERTS

Pasadena 8, Calif.
SYcamore 3-0734

Life Insurance

SYcamore 2-7141

Annuities

HAROLD O. GRONDAHL
NEW YORK LIFE INSURANCE COMPANY

234 E. Colorado Street
s.: SY. 3-5514

Estate Planning

Pasadena 1, Calif.
RYan 1-8431

455 EL DORADO, PASADENA 5, CALIFORNIA

781 E. Washington Blvd.

SMITH-EMERY COMPANY

since 1910

, Chemists-Engineers
Chemical and Physical Testing Laboratories

Los Angeles 21, California
Member American Council of Commercial Laboratories

TRUESDAIL
Laboratories; Inc.

Write for: Brachure-410F K Figueros 51,
Chpitol 4148

Los Angeles 65, Colif, ~

CHEMISTS - BACTERIOLOGISTS » ENGINEERS

C.E.P. Jeffreys,
Research Ph.D.
Consultation Technical Director
Analyses
Testing Charter Member
ACCL

P.0. Box M--)200 South Marengo Ave., Pasadena 15, Calif.

UNITED
GEOPHYSICAL COMPANY

SEISMIC & GRAVITY EXPLORATION SERVICE

TECHNICAL BOOKS

:Ph_\hit\"

AMathematios o

e T S
695 E. Colarado Vi HL : l,S v

Pasadena

Beoks  + Stationery

»  FElectronics  »  Chemistry
SY. 3-1171
1-6669

Ofhce Supplies and Furniture

48

ENGINEERING AND SCIENCE



PHOTOGRAPHY AT WORK—NGo. 7 in a Kodak Series

Photography

reads the meters
2500 anlovr!

Dial a call—an accurate register counts it—

then each month photography records the total,

precisely right, ready for correct hilling.

TWEN’IY—FOUR hours a day, hundreds of thou-
sands of dial phones click their demands in
many central exchanges of the New York Telephone
Company. ‘

Little meters keep careful tally of the calls. Then
the night before each hill is dated, photography
reads the up-to-the-minute totals in a fraction of
the time it could be done in any other way. Here is
an idea that offers businesses everywhere simpli-
fication in copying readings on meters, dials or
other recording instrumentation.

Photography fits this task especially well for two
reasons, It is lightning fast. It can’t make a mistake.

This is another example of the ways photography
saves time, cuts costs, reduces error, improves out-
put. In large businesses—small businesses—photog-
raphy can do big jobs. In fact, today so many new
applications of photography exist that graduates
in the physical sciences and in engineering find
them valuable tools in their new occupations. Other
graduates —together with returning servicemen—
have been led to find positions with the Eastman
Kodak Company. V

If you are interested, write to Business and Tech-
nical Personnel Dept., Eastman Kodak Company,
Rochester 4, N. Y.

Eastman Kodak Company
Rochestar 4, N. Y,

At New York Telephone Company exchanges a
unique camera records the dial message register
readings—up to 25 at a clip—saving countless
man-hours of labor, assuring utmost accu-
yacy and at the same time providing a
permanent record.



Engineerdng ‘& Siience
Calif. inst. of Technaology
Pasadena,  Calif.

RESEARCH-—World famaus for its achievements in both pure and
applied science, G-E research is led: by scientists. whose names are
known everywhere. The ' many Company laboratories caver a: wide
range of scientific investigations, Research aclivities include physics,
chemistry, metailurgy, mechanical and eleéctrical problems, ceramics,
and many other fields.

IS Y

UR CAREER HERE?

Sound engineering is one ol the foundation stones of
General Electrie’s leadership in the electrical indusiry.
The importance of the role of the engineer has been
recognized from the very beginning of the Company,
Since 1892, G.E.s Engineering Program—the oldest on-
the-job training program in industry-—has bheen affording
young engineers widespread opportunities Jor professional
development.

Besides the engineering lields briedy deseribed bere,
career opportunities with a bright future are waiting for
engineers in other Important helds at General Eleetrie
. . . in manufacturing engineering . . . sales engineering
. . . installation and service engineering . . . advertising
. . . administration . . . other specialties in engineering.

I you are an engineer imerested in building a career
with an expanding and ever-growing Company see your
college placement director for the next visit of the G-E
representative on vour campus. Meanwhile, for further
information on opportunities with G.E., write to College
Editor, Dept. 2-123. General Electric Co., Schenectady

3. N Y.

DEVELOPMENT ENGINEERING-—Development
engineers  are continuvally obtaining . and
assessing. new basic engineering: and scien-
tific ‘knowiedge to make possible new de-
velopments: They serve as consultants to
help .in:the solutions of engineering. prab-
lems, which often require research, experi~
mentation, and the development of a new
product or companent.

DESIGN : ENGINEERING-—-To. maintain leader-
ship in:the electrical field, design engineers
are constantiy striving to develop new and
better products. Their skill is iargely respon-
sible for the steam and gas turbines, motors,
heat pump, control equipment, and many
other products. In electronics, they: design
squipment for television broadcosting: and
reception, radar, and other eiectronic equip-
ment.

APPLICATION ENGINEERING —Since muth
equipment today is designed for a specific
use, the application engineer must have a
broad knowledge of the industry for which
a particular product is being designed. Be-
cause G-E products are widely used through-
out industry, imagination, determination,
and a sound knowledge of engineering are
important assets in this ever.growing field.

GENERAL @ ELECTRIC



