




They did 

Westinghouse Research Laboratories 
Enrolled in Vestinghouse Graduate Student 
Training Course after graduation from Purdue 
University in 1922. Dr. Hanna, with over 100 
patents to his credit, is one of the nation's lead- 
ing authorities on gyroscopically controlled 
regulating devices. 

CARROLL V. ROSEBERRY, Manager 
Westinghouse Electric Utility Department 

Upon graduation from Oklahoma A & M in 
1934, he enrolled in the Westinghouse Graduate 
Student Training Program. Assigned first as a 
salesman, he was advanced to district Assistant 
Electric Utility Manager, branch Electric 
Utility Supervisor, and in 1951 was appointed 
to his present post. 

DR. EDWIN L. HARDER 
Westin house Consulting Engineer 

Enrolled in fVestinghouse Graduate Student 
Training Course after graduation from Cornell 
University in 1926. Dr. Harder has become na- 
tionally known for his analytical and develop- 
ment work in power systems. He is co-developer 
of the Anacom, an electric analogue computer. 

what you can do 
to achieve success 

These Westinghouse exccutivcs have several things in  common . . . a desire to excel, intense enjoyment of their work, and early 
training in their fields of specialization. All entered Westing- 
house through the Graduate Student Training Program.. . the 
same program that today is launching young engineers on 
careers with Westinghouse. 

You can do what these men did to achieve success. They 
found out early what their likings and talents were, what they 
wanted to do, and set their sights accordingly. With the help of 
the Westinghouse Training Program, you, too, can get off to a 
sure start on the career of your choice. 

The Westinghouse Graduate Student Training Program 

This program has been carefully developed through 50 years 
to enable top men, selected in leading colleges, to choose their 
careers wisely from the wide variety of opportunities available 
at Westinghouse. The program gives you a clear understanding 
of the company and its products.. . lets you try out many types 
of work through planned work assignments . . . and offers you 
the benefit of personal counsel in selecting the field for your 
career. The Westinghouse Graduate Student Training Program 
helps supply the answer to that all-important question, "Which 
is the right career for you?'' 

For full information on the Westinghouse Training Program, 
send for our 32-page book, "Finding Your Place in Industry.', 

G-10250 

Westinghouse 

To obtain copy of "Finding Your Place in 
Industry9', consult Placement Officer of 
your university, or mail this coupon to: 

Mr. S. H .  Harrison 
District Educational Co-ordinator 
Westinghouse Electric Corporation 

1 410 Bush Street 
San Francisco 8, California 
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Opportunities 

General Motors: 
a real chance- 
a real challenge! 

0 UR continuous talks with you engineering 
seniors in schools from coast to coast con- 

vince us of one thing: 

Most of you- hope to find a job in a company 
of sufficient stature in its industry to supply a 
real challenge to your brains and to your tech- 
nical training. 

A General Motors job in many ways gives you 
just such an opportunity. And here's why. 

First-GM makes all kinds of products requir- 
ing all kinds of engineering talents-mechani- 
cal, electrical, metallurgical, chemical and 
industrial. These products range from automo- 
biles, refrigerators, and fractional horsepower 
motors to Diesel engines. 

And, as a leading defense contractor, GM runs 
the production gamut from shells, bombsights 
and range finders to tanks and jet and Turbo- 
Prop engines. 

Second-all this huge variety of work is decen- 
tralized among GM's 34 manufacturing divi- 
sions, its 112 plants in 54 towns and cities 
throughout the country. And each division 
operates as an independent unit with its own 
engineering department. Yet each can draw 

upon the resources of GM's central research 
and engineering laboratories. 

Thus you have -at one and the same time - 
the friendly, personalized setup of a smaller 
company and the opportunities and facilities of 
a large successful organization - a  leader in 
many major fields. 

All of this naturally spells out a real chance 
and a real challenge for the man who has the 
get-up-and-go to make the most of what GM 
has to offer. Many engineering graduates now 
in top jobs a t  GM testify to that fact. 

So why not check with your College Placement 
Office and arrange for an interview with our 
GM College Representative the next time he 
visits your campus or write direct to us. 

GM POSITIONS NOW AVAILABLE 
IN THESE FIELDS: 

Mechanical Engineering Electrical Engineering 

, Metallurgical Engineering Industrial Engineering 

1 Chemical Engineering Business Administration 

I 

v 
GENERAL MOTORS CORPORATION 

Personnel Staff, Detroit 2, Michigan 

ff 



H O W  M A N Y  FEET TO A FOOT.. . 
A one-foot length of this six-strand, steel-sinewed 
piece of wire rope has 150 or more feet of wire. And 
each wire in this precision product must be accurate 
within a thousandth of an  inch. 

It wasn't always so. But deeper mines and oil wells, 
higher buildings, greater logging, shipbuilding and 
construction projects called for stronger, safer rope 
. . . without increase in diameter. So rope engineering 
became a science. 

SINEW OF INDUSTRY.. . 
Special steels with the right combination of fatigue 
and abrasion resistance . . . skillful wire drawing . . . 
lubricant-saturated fiber centers . . . and scores of 
sizes, grades and "constructions" are necessary to 
meet today's wire rope requirements. 

Wire rope manufacture represents the contribu- 
tions of countless craftsmen whose challenge was 
industry's need . . . whose accomplishments, indus- 
try's gain. 

AMERICA WORKS LIKE THAT.. . 
Keeping alert to the needs of business and industry . . and meeting them under competitive conditions 
. . . has characterized America's growth. 

And keeping people abreast of these developments 
i s  the job of America's all-seeing, all-hearing and 
reporting Inter-Communications 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 who want to man- 
age better, design better, manufacture better, re- 
search better, sell better, buy better. 

COMMUNICATION IS  OUR BUSINESS . 
The McGraw-Hill publications are a part of this 
American Inter-Communications system. 

As publishers, we know the consuming insistence 
of editors on analyzing, interpreting and reporting 
worthwhile ideas. We know that business men, in 
order to keep abreast of their jobs, subscribe to-pay 
for-McGraw-Hill magazines edited for their specific 
business interests . . . for the editorial pages tell 
"how" and the advertising pages tell "with what." 

A CAREER FOR Y O U  ... 
To a few 1953 engineering graduates, "McGraw- 
Hill" will mean "writing" as well as "reading." 

Spurred by experience on college magazines, or 
broadened by work in industry, these men will join 
those of earlier classes who are now McGraw-Hill 
engineering editors. 

If you are thinking their way, tell our Personnel 
Relations Department (College Section)-now- 
about your qualifications for an editorial career. 

MeGRAW-HILL PUBLISHING COMPANY, I N C .  
@ 330 W E S T  42nd STREET, N E W  Y O R K  36, N . Y .  

H E A D Q U A R T E R S  F O R  B U S I N E S S  I N F O R M A T I O N  



"On Target" Today 
demands 

electronic computations 
Today's gunnery is a far cry from the days of slugging This booklet - "Engineering at Arma" -emphasizes the 

it  out at close range - it  demands split-second importance of engineers, physicists and mathematicians 
at Arma. You may find it the prologue to your career. Write 

solutions to constantly varying, increasingly complex for your copy to Engineering Division, Arma Corporation, 
mathematical problems. Only continuous 254 36th Street, Brooklyn 32, N. Y. 

engineering advances in electronic instrumentation can 
accomplish this feat. 

Thirty-four years of outstanding engineering 
design and precision manufacture have gone into Arma9s 
leadership in this vital supply link to our nation's 
Armed Forces. Through specialized knowledge in 
electronic instrumentation, in the years to come 
Arma will contribute even more significantly to our 

254 36th Street, Brooklyn 32, N. Y. 

SUBSIDIARY OF AMERICAN BOSCH CORPORATION 

industrial and military might. 

P I O N E E R I N G  I N  I N S T R U M E N T A T I O N  F O R  3 4  Y E A R S  



ENGINEE 

I N  T H I S  I S S U E  

This month's cover, we think, is an 
impressive and symbolic shot of some 
of the members of the class of '56, 
bravely striding across the bridge of 
the future. In actual fact, however, 
they are merely crossing the bridge 
that leads to the dining hall at  Fresh- 
man Camp. For more on this year's 
Camp, see page 18. 

Lawrence C. Widdoes, author of 
'Electric Power from Nuclear Energy" 
on page 9 of this issue, graduated from 
Caltech in 1941 as an applied chemist. 
He was a torpedo officer in the Navy 
from 1945-47, got his M.S. at the Uni- 
versity of Michigan in 1947, worked 
for the National Dairy Research Labs 
until 1950, then went to the Oak Ridge 
School of Reactor Technology. He 
joined the Monsanto Chemical Com- 
pany in 1951, just as the Atomic Elec- 
tric Project described in his article 
was getting under way. Right now he's 
a senior engineer on this team of five 
nuclear engineers and three electric 
utility specialists, which acts as an 
advisory and evaluation group on 
atomic energy for the co-sponsors of 
the Project-Monsanto and the Union 
Electric Co. 

"The Diamat and Modern Science" 
by Paul S. Epstein (page 23) was 
onginally presented at the 1951 meet- 
ing of the Congress for Cultural Free 
(Inn1 in  Strashouig, France. I t  ha5 also 
appeared in the Bulletin of Atumic 

Scienti~ts  (Augwt, 1952). 

PICTURE CREDITS ' 

Cover William V. Wright 

p. 1 8 ,  19,22 William V. Wright 

p. 48 Jeff Littleboy 
Pasadena Star-News 

p. 44 William V. Wright 

RING i AND I SCIENCE 

N O V E M B E R  1 9 5 2  V O L U M E  X V I  NUMBER 2 

PUBLISHED A T  THE C A L I F O R N I A  I N S T I T U T E  O F  T E C H N O L O G Y  

C O N T E N T S  

Electric Power from Nuclear Energy 
Commercial production of electric power from 
nuclear fuel is on  the way. Shall we wait for 
the day when we learn how to make economic 
power alone in an atomic reactor-or enter the 
field now by  co-producing plutonium and power? 
by  Lawrence C.  Widdoes 

O n  the Ballot 
Dr. Wil l iam B .  Munro's unique collection 
of political ballots shows the development 
of election procedures i n  the United States. 

The Role of Science in Human Welfare 
Excerpts from a speech 
by  L. A. Dz~Bridgc e 

A Freshman View of Freshman Camp 
b y  Bill Barlow '56 

Bridges in Space 
Astronomical research at Caltech reveals that 
a number of widely-separated extragalactic 
nebulae are actually connected by  luminous 
matter in  the sky. 
by  Robert G .  Fiedler 

The Diamat and  Modern Science 
Soviet scientists today must serve two harsh 
and exacting masters: the official credo of 
dialectical materialism, and the philosophy 
of science. How do  they do  it? 
by  Paul S .  Epstein 

Earthquakes- 36 
 seismologist.^ move a step closer to one of 
their elusive goals: earthquake forecasting. 

The Month a t  Caltech 40 

The Alumni Survey 
b y  John R. Weir 

Personals 
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SODA ASH CAUSTIC SODA LIQUID co L u  BIA - KN C H L O R I N E  S O D I U M  B I C A R B O N A T E  

CHEMICAL CORPORATION 
CALCIUM CHLORIDE MODIFIED SODAS 
CAUSTIC POTASH RUBBER PIGMENTS (Hi-Sil, 
Silene EF, Calcene TM) CHLORINATED BEN- 
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Top production teams back up Boeing engineers 

When Boeing engineers developed 
the revolutionary, flexible-wing B-47, 
their designs called for aluminum forg- 
ings larger than any ever before made, 
and for a completely new kind of wing 
"skin" ranging in thickness from 5/8" 
at the body joint to 3/16" at the tip. 

New techniques, machines and pro- 
cedures had to be worked out. Produc- 
tion is so precise that the eight-ton 
wing slips into place with less than a 
hairsbreadth of clearance. Many of 
these new procedures were "impos- 
sible" a few years ago. Today they are 
routine in Boeing ~ lan ts .  That's the 
kind of production teamwork Boeing 
engineers expect -and get. 

Boeing engineers also enjoy the ad- 
vantages of the finest research facili- 
ties in the industry. Their work, over 
the past 35 years, has given them tre- 
mendous prestige. You can share that 
prestige by becoming a Boeing engi- 
neer. You'll work on such long-range 
projects as guided missiles, nuclear- 
powered aircraft and the exploration 
of supersonic flight. 

You can choose our Midwest $ant 
at Wichita, or work in the Pacific 
Northwest at Seattle. Boeing provides 
a generous moving and travel allow- 
ance, offers you special training, a 
salary that grows with you - and a 
future of almost limitless range. 

Plait now to build your career as a 
member of Boeing's distinguished En- 
gineering personnel after graduation. 
Boeing has present and future openings 
for experienced and junior engineers 
in all fields, for aircraft 

DESIGN 0 RESEARCH 

DEVELOPMENT PRODUCTION 
TOOLING 

also for servo-mechanism and elec- 
tronics designers and analysts, and for 
physicists and mathematicians with ad- 
vanced degrees. 

For further information, 

consult your Placement Office, or write: 

JOHN C. SANDERS, Staff Engineer- Personnel 
Boeing Airplane Company, Seattle 14, Washington 



Takes a lot to lay a carpet in the jungle 
The scene is "darkest Africa". and farm, brings the fruits of American makes Worthington, 112 yearsold, astrong 

~~t Africa is lightening. Manys quest technical genius t o  the strange places of link in the chain of American business. 

for minerals, for new areas for agriculture the world. Worthington Corporation, formerly 
and trade, is slashing ultra-modern, glar- And illustrates, too, how the unique Worthington Pump a n d  Machinery 

ing-white air strips in once impenetrable American talent of diversification helps Corporation, Harrison, New Jersey. 

jungle. 

Those pavers, portable air compressors, 
pumps and air tools-such as you might 
see working a city street-are Worthing- 
ton Blue Brutes going to "lay a carpet" 
in that hole in the jungle. 

Thus, Worthington, a major producer 
of equipment for public works, industry 

public, employees and stockholders. For 
Worthington makes many things-not 
just construction equipment and pumps, 
but also engines, water works machinery, 
power transmission, petroleum equipment, 
air conditioning and refrigeration, many 
others. 

Such diversification builds stability . . . 

Good Water and Sanitation-engines Lower-Cost Manufacturing-pumps Petroleum Products-compressors More Abundant Food-compressors 
pumps. water treatment. comminut~rs compressors - steam turbines . motors en ines - pumps - chilling equipment Fertilizer mixers air conditioning 
eir compressors . oir tools power transmission . air conditioning refrigeration - decoding systems refrigeration . pumps 
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E L E C T R I C  P O W E R  F R O M  

N U C L E A R  E N E R G Y  

Commercial production of electric power from nuclear fuel is on the way. Shall 

we wait for the day when we learn how to make electric power alone in an 

atomic reactor-or enter the field now by co-producing plutonium and power? 

By LAWRENCE C. WIDDOES 

LAST J A ~ U A R Y ,  the Atomic Energy Commission an- 
nounced that at  Arco, Idaho, electric power had been 
generated from nuclear energy. This was the first 
authentic record of such an  achievement. In Febru- 
qry, President Truman revealed that a nuclear-powered 
engine for the submarine Nautilus was under con- 
struction. In June, the Monsanto Chemical Company 
and Union Electric Company of Missouri recom- 
mended that the AEC start the design and develop- 
ment work necessary to construct a plutonium-power 
l~ i lo t  plant reactor. 

Obvio~~sly ,  commercial produc~ion of electric power 
from nuclear fuel is on the way. Hecause of the eco- 
nomics involved, it does not seem likely that earlier 
predictions of large-scale production of electric power 
alone from a nuclear reactor will be realized in the 
near future. On the contrary, the first large-scale 
electric power will probably be a co-product of the 
manufacture of p1utonium. 

In  the field of atomic energy, we might say that we 
are in a plutonium economy. The government is most 
anxious to increase its ability to stockpile plutonium. 
Since it appears technically feasible to produce plu- 
tonium and power simultaneously, the economics of 
the situation seems to dictate that this method be tried 
first. IJltimately--perhaps after a decade spent in 
improving our technology-it may be possible to build 
n~iclear reactors producing only electricity, and to oper- 

ate them in competition with coal-fired plants. 
The proposed method of producing both plutonium 

and electric power is perhaps better understood against 
the background of plutonium production. Plutonium 
is made in a nuclear reactor containing a combination 
of U-235 and U-238. The neutrons required for plu- 
tonium production come from the fission of a U-235 
nucleus. The resulting fission fragments have an enor- 
mous kinetic energy which eventually must be removed 
from the reactor as heal. 

The reactors at  Hanford, Washington, used for  he 
prod~iction of plutonium, were an epic achievement. 
After 10 years they are still inval~iable as producers 
of plutonium. Ten years ago, the demand for 11111- 
Loriium was paramount; no time was wasted in the 
atomic race with the Germans in an attempt to pro- 
duce useful power. In  the interest of making plu- 
tonium, the heat from the Hanford reactors is removed 
at such a temperature level that it is thermodynam- 
ically and economically impractical to use this energy 
to run a steam turbine and produce electricity. 

In  studying the practicability of producing electric 
power from nuclear fuel, the question arises: If new 
plutonium production reactors were to be built today, 
could they be designed so that the heat energy could 
be economically converted to electrical energy-there- 
1)y decreasing the cost of plutonium? 

Since a great cleal of heat is released in the produr- 



Lion of a unit of plutonium, it appears simple, at first 
consideration, to remove this heat at a temperature 
sufficiently high to produce economical power. After 
all, with the Idaho power experiments and the Navy's 
plans for nuclear-powered submarine engines as far 
advanced as they are, one would think that the problem 
of converting nuclear energy to economic power would 
be easy. Though the technical information obtainable 
from these two developments will be invaluable, the 
fact remains that one is designed primarily to determine 
the technical feasibility of breeding-while the other 
is designed as a military power source. ( A  breeder, 
loosely defined, is a reactor which produces more fis- 
sionable material than it consumes.) 

About 24,000 kw hours of heat energy are released 
when one gram of U-235 is fissioned. This is the 
equivalent to the combustion of about 3.3 tons of coal. 
At current market prices the heat from this amount of 
coal is worth about $20. On the other hand, the value 
of the plutonium produced when this gram of U-235 
is fissioned-measured in terms of a military explo- 
sive-must certainly be far greater than $20. Thus, if 
removing the heat energy from the reactor at a high 
temperature causes an appreciable decrease in its plu- 
tonium output, then the decision to produce power 
faces serious economic problems. 

Indeed, this problem of high temperature heat ver- 
sus plutonium production is one of the more serious 
problems facing the designer of a dual purpose plu- 
tonium-power reactor today. 

Take, for example, a hypothetical metallic uranium 
fuel element surrounded by a hypothetical coolant. 
With known materials of construction, there ob- 
viously exists a certain upper limit on the fuel tem- 
perature. Just as obvious is the fact that the colder 
the coolant, the larger the over-all temperature gradient 
between the limiting temperature of the fuel and the 
bulk temperature of the coolant. Since the rate of 
heat removal and, ~hcrefore, the rate of plutonium pro- 
duction is proportional to the over-all temperature 
difference. the colder the coolant, the greater the p1u- 
tonium production. Hiit cold coolants simply do not 
make good heat sources for steam electric plants. 

Recommendation to the AEC 

Although it appears that there are other problems 
as well, it does seem to be possible to produce plu- 
tonium and electric power in the same reactor without 
sacrificing plutonium production. In 1951, the AEC 
signed one-year contracts with four industrial groups 
for a feasibility study of the problem of simultaneously 
producing electric power and plutonium. One of these 
groups was the joint Monsanto-Union Electric team. 
At the end of the year's study, this team felt that a 
solution was possible, and recommended that the AEC 
start the design and development work necessary to 
build a pilot plant which would fill in some remaining 
gaps in the technology. 

In resolving the conflict between the temperature of 

the coolant and the rate of plutonium production, some 
technical factors have been agreed upon. Since all 
reactor coolants and their containers are to some extent 
neutron absorbers, the neutron economy in the reactor 
tends to decrease as the volume of coolant associated 
with a given volume of fuel is increased. Thus, even 
though the reactor may run faster with a colder c o o I a ~ ~ f ,  
it does not necessarily run as efficiently. 

Obviously, therefore, there is some optimum cross- 
sectional coolant area to be associated with a given 
area of fuel to provide the maximum plutonium pro- 
duction in a given reactor. The hope for electric power 
and plutonium co-production in the near future lies 
in fuel elements which can develop such a high spe- 
cific power that, even though plutonium production 
is maximized, the outlet coolant is hot enough so that 
at least part of the heat energy can be skimmed off to 
produce electrical power, 

The solution of technical problems is not the final 
hurdle which must be crossed. A large-scale plutonium- 
power producer must fulfill certain other requirements 
before private enterprise will be willing to invest the 
necessary capital. The nuclear power plant must com- 
pete with many other attractive investments. The pro- 
duction of power and plutonium must not only prom- 
ise a reasonable profit during the plutonium economy; 
it must show promise of a profitable future beyond 
any period of military demand for plutonium. 

If it is possible to build a dual purpose reactor which 
maximizes plutonium production, reduces unit costs 
below the Hanford level, and still permits power pro- 
duction, it would appear that the larger part of the 
high capital loading would be charged to the plutonium 
production. 

The capital involved here would be that amount re- 
quired to build a nuclear reactor and heat-dump sys- 
tem designed for production of plutonium alone. The 
incremental capital required to add more heat-ex- 
changer area and a turbo-generator would be charged 
against the electricity produced. Furthermore, it would 
seem fair to amortize both sections of the plant over 
the period during which plutonium would be sold to 
the government. Operating costs also could be fairly 
apportioned between the two products in a similar 
manner. 

With the incremental capital chargeable to power 
production less than the capital normally necessary for 
a complete coal-fired steam electric plant and with heat 
almost free, low cost power could be had if the 
amortization period were comparable to normal utility 
practice. 

The capital charges per kilowatt hour in a coal-burn- 
img plant are usually based on a 35-year amortization 
schedule. Because of the uncertainty in the market 
for plutonium-and since there is no assurance that 
the nuclear-fired plant will last for 35 years-the atomic 
power complex must be amortized over a more con- 
qervative period, variously estimated from five to ten 
to fifteen years. 



As the amortization period is reduced in the nuclear 
plant, there is a point when the increased capital 
charges completely offset even free heat, and it costs 
as much to produce power as it would in a coal-fired 
plant. Therefore, if the ppwer from a plutonium- 
power complex is to be competitive with power from 
coal-fired stations, a firm contract for military plu- 
tonium over a certain minimum period of time appears 
to be necessary. 

When the military requirements for plutonium have 
been met, it is conceivable that a n  even greater de- 
mand for plutonium to be used as a nuclear fuel may 
develop-but, of course, at  a much lower price. Be- 
cause of its nuclear characteristics, it is possible that 
plutonium could be used to fuel a fast breeder and. 
through these breeders, it is possible that our entire 
wpply  of U-238 could 11e converted into fissionable 
material, increasing the fuel resonrces of the world by 
a large factor. 

When this power economy commences, if these dual- 
purpose plutonium-power producers have nseful life 
left, the question arises as to whether they can com- 
pete with coal-fired plants or with the more improved 
types of reactors which surely will be built in the 
future. 

No plutonium-power complexes have been built to 
date. Therefore, no really reliable cost comparison 
between reactors and coal-fired plants can possibly be 
made, because of lack of basic data. On the basis of 
the past performance of the chemical industry, it seems 
probable, however, that fuel and operating costs of 
the twin-purpose reactor can be appreciably reduced 
after a few years' experience has been gained. If this 
can be done, then the amortized plant can probably 
compete in the production of both power and nuclear 
fuel with almost any plant (coal-fired or nuclear) 
which can possibly be conceived today. 

Another hurdle for the eventual private production 
of plutonium and power may possibly be the Atomic 
Energy Act of 1946. Section 4 ( b )  of the Act seems 
to prohibit private ownership of facilities for the pro- 
duction of fissionable material in the quantities and 
in the size contemplated in discussion of even pilot 
plant units. If it is determined that this prohibition 
in fact exists, then it would be necessary for the Con- 
gress to pass the necessary enabling legislation which 
would, of course, require that the safety and security 
controls remain completely within the jurisdiction of 
the government* with adequate policing powers so that 
no threat would exist to our nation's security from such 
private ownership. 

Additionally, it appears that this same Act reserves 
exclusively to the government all patents and inven- 
tions in the field of atomic energy. Section l l ( a )  (2) 
says : 

"No patent hereafter granted shall confer any rights 
with respect to any invention or discovery to the extent 
that such invention or discovery is used in the produc- 
tion of fi.s,sion(~hI~ mi~ter;i~l or in the uti1;ziItion o/ fis- 

sionable material or atomic energy for a military 
weapon. . . ." 

The italicized phrases in this quotation from the law 
indicate the area of concern in this discussion of pat- 
ents. Admittedly, patents and inventions dealing solely 
with the utilization of atomic energy for  military pur- 
poses must remain the exclusive property of the 
government. 

While it is understandable that such a law should 
have governed during times when almost all inven- 
tions were obtained at  government expense, it seems 
that with the approaching possibility of major indus- 
trial programs in the field of atomic power, a review 
of such policy is in order. 

Patent protection 

Eminent patent attorneys who have been closely asso- 
ciated with the atomic energy program argue that the 
patent section of this law should be overhauled to give 
maximum encouragement to the industrial development 
of atomic power reactors. They feel that the traditional 
method of encouraging inventive genius through re- 
ward in the form of protection to the inventor must be 
retained if we are to make sufficient progress with the 
development of atomic energy in its peace-time appli- 
cations. It is doubtful that many companies will in- 
vest money, time, and talent, unless there is the patent 
protection for  any inventions that they may achieve 
through research and development to apply atomic 
reactors as direct tools and aids for use in industry. 

Electric power is a keystone of industrial expansion 
in this country. We are using our reserves of gas, 
petroleum, and coal, at  an ever increasing rate. In. 
deed, some experts feel that we might conceivably de- 
plete our power fuel reserves seriously by the end of 
this century. L7e do not yet possess sufficient tech- 
nology to draw on the solar energy which appears to 
he the world's ultimate and only long-term fuel source- 
hut there is no doubt that eventually this technology 
will come. 

We should be prepared, however, for an era in which 
our conventional fuels become more scarce and expen- 
sive-and perhaps before we learn how to utilize solar 
energy. The hope for this era is nuclear power. 

We can enter the field of nuclear power now by co- 
producing plutonium and power, or we can wait for  the 
day when we learn how to make economic power alone 
in an atomic reactor. Entering the field now will re- 
sult in a significant advance in the technology within 
the next four to six years. It will give us full-scale 
operating plants from which we can derive accurate 
capital and operating costs. In short, it will hasten the 
day when industry will have the confidence and know- 
how to construct atomic power complexes which will 
be competitive with coal-fired sources. 

While we do not achieve the ultimate by producing 
both plutonium and power, we significantly advance 
the technology and help to add to the urgently required 
stockpile of plntoninm. 



O N  T H E  
DR. WILLIAM B. MUNRO, Caltech's Professor Emeritus 
03- History and Government, and Treasurer of the 
Board of Trustees? is a collector of election ballots. 
As an indication of how unique a hobby this is-in all 
the years that he's been tracking down old ballots? 
Dr. Munro has never come across another collector in 
the field. 

His collection includes ballots from all over the 
world, including some from Persia, Peru? China and 
Greece. Most of the ballots, however, are from the 
United States-and the Munro collection graphically 
demonstrates the development of our election procedures. 

More ballots have been printed in the United States 
than in any other country in the world; and more ex- 
periments with different types of ballots have been tried 
here than anywhere else. Still, the ballot is just about 
the most ephemeral piece of printed matter imaginable. 
It's against the law for an election officer to give one 
out before election. After election, unused ballots are 
usually destroyed? while used ones are locked up in 
case of a recount. 

National election ballots prior to the Civil War are 
especially rare in this country, though occasionally one 
still turns up in some old family papers. The oldest 
presidential ballot in the Munro collection is an 1840 
one, used to cast a vote for Martin Van Buren. 

Printed ballots weren't used in the United States until 
at least late in the 18th century, and there doesn't seem 
to be any reliable record of when they first appeared. 

Dr. William B. Munro (right) ,  
Caltech Projessor Emeritus 
o j  History and Government, 
and Robert 0. Schad, Cura- 
tor of Rare Books at the 
Huntington Library, look 
over the Munro collection of 
election ballots which were 
on exhibit at the Huntington 
Library this jall~ 

B A L L O T  
The earliest elections in this country, in Massachusetts7 

were held in town meetings, and votes were taken by a 
show of hands. A little later some towns began LO use 
the "corn and bean" ballot. Voters who attended town 
meetings each received one grain of corn and one blaik 
bean. When a candidate was nominated for the Great 
and General Court, the ballot box was passed. If, on 
inspection? it contained more grains of corn than it did 
black beans the candidate was elected* The Massa- 
chusetts Historical Society still elects members by the 
corn and bean system. 

Though written ballots were sometimes used even 
in Colonial days? no official ballots were printed until 
long after the Civil War. Each party had its own ballot? 
with its slate printed on it. Sometimes these ballots 
contained only the presidential and vice-presidential 
candidates' names, with those of the electors pledged 
to them. 

Prepared by the party, the ballot was mailed to the 
voter, or thrust into his hands as he approached the 
polling booth on election day. This made it easy to 
"stuff the ballot box," since anyone with a mind to 
could put more than one ballot in the box. 

No strict count was kept of the used and unused 
ballots. There was no "X" to be marked on t h e  ballot. 
It was just dropped into the box, or, in some cases, was 
first signed on the back by the voter. If the voter 
wanted to vote the straight ticket? he used the ballot 
as it was; if any of the candidates didn't please him, 



1840 

This is the earliest ballot in the 
Munro collection, and the ink 
signature written across its face 
indicates it was used to cast a 
vote for Van Buren and Johnson, 
running on the Democratic ticket 
-against William H- Harrison 
and John Tyler, on the Whig 
ticket. Van Buren and Johnson 
headed a winning ticket in 1836, 
but in 1840 they were defeated 
by "Tippecanoe and Tyler too." 

In  this year Abraham Lincoln and 
Hannibal Hamlin7 on the Re- 
publican ticket, defeated Stephen 
Douglas and Herscl~el Johnson, 
Democrats-as well as the candi- 
dates of the Southern Democratic 
Party and those of the Constitu- 
t ioml  Union Party. Note on tlbe 
ballot that Lincoln is clean-shaz- 
en. By inauguration day i n  1861 
he had grown the beard which he 
wore for the rest of his life. 

he could "scratch the ticket" by crossing out names and 
substituting others* 

It wasn't until the late 1880's that the Australian 
ballot came into use here. Politicianb contempt~iously 
referred to it as the "Kangaroo ballot" when i t  was 
first introduced from Australia. It was the first American 
ballot requiring a voter to mark a cross, but its most 
distinguishing feature was that it was oficial-printed 
by the election authorities, and not by the political 
parties. 

The largest ballot in the Munro collection is one 

A rare item in the Munro collec- 
tion-the ballot naming Jeflerson 
Davis as the unopposed candidate 
for the presidency of the Conjed- 
erate States of America. 

for the 23rd Assembly District in the New York State 
primary election of March 26, 1902. Jt is 14 feet long. 

A slightly smallef ballot, used in Yankton County, 
South Dakota, measures 8 feet, 3 inches. It contains 
the complete text of several statutes, including one on 
the reorganization of the South Dakota National Guard. 
It is set in 7 point type (three sizes smaller than what 
you are now reading). It contains 4-feet-square of 
reading matter. And it is mentioned here to give 
courage to Californians facing a ballot containing 24 
propositions on November 4. 





T H E  R O L E  O d F  S C I E N C E  I N  H U  A N  W E L F A R E  

THE TRAGEDY of the modern "scientific age" ih that 
so many people d o  not know what science i5. 

If you turn to the so-called science section of a 
daily newspaper o r  weekly magazine, what kind of 
things d o  you read about? Jet airplanes, atomic bombs. 
radar, television, rockets to the moon. 

Well, whatever science is, i t  is not these things. The 
relation between these things and science is somewhat 
like the relation between a n  automobile and the fac- 
tory that produced it. 

Radar, atomic bombs, and television a re  products of 
science. The automobile is the product of the factory. 
but we don't confuse the factory with the automobile. 
We call them by different names. What  then is science? 

Science is that great body of knowledge about nature 
which man has accumulated over the ages. With this 
knowledge man has found it possible to develop useful 
things-for his comfort o r  happiness, fo r  peace or 
for  war. 

Similarly, the scientist is not the man who develops 
radar, the atomic bomb, o r  television sets; the scientist 
is a man who is seeking knowledge. H e  is trying to 
find out about nature, about the facts and principles 
which govern the physical world, including the men 
who live in  the physical world. 

Who is it then who takes this knowledge and uses it 
to make things? There is no single term to describe 
such men. T like to use (he term "technologists" f o r  
them. The technologist is a person who uses the knowl- 
edge of science to  develop or  design or to br ing into 
being things that men want a t  a particular time- 
whether i t s  a new industrial product, a weapon of war, 
or a new medical technique. 

An engineer, f o r  example. is one type of technologist. 
His job. in general. is not to discover new knowledge. 
but to take the knowledge which has been discovered in 
past ages and  use it to design better structures, better 
bridges, better automobiles. better radio sets. An en- 
gineer has the additional job of putting a dollar sign 
on his work, because the things he  designs must not 
only work, they must also be relatively cheap. Some- 

body ha5 defined a n  engineer a5 a fellow who knows 
a th ingwi l l  work before he builds it, because any fool 
can tell afterwards. 

Now, it's quite easy to get scientists and technologists 
confused with each other. because the training they 
have ih much the same, they a re  much the same sort 
of people. they have to have somewhat the same back- 
ground of knowledge, and. as a matter of fact, one 
often converts himself into the other. 

For  example, when a war comes along, a lot of scien- 
tists leave their science, and turn their attention to mili- 
tary technology, and they may develop radar, atomic 
bombs, o r  penicillin. 

Similarly. some technologists start searching for  
more background knowledge to help them in designing 
the things they're interested in, and they turn into 
scientists seeking new knowledge. 

I think this contrast between science and technology 
is most important to keep in mind. Science and scien- 
tists have to do with the pursuit of knowledge, and 
usually with the pursuit of knowledge for  its own 
sake. Their goal is the understanding, the compre- 
hension of the physical world. The technologist has as 
his aim the meeting of some of the practical needs of 
men. by using the knowledge which the scientists have 
produced for  him. 

In  general, it's a long road from scientific discovery 
to practical application. Many people seem to think 
that the scientific discovery of one day is the device 
you buy at  the store on the day following. Well, it 
does;;"! happen to be that simple. 

I t  is a long. painful road from discovery to practical 
realization. Usually it is not a single road, but a road 
of trial and e r ror ;  a road of backing and filling; of 
discoveries coming together, and being related to each 
other, and leading to new discoveries; of discovery 
leading to a new technology. and that technology 
reflecting back and aiding new discoveries. 

One could go through the history of science and 
trace out case after case in which this l o n g a n d  diffi- 
cult trail has been followed. There a re  some who think 
that the atomic bomb was something of a special case- 
that here a discovery was made one week and a bomb 
was ready the next. But even here the beginnings of 
nuclear physics date back at  the very least to the time 
of Becquerel in  the 1890's. and to the Curies and Ruther- 
ford in the early 1900's. For  40 years scientists worked 
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in this field of nuclear physics, on the nature of the 
atom and the atomic nucleus-its size, its weight, its 
behavior, its energy-learning a great deal that would 
enable them to predict and understand nuclear experi- 
ments. The bomb could not have been made without 
all this accumulation of knowledge. 

I remember how industrial companies used to chide 
us in the universities in the days before the war. "All 
the graduate students that you train come out well 
versed in nuclear physics," they said, "but nuclear 
physics is obviously a field that will never be of any 
use to anybody. We wish you would train these people 
in optics and mechanics and chemistry and a few things 
that have some industrial practicality." 

Today, these same companies are covering; the coun- 
try with their recruiting teams, looking for more nu- 
clear physicists. And today physicists are in search 
of knowledge in other fields. Soon, of course, the 
industries again will be complaining that physicists 
are impractical-but in another ten or twenty years the 
impractical experiments of the physicists of today will 
become the engineering necessity of the industry of 
tomorrow. 

Why then is science valuable? First, because it is 
better to know than to be ignorant-because knowledge 
is desirable for its own sake. Secondly, because knowl- 
edge helps men attain things they want-cures for dis- 
ease, machines to relieve them of the necessity of 
human slavery, houses to protect them better, better 
places in which to work, better agricultural techniques, 
and a thousand things which have advanced human 
welfare. 

Is the end in sight? As I've already suggested, we've 
hardly begun this process of learning about nature, and 
usingthe facts that we've learned from nature to devise 
and develop things which we can use. We're still in 
a really primitive state in certain fields. 

Consider, for example, the problem of food. In  
many parts of the world, human hunger is still a pres- 
ent danger, astonishing though it may seem. This is 
partly because modern agricultural techniques have not 
as yet been adopted in certain parts of the world; often 
their adoption is prevented by social, economic, politi- 
cal or even religious reasons. A vast educational pro- 
gram may be necessary before modern technology can 
solve the problems of hunger in over-populated por- 
tions of the world. 

But, though many of the technical problems have 
largely been solved, agriculture is still a very primitive 
art-hardly even a science. I t  was developed through 
the centuries by trial and error-by observing what 
kinds of foods would grow in what climates, in w h a ~  
kinds of places. Only in recent years have men really 
begun to study plants as a scientific project, to under- 
stand the chemistry and physics of plant life, and to 
get a few hints of the nature of those complex processes 
through which soil, air, water, and sunshine all come 
together to produce usable and edible food. 

In receni months, for example, at Caltech, workers 

have discovered for the first time the chemical reaction 
which accompanies the ripening of fruit. It is now 
quite possible that, by injecting a particular chemical 
into a partially ripened fruit, one might cause it sud- 
denly to ripen. Or, one might delay the ripening by 
an inhibiting chemical. 

Possibly, by further knowledge of chemistry, one 
can adapt fruits to climates where they do not now 
have a long enough growing season. 

Only in recent years also have we come to under- 
stand the complex process which we call photosyn- 
thesis-the process by which solar energy is converted 
into chemical energy, the energy of food. I t  has been 
known for a longtime that this was the essential process 
in plant life and plant growth, hut the chemistry and 
physics of this photosynthetic process has just begun 
to be unravelled. 

Someday, I suspect, as our supplies of coal and oil 
and other fuels get scarcer or more expensive, and as 
our demands for additional sources of energy increase, 
we may become more dependent on solar energy. The 
energy of the sun is almost unlimited. It is also some- 
thing we can depend on-for the next few billion years, 
at least. If we could only find ways of converting it 
more efficiently into more useful forms, it would be an 
enormous boon to mankind. 

Photosynthesis may be the key to this, because in 
this process solar energy is converted into chemical 
energy. We may be able to develop methods whereby 
this process takes place more efficiently and on a larger 
scale, so that we can use the products of photosyn- 
thesis for fuel as well as for food. 

In  any case, it's certain that in coming years our 
knowledge about plant life, plant physiology, and plant 
chemistry, will continue to grow; and, as a result, agri- 
cultural technology will make giant strides forward. 
There should be no reason, in a few years, why hunger 
should any longer exist on the face of the earth. If 
it does, it will be solely for social, religious, or politi- 
cal reasons, and not for technological ones. 

Medical technology 

There are many ways in which medical technology 
is still an art rather than a science. Only in the last 
50 years has medical practice really been revolutionized 
by new discoveries in physics and chemistry and biol- 
ogy. The X-ray, which was discovered in a physics 
laboratory by a physicist who hadn't the slightest 
thought of making any contribution to medicine, has 
helped to revolutionize medical practice. Discoveries 
in chemistry and in other branches of physics have 
been equally important. Yet, today, we understand 
very little about the complex physical and chemical 
processes that really go on in living matter. Some of 
the simplest processes are the most mysterious j . ~  us. 

For example, I suppose the simplest form of life- 
or what we can call l i f e i s  the virus. Viruses are, 
under certain conditions, just ordinary chemicals- 
complex organic chemicals. They cap be crystallized, 



dissolved, filtered, and stored away, just like ordinary 
table salt. 

Under proper conditions, these viruses suddenly ac- 
quire the property-which is characteristic of living 
things-of reproducing themselves. They can multiply 
with astonishing rapidity. They can multiply through 
many generations in a few minutes. 

For example if a single virus of the proper kind at- 
tacks a bacterium ( a  bacterium being much larger 
than a virus), it will multiply so rapidly that within 
about 15 minutes that bacterium will literally explode. 

This is a very nice property which some kinds of 
viruses have-that of destroying bacteria. Those par- 
ticular viruses which destroy harmful bacteria are great 
friends of man. But there are other viruses which are 
not such good friends, because they, in their multipli- 
cation processes, cause diseases such as pneumonia, tu- 
berculosis, polio, and the common cold. 

We don't know how to conquer these viruses yet, or 
how to find something which will destroy them. But 
work is now proceeding. Only last spring a really 
new and revolutionary technique for studying the vir- 
uses was developed by a scientist at Caltech. 

Monkeys were used in early virus studies. Dozens 
of them would be injected with viruses. Then would 
come weeks or months of waiting to see if they got 
sick, and, if so, what was the matter with them. It 
was a terribly expensive and time-consuming process. 

Then somebody found that you could infect the em- 
bryos of chickens, and so, instead of cages of monkeys, 
you had cases of eggs. But even this was a slow and 
difficult process. 

Now it's been found that ordinary animal tissue can 
be made to grow in a little dish, and the virus can be 
made to infect that tissue. Almost immediately, spots 
will arise where individual virus particles have at- 
tacked that tissue. So, within minutes or hours, one 
can do experiments which formerly took weeks or 
months. 

Furthermore, these dishes can be stacked up by the 
thousands in a small laboratory and experiments can be 
done in parallel, under controlled conditions, at an 
enormously increased rate over what was possible just 
a year ago. This will accelerate the accumulation of 
our knowledge as to what these virus particles are, 
how they behave, what chemicals stimulate or retard 
their growth, cause them to die or to become inactive. 

This is one of the most important problems in the 
field of medicine. And it will he solved by studies in 
chemistry and biology, in laboratories and universi- 
ties where people are working, trying, for the sake of 
knowledge itself, to learn more about these mysterious 
particles-not only because they're dangerous and im- 
portant to human beings, but because, by their very 
simplicity, they take us down to the basic elements of 
life and give us a little better inkling as to the nature 
of life itself. 

What must be done if we are to make continued prog- 
ress in the field of science, and if we are to use science 

to the maximum to advance human welfare? Well, 1 
sometimes get worried because so many people still 
think that jet airplanes and atomic bombs are synony- 
mous with science. When Congress appropriates money 
for government laboratories to develop better bombs, 
better airplanes, better weapons of war, or when in- 
dustry spends money for developing better television 
sets, better automobiles, and better airplanes, people 
conclude that "science" is being handsomely supported. 

This has nothing to do with the support of science. 
This is the support of technology-the activities which 
make use of the knowledge which science is supposed 
to discover, and apply it to things which are useful. 
Rut if there is no science going on, where will come 
the knowledge which the technologists will apply? 

Funds for science 
In this country, in spite of the fact that we're some- 

what better off than 25 years ago, the exploration and 
the support of science for its own sake is not being 
adequately-certainly not generously- supported. I t  
is extremely difficult to get adequate funds and even 
adequate people, because of salary competition, to carry 
on investigations in the field of science. 

It is primarily in the universities that the search for 
knowledge has always flourished. And do universities 
find it easy to secure money for this scientific explora- 
tion? Well, you all know that the problem of financing 
universities is difficult. I t  is difficult both for state and 
private institutions. 

We do not complain about the difficulties. It's all 
right to have to sell one's ideas and to have to seek 
money for them. But the thing that disturbs scientists 
is to be told that they are already too rich-that there 
are billions of dollars now being spent on science in 
this country. 

There are billions of dollars being spent on military 
and industrial technology. But the amount being spent 
on science can be measured in a small number of mil- 
lions of dollars per year-a small percentage of the 
amount we're putting into technology. 

And so I think that some of the lessons which we as 
laymen and citizens ought to learn, is that science and 
technology are handmaidens. Science conies first and 
lays the foundation. Technology builds upon it a super- 
structure which you see and which is useful. But 
without the solid foundation of science, the super- 
structure couldn't be built; or, if built, could not 
long last. 

I think one could say that this scientific exploration, 
the search for knowledge, has proved over the genera- 
tions to be useful for its own sake. I t  has yielded to 
man a satisfaction in replacing ignorance with knowl- 
edge, and has given him the practical results of being 
able to shield himself against the calamities of nature 
and the calamities imposed by other men. And this 
knowledge and this ability will expand and give rise 
to increased welfare of men in future years. 



STUDENT LIFE 

The  bus trip? Dull. Conversation? Nil. 

Speeches begin immediately after lunch . . . 

, . . followed by speeches . . . delayed b y  speeches 
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A F R E S H M A N  V I E W  

Friday, September 26, 1952 

Off to camp at  8:30-only half an hour late. Under- 
stand this is pretty good timing for these things. . . . 
The bus trip is rather dull. Scenery? Certainly not 
the best in California. Conversation? Little or  none-- 
though somebody does start a lively, if somewhat one- 
sided, discussion of perpetual motion machines. This 
seems to be a standard. if meaningless, origin of con- 
versation among future engineers and scientists. 

The camp is quite a change from the quasi-desert 
areas around San Berdu. . . . We arrive just in time 
for lunch. . . Not bad either. . . Speeches begin imme- 
diately after lunch, with an unpredicted and unprece- 
dented rain the only hitch in the program. Then more 
'speeches . . . followed by speeches . . . delayed by 
speeches. 

Everybody seems to be playing volleyball. One group 
is so lazy it plays a full game while sitting on the court. 
Claims the net is too low for a normal game. 

Mountain golf has captured the hearts of many of 
the class, but there's always a faculty member around 
to cut any players down to size. 

Ping-pong and singing are the most popular eve- 
ning recreations. Those ping-pong games are really 
vicious. . . The way they hit those balls-if you can't 
hit 'em, you have to duck 'em. 

Well, it's almost 1 0 3 0  and lights out. 
Better finish this account of today's doings and not 

get caught when the lights go off. Understand the 
lights are on a time clock and go out at exactly 1 0 3 0 .  
If they really go out on schedule, then- 

Saturday, September 27, 1952 

They did. 
Speeches, orations, tirades, circumlocution, loquacity, 

lectures, effusion, what-have you. . . We heard a lot 
of it today. Some of the speeches, when I think of it, 
were unforgettable-some, unforgivable. 

Of course, I don't imagine I'll remember all of the 



O F  F R E S H  

Mountain golf p i p s  the faculty like a fever 

speeches. and I doubt that I'm expected to ;  but I'll 
probably remember the essence of them until just plain 
experience teaches me the same things al l  over again. . . 
' then I'll probably be telling some poor, uninformed 
Freshman what my own personal secrets fo r  getting 
ahead are. 

Tonight was the Grand Amalgamated Concert. The 
folders described it as  being "impromptu." but I've 
never seen so many guys-who would n o  doubt rather 
be out playing volleyball-work so hard as  these band 
members did on a "spontaneous and  extemporaneous" 
routine. . . Not only that ;  it was pretty good, too. . . 
T h e  turnout  f o r  the  band  was amazing. They even 
had two sousaphone players. Only one sousaphone, 
though-thank Heaven . . . What a range of music. 
All the way from marches. through German Band music, 
to the William Tell Overture. . . Another highly lauded 
group was a decatet (o r  thereabouts) which sang such 
old favorites a s  "The Curse of an Aching Heart," 
"When You Wore a Tulip," and "Let Me Call You 
Sweetheartw-the first of which threatened ( t h e  verb 
is li teral) to sweep onto the hit parade list. 

Sunday, September 28, 1952 
Today we came home. 
We woke up on Pacific Standard Time. and,  even 

though the program stated that we would stay on Day- 
light Saving Time, the watches in camp differed by 
upwards of three hours at  various times. 

Then there %as the Faculty-Frosh baseball game. 1 
watched this until the bitter end, and  it was pretty 
bitter-28-7 in favor of the faculty. 

Back into the busses and back to school. 
Somehow the bus ride didn't seem quite so scenery- 

less as  before. and the conversation, which raged almost 
u n c o n t ~ o ~ a b ~ ,  was about less technical subjects: girls. 
Well, equally technical maybe-but less limited. . . 
Come to think of it. I don't know when I've enjoyed a 
bus trip more. 

-Rill Barlow '36 

President DuBridge joins a Freshman bull-session 

The faculty baseball team celebrates a victory 
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This photograph from the 48-inch Schmidt telescope 
(enlarged 17 times) reveals how some extragalactic 
nebulae are connected. The three black objects i n  the 
center of the picture are galaxies like our Milky W a y .  
A band of luminous matter runs between them like a 
lighted, gently curving boulevard. 

B R I D G E S  I N  S P A C E  
B y  ROBERT G. FIEDLER 

ASTRONOMICAL RESEARCH at the Institute has shown 
that some widely-separated extragalactic nebulae do not 
necessarily live in complete isolation from each other. 
Luminous bridges more than ten thousand million mil- 
lion miles long-substantially longer than any pre- 
viously known-have been found to extend between a 
number of these gigantic starry islands which float by 
the millions in the universal ocean of space. 

These observations were made by Dr. Fritz Zwicky, 
Professor of Astrophysics, and have been confirmed 
with various instruments at  Caltech9s Palomar Observ- 
atory and the Mount Wilson Observatory of the Car- 
negie Institution of Washington. 

When men first started asking questions of the stars, 
the universe they knew was relatively small. In the 
time of Galileo that universe embraced a few thousand 
naked-eye stars plus the planetary system-the sun and 
its attendants: Earth, Mars, Venus, Jupiter, etc. 

As man grew older and wiser, so did his insignifi- 
cance as an  occupant of the universal ocean grow- 
but so, too, did his vistas and the scope of possible new 
worlds to conquer. Life became more exciting for 
those men who liked to gaze at the stars and ponder 
the questions the stars themselves posed, when they 
realized that their planetary system was only a small 
part of that hazy, star-peppered streak in the sky which 
they knew as the Milky Way or the Galaxy. 

And then, in our own generation, man's place in the 
universe shrank again as he devised more powerful in- 
struments to probe the obscure depths, and put these 
instruments into the skilled hands of men with disci- 
plined minds to do with as they willed. So, inevitably, 
man became more insignificant still in the large scheme 
of things, but now his eye and his mind could range 
over an almost incomprehensible sweep. 

For Dr. Edwin P. Hubble o f  the Mount Wilson Ob- 
servatory discovered that some of the fuzzy bright spots 
astronomers had been looking at were not the dust-and- 
gas clouds they had thought, but actually were com- 
posed of stars. This meant they were agglomerations 
like our own system, the Galaxy-bustling with the 
same sort of activity, inhabited at least by stars, and 
probably also by counterparts of objects residing in 
the Milky Way: dust, gas, star clusters, etc. He called 
them extragalactic nebulae* and found they were 
at distances which have come to be known as 
"astronomical." 

*Some astronomers call these vast stellar systems "galaxies," 
since they resemble the system of the Milky Way. Others prefer 
to maintain the traditional definition of "Galaxy": the Milky 
Way; and to call the systems outside it "extragalactic nebulae." 
The latter, however, should not be confused with "nebulae" in 
the Milky Way, which ape nebulosities or clouds of gas and 
dust. All nebulae discussed in this article are extragalactic. 



This  photograph from the 200-inch Hale telescope shows', 
the same system pictured in the 48-inch plate across the 

page. The  bridge joining the objects is still apparent, 
though this picture is enlarged only 3% times. The 
internebular bridge, incidentally, is more than 72,000 
light years long. 

Astronomical research at Caltech reveals that a 

number of widely-separated extragalactic nebulae 

are actually connected by luminous bridges in the sky. 

So remote are these nebulae that the mile becomes 
- almost as minuscule as its inventor, and astronomers 

talk of their separation from us in terms of light years. 
One light year is roughly six million million miles, 
the distance light travels in one year at 186,000 miles 
each second. 

After the identification of extragalactic nebulae, as- 
tronomers found that luminous filaments sometimes join 
comparatively close double nebulae, like the bars of 
dumbbells. But it had not been generally known that 
faint luminous clouds stretching between nebulae sep- 
arated by extremely great distances-many times the 
diameters of the nebulae involved-are relatively com- 
mon. Professor Zwicky found such internebular high- 
ways in plates exposed with the 18-inch Schmidt teles- 
cope on Palomar Mountain and later with the 48-inch 
Schmidt, which-like the 200-inch Hale telescope-has 
proved capable of recording fainter objects than had 
hitherto been possible. The phenomenon is illustrated in 
the following example (one of the firqt encountered) : 

The system in  question (see page 20)  consists of three 
nebulae in the constellation of Virgo at a distance of 
about 50 million light years from the earth. Between 
the nebula (TC3481) at the upper right and the one 
(uncatalogued) immediately below and left of it lies a 
band of luminosity almost as sharply delineated as a 
lighted boulevard. Between the anonyinous nebula and 

the one (IC348r3) at lower left arches a somewhat less 
sharply defined strand shaped like an oriental sword. 
On the present distance scale IC3481 and IC3483 are 
separated by a projected distance of 72,000 light years. 
Thus the internebular cloud, because of its yataghan- 
like course, has a span greater than 72,000 light years. 

The photograph from the 48-inch, largest of the 
Schmidt-type instruments, was enlarged 17 times from 
the original plate and its contrasts enorn~ously enhanced 
by repeated alternate printing on contrast plates. On 
the original plate the contrast between the cloud and 
the sky background is so slight that a casual observer 
might easily miss it. Professor Zwicky notes, however, 
that once the observer knows what to look for, a dis- 
cerning eye can readily detect many similar cases. The 
most important of the systems so far spotted are now 
being photographed with the 200-inch telescope. 

What are the constituents of the lane between IC3481 
and JCS483? Red- and blue-sensitive plates from the 
48-inch Schmidt and the Mount Wilson 100-inch teles- 
cope seem to indicate that the cloud is relatively blue 
although many shades of color exist. This may mean 
that the material differs in composition from one region 
to another, and one possible explanation is that there 
are different relative numbers of blue and red stars in 
it. It has not yet, however. been resolved into stars. 

I t  is pos-iible only to make a guess as to how this 



Dr. Fritz Zwicky, Professor of Astrophysics at Cal- 
tech, examines a plate from the 48-inch telescope to 
confirm his recent findings o n  internebular bridges. 

lane came to be. One tentative explanation would run 
like this: The three nebulae may be rotating around, 
oscillating through, or passing each other. When they 
are at their closest approach they disrupt one another. 
They may then eject stars and perhaps other matter 
into the space around them. I t  may even be that some 
stars are escaping from the triple system entirely and 
hurtling into the space outside the cloud. 

Another conceivable explanation might be that some 
of the internebular cloud, or perhaps even most of it, 
may have been formed when the nebulae were born or 
may have originated independently of them. 

Whether such bridges are numerous enough to mean 
that the amount of matter in the universe has been 
underestimated by a significant amount is a question 
for the future. If they prevail widely, and if, in addi- 
tion, dust is demonstrably present in internebular space 
(and Professor Zwicky believes he is accumulating evi- 
dence to this effect), then some revision may be indi- 
cated in such estimates and also in these portions of 
cosmological theories influenced by them. 

The amount of matter in the universe, its distribu- 
tion and the average density of the universe are all 
basic to cosmological theory. If one root factor changes 
appreciably, the effect is felt in all branches of the 
structure growing from it. Knowledge of the masses 
of the nebulae themselves is important to cosmologists, 
and one method of determining these masses is by cal- 
culation from appropriate measurements on double 
nebulae. However, it is not always irrevocably certain 
that two nebulae are true doubles when they are observ- 
able only in the line-of-sight. They might be several 
hundred thousand light years apart and the accuracy 
of the reckoning may suffer for this reason. But neb- 
ulae bridged by filaments such as Professor Zwicky 
has found are definitely double, triple or otherwise 

multiple systems with all their members at very nearly 
the same distance from the observer. 

The discovery also has implications in the estima- 
tion of the distances of far-off objects. Astronomers 
cannot rule off or step off the distance to nebulae, and 
have had to resort to a roundabout method. This 
method depends on the absolute brightness of the object 
whose light they capture on photographic plates or  in 
electronic instruments. Light, passing through a fog, is 
fainter on the other bide of the pall than if it traveled 
through a vacuum. Thus, if dense internebular clouds 
should abound in space they might absorb enough of 
ihe light from distant nebulae to produce errors in the 
estimation of nebular distances. 

One interesting sidelight is a possibility that the 
Milky Way itself may be joined to our 90,000-light- 
years-distant neighbor, the Nubecula Major or Large 
Magellanic Cloud. More than a century ago the Brit- 
ish astronomer. Sir John F. W. Herschel, wondered 
about this as, "entirely without telescopic aid, when 
seated at a table in the open air, in the absence of the 
moon," he scanned the southern skies from a South 
African observatory at  the Cape of Good Hope. He 
wrote that no branch of the Milky Way whatsoever 
forms "any certain and conspicuous junction with (the 
Nubecula Major) ; though on very clear nights I have 
sometimes fancied a feeble extension of the nearer 
portion of the Milky Way in Argo (where it is not above 
15' or 20' distinct) i n  the direction of the nubecula." 

Professor Zwicky has called this observation, and 
his own finding5 on internebular bridges, to the atten- 
tion of the Commonwealth Observatory at Mount 
Stromlo, Australia. Astronomers there have replied 
that they will be on the lookout for any connection 
with the Large Magellanic Cloud, which is visible only 
in the southern hemisphere. 



T H E  A M A T  A N D  M O D E R N  S C I E N C E  
Soviet scientists today must serve two harsh and exacting 

masters: the official credo of dialectical materialism, 

and the philosophy of science. How do they do it? 

By PAUL S. EPSTEIN 

I N  STUDYING the position of intellectuals in sovietized 
countries the situation of scientists must be analyzed 
separately from that of writers and artists. Indeed, 
the conditions under which the scientists do their work 
are materially different from those which apply to 
other creative workers, and these differences derive from 
two sources. 

In the first place, science, in general-and modern 
physics, in particular-has developed its own philo- 
sophical point of view. Therefore, the scientist finds 
himself obliged to serve two harsh and exacting mas- 
ters: the official credo of dialectic materialism, on the 
one hand, and the philosophy of science, on the other. 
Thus arises the question to what extent the demands 
of these two masters are compatible. 

In the second place, for the sovietized states, the use- 
fulness of the results of scientific work is not of the 
bame nature as the value of literary and artistic pro- 
ductions. This fact cannot fail to have some influence 
on the psychic atmospheres in which the two kinds 
of intellectuals live. 

The term diamat is an abbreviation for dialectic ma- 
terialism, current amonfiussian writers. We shall 
use this word to designate the particular for111 of 
dialectic materialism developed by Soviet philoso- 
phers, officially adopted by the Soviet government, and 
taught in ihe Soviet schools. 

The purpose of the following pages is to discuss the 
conditions which the diamat-so understood-creates 
for scientists and for scientific pursuits. 

1. DIALECTICAL MATERIALISM 

I t  often has been said that Marxism is the religion 
of the Soviets; and by the same token the diamat rep- 
resents the articles of faith of this religion. 

Permit me to recall here a very profound remark 
made by Wilhelm Wundt. Only those articles of faith 

are well chosen which are beyond human reason; if 
they cannot be understood, they are safe from getting 
in conflict with the advances of knowledge and from 
being disproved by science. 

Judged by this criterion, the diamat almost qualifies: 
it is true that it contains one embarrassingly positive 
point (to be discussed in section 5 below), which stems 
from the materialistic world view embodied in it. This 
is offset, however, by two other points, inherent in the 
dialectic method, which make it very flexible and al- 
most take it out of the realm of logic: 

( 1 )  The diamat holds that internal contradictions are 
inherent in all things and phenomena of nature. or in 
Lenin's words: "In its proper meaning, dialectics is the 
study of contradictions within the very essence of 
things." 

( 2 )  All reality is in constant flux and change. ill- 
eluding the workings of the human mind. Knowledge 
is relative and truth unattainable: what is considered 
a good approximation to truth today may be found 
not so good tomorrow. 

It would seem that a credo of such vagueness and 
adaptability should have made its confessors humble 
and prevented them from commitments on questions 
of scientific import. This was by no means the case. 
Beginning with Lenin, the theoreticians of the diamat 
made a number of pronouncements about questions 
of science which were quite unnecessary, in the 
sense that they were not inevitable consequences of the 
fundamental principles of dialectics. Nevertheless, these 
pronouncements became part and parcel of the official 
diamat policies and created a good deal of friction in the 
pursuit of science. resulting in disciplinary actions 
against individual scientists and in the condemnation 
of whole branches of scientific theory. 

The action of the Soviet authorities against Mendelian 
genetics, which culminated in its complete annihilation, 
is too widely known to need more than mentioning. We 
shall restrict ourselves here to studying the conflicts 
of the diarnat with the science of physics. This will give 



us a good picture of dialectics as it actually is, as it 
is interpreted in everyday practice by its official 
custodians. 

2. PHYSICS AND THE DIAMAT 

The task of enumerating the planes of friction be- 
tween the diamat and physics is greatly facilitated by 
several Russian papers published during the last three 
years. One of them is a report under the title "Lenin 
and Natural Science" read in January 1949 before the 
USSR Academy of Sciences by its corresponding mem- 
ber A. A. Maximov. 

It is obvious that, in a solemn session of the Acad- 
emy, an author would not be permitted to express his 
private views if their general trend were not approved 
by the authorities: it is the official party line that is 
announced through the mouth of Mr. Maximov. The 
contents of his report make it clear that the authorities 
had become aware of the difficulties inherent in some 
mistaken assertions made by the representatives of the 
diamat, since the whole paper may be termed an order- 
l y  retreat from untenable positions. 

Maximov employs the usual technique of the Soviet 
debaters: imputing to their adversaries the very sins of 
which they are guilty themselves. He sets up straw 
men in the persons of some mythical bourgeois scien- 
tists whom he charges with the mistakes, in reality made 
by the expounders of the official Soviet line; but he 
has the grace to admit that a few Russian men of 
science fell into the trap of uncritically accepting the 
corrupt bourgeois views. Then he goes on to define the 
correct materialistic vantage point. 

The subjects taken up are: (1 )  the theory of rela- 
tivity; (2) the alleged unreality of mathematical 
physics; ( 3 )  the apparent paradoxes of the quantum 
theory. 

Although Maximov seems to know a good deal of 
science, his equipment is inadequate for a full under- 
standing of theoretical physics. Hence, the job he did 
was superficial and incomplete, leaving the matter in a 
state where further strategic retreats of Soviet philos- 
ophy are unavoidable. 

As far as relativity is concerned, a further step was 
indeed taken in 1951, in a paper by G. I. Naan which 
will be considered in the next section. I t  goes without 
saying that in the further discussion we shall present 
the older Soviet point of view, not as Maximov sees it, 
but as it stands revealed in the writings of Lenin and 
in other official sources. 

3. THE THEORY OF RELATIVITY 

In the field of the theory of relativity the Soviet phil- 
osophers created for themselves two difficulties. both of 
an entirely verbal nature. The first is inherent in 
the vagueness of the words "matter" and "material". 

These terms are remnants of eighteenth century ideas 
and do not form part of the formulation of any law 
of modern science. If used at all in scientific writings, 
they are catch-alls for ill-defined and varying qualities 
of nature. 

Lenin was not satisfied with the vague definitions 
given by Marx and Engels but had recourse to the idea 
of identifying matter with mass; "Matter is that which 
has mass." In consequence, the observation of physi- 
cists, that the mass of an electron decreases as it slows 
down, troubled Lenin, since it seemed to involve the 
disappearance of matter, a conception which he was 
not prepared to admit. 

The argument was later taken up by Lunacharski 
from the point of view of Einstein's law of equivalence 
of mass and energy. He charged that the bourgeoib 
physicists were trying to remove from science the con- 
cepts of mass and matter and to replace them by energy. 
Hence, the theory of relativity is idealistic and must be 
condemned as contrary to materialism. Maximov cor- 
rectly points out that there is actually conservation of 
mass, because the mass lost by the electron turns up 
as mass of the radiation emitted in the process of slow- 
ing down, so that the Soviet idea of materialism is not 
threatened by this phenomenon. 

The second difficulty also derives from a verbal mis- 
understanding. It has its root in the rather unfortunate 
name chosen by Einstein, namely, theory of relativity. 
This leads to all sorts of misapprehensions since it 
seems to imply that there is nothing absolute. The Sov- 
iet theoreticians lay great stress on the absolute (if un-  
attainable) truth and on the immutable laws of dia- 
lectics. Hence, the denial of all absolute values, which 
was imputed to relativity, was a stumbling block for 
the Marxist philosophers and a serious contributing 
cause of its condemnation. 

In reality, the theory of relativity makes no such 
claims, and its importance does not lie in pointing out 
the variable aspects of most phenomena in dependence 
on the frame of reference: indeed, this variability was 
obvious long before Einstein. 

The great achievement of the theory lay in the dia- 
metrically opposite direction, in the disclosure of the 
immutable invariants of nature lying behind its rela- 
tive aspects. 

As early as 1908 this was pointed out by Minkowski, 
who proposed to discard the name "theory of relativitym 
and to replace it by the term "theory of the absolute 
space-time." Maximov's background is insufficient to 
understand that the difficulty is self-created and imag- 
inary; he believes in its existence and proposes several 
makeshifts to get around it. Quite unnecessarily, he 
suggests that the mathematical formulas of the theory 
of relativity must be accepted, but no philosophical con- 
clusions should be drawn from them. 

The most recent Soviet point of view is contained 
in the 1951 paper by G. I. Naan already mentioned: 
"On the Question of the Principle of Relativity in 

CONTINUED ON PAGE 26 



Clipping the wings of /lying glass 
No matter how you travel-by land, sea, or air- 

you are ~rotected by a sandwich of shatterproof glass 

Birds flying in the airways . . . pounding waves at sea . . . 
emergencies on the highway or railroad-these are among 
the many things that can cause broken windshields and 
window; while you are traveling. 

That's why the windshields of America's sky giants today 
are made to withstand hail, wind pressure . . . and collision 
with even an eight pound bird at the plane's cruising speed. 

ELIMINATING A SOURCE OF DANGER-Today the 
danger of razor-sharp pieces of flying glass has been vir- 
tually eliminated. Most cars, trucks, trains, and ocean 
liners now have safety glass as standard equipment. 

In making safety glass a sandwich of glass is made with 
a tough, clear plastic spread called vinyl butyral resin. It's 
this plastic that holds the razor-sharp pieces safely in place 
if the glass is broken. 

PLASTICS SERVE YOU IN MANY WAYS-Other 
forms of highly versatile plastics go into your newest 

home furnishings, kitchenware and appliances. They are 
also essential to modern rainwear, paint, electrical insula- 
tion. and high-strength adhesives and bonding materials. 

UCC AND MODERN PLASTICS-The people of Union 
Carbide, working with the glass industry, developed this 
plastic for modern safety glass. This and a variety of other 
plastics are but a few of many better UCC materials that 
help industry serve all of us. 

STUDENTS and STUDENT ADVISERS: Learn more about the many 
fields in which Union Carbide offers career opportunities. Write for 
the free illustrated booklet "Products and Processes" which de- 
scribes the various activities of UCC in the fields of ALLOYS, CAR- 
BONS,  C H E M I C A L S ,  G A S E S ,  and PLASTICS. Ask for booklet J-2. 

AND CARBON CORPORATION 
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UCC'a Trade-marked Products o f  Alloys, Carbons, Chemicals, Gases, and Plastics include 
BAKELITE. KRENE. and VINYI~ITE Plastics DYNEI. TEXTILE FIBERS LINDE Oxvgen SYNTHETIC ORGANIC CHEMICALS 

ELECTRO'VTET Allovs and Metal? HAYNES STELLITE Alloys PREST-0-LITE Acetylene PYROFAX Gas 
EVEREADY Flashlights and Batteries 0 NATIONAL Carbons ACHESON Electrodes PRESTONE and TREK Anti-Freezes 



A . . . CONTINUED 

Physics." With the most'impudent perversion of truth, 
Naan makes a complete about-face and falsely claims 
that the bourgeois scientists of the West regard the 
theory of relativity as conflicting with materialism and, 
"acting with their usual rascally tricks," advance it as 
an argument against Marxism, while in reality there 
is no conflict. Section 4 of the paper is entitled "On 
the errors of A. A. Maximov and of others" and takes 
that author to task for not going far  enough and not 
accepting the whole of relativity in its mathematical 
and philosophical aspects. 

Thus a campaign of thirty years' duration against 
the theory of relativity-which had caused numerous 
scientists much inconvenience, and a few, serious mental 
and physical suffering-turned out to have been much 
ado about nothing. 

4. IDEALISTIC USES OF MATHEMATICS 

The problem of the so-called "idealistic uses of mathe- 
matics" by physicists also goes back to Lenin. As in 
the case of the notion of matter, the root of the diffi- 
culty lies in the persistence of some ancient ideas, long 
discarded by modern science. As seen by the early 
physicists, the aim of theoretical analysis consisted in 
the "explanation" of all natural phenomena in terms of 
movements and collisions of particles. However, this 
point of view broke down with the discovery of the 
properties of the electromagnetic field in the nineteenth 
century. Since the attempts to press them into the old 
mold were unsuccessful, it was proposed by Heinrich 
Hertz to take the equations given by Maxwell as the 
ultimate description of the electromagnetic phenomena, 
instead of trying to reduce them to mechanisms. 

This approach (later extended to other fields of mod- 
ern exact science) was troubling to Lenin. Inasmuch 
as these equations were set up by man, he argued, the 
electromagnetic field itself becomes a creation of the 
human mind and not a reality of nature. The theory 
is, therefore, idealistic and contrary to the material- 
istic world view. This is the original example of the 
so-called idealistic uses of mathematics, since then they 
were discovered by the priests of the diamat in the 
writings of many scientists. 

With respect to this problem, Maximov's mediating 
position is correct and adequate. As he points out, 
the equations in question were derived from numerous 
observations; therefore, they represent the results of 
objective experiments fully as much as do the laws of 
mechanics. 

Undoubtedly, Maximov's views had the endorsement, 
at least, of a part of the diamat authorities, but this 
does not mean that the subject of unrealistic theories 
was disposed of once and for all. It means only that the 

abundant use of high powered mathematics may be 
justifiable in some instances and that every case must 
be decided on its own merits. Thus the Soviet scientists 
are always at the mercy of the interpreters of the diamat. 

More than a year after the reading of Maximov's 
report, serious charges were preferred against some of 
the leading organic chemists of Russia (1950). The 
accusations came from a committee especially set up 
by the USSR Academy of Sciences for the purpose of 
purging Soviet chemistry of all reactionary ideas bor- 
rowed from bourgeois science. Conspicuous among the 
charges was the idealistic use of mathematics. 

5. THE QUANTUM THEORY 

The areas of collision treated in the two preceding 
sections were due either to misconceptions or to arbi- 
trary interpretations of dialectics. The only genuine 
conflict between science and Marxism exists in the field 
of the quantum theory. It is the more important be- 
cause it is concerned with the only unequivocal asser- 
tion of Lenin's materialism incorporated into the official 
diamat. 

In its ontological aspect the philosophy of Lenin is 
a primitive dualism: Complete reality is attributed to 
the outer (material) world, which is quite independent 
of its observers and would exist in the same form in their 
absence. In  this respect, the saying of Engels is ac- 
cepted: "The materialist world outlook is simply the 
conception of nature as it is, without any reservations." 
The second world, the inner world of the observer con- 
sisting of his sensations and perceptions, is produced 
by the stimuli of the outer world and constitutes its 
"reflection," that is, an approximate reproduction, 
which is at best close, but never ideally exact. 

It should be pointed out that taking for granted that 
the things of the outer world always exist in the same 
form in which they are observed, is a metaphysical 
assumption, in the sense that Lenin had no objective 
way of knowing whether it was true and, certainly, no 
scientific foundation for it. 

Since Lenin's time modern science-through its ad- 
vances in the field of the quantum theory-has devel- 
oped a world picture in some respects different from 
his, which may be termed a modified dualism. Of 
course, the physicist has to start from what is directly 
accessible to him, namely, from the world of the ob- 
server. He thinks of it, not in terms of sensations and 
perceptions, but as the physical world of the totality 
of his observations, secured by his measuring and re- 
cording instruments. The mathematical formalism de- 
veloped for the best description of the accumulated data, 
however, contains the recognition of an outer world be- 
yond the observer. 

One part of this formalism consists in the mathe- 
matical means of describing the inferred outer world 
as Ionpas it is unobserved; another part-of a different 

CONTINUED ON PAGE 30 



sparke 

ectronic revolution! 
I 

Perhaps you've heard something about the 
transistor-a tiny and mechanically simple elec- 
tronic device based on an entirely new prin- 
ciple. I t  can do many things a vacuum tube can 
do-yet its greatest possibilities may lie in ap- 
plications where vacuum tubes have not been 
used. 

A few years ago this revolutionary device was 
invented and experimentally made by scien- 
tists a t  Bell Telephone Laboratories. Today, 
several types of transistors are in production 
a t  Western Electric-manufacturing unit of 
the Bell System. 

This didn't just happen! I ts  manufacture is the 
result of a lot of teamwork by Western Electric 
engineers of varied skills and training. 

Transistors are unimpressive looking l i t t le 
things, but don't let that fool you! The most 
delicate metallurgical and manufacturing skills 

The 2A Transistor illustrated is designed to fit a plug-in 
socket. In one use in the Bell System, ribbon leads are 
employed as shown above. 

are required in their production. In  one type of 
transistor there are three thin adjacent regions 
of germanium, each region containing chemical 
elements in  exact quantities, the whole uni t  
being no larger than the head of a match! Suit- 
able leads, or wires, must be positioned in proper 
relation to these layers with utmost accuracy, 
using microscopes and oscilloscopes. 

Transistors can do many things: transform 
radio energy for driving a telephone receiver or 
loudspeaker-amplify weak signals-generate 
a-c current-convert a-c to d-c-respond to 
light-increase, decrease or halt the flow of 
current. Small and rugged, they're going to work 
today in the Bell System and in varied types of 
military equipment. 

Quantity producing these mighty mites-with 
laboratory precision-is typical of many for- 
ward-looking engineering projects a t  Western 
Electric. 

F THE BELL SYSTEM SINCE 1882 
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H u g h e s  Fe l lowsh ip  
1952 w i n n e r s  T r u -  
m a n  0. W o o d r u f f  
( l e f t )  and  A l l e n  I. 
Ormsbee (r ight)  are 
welcomed t o  the  cam- 
pus  b y  Dr. L e e  A .  
DuBridge, President, 
Cal i fornia Ins t i tu te  
of Technology. 

H U G H E S  F E L L O W S H I P  

engineering 

Semiconductor research i s  one of the  important projects of the  
Laboratories. A development of immediate value i s  the  Hughes 
Germanium Diode employed in miniaturized airborne electronic 
equipment. T h e  apparatus shown in the photograph i s  a vacuum 
furnace constructid to  produce single crystals of germanium. 
Discussinu i t s  oweration are ( l e f t  t o  r i a h t ) :  Huahes Fellow 
Allen I. 0rmsb;e; Dr. H.  Q . ~ o r t h ,  ~ e a d ' o f  semiconductor 
Department; Dr. Allen E. h c k e t t ,  Head of ~ i s s i l e  Aerudy- 
namics Section; and Hughes Fellow T r u m a n  0. Woudniff .  



'reparation of men for mod- 
rn industrial research ideally 
hould involve both advanced 
tudy and practical experience 
n a n  industrial laboratory 
nder the guidance of stimula- 
ing associates. 

The Howard Hughes Fel- 
owships in Science and En- 
rineering a t  the California 
nstitute of Technology were 
established to provide such 
iducation and training. 

Any American ci t izen i s  
eligible for a Fellowship who 
qualifies in graduate standing 
at the California Institute of 
Technology for study toward 
the degree of Doctor of Phil- 
osophy in physics or  engin- 
eer ing  and who will  have  
completed one year of gradu- 
ate work before the beginning 
date of Fellowship. Applicants 
should plan to pursue research 
in the fields of electronics en- 
gineering, microwave physics, 
aerodynamics, electronic com- 

puting, physical electronics, 
propulsion engineering, solid 
state physics, mechanical en- 
gineering, electron dynamics, 
analytical mechanics, or infor- 
mation theory. 

Each appointment is f o r  
twelve months and provides a 
cash  award ,  a sa la ry ,  a n d  
tuition and research expenses. 
A suitable adjustment in the 
amount of the award is made 
when this will aid in the educa- 
tion of a promising candidate 
whose financial responsibili- 
ties might otherwise preclude 
participation in the program. 

Salary provision is for the 
portion of time spent on ad- 

\ 

vanced work in  the Hughes 
Research and Development 
Laboratories. Here the holder 
of the Fellowship is in close 
personal  associat ion wi th  
many scientists and engineers 
who are acknowledged leaders 
in their fields. 

H O W  TO 

A P P L Y  F O R  A 

F E L L O W S H I P  

Write Howard Hughes Fellowship 
Committee, Hughes Research 
and Development Laboratories, 
Culver City, Los Angeles County, 
California, for a n  application form 
and a brochure giving all details. 
Completed applications must be 
received by the committee 
not later than January 7,1953. . . . 
H U G H E S  
R E S E A R C H  A N D  

ft D E V E L O P M E N T  L A B O R A T O R I E S  

L V E R  CITY 

S A N G E L E S  

L I F O R N I A  
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mathematical structure-refers to the erratic disturb- 
ances which arise in the world of the observer through 
his unavoidable interference with nature, in the pursuit 
of his business of securing measurements. 

This interference involves the well known interrup- 
tions of causality characteristic of the quantum theory, 
the so-called paradoxes of the principle of indeter- 
minacy, which take place at the points of interaction 
between the outer world and the instrumental para- 
phernalia of the observer. We call this dualism modi- 
fied because it is unlike the primitive realism of the 
diamat: the world of the observer is not a replica, or 
'reflection," of the unobserved outer world but is dif- 
ferent from it because of the modifications introduced 
by the process of measurement. Indeed, the descrip- 
tions of the unobserved outer world is causal and that 
of the world of the observer acausal. 

This is only one of the possible ways of bringing 
out the conflict between the point of view of modern 
science and primitive dualism; there are many other 
ways of stating it. It is true that the contradictions 
manifest themselves only in the narrow area of atomic 
and subatomic phenomena; but they are of a profound 
philosophical importance and have acquired practical 
significance since the utilization of atomic energy 
became a reality. 

The position taken by the Soviet authorities in this 
conflict is reminiscent of the controversy between Galileo 
and the Vatican. The Roman Curia was ready to 
grant him the imprimatur on condition that he treated 
the revolutions of the earth as an astronomical theory 
and not as a fact. Similarly, the Soviet state permits 
the use of the quantum theory-including the principle 
of indeterminacy-as an instrument of scientific re- 
search in technical publications. but militates against 
its philosophical consequences. 

It must be pointed out that the fear of the diamat 
philosophers to recognize the interaction of observer 
and observed is based on a misconception. What they 
are afraid of is the idea that the phenomena of nature 
are, in part, created or influenced by the human mind. 
This would be, in fact, idealism; and according to 
Lenin, "philosophical idealism is a road to clerical 
obscurantism" and, further, "religion is the opiate of 
the people." 

But the world picture of the quantum theory is not, 
in any sense, idealistic; both the outer world and the 
world of the observer are physical worlds, and the 
reactions on the outer world which the theory postu- 
lates are caused by the instruments of the observer and 
not by his way of thinking. 

It is easy to understand that the Russian authorities 
are reluctant to change the slightest letter of their creed, 
but it should not be hard to find a formula preserving 
its spirit and making the necessary concessions to sci- 

ence. In the long run this adjustment will have to be 
made, and it will be far  more painful than the small 
strategic retreats announced by Maximov and Naan. 

In the meantime, the Russian censors do not yet un- 
derstand the situation; they see the ghost of idealism 
in quite innocent passages. 

6. GOLDEN AGE O F  SOVIET SCIENTISTS 

In returning to the question of the situation of scien- 
tists in the Soviet countries, it is best to use the his- 
torical approach. Right after the communistic state 
was established and the diamat was proclaimed as its 
official credo, science became a very attractive field 
for able and ambitious young Russians, since it was 
the only type of intellectual activity unaffected by 
politics. 

Writers and artists were expected to put their talents 
at the service of the state, and to engage in direct or 
indirect propaganda for the communistic way of life. 
On the contrary, science was indispensable for the Sov- 
iets' industrial future on its own merits, and the sci- 
entists played a role useful to the state in their legiti- 
mate pursuits as researchers and teachers. Compared 
with other Soviet citizens, their lot was indeed a happy 
one: they enjoyed a high social and economic standing 
and-apart from a few exceptional cases-they were 
unhampered by political interference in their work. 

This accounts for the growth of the achievement and 
prestige of Russian science in the period between 1920 
and 1936, which may be considered the Golden Age of 
the Soviet scientists. As private citizens they could 
accept the diamat or treat it with skepticism but, on 
the whole, they were free of conscientious scruples in 
their profession because the scientific philosophy, de- 
scribed in the preceding section, had not yet crystallized. 

Even in this period the sky was not altogether cloud- 
less. The authorities were pressing for practical re- 
sults and were, at first, reluctant to support pure science; 
but at length they were persuaded that applications are 
contingent upon thorough basic research. A few phil- 
osophically inclined members of the Soviet hierarchy 
made nuisances of themselves by stirring up in their 
writings the spurious issue of idealism in physics, dis- 
cussed in sections 3 and 4. 

I am aware of several disciplinary actions against 
individual scientists on that score which should not 
be passed over lightly. The totalitarian state is so 
powerful and implacable that even those accused, who 
are ultimately exonerated, go through a period of acute 
mental anguish at the possible prospect of losing career 
and livelihood and ending up in a concentration camp. 
Yet, for two reasons, it seems unnecessary to enumerate 
these cases. 

In the first place, they were not part of a concerted 
campaign of regimentation but the sporadic actions of 
individual high bureaucrats-either sincere but unwise 
zealots or jealous troublemakers. 

CONTINUED ON PAGE 3 2  



300 million times a second ! 
Now science has discovered a new tool 
-a major advance in electronic research 
-the transistor. Tiny as a kernel of corn, 
a speck of germanium crystal embedded 
with wires in plastic performs many of 
the functions of the electron tube. 

Because it has no heated filament, no 
vacuum, requires no warm-up and little 
power, the transistor is a device which has 
long been needed. It is also rugged, shock- 
resistant, unaffected by dampness and- 
properly made-it will serve for many years. 

Despite these advantages, the transistor, un- 
til recently, was limited to a frequency region 
below 50 million oscillations a second. Experi- 

mentally RCA has now increased this to 300 
million times a second and even higher goals 
are  sought - to  increase the transistor's uses. 

Higher frequencies for transistors point 
to their use in television, radio, communica- 
tions and more efficient electronic controls 
for airplanes and guided missiles. The small 
size, long life, and low power requirements 
of transistors suggest entirely new electronic 
devices-as well as use of transistors as work- 
ing partners with electron tubes. 

* * * 
Expanding the research in electronics of solids. 

and the possibilities of transistors, is another ex- 
ample of RCA pioneering at work for your benefit. 
This leadership means finer performance from any 
product or service of RCA and RCA Victor. 
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CONTINUE YOUR EDUCATION 
WITH PAY-AT RCA .- -. - 

Graduate Electrical Engineers: RCA 
Victor-one of the world's foremost manu- 
facturers of radio and electronic nrodncts 
-offers you opportunity to gain valuable, 
well-rounded training and experience at 
a good salary with opportunities for ad- 
vancement. Here are only five of the many 
projects which offer unusual promise: 

Development and design of radio re- 
ceivers (including broadcast, short-wave 
and FM circuits, television, and phono- 
graph combinations). 
0 Advanced development and design of 
AM and F M  broadcast transmitters, R-F 
induction heating, mobile communications 
eauinment. relav svstems. . + ,  

Design of component parts such as 1 coils, loudspeakers, capacitors. ..... 
Development and design of new re- 

cordme and producing mr-H-r"lÃ I - - ,.-.--". 
Design of receiving, power, cathode 1 rav. gas and nhoto tubes. 

write today t o  College Relations Divi- 
sion, RCA Victor, Camden, New Jersey. 
Also many opportunities for Mechanical 
and Chemical Engineers and Physicists. 



D A M  A T  . . . CONTINUED 

In the second place, the grounds for the accusations 
lay usually in activities outside the laboratory, such as 
philosophically colored popular writings and oral 
utterances. 

For the larger part of the period in question this 
was true even tor  the field of Mendelian genetics, whose 
results ran afoul of a particularly deep-seated complex 
of proletarian inferiority feelings. Although Mendel- 
ism had been early attacked by a few Soviet writers, 
the work of its exponents proceeded without interfer- 
ence until 1932. Sporadic actions against individual 
geneticists started only after that date, and a large 
scale persecution, including the dissolutions of the 
Medico-Genetical Institute, followed in 1936. 

Soviet scientists today 

I skip over the periods of the great purge and of the 
world war, as an abnormal and uncharacteristic time, 
and I turn directly to the present post-war era. In de- 
scribing the situation of the scientific intellectuals I 
have in mind the USSR only. If the conditions in the 
satellite countries are different, this is probably due 
to a time lag: before long they will be brought in con- 
formity with those in Russia. 

The social and economic standing of scientists re- 
mains high and is not now appreciably different from 
that of the preceding period; but the mental climate in 
which they work underwent a considerable change due 
to their coming to grips with the diamat. While their 
former relations with dialectics may be described as a 
distant bowing acquaintance, two circumstances are 
now intruding it upon the intimacy of their profes- 
sional lives. 

In the first place, science is now in possession of its 
own epistemology, and the scientists are no longer phil- 
osophically innocent and neutral. The consequences 
of the quantum phenomena were fully developed and 
appreciated during the 1930's. Now even the rank 
and file understands them to be much subtler than is 
envisaged in Lenin's naive dualism. 

In the second place, the government embarked on 
an ill-advised policy of rigidly enforcing the Marxist 
line, in science as well as in all other cultural activities. 
By a resolution of the Central Committee of the Com- 
munist party (1949) the scientists themselves were mo- 
bilized for the police work: every branch of science 
was directed to organize a committee "for the struggle 
against reactionary ideas of bourgeois origin." 

A penetrating analysis of the relations of writers and 
artists to the diamat was given by Czeslaw Milosz in a 
1951 book, Situation of the Intellectual in the Popular 
Democracies. Milosz divides them into two groups: 
those who serve Marxism without believing in it, suc- 
cumbing to the inescapable necessities of their exist- 
ence, and those who become sincere converts in order 

to achieve true self-expression by patching up the rift 
between their writings and their convictions. 

The second way-the way of being true to their own 
selves by adjusting their beliefs to the party line-is 
closed to the scientists. They cannot accept the diamat 
episten~ology, nor do they have a high opinion of dia- 
lectics as a research method. Hegel, Engels and Lenin 
claimed that it is only necessary to study "the con- 
tradictions within the very essence of things," in order 
to arrive at the truth about them. 

The scientist will admit that in the rare cases when 
two independent scientific results seem to stand in 
h a r p  contradiction, the resolution of this contradiction 
always involves an important advance of science. How- 
ever, the most thorough knowledge of the diamat does 
not equip the researcher for effecting the resolution. 
Finding it is always a diffir'ult step, depending on the 
emergence of new scientific points of view, which often 
take a very long t ime  to crystallize. 

Indeed, one of the favorite examples, adduced by 
Soviet writers as illustrating the applications of dialec- 
tics to science, sounds almost like a derision of its 
methodological value. It refers to the inconsistencies 
in the axiomatic foundations of geometry which led to 
the discovery of its non-Euclidean branch. These dif- 
ficulties were felt in antiquity, but they were not re- 
solved until more than two thousand years later, 
through the new points of view supplied by Bolyai 
and Lobatchewsky. 

The w a y  of duplicity 

The only adjustment left open to the scientists is 
the way of duplicity: giving lip service to the diamat 
and keeping silent about their reservations. Whatever 
the subject, all their writings, meant for a wider audi- 
ence, follow the same formula: quotations from Stalin 
and Lenin in the introduction and conclusion, and a 
'ineering denunciation of the corrupt western scien- 
tific practices at a convenient place in the middle. We 
have seen that the field of genuine conflict between 
science and dialectics is fairly narrow, being restricted 
to the quantum theory, i. e. to molecular, atomic and 
subatomic phenomena; therefore, one might have 
thought that most of the specialized subjects lie outside 
it. But arbitrary and spurious interpretations of both 
the diamat and science widen the danger zone to such 
an extent that it is almost universal. Especially, since 
policing committees were set up within the scientific 
organizations themselves, the most technical passages 
of the most advanced investigations are not immune 
from the accusation of containing "non-Marxian 
ideology." 

The critical activities of the various committees, 
created by order of the Communist Party, have resulted 
so far in a report, rendered by the committee on organic 
chemistry, and an editorial in the journal Kultura i 
Zhisn, dealing with geography. These criticisms brand 
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your degree in  engineering that count. 
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as "ideologically faulty and reactionary" certain trends 
and theoretical conceptions of current research and 
list by name the specialists guilty of their uses-among 
them, some men of the first rank. 

In particular, the accusations against the organic 
chemists are those of "idealistic uses of theory" and 
of "subverting the clear materialistic concepts, due 
to Russian scientists, by the faulty ideas of decaying 
capitalistic science." 

In this year's public annual session of the USSR 
Academy of Sciences the accused scientists were put 
on the carpet for the purpose of "criticism and self- 
criticism." As in a revival meeting, they were ex- 
pected publicly to confess their sins, smiting their 
breasts and repeating: "Mea culpa, mea culpa." 
According to the report in Pravda, not all of them sub- 
mitted to  the ordeal with the required docility, so that 
their cases are not yet closed. 

How was the audience affected by this spectacle-by 
the sight of eminent men being forced to humiliate 
themselves, after a lifetime of devoted and successful 
service to science? Were the onlooking scientists cap- 
tivated in favor of the diamat? Could they see in its 
champions anything but foolish doctrinaires or mali- 
cious intriguers? Indeed, the accusations were so 
arbitrary and unreasonable that only men completely 
unfamiliar with the mathematical methods of science 
could have advanced them in good faith. 

A disturbing warning 

It was a disturbing warning to all listeners: from 
now on they must watch carefully every word and ex- 
pression they write, or they may find themselves in the 
same predicament. Inevitably, the worry and appre- 
hension must make the process of publication distaste- 
ful to them. and must react back on their will to work. 
Their enthusiasm for research will be dampened if 
bringing out its results is connected with so much 
trouble. 

I t  is true that most Russian scientists would find 
it difficult to reduce the quantity of their output. To a 
large extent, modern science has become a cooperative 
undertaking of many men, so that the planning of a 
research program of a national scale is very helpful 
in coordinating the work and eliminating duplication 
and waste of effort. 

For a longt ime,  national planning has been in the 
hands of the council of the USSR Academy of Sciences, 
which assigned definite research responsibilities to in- 
dividual laboratories and scientists. I t  seems, however, 
that the government is now treating these assignments 
on the same footing as the quota assignments to indus- 
trial plants. In this year's meeting of the Academy 
many laboratory directors were publicly reprimanded 
for not fulfilling their quotas. 

Apparently, the standing of a scientist is judged by 

the number of papers he publishes. The danger of 
this policy lies in the obvious fact that the authorities 
can prescribe the number and length of the publica- 
tions but cannot control their quality. If the quantity 
of output must be maintained, the general flagging 
of scientific enthusiasm will, necessarily, lead to a 
lowering of research standards. It seems that this 
process is already well under way: during the last year 
several of my friends remarked to me on the deterior- 
ating quality of Russian papers in the field of physics. 

Even greater hazards await those scientists who 
tackle the difficult but necessary task of making the  
results of modern science accessible to a wider public. 
They are not allowed to use the expedient of the re- 
searcher-to present the underlying theories as mathe- 
matical devices and to refrain from discussing their 
possible bearing on philosophy. Instead, they are  
willy-nilly dragged into philosophical controversy. 

A case in point is the recent book on The Basic Con- 
ceptions of Modern Physics by the academician A. F. 
Ioffe, the venerable builder of Russian physical re- 
search, the teacher of most men now prominent in his 
field. The review of this book in the official Voprosy 
Filosofii was written by a certain Omelianovsky who 
sermonizes the illustrious author like a schoolboy, re- 
proaching him for keeping aloof from philosophy: 

' A  Marxist book . . . should rest on the foundation 
of the most recent achievements of historic materialism" 
. . . "The reader will look in vain for . . . an exposure 
of the idealistic falsifications of modern theory in  the 
conceptions of bourgeois scientists, or for a criticism 
of idealistic rudiments in the scientific work of Soviet 
physicists." 

As a comic relief comes his charge that Ioffe failed 
to explain the Soviet point of view on the theory of 
relativity, meaning the point of view which was an- 
nounced only this year (see section 3) and which stood 
under condemnation at the time the book was written. 
In  short, the review does everything possible to dis- 
courage the popularization of science. 

A vulnerable group 

What general picture of the situation of Russian 
scientists emerges from all these considerations? It is 
safe to say that the scientists form a group critical of 
the official Marxist philosophy and, in turn, distrusted 
by the authorities-therefore. a group vulnerable to 
Western propaganda. 

The behavior of the Soviet rulers toward them is 
strangely contradictory: on one hand, large sums of 
money are spent on research, and a high social stand- 
ing is accorded to the researchers; on the other, their 
productivity is crippled by arbitrary interference and 
by petty annoyances. Undoubtedly, this curious man- 
ner of acting finds its explanation in an ambivalent 
mental attitude. The Russian authorities need the 
scientists but, at the same time, they are afraid of men 
who, because of their training, are able to see through 
the hollowness of the Stalinist claims. 



There's something 

here somewhere 

about laying 

an egg ... 

0 NCE UPON A TIME there were two farmers. 
Each had a hen that laid 20 eggs a month. 

Both farmers liked eggs, so one ate his. But 
the other did without, and put his eggs in an 
incubator which he bought by borrowing money. 
In no time he had 200 chickens from his one. 
A shocking profit! (Before taxes.) 

He sold some to pay down the loan on his 
incubator; he ate some as a reward for all his 
labor in raising the brood. And he sold a good 
many to pay his income tax. 

He still had some left. Profit. 

So the farmer who had eaten all his eggs got 
a law passed. The neighbors divided up the 
chicken-raising-farmer's "profits" and ate them. 

After all, they said, he had more than he needed, 
and they were hungry. 

So, of course, the farmer wasn't going to raise 
any more chickens just to have them taken away 
from him; he ate his eggs, too. 

In due time both the farmers' original hens 
died of old age, and then there weren't any eggs 
for anybody. No chickens either. 

The neighbors were quite sure it was some- 
how the chicken raiser's fault. 

Did the farmer, who used to eat all his 
eggs, enjoy his now-eggless meals any more 
for realizing that the farmer next door wasn't 
en joying any chicken ? 

YOU C A N  M A C H I N E  I T  BETTER, TASTER, FOR LESS W I T H  W A R N E R  6 SWASEY TURRET LATHES, A U T O M A T I C S .  A N D  T A P P I N G  MACHINES 
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Hugo Benioff and schematic drawing of his linear strain seismograph which measures squeezing and stretching in  earth's 
crust. Instrument consists o f  two piers sunk in rock, almost-but not quite-joined by  100-foot fused quartz tube. 

E A R T H Q U A K E S  

Seismologists move a step closer 

to one of their elusive goals: 

earthquake forecasting. They've 

designed a sensitive new instru- 

ment to measure the strains in the 

earth's crust that produce quakes. 

T H E  CALTECH SEISMOLOGICAL LABORATORY will start 
construction of a sensitive new seismograph this fall, 
designed to record strains in the earth's crust of the 
order of one part in 100 million. Roughly, this means 
it should record a l/lOOOth-of-an-inch compression in 
two miles of rock-or a one-inch squeeze between the 
Atlantic Coast and the Pacific Coast. 

The instrument will be used primarily to record 
and measure secular (or long-term) strains in the 
earth's crust which produce earthquakes. This will 
be the first attempt anywhere at precise measurement 
of these strain patterns. If the experiment is success- 
ful the foundations of the science of seismology will 
be strengthened. At some distant date (maybe even 
centuries from now) these measurements-combined 
with the kind of intensive study that the Seismological 
Laboratory launched on the 1952 earthquakes in Kern 
County (E&S-October 1952)-may bring seismolo- 
gists within reach of one of their elusive goals: earth- 
quake forecasting. 

Dr. Hugo Renioff, Professor of Sei-imology. has been 
awarded a $10,200 grant by the Geological Society of 
America for development and construction of the new 
instrument, which is known as a secular linear strain 
seismograph. 

Secular strains, unlike the short-duration strains cre- 
ated during earthquakes, may take years or centuries 
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66 

Hand me my 
crutches, Mary! 
"Doc or no Doc . . . no wounded leg is keeping 

M E  home on Election Day! When I was over 
in Korea, one of the big things we figured 
we were fighting for was the right to  vote 
as we please. 

"Just look at that crowd! Seems like everybody 
in town's turning out to vote today. In fact, 
it's been predicted that more than 55 million 
people all over the nation will be voting! 

"Heard a fellow the other day call it 'National 
Beef Day'. Says he, we all beef at  one time 
or another about our local, state, or national 
governments, o r  certain people i n  them. 
And today's the day  we get a chance to back 
up those beefs with ballots! 

"Whether we squawk about corruption by 
public officials . . . about wasteful squander- 
ing of our hard-earned tax dollars . . . about 
government interfering i n  publ ic  utilities 
and private business . . . about  overload- 
ing government payrolls with un-needed 
workers . . . or about government employees 
with red sympathies-Election Day is the 
big moment for us citizens to  get it off our 
chests with those votes o u r  Constitution 
guarantees us. 

"I say, thank God we don't live in one of 
those commie countries where people have 
only hand-picked red candidates to  vote for. 
Those poor devils just don't get a chance 
to vote for anybody else. Sometimes, Mary, 
I think we don't fully appreciate how lucky 
we are. We vote for whom we honestly think 
best . . . and nobody on God's green earth 
knows how we vote! 

"So hand me those crutches, Honey. And get 
your hat and coat on, too. We're going t o  
vote together . . . bum leg or no bum leg." 

REPUBLIC STEEL 
Republic Building a Cleveland 1, Ohio 

Republic BECAME strong in a strong and 
free America. Republic can REMAIN 
strong only in an America that remains 
Strong and free. To answer the urgent needs 
of Defense Production, Republic is taking a signifi- 
cant part in the development of Titanium . . . whose 
structural strength compares favorably with that of 
many steels, and whose corrosion-resistance ranks it 
with some of the stainless steels. Yet Titanium is only 
56% as heavy as alloy steel. N o  development project 
(except that of atomic energy) has commanded as 
much attention and research in so short a period as 
has Titanium . . . the metal of the future. Keep your 
eye on Republic Titanium and Titanium Alloys! 

For a full color reprint of this advertisement, f write Depl. H, Republic Steel, Cleveland I .  Ohio. # 
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to develop. Such strains, f o r  instance, have been build- 
ing up  along the northern portion of California's great 
San  Andreas Faul t  since the 1906 San  Francisco quake. 
and along the southern portion since the Fort Tejori 
quake of 1857. These are  the strains that lead Caltech 
seismologists, to  expect the faul t  to  slip again some day 
in the indeterminate future. 

Secular strains accumulate when the two faces of a 
fault-a dynamic fracture in the earth's crust-lock 
by friction or "cementing" along the fault line. When 
enough strain energy is stored in the crustal rocks so 
that the resulting force breaks the obstruction, a vast. 
abrupt  movement of rock masses occurs-in one direc- 
tion on o w  side of the fault,  and  in the opposite direc- 
tion on the other. This is an earthquake. 

S o  f a r  no instruments have been set up  elsewhere 
to  measure secular strains. The  Benioff linear strain 
meter is intended to provide precise information on 
the amount of squeezing or stretching over a wide area. 
I t  will be installed in  a n  abandoned tunnel in  the San 
Gabriel Mountains near Big Dalton Reservoir, about 
5 miles northeast of Glendora-and about 25 miles 
from the Â§a Andreas Fault.  The tunnel, which ex- 
tends for  more than 100  feet into the granite moun- 
tainside, is the property of the Los Angeles County 
Flood Control District. I t  was originally bored to 
determine the nature of the rock structure to which Big 
Dalton Dam was to be attached. 

Seismograph network 

It' tests with this new instrument a re  successful, Dr.  
Renioff hopes eventually to establish a network of such 
meters throughout central and southern California. Re- 
cordings from the network would make it possible to 
get an overall picture of the strain pattern and its de- 
velopment in the area. 

Seismologists then may determine the source of the 
basic stresses causingearthquake-producing strains. 
They would still not be able to predict when or  where 
an earthquake may occur-although they would move 
a step closer to that distant possibility. When they 
have enough data to determine the amount of strain 
in a particular area and sufficient earthquake history 
to know at what strain level the fault slips. according 
to D r .  Benioff, i t  may be  possible to estimate roughly 
when a quake can be expected. This, however, will 

require decades-maybe centuries-of study. 
The  new instrument also will be  used to measure 

tidal strains of the earth produced by the gravitational 
attraction of the sun and  moon. These bodies cause 
a slow throbbing o r  ground swell, just as  they cause 
ocean tides. The  period of the swell, like thai of the 
tides, is about twelve hours. In  other words, the earth's 
crust is pulled slightly out of shape, reaches its maxi- 

mum distortion and returns t o  its original position 
over a period of one-half day. 

Geophysicists have been able  to determine t idal  
movements of the solid crust-finding, fo r  instance, 
that the earth pulsates about eight inches a t  the equator  
-but not the tidal strains. These a r e  the squeeze a n d  
stretch which produce such movements. Knowledge of 
the amount of tidal strain will give geologists a better 
idea of the structure and rigidity of the earth. 

Extending the range 

A third purpose of the linear strain meter is to  meas- 
ure and record long-period seismic waves beyond t h e  
range possible with existing instruments. Such waves 
are  generated by large earthquakes. An early Benioff 
strain seismograph recorded long waves from the 1933 
Japanese quake with a period of three to four  minutes 
and later registered some with a seven-minute period 
from the 1950 Assam quake. Longer period waves 
may exist but cannot be recorded with existing in- 
struments. 

Waves of these periods provide information about  
the nature of the faulting at  the epicenter and may 
indicate the duration of the processes a t  the source 
as  well a s  the extent of faulting. They also may r e -  
veal facts about the structure of the earth's mantle  
down to 600 miles or more below the surface. 

The  new instrument will be a modification of exist- 
ins: ones at  the Seismological Laboratory in  Pasadena 
and at  its auxiliary station on Palomar Mountain 
(E&S-November 1951) .  The existing instruments a r e  
designed to measure only Â¥shorter-ter squeezing and  
stretching of the earth's crust. observed during earth- 
quakes and their aftershocks. 

Far from the madding crowd 

The tunnel site will remove the new strain meter 
f rom human disturbance. ( A  person standing on the 
floor of the Laboratory in Pasadena squashes the gran- 
ite bed below the building enough to record on the in- 
strument there ) .  Furthermore, the new meter will be  
vei l  protected from temperature change. I t  will b e  
made of fused quartz, which responds less to  tempera- 
ture variation than the steel used in earlier models a t  
the Laboratory. And, in its tunnel location, tempera- 
ture will vary less than one degree throughout the year. 

The new meter will consist of a 100-foot length of 
two-inch fused quartz tubing rigidly fastened to a pier 
sunk in the rock. It  will be  held u p  by  a number of 
flexible supports.  Mounted on another pier a t  the free 
end of the tube will be specially designed electronic 
apparatus  to measure displacement of that end with 
respect to  the pier. 

If the instrument is proved in the forthcoming test 
and the findings of a network of such machines are 
backed up  by a wealth of tediously-acquired earth- 
quake history, then it may be found that earthquakes, 
like all future events. may cast a recognizable shadow 
before them. 



To Keep America Strong in the Air 
Aviation progress requires new ideas-and plenty of them. And that's why North 
American always has career opportunities for young engineers who do fresh 
thinking. North American is a company that thinks in terms of the future. That's 
why it has been an industry leader for 24 years, designing and developing the 
leading planes of World War 11, the B-25 Mitchell and F-51 Mustang, and 
America's present day front-line fighters, the F-86 Sabre Jets. Today, North 
American is pioneering in many new fields-guided missile, jet, rocket, electronics, 
atomic energy-thinking ahead to keep America strong in the air. 

When you are prepared to enter the engineering profession, consider the career 
opportunities at North American. In the meantime, feel free to write for any infor- 
mation you might want concerning a career in the aircraft industry. 

Write D. R. Zook, Employment Director, 5701 W .  Imperial Highway, Los Angeles 

NORTH AMERICAN 
L O S  A N G E L E S ,  C A L I F O R N I A ' C O L U M B U S ,  O H I O  



Paul Eaton, Dean of Students Foster Strong, Dean of Freshmen 

T H E  M O N T H  A T  C A L T E C H  
N e w  Deans on Freshman Registration and Admission to Upper 

PAUL C. EATON, formerly Associate Dean for Upper- 
classmen, has been appointed Dean of Students, and 
Foster Strong, formerly Associate Dean for Freshmen, 
has been appointed Dean of Freshmen at the Institute. 

In these newly appointed offices, Deans Eaton and 
Strong will retain the duties they had as associate deans, 
and will share between them, as well, the responsi- 
bilities formerly carried by the late Franklin Thomas, 
as Dean of Students. 

Retiring Mathematicians 

ON OCTOBER 1, Dr. William N. Birchby, Assistant 
Professor of Mathematics, and Dr. Luther E. Wear, 
Associate Professor of Mathematics, retired from the 
Institute. Both men had been here for 34 years. 

Professor Birchhy was an expert designer of mathe- 
matics examinations, and his programs for testing the 
knowledge of students were famous throughout the 
Institute. He has done research and written a number 
of papers in his field of analysis in mathematics. 

Born near Manchester, England, he came to the 
United States as a small boy. He was graduated from 
Hope College in Holland, Michigan, and received his 
M. A. from Colorado College in 1905. 

Before coming to Caltech in 1918 he was an instruc- 
tor at Colorado College and a summer instructor at the 
University of Southern California. He was active on 
campus as Assistant Registrar, and on the Committees 
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Classes. 
Professor Wear devoted his time at the Institute to 

instruction rather than research. He taught mathematics 
to many of today's well-known scientists. In one year, 
1925, his students included such outstanding men as 
Edwin B. McMillan, Nobel Laureate and Professor of 
Physics at the University of California; Nobel Laureate 
Carl D. Anderson, Caltech Professor of Physics; John 
G. Kirkwood, Professor of Chemistry and head of the 
Sterling Laboratory at Yale University; Alfred Foster, 
Professor of Mathematics at the University of Cali- 
fornia; and Charles F. Richter, Professor of Seismol- 
ogy at Caltech. 

Professor Wear is ou~standing in the field of alge- 
braic geometry, and he is probably best known for 
his work on rational curves invariance under a group 
of transformations. 

He was graduated from Cumberland University in 
Lebanon, Tennessee, in 1902, and received his doctor- 
ate in mathematics from Johns Hopkins in 1913. He 
was Professor of Mathematics at Trinity University 
in Texas for four years and Dean of the Faculty there 
for a year prior to his graduate study at Johns Hopkins. 
He joined the University of Washington faculty in 1913 
and taught mathematics there until he came to Caltech 
in 1918. 

He is a member of the American Association for the 
Advancement of Science, the American Mathematical 

CONTINUED ON PAGE A 2  
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Weight-lifter is no durn bbell- 
it uses TIMKEN bearings 

When designing a lift truck that would handle like 
anautomobile andlift two-ton loads, Yale and Towne 
eng inee r s  wanted  t o  be  sure  of  smooth ,  easy 
operation. That's why they mounted the wheels, 
pinion, differential and steering pivot on  TimkenW 
bearings. They take the high gear loads imposed 
by sudden starts, stops and changes i n  direction. 
Trouble-free operation is insured and maintenance 
time reduced. Trucks stay on the go. 

How to mount a lift truck 
drive axle and differential 

on TIMKEN bearings 
Two single-row Timken bearings, cone adjusted, 
are used in  the pinion assembly. Cup-adjusted 
bearings are used in the differential assembly. The 
wheels use a standard single-row bearing mounting. 
The bevel pinion adjustment is obtained by the use 
of shims back of the cup adjacent to the pinion. 

TIMKEN - - 

TRADE-MARK RIG. U S. PAT. OFF. 

TAPERED ROLLER BEARINGS 

Like to learn more 
about bearings? 

Some of the engineering problems you'll face 
after graduation will involve bearing applications. 
If you'd like to learn more about this phase of 
engineering, we'll be glad to help you. For a copy 
of the 270-page General Information Manual on 
Timken Bearings, write today to The  Timken 
Roller Bearing Company, Canton 6, Ohio. And 
don't forget to clip this page for future reference. 

NOT JUST A BALL 0 NOT JUST A ROLLER o=> THE TIMKEN TAPERED ROLLER o=> 
BEARING TAKES RADIAL (I AND THRUST 4- LOADS OR ANY COMBINATION % \ 
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Society, Mathematical Association of America. Amer- 
ican Association of University Professors. Sigma Xi, 
and Phi lieta Kappa.  

Industrial Associates Director 

ROBLRT V. BARTL joined the Institute this fall  as 
executive director of the Industrial Associates. The Cal- 
tech Industrial Associates, initiated slightl> over two 
years ago. now include 23 member companies repre- 
' en t ing the  oil. aircraft.  steel. chemicals, manufactur- 
i n g  and other industries. 

Mr. Bart7 came to Caltech from the Massachuiett5 l n -  
stitute of Technology, where he had been director of the 
Indu'-itrial Liaison Oflice for  the past four  years. A n  
M. I. T. graduate (19471, he was invited by President 
James R .  Killian in 1948 to assist his office with indus- 
trial liaison work after serving for  a year as executive 
aide to the director of the M. I. T. Laboratory for  
Nuclear Science and Engineering. 

The Industrial Associates of Caltech comprise a select 
group of leading business, concerns. Each member 
company supports the overall research program of the 
Institute and in leturn is kept informed on key develop- 
ments and trends in  areas of existing or  potential im- 
portance to its business. 

"It is inevitable," said Dr. DuBridge. "that this kind 
of relationship will grow in its effectiveness as  well as  
in the extent of business participation. 1 share the 
conviction of many business leaders that we a re  wit- 
n e s s i n g h e r e  a most significant evolution of industry- 
university relationships into associations of much 
broader scope. Moreover, without compromising our 
role as  an institution concerned with only the most 
basic aspects of science and engineering, I know this 
greater interplay with industrial research activity will 
greatly enliven much of our  educational effort." 

Gutenberg's  prize^ 

DR. BENO GLTLNBERG, Professor of Geophysics and 
director of the Caltech Seismological Laboratory. has  
been awarded the Charles Legrange Prize by the Aca- 
demie Koyale de Belgique, Classe des Sciences, for  his 
geophysical research. 

The prize is given every four  years fo r  achievements 
in  geophysics. It  is a cash award, given by  the scien- 
tific division of the government-sponsored Belgian 
Academy. 

Professor Gutenberg has contributed to the geo- 
physical field through research on the structure of the 
earth and its core, the structural difference between 
continents and  ocean bottoms. and propagation of sound 
waves in the atmosphere. During World W a r  11, he  
was technical advisor for  the United States Navy on 
the use of microseisms in the location of hurricanes 
and typhoons. 

Sir John Cockcroft 

Atomic Energy in England 

AT CALTECH laat month Sir  John Cockcroft. Director 
of the Atomic Energy Research Establishment at H a i -  
well, England. revealed that scientists a t  Harwell a t e  

within ten years of developing a breeder reactor which 
will produce enough electrical power for  a l l  Britain. 

The Harwell scientists have already heated blocks of 
buildings with atomic power. and the breeder is expected 
to use no more than 100 tons of thorium to produce 
electric power fo r  the whole country. 

i t  T Llse of atom energy will never be as  cheap as  natural 
resources," Sir  John said, but Britain's dwindling supply 

of coal makes this alternative vital. Because the I nited 
States has an abundance of water power, natural ga-. 
and cheap coal to furnish electrical energy, he noted 
lhat the use of commercial atomic energy is not nearl j  
as  glamorous in thib country. 

( F o r  news of one proposal for  commercial productioi~ 
of electric power from nuclear fuel, however. see the 
story on page 9 of this issue) .  

Sir  John Cockcroft came to Cahech lazt month to 
deliver two special lectures in physics. For  three years 
during World W a r  I1 he was chief superintenderit of 
the Air Defense Research and Development Establi-'li- 
merit in  England. I n  1914- he  \+ent to Canada to direct 
the Montreal and Chalk River Laboratory. He has been 
at  Harwell Gnce 1946. In 1951 he shared the hobe l  
prize with Dr. Ernest Walton of Dublin for their ttork 
on splilting the lithium atom. 



offers the young engineer of ability unlimited 

opportunity.. . in an industry with a lifetime of expansion ahead 

At AiResearch you work in daily contact with engineers 
outstanding in aeronautical research. You join a team 
that has made the dreams of yesterday the facts of today 
. . . that is working constantly on translating today's 
theories into tomorrow's realities. 

Accessories developed and manufactured by the  
AiResearch Manufacturing Company are vital to  all 
modern high-speed, high-altitude flight. 

AiResearch policy is to provide its engineers with fine 
working conditions, top salaries, and every chance for 
promotion and self-improvement. There's no ceiling on 
what you can learn. .  . or earn! 

Aircraft training is not necessary. Intelligence and 
ambition are. There  a re  immediate openings i n  
Los Angeles and Phoenix, Arizona. Apply to: James 
Crawford, Administration Engineer, Los Angeles. 

A D I V I S I O N  OF THE GARRETT CORPORATION 
LOS ANGELES 45 ,  CALIFORNIA PHOENIX, ARIZONA 

DESIGNER AND CATEGORIES 

Air Turbine Relrigerution Heat Trmsler Equipmen! Electric Actuators Gos Turbines Cabin Superchargers Pneumolic Power Units Electronic Controls Cabin Pressure Controls -% Temperature Controls 
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The two products illustrated presented the 
same problem - how to carry rotary move- 
ment around a turn. The designers might 
have done it with combinations of straight 
shafts, universals, bevel gears and other 
mechanical elements. Instead, they saved 
parts and costs by using S. S.White Flexible 
Shafts, and they eliminated a lot of unnec- 
essary assembly time and operations in the 
bargain. 

* * * *  
Many of the problems you'll face in in- 
dustry will deal with the application of 
power drives and remote control with cost 
being an essential factor. That's why it will 
pay you to become familiar with S.S.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 to  select 
and apply flexible shafts. 
Write for a copy. 

- . -  

DENTAL MFG. GO. Dept. C , 10 East 40th St. - 
NEW YORK 16, N. Y. 

ALUMNI NEWS 

Dr. Weir checks returns in  the Caltech alumni survey. 

T H E  A L U M N I  S U R V E Y  
By JOHN R. WEIR 

CALTECH HAS NEVER made a comprehensive alumni 
survey. A number of departments at the Institute have 
expressed a desire to have one made, but somehow no 
one had the time or inclination to take on the job. 

When I came here last year as Associate in Psychol- 
ogy, this was suggested to me. There were three major 
reasons for wanting to conduct such a survey: 

1. To verify our assumptions concerning the status, 
the activities and the functions of the alumnus after he 
has left school. These assumptions, of course, are 
used in setting up academic courses and ~rocedures  and, 
in general, in defining the total functions and objec- 
tives in the administration of the Institute. If these 
assumptions are not valid, as revealed by the results 
of the alumni survey, then it is assumed that they will 
be brought into line with these results. 

2. To identify how and in what ways the Caltech 
alumnus is similar to and different from college grad- 
uates in general-this to be done by comparing the 
proportions of responses lo the various items from the 
Galtech group with college gradua1e5 i n  general as 
~ i v e n  in  the book, They  Went to College (which you'll 
find described a little later in this article). 

3. To evaluate the relationships between the non- 
academic student activities and the alumnus' accom- 
plishments and needs which arise in his later life-in 
other words, to determine the extent to which non- 

CONTINUED ON PAGE 46 



The Torrington Needle Bearing 
. 0 designed for easy, effective lubrication 

T h e  Tor r ing ton  
Needle Bearing of- 
fers many design 
and operational ad- 
vantages.  High 

rated radial load capacity is com- 
bined with compact size and light 
weight. Installation is simple and 
fast. And one of the major advan- 
tages inherent in the Needle Bear- 
ing design is the ease with which it 
can be lubricated. 

The full complement of small di- 
ameter rollers continuously carries 
a thin film of lubricant to all contact 
surfaces. The turned-in lips of the 
outer shell act as a retainer for lubri- 

Figure 1 .  The Needle 
Bearings in this auto- 
mobile king pin are lu- 
bricated with Alemite 
fittings through an oil 
hole in the center of 
the outer shell. These 
oil holes can be fur- 
nished on all Needle 

cant within the bearing and effec- 
tively sealoutforeignmatter.Needle 
Bearings in many applications run 
for long periods of time without fur- 
ther attention to original lubrica- 
tion. 

Methods of 
Relubrication 

When Needle Bearings are shipped, 
they are normally protected with a 
high - grade slushing compound 
which has lubricating value at ordi- 
nary temperatures. This compound 
is left in the bearings in most appli- 
cations. 

There are several methods of 
providing additional lubricant to 
Needle Bearings : 

lip of the bearing rather than in the 
roller contact area. 

3. When speeds are low and loads 
light, Needle Bearings may be 
packed with grease, which often 
lasts for the life of the unit. Such an 
application is shown in Figure 3. 

4. For high speeds and heavy 
loads, a circulating oil system is pre- 
ferred, as it aids in carrying away 
heat as well as in providing a con- 
tinuous supply of lubricant for the 
rollers to carry to the bearing con- 
tact surfaces. (See Figure 4.) 

Figure 2. A hole along the axis of the shaft with a - 
cross hole opening under the lip of the upper 
bearing prov~des lubrication to the Needle Bear- Selecting A Lubricant 
inis in this textile machine spindle swing bracket. 

1. When lubricant is to be deliv- 
ered through the housing, as in Fig- 
ure 1, an oil hole is furnished in the 
middle of the outer shell. Care 
should be taken to place this hole 
outside the load area. 

2. If it is necessary to lubricate 
through the shaft, a hole drilled 
along the shaft axis with a cross hole 
leading under the lip of the Needle 
Bearing is satisfactory. (See Figure 
2.) This hole is located under the 

While oil is the best lubricant, it is 
difficult in many cases to retain it in 
the bearing housing. In such cases, 

Figure 4 .  Heavy shock loads are easily handled 
by  the Needle Bearings in this valve rocker arm 
of  a large Diesel engine. Circulating oil lubrica- 
tion assures a steady supply of lubricant. 

grease offers the best means of lu- 
brication. In general, a soda base 
grease is used in the absence of mois- 
ture and a lime base grease when 
moisture is present. It is usually ad- 
visable to consult with a grease 
manufacturer before making a final 
decision for a particular application. 

If you would like more informa- 
tion on the use of Torrington Needle 

Figure 3. The Needle Bearings in the fingers of Bearings, our engineering depart- 
an automobile clutch are packed with grease be- 
fore assembly. No additional lubrication is needed. merit will be happy t~ help YOU. 

THE T O R R I N G T O N  COMPANY 
Torrington, Conn. South Bend 21, Ind. 

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

----J 
NEEDLE . SPHERICAL ROLLER TAPERED ROLLER STRAIGHT ROLLER BALL . NEEDLE ROLLERS 



DEVELOPS EXTRA MACHINE OUTPUT 

YOU NEVER DREAMED POSSIBLE 

Automobiles go modern with automatic trans- 
missions. Production machines go modern with 
U. S. Varidrive-the miracle motor. It changes 
to any selected speed instantly. The Varidrive can 
run in unison with the rhythm of the operator. 
It will increase your workers' abilities and quality 
of product. It can be run slow or fast or at any 
in-between speed, right to a split rpm. Machines 
that "loaf on the job" can be stepped up to un- 
lock their surplus capacity. You don't have to 
change gears, shift belts or use a rheostat. Just 
turn a control dial. The U. S. Varidrive Motor 
is self-contained, all on one base, embodying a 
motor with a built-in speed control. By increasing 
machine output, the Varidrive repays its cost 
within a few weeks or months. Install Varuiriues 
for greater profit. 

U.S. ELECTRICAL MOTORS Inc. 
Los Angeles 54, Calif. Milford, Conn. 

W. S. MOTORS 
w 

U N I C L O S E D ,  V A R I D R I V E ,  S Y N C R O G E A R  & T O T A L L Y - E N C L O S E D  I Y P L S  

ALUMNI S U R V E Y  . . . c o w ^ o  

academic activities correlate with success, happiness, 
and satisfaction in later life. 

Three institute offices were primarily concerned about 
having an alumni survey made-the Office of the Presi- 
dent, the Admissions Office, and the Alumni Office. 
Since I was very much interested in conducting such 
a survey, I began to work up items for a questionnaire 
and to plan the design of the project. While I was 
in the course of doing this, the book, They Went to 
College (E&S-April 1952), was published. 

They Went to College began as a reader survey for  
Time Magazine in 1947. It is based on a question- 
naire sent out to college graduates (from the class of 
1884 down to the class of 1947), which brought replies 
from 9,064 graduates of 1,000 colleges. 

After some discussion of the relative merits of the 
Time survey, it was decided that, for several reasons, 
the Institute might use this same questionnaire for  its 
survey. 

Why this questionnaire? 

There were several reasons for this decision: 
1. Similar data collected from a Caltech alumni 

group would permit comparisons with the group studied 
in the book-this group being a random cross-section 
of American college graduates. This was an  unusual 
opportunity. Comparisons of this sort are not ordin- 
arily available, and there is always the question of in- 
terpretation of questionnaire results when there is  not 
a second population to compare them with. 

2. The questionnaire was very well planned. I t  had 
been worked out by a group of experts in this field, 
and was designed to permit filling out and coding with 
a minimum of effort. 

3. There would be a considerable saving in money, 
since the questionnaire was already made up, and would 
not have to be constructed from scratch. 

4. The procedure would save considerable time, for 
it would take a year or two to develop such a ques- 
tionnaire as this one. We could obtain the question- 
naire, mail it out immediately, and thus actually ac- 
complish the alumni survey in a matter of one year 
rather than several. 

As to the questionnaire itself: it is obviously the 
product of a considerable amount of thought and effort. 
I t  is organized in such a way as to permit easy coding 
and to require a minimum of effort on the part of the 
person filling it out. It also collects a broad range 
of basic or fundamental data and permits countless 
numbers of cross comparisons within the various 
groups. 

Still, it is not exactly what we would have used had 
we developed our own. Some items obviously do not 
apply to Caltech alumni. Others are items which we 
feel are not truly important. However, a major num- 

CONTINUED ON PAGE 48 



Some examples of the many shapes of bends needed 

Scoring and cutting rule steel is a cold-rolled 

specialty steel for use in preparing dies for cutting 

paper, leather, ruLber and other materials. 

I t  is a pre-tempered product manufactured by 

skilled workmen, using precision rolling and hard- 

ening equipment, to close limits for chemistry, 

grain size and hardness. This product must also be 

capable of meeting intricate bend requirements in 

the hardened and tempered condition. 

This specialty is furnished with round edges and 

in  coil form to the rule manufacturer who grinds 

the edges -the one edge square and the other to a 

knife edge as well as cutting the material into de- 

sired lengths. This is sold to a die-maker who bends 

the rule to the required shape. This is then the 

nucleus of a   re-hardened die, which when properly 

brazed and supported is used to cut out material for 

display cards - aircraft parts - - 
wallets - gloves - gaskets - washers. 

engineerinfi service available 
Since there is a great diversity of cold-rolled prod- 

ucts, our staff of field metallurgists can help you 

apply what you require. Take full advantage of 

Crucible's more than 50 years experience as the first 

name in  special purpose steels. Crucible Steel Com- 

pany of America, General Sales and Operating 

Offices, Oliver Building, Pittsburgh, Pa. 

f i r s t  n a m e  i n  spec ia l  purpose s t e e l s  

Midland Works, Midland, Pa. Spaulding Works, Harrison, N. J. 
National Drawn Works, East Liverpool. Ohio . Sanderson-Halcomb 

Park Works, Pittsburgh, Pa. Spring Works, Pittsburgh, Pa. 
Works. Syracuse, N. Y. Trent Tube Company, East Troy, Wisconsin 



her of items in the questionnaire are of extreme value 
and interest to us, and we feel that this questionnaire 
essentially accomplishes the purpose we had in mind. 

Questionnaires were mailed to all Caltech alumni 
in the latter part of July of this year. They went to 
all graduate, undergraduate, and foreign alumni. Every 
effort has been made to keep the questionnaire returns 
completely confidential. The alumnus' name was on 
the questionnaire when it was mailed out, but this was 
done solely to permit a follow-up letter to be sent to 
those alumni who did not return the questionnaire with- 
i n  30 days of the date of the initial mailing. 

When the questionnaire is returned, the name of the 
alumnus on the back of the questionnaire is obliterated; 
thus, there is no way in which an individual question- 
naire can be identified. The questionnaire data are 
considered to be entirely confidential and are not seen 
by any one on the campus except myself and my 
assistant. 

The results to date have been very gratifying. There 
were 5,640 questionnaires mailed out the latter part of 
July. Up to the middle of October, 3,609 had been 
returned as completed. This represents approximately 
64 percent of the original sample. Returns are con- 

GOOD LIGHTING 
. . . as important as your most important tool 

Engineers. . . draftsmen . . . designers . . . 
all know the slide rule is an all-important 
"tool? but certainly no more efficient than 
their ability to make full use of it. Don't 
invite eye-fatigue and impair job perform- 
ance with poor illumination. 

Smoot-Holman lighting equipment can 
solve this problem-as it has for thousands 
of workers in other western plants. Made 
to exacting quality standards, it provides 
illumination always ample, always correct 
for the eyes-light that's a perfect partner 
for production. 

Equally important, there is a Smoot- 
Holman fixture to match any job's specific 
need! See your Smoot-Holman Lighting 

All-importani "Sooh" help assure Smoot-Holman 
production and quality, too. This modern 

porcelain enameling furnace fires on permanent 
"lifetime" finishes at l60O'fahrenheit 

tinning to come in-up to a dozen a week-and I expect 
that we will end up with somewhere around 67 to 70 
percent. This is an excellent return. The Time ques- 
tionnaire survey got only 55.6 percent return, in spite 
of the use of several additional procedures which we 
do not contemplate using. 

Alumni who have not as yet completed their ques- 
tionnaires are encouraged to do so. There is no dead- 
line for their return. In addition, if any alumnus 
has not completed and returned a questionnaire and 
wishes another one-having lost his initial one-he 
can write to either Engineering and Science or to me 
and another copy will be sent immediately. 

The job now is one of coding the items of the ques- 
tionnaire, punching them into IBM cards, and tabulat- 
ing the results. All results will be reported in tern15 
of percentages of the total group. This is the same 
method used in the They W e n t  to Coilpee study. 

It took Time Magazine four years from (he mailing 
of the questionnaires to the publishing of the book. 
and involved approximately 9,000 questionnaires. We 
have, in our survey, approximately 3,700 question- 
naires and have high hopes of completing the work 
in about a year. The present plan is to publish the 
results in Engineering and Science, in several separate 
reports, each report covering certain related aspects of 
the data collected in the questionnaire. 

SIT B A C K  A N D  HELAX 

Let Calmec Manufacturing Company 
Worry About 
Your MetalParts and Products 

We have the most modern facilities and most 
complete plant to give you the maximum o f  

service, whether it i s  a small part, a large part, 
or a product from your ideas to the shipped article 
direct to your customers, under your name, from 
our plant. 

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



Replacing a rivet 

. . . a hinge pin 

----------------------- 

. . a set screw 

. . . a bolt and nut 

a a 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 toler- 

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 



P E R S O N A L S  
1918 

H. Darwin K i r ~ c h m a n ,  M.S. '19, Ph.D. 
'29, has joined the technical staff of 
Truesdail Laboratories in Los Angeles 
as a research chemist. He had been 
serving as a lecturer in chemistry a t  the 
University of California. 

1922 
Harold R .  Harris, P a n  American's 

chief of Atlantic operations, will become 
president of Northwest Airlines on Janu- 
ary 1, 1953. We can thank Time  Maga- 
zine for the most detailed account of Hal's 
activities since his graduation. The  Oc- 
tober 20 issue says: "A graduate of Cal- 
tech and a World War I flyer, Hal Har- 
ris was made chief Army test pilot after 
the war. In 1922, when the wings of a 
plane he was flying dropped off in  mid- 
air, he became the first Army pilot to 
parachute to safety from a disabled plane. 
Harris racked up 13  air records, test- 
piloted the first big U. S. bomber in 1922, 
the six-engine Barling. In 1926 he went 
to Peru,  and flew crop-dusting planes, 
later became vice president and general 
manager of Peruvian Airways and from 
1929-42 was operations manager of Pan-  
agra. Made a brigadier general in World 

War  11, he bossed the training and do- 
mestic operations of the Air Transport 
Command, later managed operations for 
American Overseas Airlines until it 
merged with Pan  Am in 1950." 

1924 
Roy 0. E l m r e  writes that his daugh- 

ter, Sally Ann, married Carroll R. Lind- 
holm '51, on July 6. Carroll is working 
for Motorola as a field engineer in the 
Chicago office. 

R e x  A'. d a r k .  Ex., writes that he is still 
an invalid with multiple sclerosis. His 
son, now 24, is working on his M.A. at  
Syracuse, and is marrying; a Los Angeles 
girl in December. 

David Volochow,  formerly on the alum- 
ni-missing-in-action list, has turned up as 
secretary of the Canadian Government's 
Specifications Board of the National Re- 
search Council in Ottawa, Canada. 

1925 
Albert Chapman and his family re- 

turned to the States from Venezuela in 
the spring of 1950 after over four years 
there. H e  joined the Plant  Engineering 
Office of the Ford Motor Company Manu- 
facturing Staff as staff mechanical en- 
gineer, and in February, 1952, was ap- 

pointed manager of the engineering and 
planning department. This department 
has the responsibiilty for all Ford Motor 
Company new construction, and staff 
supervision over plant engineering. 

It's the first time in any of the Chap- 
mans' lives that they've had to live i n  a 
Â ¥ o l  climate. Though they don't really 
mind it, if they had their druthers, Susan 
(14)  and Betsy (16)  Chapman druther 
live in Texas. They ha\eri't tried south- 
ern (California yet. 

1926 
B ~ ~ u n n  K. Schubarum died of a heart 

ailment near Estes Park, Colorado, on 
J u n e  11. Bruno was elected early this 
year to the presidency of the Carl B. 
King Drilling Company in Midland, Texas. 

Col. Alvin G. Viney,  Ex., previously 
stationed with the Office of the Secretary 
of Defense in Washington, D. C., has 
heen appointed deputy chief of the En- 
gineer Division of the European Com- 
mand Communications Zone in France. 
The  Zone is responsible for the transpor- 
tation of men and supplies from French 
ports to U. S. forces in Germany. Its 
headquarters are in Orleans. 

Col. Viney is a graduate of the United 
States Military Academy and the Univer- 
sity of California. A former resident of 
Vista, Calif., he has earned the Legion 
of Merit, the Bronze S ta r  Medal, the 
French Croix de Guerre and the Belgian 
Order of Leopold. 

1927 
1,iiyton Stunton. Ph.D. '31, in charge 

u l  geological work for the Union Oil Corn- 
' a n y  in the Sacramento area, christened 

neb+ swimming pool at  his Sacramento 
home on Sunday, September 21. Before 
the day \\as o\er, about 20 Tech alumni 
and their wne \  had tried out the new 
1001-including Tracy Atheiton '25, Mei 
I in Schuhart '32, Homer Scott '34, L u t h e ~  
Easitman '28, E. S. Ida '46, Rirhard Silver- 
-,tine '41, M.S. '42 H. T .  f ies  '23, Fred 
Groat '24, Layton Stanton '27, Ph.D. '31, 
and P m f .  Ruyiil V .  .<orensen. 

1928 
Wa~lter H. Righter has been president 

01 the L. A. Pneumatic Company, Inc. 
foi about a year. It's a job machine shop 
and also does de~e lopment  engineering 
in pneumatic and hydraulic fields. Walt 
says he still has the same wife. an older 
daughter who was married this year, and 
anothel daughter who is going 10 the 
University of Redlands. 

Russell 3. Lote. foimeily \ ice  president 
ot Standaid Steel Corporation, is now 
chief consulting engineer at the Naval 
Ordnance Test Station in Pasadena. His 
son Tames was graduated from Stanford 
in Tune. His daughtei Patti was mar- 

CONTINUED ON PAGE 52 



CHEMICAL PR0BLEMo.o 
. . . to reduce traffic inconveniences 
caused by too frequent repainting 
of road markings. 

SOLUTION 0 

. . new-type traffic paints made 
with Parlona (Hercules chlorin- 
ated rubber) and Pentalyna (a 
Hercules resin). These paints dry 
in minutes, yet have exception- 
ally long road life. Where glass 
beads or other materials are mixed 
in the paint for added reflectance, 
the Parlon-Pentalyn combination 
also acts as the binder. 

COLLEGE MEN 0 0 0 

This is but one example of the 
far-reaching chemical develop- 
ments in which you could partici- 
pate a t  Hercules-in research, 
production, sales, or staff opera- 
tions. It suggests the ways Her- 
cules' products serve an  ever- 
broadening range of industries 
and end-uses. 

Hercules' business is solving problems by chemistry for industry. . 
. . . soaps, detergents, rubber, insecticides, adhesives, plastics, paint, varnish, lacquer, textiles, paper, 
to name a few, use Herculesa synthetic resins, cellulose products, chemical cotton, terpene chem- 
icals, rosin and rosin derivatives, chlorinated products and other chemical processing materials. 
Hercules@ explosives serve mining, quarrying, construction, seismograph projects everywhere. 

HERCULES POWDER COMPANY Wilmington 99, Delaware 
~"co~noD..ED 

Safes Offices in Principal Cities 
EC52-7 



ried in June to Jerry E. Bryant, Jr. of 
Deerfield, Illinois. Both had attended 
the University of Arizona at  Tucson. 

Martin E. Nordberg, Ph. D., research 
chemist of the Corning Glass Works, was 
awarded a John Price Wetherill Medal 
by the Franklin Institute of Philadelphia 
on October 15. With Harrison P. Hood, 
also a research chemist at  Corning, Dr. 
Nordberg was honored for the discovery 
of a new process for manufacturing 
glass. He has been with Corning since 
1929. 

1929 
Ernest B. Hugg,  M.S. '30, has a baby 

laughter, Beverly Linda-born April 6, 
1952. Ernie, who is Assistant Superin- 
tendent of Buildings and Grounds at  Cal- 
tech, is also president of the Caltech Em- 
ployees Federal Credit Union, which now 
has deposits of over $250,000. 

1930 
Tom G. Bernhardi was one of 47 busi- 

ness men to receive a Master of Business 
Administiation from the University of 
Chirago in June. Tom graduated with 
a record of 11 A's and one B. He is 
wo~king  as chief engineer in the process 
division of the Whiting Corp. 

1931 
Stephen C .  Dorman has left the Shell 

Oil Company in Modesto, where he was 
Senior Entomologist, and will continue 
research with the Stauffer Chemical Com- 
pany in Mountain View, Calif., on agri- 
rultural applications of chemicals. 

Myron L. Crater has been Chief Steam 
Plant Engineer of the City of Glendale, 
California, for eleven years. He is married 
and has two daughters, Marjorie and Mar- 
garet. 

1933 
J .  Stanley Johnson, M .  S. '34, writes that 

the Holly Manufacturing Company, of 
which he is president, has been collabor- 
ating with the Coleman Engineering Com- 
pany (Ted Coleman '26) under the joint- 
venture name of Holly-Coleman Com- 
pany. The company is set up to produce 
aircraft starters for the  Navy. Their 
sample starters, Stan says, broke a record 
of long standing by being accepted with- 
out any changes whatsoever. 

Charles D. Perrine, J r .  was appointed 
assistant division manager of Convair's 
Guided Missile Division in Pomona re- 
cently. H e  joined Convair in October, 

n ~ " o N E ~ o L "  WORK SHOP 
lar electric power tool 
floats on four Fafnir 

;-Seal Type Ball Bear- 
tool operates in both 

speed, coins upended 

Ball Bearings. Oppor- 
tunities for product 
improvement through 

Britain, Conn. 

BALL BEARINGS @ 
MOST COMPLETE LINE IN AMERICA 

1950, as staff assistant in the San Diego 
Division electronics and guidance section. 
Before coming to Convair, Charlie was 
manager of the electronics department of 
the Fairchild Engine and Airplane Cor- 
poration's guided missiles division in 
Farmingdale, New York. 

1934 
Glenn W. Weaver has been with the 

Research and Development Laboratories of 
the Hughes Aircraft Company at  Culver 
City for the past year. At present he is 
Assistant Head of the Computers and Con- 
trols Department of the Guided Missile 
Laboratories. 

1935 
Donald C .  Webster left the Naval Ord- 

nance Test Station in Pasadena in Janu- 
ary, 1951, to become chief engineer of 
Librascope, Inc. in  Glendale. But the 
hie news, Don says, is that he just traded 
the old Ford in on an MG. Driving an 
MG is an experience which he recom- 
mends to a11 old grads who need to relax. 

J o h n  B. Higlcy dropped by the campus 
this fall while on a one-month visit with 
his family in this area. He's living in 
Newton Center, Mass., and works as Sec- 
tion Head of the Engineering Division of 
the American Machine and Foundry Co. 
in Boston. 

1937 
J o h n  W. George has been transferred 

to the New York offices of the Union Car- 
bide & Carbon Corp., after 12 years in 
the field with Carhide's mining subsidia~y, 
United States Vanadium Co. He's now 
Assistant Mandgei of Carbide's Personnel 
Depai tment. 

1938 
Nezunian A. Hall. l3h.D.. is on lemr  

fioni the University of Minnesota thih 
year, serving as Director of the Division 
of Engineering Sciences of the Officer of 
Ordnance Research. 

1939 
David H. Siott. supervisor of the Texas 

Co.'s geophysical operations in  the Pa- 
cific Coast division, producing depart- 
ment, has been transferred to the Houston 
geophysical office as head of the gravity 
staff. 

1940 
Bob Wallace, Ph.D. '46, announced the 

airival of a son, Alan Ryan, on August 
25, 1952. 

Herbert Worcester, Jr., is still chief en- 
gineer for the Pacific Wire Rope Company 
in Los Angeles. H e  has two rhildren- 
Jim, 31/2, and Jane, 2. 

Frank Dessel, M.S. '43, and his wife 
gave a cocktail party for Lloyd Goodman- 
son. '40, M.S. '41, and Elinore Goodman- 
son last August 17 at their home in San 
Marino. Over 100 Caltech alumni and 
their wives came-mostly from the classes 
of '39 and '40. The Goodmansons were 
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1.  . . tha t  you can Clean Condenser Tube Sheets ? 
without Downtime or Loss of Pressure a 
C. H. Wheeler Reverse Flow Condensers are "Self-cleaning". Electrically, hydraulically or 
manually operated sluice gates within the condenser reverse the flow of water in the 
tubes to flush debris and marine growth away from tube sheets. 

2 .  . . that there are Vacuum Pumps with No Moving 

C. H. Wheeler Tubeiets convert waste steam into useful vacuum for pumping, refrigera- 

? 
Parts . . . and often requiring No Extra Power 

tion, etc. 

3 . . that a Cooling Tower can be Built to Blend with a 

C. H. Wheeler Water Cooling Towers may be sheathed with any building material to 

7 
Building-or to Stand Alone against Hurricane Winds a 

harmonize with an architectural plan. Sturdy construction is guaranteed for performance 
and durability. 

4 .  . that Material will Grind Itself into Particles 100 

C. H. Wheeler Fluid Energy Reduction Mills reduce materials to sub-micron particle sizes. 

? 
Times Finer than the Human Eye Can See a 

Material is conveyed by air, steam or any gas or vapor in a closed circuit at supersonic 
speeds causing particles to reduce themselves by repeated shattering contact with one 
another. 

Bulletins mailed on request. 

1 1952 PUMP ENGINEERING HANDBOOK 

The Research Has Been Done For You 

I 'PUMP ENGINEERING DATA" has been compiled for professional and student 
engineers who want their information in  one 
volume. Designed for ease for use, with tables, 
diagrams, and charts. 

. . was assembled by  experts to 
provide the most pertinent and 
up-to-date material for pump 
engineering. Substant ia l ly  
bound in maroon and gold-con- 
tains over 400 pages. 

covers pumping problems encountered i n  build- 
ings, waterworks, sewage treatment plants, oil refineries, 
mines and quarries, irrigation, power plants, food and 
chemical plants, paper mills, and in many other applications, 

Send today for your copy of 

"PUMP ENGINEERING DATA" $3.00 



visiting here from Seattle. Lloyd and 
Frank were roommates in Ricketts. 

Kiyo Tomiyasu has been promoted to 
engineering section head for  microwave 
research at  the Sperry Gyroscope Com- 
pany. In  1941, Kiyo received his M.S. 
degree from Columbia, and after study- 
ing briefly a t  Stanford University under 
a Low Scholarship, he was self-employed. 
In  1944, he entered Harvard University 
to continue graduate work under a Gor- 
Jon McKay scholarship for two years. H e  
then served as a teaching fellow for one 
year and a research assistant for another 
year. After receiving his Ph.D. in 1948 
he served a year as an instructor a t  Har- 
vard before going to Sperry. Since join- 
ing Sperry he has been occupied chiefly 
ill microwave spectroscopy as well as in 
research and development of wave-guide 
rornponents for radar systems. 

1941 
William 1. Wagner still works for the 

Shell Oil Company, Lut has been trans- 
ferred from Long Beach to Ventura, Calif. 

DelLert D. Thomas has a new position 
Ã § i t  Mathieson Chemical Company which 
has taken him to Niagara Falls. New 
York. 

Hurold K. Fink. M.S.. has moved from 

Poway, Calif. to La Jolla, where he is a 
psychoanalytic psychotherapist. 

1942 
IXdr .  Thomas G. Atkinson was recalled 

to duty in the Navy in May, 1951, and is 
at present assigned to construction con- 
tract administration duty at  NAS Mira- 
mar, San Diego, Calif. H e  expects to 
follow his former occupation in struc- 
tural engineering or related fields when 
and if he is released next year. 

Peter  L. Nichols, Jr.. Ph.D., has been 
ernployed by J P L  since June of 1950. 

Herbert C.  Osborne silent the summer 
as a resident engineer at the Laguna 
Canyon storm drain for the Orange County 
Flood Control District. 

Carol M. Yeronda has been promoted to 

engineering section head for high power 
klystrons in the Sperry Gyroscope Com- 
pany. Carol joined Sperrv in 1948 as a 
project engineer and in 1950 became 
senior project engineer. 

1943 
M. Curtis Smith, M.S. '46, has been 

working at  JPI. since June, 1951. The 
Smiths built a new home in Flintridge, 
and moved in last July. Their first off- 
qpring-a hoy named Craig Cnrtis-ar- 
rived last May 27. 

Oil Properties Consultants, Inc. 
Complete Petroleum and Production 

Engineering Service 
Subsurface Geology a Micropaleontology 

Reservoir Mechanics 
Secondary Recovery and  Evaluation 

Registered Engineers 

Petroleum Engineering 
Associates, Inc. 

Complete Laboratory Service 
Core-Analysis P V T  Fractional Analysis 
Florent H. Bailly, '27 Ren6 Engel, Ph.D. '33 
709-711 South Fair  Oaks Avenue Sycamore 3-1156 
Pasadena 2, California R y a n  1-8141 

BERKLEY ENGINEERING 
. . . AND EQUIPMENT COMPANY 

Meters & Controls for  Every Type & Size Boiler 
Industrial Instruments and  Regulators 

Remote Reading and  Control Systems 
Engineered Condensation Drainage & Automatic 

Boiler Feeding Systems 
Flow and Pressure Regulating Valve Specialties 

2439 Riverside Drive 
Normandy 5190 

Los Angeles 39 
Normandy 7124 

1944 
William. P. Bair and Barbara Bostwick 

were married on August 23 in St. Ed- 
mund's Episcopal Church in San Marino. 
Barbara is a graduate of Occidental Col- 
lege and worked as a research assistant 
a t  Caltech's Arcadia Farm under Dr. E. 
G. Anderson. Bill is teaching mathe- 
matics at  Wilson Junior High School in 
Pasadena, and doing graduate work at 
Occidental. 

Richard A. Hudson won a Fulbright 
Scholarship to study pipe organ for  a 
year at the University of Amsterdam. The 
scholarship includes return passage, tui- 
tion and maintenance while pursuing his 
studies. Dick sailed o n  August 1. 

PhiI//p L. Adurns was married on Sen- 
teniher 6 to a Sarah Lawrence graduate 
( n o  name given) whom he met in Paris. 
Fhey are living in Orleans, France. 

Wheeler North, '50, married N a n r ~  
Fountain on August 15, 1952. 

Donald 7'. Greenwood. M.S. '48, Ph.D. 
'51, is working a t  Lockheed Aircraft in 
Burbank. His job is the operation of 
analog computers. 

1946 
John 0. Nigra, M.S., has been 

appointed Associate Professor of Geology 

MATHEMATICIANS 
PHYSICAL SCIENTISTS 

(All Levels) 

INTERESTED IN WELL-PAID CAREER 
IN OPERATIONS RESEARCH 

Opportunity to work I in Washington) 
with oldest established group in  country 

Write OPERATIONS EVALUATION GROUP, Office of the 

Chief of Naval Operations (Op-3741, Navy Department, 

Washington 25,  D.C. 

ALLEN MACHINE & TOOL CO. 
Designers and Builders of Special Machinery and  Tools 

Also General Machine Work 
13409 S. Alameda Street Compton, California 

Phones: NEvada 6-1219 - NEwmark 1-8190 

ATKINSON LABORATORY 
LOS ANGELES CALIFORNIA 

Photographic Photographic 
Research Chemicals 

RALPH B. ATKINSON '30 



a t  the College of Arts and Sciences of 
Tulane University in New Orleans. He 
recently resigned as research geologist for 
the Arabian American Oil Company in 
New York City. 

Rev. Albert 0. Klein, recently grad- 
uated from the Fuller Theological Sem- 
inary, was married this summer to Carol 
Moore of Pasadena. The Kleins are now 
making their home in Sacramento. 

1 947 
~ r t h u r  S. Bolles has been employed hy 

"Aramco" in Dhahran, Saudi-Arabia, sinre 
1948. In November, 1950, he married 
Marjorie Williams of Chicago, a graduate 
of Illinois Wesleyan, who was employed 
by Aramco in the petroleum laboratory 
in Dhahran. They spent three months 
in 1951 vacationing in the United States, 
travelling via Egypt, Italy and France. On 
July 7, 1952, Roy Frederick Bolles ar- 
rived in Dhahran, weighing in at  six 
pounds. The Bolleses enjoy life in the 
American colony at Dhahran, and Arthur 
finds the work so interesting that he 
plans to stay through many more contracts. 

1948 
Allen T. Puder, M.S. '49, is the father 

of a boy, born last August 29, and named 
Allen Brent. 

Lt. John P. Davis, MS. ,  and Joan Lee 
MrKenna Mere married in San Gabriel 
last summer. They settled down, tern- 

porarily, in Vallejo, but planned to make 
their home in Honolulu. 

LC. Col. Roy S. Kelley, M S . ,  is now 
attending the Army Command and General 
Staff College at Fort Leavenworth, Kan- 
sas. He is one of 598 officers-from 
every branch of the U. S. Armed Forces 
and 29 foreign nations-who began the 
ten-month course on September 3. Roy 
entered the Army in 1941 and has col- 
lected a good many decorations since 
then-including the Bronze Star  Medal, 
American Defense Service Medal, Army 
of Occupation Medal for service in Ger- 
many, American Theatre Ribbon, Euro- 
pean-African Middle Eastern Campaign 
Medal with four campaign stars and the 
World War I1 Victory Medal. 

Philip R. Conrath was killed in an 
automobile accident on August 17. Since 
graduation, Phil had been an aeronauti- 
cal engineer with the McDonnell Aircraft 
Corporation in St. Louis. 

1949 
Don Six married Ruth Ann DeKemper 

of Mount Vernon, Indiana, last July. 
Ruth is a graduate of the University of 
Indiana. The Sixes are living in Walnut 
Creek, Calif. 

Don Hibbard has been transferred by 
the Army from AEC's Nevada Proving 
Ground near Las Vegas to Washington, 
D.C. In Nevada he and another G .  1. 

DAMES & MOORE 
Trent R. Dames '33 William W. Moore '33 

Soil Mechanics Investigations 
General Offices: 816 West Fifth Street, Los Angeles 17 
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Los Angeles San Francisco Portland Seattle New York 

OLNEY BROTHERS 
RUG AND FURNITURE CLEANING 
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Sycamore 3-0734 

1 SMITH-EMERY COMPANY 
since 1910 

I Chemists-Engineers 
Chemical and Physical Testing Laboratories 1 
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- 

920 Santee Street Los Angeles 15, California 
Member American Council of Commercial Laboratories I 

geologist were assigned the job of map- 
ping the geology of the area, and they 
are now writing up the report during 
their last days in the Army. 

This month the Hibbards plan to leave 
on a one or two-month vacation in ,Mexico 
Citv and Y~icatan. On his return. Don 
will go to work with an oil company. 

Robert L. Fisher is working toward a 
Ph.D. in oceanography at Scripps Institu- 
tion of Oceanography in La Jolla. He 
spent the summer months largely aboard 
a ship off the coast of Mexico and Cen- 
tral America studying foredeeps. H e  
plans to leave in November on a three- 
month trip to the South Central Pacific. 

Roy V. Could married Ethel (Bunny) 
Stratton on August 23 in a garden wed- 
ding at the home of the bride's parents 
in Pasadena. Bunny is an alumna of 
Westridge and V a s a r .  Caltech alumni 
serving as ushers %ere Edward DuFort 
'49, best man, and Phil Lamson '48, and 
Hugh Carter '49. 

1950 
Dean A. Rains, M S .  '51, is doing grad- 

uate work at Caltech on a Guggenheim 
Jet Propulsion Fellowship. His fellow- 
ship was one of nine made at Caltech to 
'"train young men for basic research and 
leadership in the development of com- 
mercial and scientific applications of jet 
and rocket propulsion." Dean, who is 
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ALUMNI CALENDAR 

November 1 3 Oxy-Caltech February Dinner Dance 
Kickoff Luncheon, Athenaeum March Dinner Meeting 

November 14 Open House, Santa Monica area 

Dabney Hall of Humanities April Annual Seminar 

January Dinner Meeting, June Annual Dinner Meeting 

Long Beach area June Annual Family Picnic 

CALTECH ATHLETIC SCHEDULE 

VARSITY FOOTBALL Nov. 14, 4:15 p.m. 

Nov. 8 Bye 

Nov. 14, 8 p.m. 
Occidentol at Occidentol 

Whittier at Coltech 

Nov. 21, 4:15 p.m. 
Caltech at Pomona 

Nov. 21, 8 p.m. FRIDAY EVENING DEMONSTRATION 
Cal Poly (S.D.) at Covina High LECTURES 

7:30 p.m.-201 Bridge 
FROSH FOOTBALL Nov. 7 "The Science of 

Nov. 15, 2:00 p.m. 
Whittier at Caltech 

CROSS COUNTRY 

Nov. 7, 4:15 p.m. 
Redlands at Caltech 

Fly Fishing" 
by Professor W. W. Michael 

Nov. 14  "Building to Withstand 
Earthquakes" 

by Professor G. W. Housner 

Nov. 21 "The Caltech Synchrotoron" 
by Professor R. F. Bacher 

P E R S O N A L S  . . . CONTINUED 

working for his Ph.D. degree, is married 
and the father of a baby girl. 

Peter Howell was married on June 15 
to Gladys Fundstrom, a graduate in music 
from the University of Minnesota. Ralph 
Lovberg '50 was at the wedding and took 
pictures. Pete and his wife spent the 
summer at the Naval Ordnance Test Sta- 
tion in Inyokern where he researched for 
the Navy. He's now back at the Uni- 
versity of Minnesota, working for a Ph.D. 
in physical chemistry and doing X-ray 
crystallography work. 

1951 
Buirie Bieler, M.S. '52, spent the sum- 

mer in the Aleutian Islands working for 
the U. S. Geological Survey on a recon- 
naissance field mapping program. Now 
he's studying for his doctorate at Penn 
State College. 

W F. Sampson reports the arrival of 
a baby boy, William Frederick, on August 
13. The Sampsons are living in Altadena, 
and Bill is working at JPL. 

Robert DeGrasse was married in August 
to Marilyn Haglund of San Gabriel. Kyle 
Catterlin '52, was one of Bob's ushers 
for the event. The Degrasses now live in 
Los Angeles. 

1952 
Bill Wise and his wife Jacy, announced 

the arrival of a son, Lawrence Alan, on 
September 13. Bill and his family live 

1 in Palo Alto. - 
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M Y  Q U E S  

The answers to John Bennett's question - - excerpts taken from the pane! discussion - - are gi 

ANNING, Business Trainwe Department . . . M. M. BORING. Ene inecrk  Services 
asieally, the Company is inteiviewing an hether or not you are called into militar 
liege studenis for employment without i can reasonably e x ~ e c t  to follow vour ~ i o  
aftstalus. We're not passing over men because they ar  tely 30 or 4d yeais. Your solution to  t h  
igible for the draft-we're 1111 11% them if they have th such as this one, which arise durmg you 
ahfieations we want in our employees. We i r e  lookin oductive period, 1,111 be a lifetinre undertaking. 

1 the aica of employment on a longrange basis, and w cut serving your country in a military way will re 
atively small part of 'your total piofe&ioual 

y you handle a problem such as this,, and t 
1 1  you get to help in its solution, will det 

ge extent your ability t o  handle future pro 
ow, where does General Electric stand in res-a 

c are expeiiencing a giotting appiecialion o nierested in our Company. And, iirespective 
ice of an adequate supply of ncll-~raine tatus, we will make employment olTeib to  a1 

nal people to  tins couulry's immediate he qudlifieati~~is we are looking for, d i d  wh 
ic. Although tins situation creates excel like to have become membeis of the C 

iiities for you students for f u l u ~ c  emplo ily. If any of these people ale eal 
aft may leave you plagued by uncertdin e starting woik with us, business co 
emit .  But, zcinen~ber this, 
llege people for employnien 
c are a130 thinking aheail tc 

id if we find a good man no 
iljtdry service, we will still n 
an5 ior him. We still "would 

after he has cumpleted his 


