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Picture of a 

wreck a train 

Railroad trains have been clocked a t  speeds as  high as  111 
miles an  hour Most trains on open stretches run on a schedule 
that exceeds 60 miles per hour. Isn't it remarkable, when you 
think of it, that nobody ever wonders whether the u,heels will 
hold up? For many \ears we have made this our concern so that 
it would never have to be yours. 

To make sure that fast trains will also be safe trains, U. S. 
Steel research tedms carry on a continuing study of railroad 
wheels a t  the U S Steel Research Center at Monroeville, Pa. 

man Wheels of the type used in high-speed service are subjected to 
the touehest trials which can he administered on the world's - 
largest inertia dynamometer. Here wheels are driven a t  speeds 
equivalent to 160 mph, with the dynamometer generating 681,4 
million foot-pounds of energy-enough to lift a 34.000-ton ocean 

provide complete safety a t  train speeds which are, as of now, 
impossible to attain. 

This is onlv one of hundreds of research uroiects at U. S. 
Steel directedtoward tomorrow's super products ~ n d  research 
is only part of the job of making, shaping, treating steel It's 
a big job and we need good m n l e  to helo us-~eonle with your . . .  . . 
kind of training. 

More of our story is told in the booklet, "Paths of Oppor- 
tunitv." which vou can obtain hv writing to United States Steel. 
personnel ~ivis ion.  Room 1662,525 ~ S l i a m  Penn Place, ~ i t t s -  
burgh 30, Pennsylvania. 
USS is a registered trademark 
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Vilfredo Pareto.. . on the lifetime of theories 

"The logico-experimental sciences are made u p  of the advancement of knowledge. Faith and meta- 

a sum of theories which, like living creatures, are physics aspire to a n  ultimate, eternal resting-place. 

born, live, and die, the young replacing the old, the Science knows that it can attain only provisional, 

group alone enduring. As with living beings, the transitory states. Each theory fulfils its function, 

lifetimes of theories vary in length and it is not and there is nothing more to ask of it." 

always the long-lived ones that contribute most to -Trait6 d e  Sociologie  Generate, i9t9 

T H E  R A N D  C O R P O R A T I O N ,  S A N T A  M O N I C A ,  C A L I F O R N I A  
A nonprofit organization engaged in research on poblems related to national security and the p b l i c  interest 
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I N  T H I S  I S S U E  

0 s  01 R Co\ ER -a porirail 01 1.inua 
Pauling. chairman of Caltech.3 dil i-  
sion of chemistry and chemical engi- 
neering. taken by Tom and Muriel 
Harvey. The picture heialds anothel 
collection of faculty portrait5 h} the 
Harveys. on pages 15-20 of this is- 
sue. This is the fourth group of these 
portraits we have run. If you'd like 
to check back on the others. see E&S 
for December. 1957: May. 1957; and 
December, 1956. 

"THE CHALI'EJNGE O F  THE S P ~ U  
AGE." a worthy i-ucceai-or to Pi-es-i- 
dent DuBridge's "Challenge of Sput- 
nik" (E&S-February . 1958 ) . ha? 
been adapted from Dr. DuBridgeb 
key note address at the Western Space 
Age Conference, sponsored by  the 
Los Angeles Chamber of Conimeice 
and held in L.A. on March 20-22. 

ROBERT L. S I~SHEIMER.  who wrote 
"A Search for Simplicity' on page 
21. is professor of biophysics a t  Gal- 
tech. A graduate of MIT. where he 
received his PhD in biophysics; in 
1948. he was on the faculty of Jewa 

State College from 1949 until 1957. 
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a KEY Factor 

If you are an engineer of promise, a 

promising future may await you in one 

of twenty-six divisions in one of the 

nation's largest and most diversified 

enterprises-Bendix Aviation Corpora- 

tion. For engineering is a key factor at 

Bendix. That is why Bendix has a con- 

tinuous need for the best engineering 

talent available. And that is why you 

should investigate Bendix career oppor- 

tunities now, without further delay. 

Opportunities await qualified engi- 

neers in such fields as electronics, 

electromechanics, ultrasonics, systems, 

computers, automation and controls, 

radar, nucleonics, conlbustion, air navi- 

gation, hydraulics, instrumentation, 

propulsion, metallurgy, communica- 

tions, carburetion, solid-state physics, 

aerophysics and structures. 

Check with your Placement Direc- 

tor for information regarding Bendix 

opportunities and interview dates, 

or write to Dr. Gerald A. Rosselot, 

Director of University and Scientific 

Relations, Bendix Aviation Corpo- 

ration, 1108 Fisher Building, Detroit: 

2, Michigan. 



Books 
Puzzle -Math  

by George Gamow 
and Marvin Stern 

The Viking Press, N.Y. $2.50 

A couple of years ago George 
Gamow, professor of physics at  the 
University of Colorado, and author 
of a series of deservedly popular 
science books (The Birth and Death 
of the Sun, Biography of the Earth, 
One, Two, Three . . Infinity, and The 
Creation of the Universe) spent a 
summer in San Diego as a consultant 
to Convair. 

In this position Dr. Gamow had to 
confer a good deal with Marvin 
Stern, technical assistant to the vice 
president of Convair. The two men 
had offices on different floors, so they 
became heavy users of the elevators. 
and they soon noticed a curious 
thing: Whenever one of them start- 
ed out for the other's office, the first 
elevator that came by was almost al- 
ways going in the wrong direction. 

Direct action 

Now, maybe this wasn't a particu- 
larly original observation; it must 
have occurred to everybody at some 
time or other. The difference is that, 
where most people just indulge in a 
little swearing and then forget the 
whole thing, Gamow and Stern have 
done something about it; they have 
written a book. 

In the course of solving the ele- 
vator problem (it's in the book, on 
page 59) the two men discovered 
that they had a mutual weakness for 
mathematical puzzles-and this book 
is the result. 

There are some 30-odd brain-twist- 
ers here, presented in the form of 
short stories. (Dr. Gamow, of course, 
could be counted on not to present 
anything in school textbook style.) 
This technique manages to trap those 
people who are still nervous in the 
presence of mathematics by involv- 
ing them in the problems rather than 
in sets of figures. 

Puzzle addicts can count on this 
book for several long, sleepless 
nights. It is dedicated to a famous 
addict - "Theodore von Karman, 
who likes puzzles." 

F a n t a s i a  M a t h e m a t i c a  
edited by Clifton Fadiman 

Simon & Schuster, N.Y. $4.95 

In his introduction to this an- 
thology, Mr. Fadiman claims that 
the stories and oddments he presents 
here are not suitable for mathema- 
ticians, "who will be bored by their 
naivete." Even non-mathematicians 
may not learn much mathematics 
from them, Mr. Fadiman says, "but 
they may lead readers like myself, 
curious but unlearned, to create a 
better image of a few mathematical 
ideas." 

Odd numbers 

The book is divided into three sec- 
tions. The first (called "Odd Num- 
bers" because the material is drawn 
from writers not usually associated 
with the field of mathematics) in- 
cludes short stories by Karel Capek 
and Aldous Huxley, mathematical 
snippets from novels by Arthur 
Koestler, James Branch Cabell and 
H. G. Wells, and even one of Plato's 
Socratic dialogues. 

The second section of the book 
"Imaginaries") consists of 16 short 
stories. Most of these come from the 
science-fiction field, but there is also 
one of William Hazlett Upson's Al- 
exander Botts stories from the Satur- 
day Evening Post, and the late Rus- 
sell Maloney's New Yorker classic 
about the man who decided to test the 
mathematical cliche that six chim- 
panzees, pounding six typewriters at 
random, would eventually write all 
the books in the British Museum. 

The book ends with a miscellany 
of poems, paragraphs and jokes. All 
in all, it's a graceful collection, a 
beguiling book-even for mathema- 
ticians. 

In An Engineer 
i t  Vought, the engineer doesn't often 
orget past assignments. Like all big 
vents, they leave vivid memories. 
ind  it's no wonder. 

^or here the engineer contributes to 
~is tory-making projects - among 
hem the record-breaking Crusader 
ighter; the Regulus I1 missile, chosen 
o arm our newest nuclear subs; and 
he new fast-developing 1,500-plus- 
nph fighter, details of which are still 
Aassified. 

rhe Vought engineer watches such 
veapons take shape. He  supervises 
xitical tests, and he introduces the 
veapons to the men with whom they 
will serve. 

Engineers with many specialties share 
hese experiences. Today, for exam- 
ale, Vought is a t  work on important 
arojects involving : 

electronics design and manufacture 
inenial navigation 

bzvestigation o f  advanced propulsion 
methods 

Mach 5 configurations 

Vought's excellent R&D facilities 
help the engineer through unexplored 
areas. And by teaming up with other 
specialists against mutual challenges, 
the Vought engineer learns new fields 
while advancing in his own. *** 
Would you like to know what men 
with your training a r e  doing a t  
Vought . . . what you can expect of a 
Vought career? 

For full information, see our repre- 
sentative during his next campus visit. *** 

O r  write directly to: ------------------------- 
C. A. Besio 

Supervisor, Engineering Personnel 
Dept. CM-7 -------------------------- 

Engineering \ and \ Science 



The Missile Engineer with undersea legs 
Jack Welch felt honored when he was tossed, fully 
clothed, into the Navy's sub harbor at Port Hueneme, 
California. In their own rugged way, submariners were 
extending him their thanks. He'd been a big help in 
the introduction of Chance Vought's Regulus 1 missile 
to the Navy's Undersea Fleet. 

Months before his ceremonial splash, Jack had accom- 
panied the Regulus aboard the submarines Tunny and 
Barbero as a representative of Vought's Missile Oper- 
ations Engineering Group. A veteran of the Regulus 
flight test program and a collaborator on the con- 
version of the subs to missile carriers, Jack brought 
knowledge the Navy welcomed. Likewise, the Navy 
crews were to share with Jack some equally valuable 
experience. 

Jack, with the submarines Tunny and Barbero, cruised 
the East and West Coasts, performed over 200 dives, 
and once prowled far west of Hawaii. The missile man 
helped the undersea crews complete initial checkouts 
of Regulus support equipment - culminating in the 
first missile launch ever made from a submarine. Then 
they went about solving environmental and supply 
problems that arose during tests. Jack added to his 
mechanical engineering experience a valuable store of 
electrical, weapon systems and Navy knowledge. 

Back in home port, on the Tunny's quarter-deck, with 

a full crew assembled, submarine officers reviewed 
Jack's contributions. He'd gone beyond his duty as a 
technical advisor, they concluded. He'd become an 
expert submariner as well. In fact, he'd qualified for 
the Silent Service's Gold Dolphin insignia. . . and all 
hands would proceed at  once with the traditional 
initiation. That's when Jack took his plunge. 

Today, Jack divides his time between Chance Vought 
and a half-dozen Navy shipyards. His job is to see 
that current missile and ship design is meeting the 
missile needs of the Fleet. Problems are many, but 
Jack maintains there's a solution for each. "That's a 
lesson I learned from the submarine forces," he said. 
"They gave me a real indoctrination in a can-do atti- 
tude under actual operating conditions." 

At Chance Vought the missile engineer belongs to a 
team that already has experienced every conceivable 
missile problem, from development to operational 
readiness. Here, current assignments range from the- 
oretical work to the introduction of complete missile 
systems to the Fleet. 

c 
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powered XP-500 automobile. Bill is on the team studying the future applications of  the free-piston engine. 

OMMEWEMEW is just arouricl the rorrierÃ‘you'v 

probably decided what specialty you wish to follow 
in your chosen hrarich of engineering-pas'-ibly picked 
the company you'll join. 

But if you havent committed yourself and have received 
an offer from General Motors-or get one in the next 

few days or weeks-you rnight hear thiq i n  in ind:  

Engirtet,rit~g i t  a profi>cssior~ at GM.  'ind tin' rngi- 
n i ' ~ r t  u ho 11 orfi o n  our Jiundrrdv nf f i ro fh id~- t i  h i d  
in i oil e the entire spcl trum of the c~ ip inccr ing  n r  t -  
@ I  p I espected as men. 

To a young enginper ju-ii. joining us. this rrmins the 
freedom to  pursue path< of professional inquiry-  
following the lead of his imagination. 

It means a n  opportunity to associate w i t h  '-ome of the 
most ~eqpected and distingui~hed engineer< i n  the  
rounlry. 

\ t i( \  it iriear!< playing ,i part in developirig tlir r j iod~i (  ts 
which will keep GVI on i t s  progressive path-prod~~cts 



Put your creative ability to work at 
WESTINGHOUSE 

Where engineering talent is recognized 

AIMS TORPEDOES. C. H. jcmm BATTLEFIELD RADAR. J. W. currie (u. S. NOVOI ATOMIC FLEET ENGINEER. P. N. R-SS I H W V O ~ ~  

i s  Assistant Department Manager of electronics and and C. J. Miller (Virginia Polytech-EEl check fabric of the -EEIisassistantmanagerof Large Ship Reactor 
i r  physics department. He recently invented huge Weslinghouse paraballoon, which they developed with Proiect for Westinghouse. He ioined the cem- 

new d i e  f d w t  t i c  p i  the I f Cornell Aeronouticol Loboroloriei. This loiiypop- pony os a graduate student, rose ropidiy in 
o n .  While o t  Westinghouse he has supervised shaped device, more than 30 feet high when inflated, makes nuclear work. Mr. Ross played a key role in 
i r i e d  research projects on color TV. antennas, micro possible for the first time a lightweight, mobile radar antenna development o f  USS Nautilus, the first ctomic 
waves, radar  a d  sonar. which con be set up near the front lines to  support ground submarine. 

HEADED NEMA. J. H. J ~ W ~ I I  fpratt TURBINE EXPERT. C. C. ~~~~~k s.. oohns UTILITY "DOCTOR." A, head of the wes~inghouse AIEE PRESIDENT. A. C. ~ o ~ t i ~ t h  
Institute-ME1 headed National Hopkins-MME] i s  consulting engineer Electric Utility Engineering Section, J. K. Dillard (Queen's University, Kingston, 
E I i I  Monufochirers Associa- in Wesfinghouse Steam Division. His (Georgia Tech.-EEI helps diagnose ills and treat Ontario) was 1954-55 president 
i o n  in 1954-55. He is Westing- research helped develop the Normandy problems of  220 electric utilities ocrow the notion, of AIEE. He is vice president in 
house vice president in charge invasion fleet. He is an inlernalionaily- AC calculating board in background Is largest com- charge of all Westinghouse ~ p -  
of marketing. known ~ " I h o ~ l v  on s t e ~ m  +whines puter of ih kind In induswy. porabs prod"& divisions, 

. BatchelorlPurdue-EEI, 
t c  Engineering Dept., 
ed lo  develop at  Kyger 
e,-I Powe, ~ m m i ~ ~ i o "  
in the nation for  1955. 
eoch.roted a t  217,260 

id M. D. Hooven. AiEE heod. Seven other W s  
Inghouse engineers h 
i n d  1 I other; the All 

MODERN-DAY PIONEER. Dr. R. A. Ramey, Jr. 
IU. o f  Cincinnati-EEI, is a pioneer in magnetic 
mplifiers. Joining Westinghouse in 1952 0 5  a 
sodion engineering monmger, he is m w  m- 
ger, new products department. He also h 
on important part in guiding the developm 
of Cypok, the Weslinghouse idust r ia l  c o d  
unit that thinki, decides and ,emembe-. 



a forthcoming book of particular interest to the readers o f  

E N G I N E E R I N G  A N D  S C I E N C E  

Frontiers in Science 

Thirty-one articles of interest to scientists and engineers, 

all originally published in this magashe. 

Edited by EDWARD HUTCHINGS, JR. 

with editorial commentary and interpretations 

by GEORGE W .  BEADLE, HARRISON BROWN, and HUNTER MEAD 

and an Introduction by L. A. DUBRIDGE 

Frontiers in Science-presenting contributions 
by twenty-eight Caltech faculty members and 
research investigators and distinguished visitors 
to the campus-will be published in May, 1958 
by Basic Books, Inc., New York, at $6.00. 

Spanning the world of science and technology 
and its relation to social forces, the contents 
include such articles as: The Origin of Life 
(Norman H. Horowitz) ; Birth and Death of a 
Star (Allan Sandage) ; The Value of Science 
(Richard P. Feynman) ; Forecasting the Future 
(Sir Charles Darwin) ; The Structure of Pro- 
teins (Linus Pauling and Robert B. Corey) ; 
The Size of the Universe (E. Hutchings, Jr.) ; 
The Relation of Science and Religion (Richard 
P. Feynman) ; The Genetic Effects of Irradia- 
tion on Human Populations (A. H. Sturtevant) ; 
The Inhabitants of Mars (Frank Salisbury) ; 

The Place of Technology in Civilization (Fred 
Hoyle) ; and other contributions hy J. Robert 
Oppenheimer, Alfred Stern, James M. Kendall, 
Henry Borsook, Lyman Fretwell, Arthur W. 
Galston, Harry Rubin, Elting E. Morison, R. 
W. Sperry, John S. Stamm, James Bonner, 
Hugo Benioff, Frank Press, Albert G. Wilson, 
Margaret and Geoffrey Burbidge, Ira S. Bowen, 
L. A. DuBridge, Linus Pauling and Fred Hoyle. 

"Here, in the language of the adventurers 
themselves," as Dr. DuBridge writes in his 
Introduction, "are stories of conquest, of battles 
now being fought on various salients of die 
advancing front of sciencem-a vivid and rep- 
resentative picture of life, work, and thought at 
the California Institute of Technology today. 

368 pages, 45 illustrati,ons, $6.00 

Orders may be placed at the Caltech bookstore or with the publisher, 

Basic Books, Inc., 39 Fourth Ave., New York 3. 
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The Challenge of the Space Age 
Separating the sense jrom the nonsense about space travel 

Within the past few months the space age has dawned. 
Many people of varying degrees of competence have ven- 
tured to peer into the future and make predictions as to 
where we are going. Needless to say, these predictions do 
not all agree with one another-and yet, to some extent, 
to visualize the ahallenges of the space age we must make 
a choice as to which of these predictions we are going to 
believe. 

Now who am I to try to make such a choice? I am not 
a rocket technologist or a space engineer. But the prob- 
lem of calculating approximate satellite orbits in space 
is a simple problem in classical physics! The theory was 
all worked out by Kepler and Newton nearly 300 years 
ago-and no quantum mechanics or relativity or meson 
theory or similar erudite subjects are necessary to under- 
stand the elements of the problem. 

This is a very fortunate situation. We will probably be 
spending a lot of money on space technology in the com- 
ing years, and 'it is comforting to know that we need not 
be at the mercy of a lot of so-called experts. If someone 
makes a statement about some phenomenon having to do 
with space travel, we can get the nearest high school or 
college physics teacher to tell us whether the statement is 
right or not. It may take an expert engineer to tell us 
how much some of these things are going to cost, but 
there do not need to be any mysteries about how things 
behave once they get into space. 

First, I suppose everyone realizes that the earth's 
gravitational field does not stop at the top of the atmos- 
phere 100 or so miles up. Rather, it extends for hundreds 
of thousands, even millions of miles into space, 4aIIing 
off in intensity inversely as the square of the distance 

from the earth's center. Even if we get away from the 
earth's field we are still in the field of the sun7 which 
extends out a very long way indeed. 

From these simple facts there foIIows at once a very 
important conclusion: There is no such thing possible as 
a statwnary objeot in space. Everything in space is mov- 
ing. An object stationary with respect to the earth7 for 
example, would promptly fall into the earth, pulled by 
gravity. The only objects which can stay in space are 
moving objects-specifically, objects moving in such a 
way thalt the gravitational force on them is7 on the aver- 
age, balanced by a centrifugal reaction. Under bhese con- 
ditions a permanent path or orbit may be established 
about the attracting center-and such an orbit is always 
an ellipse or, in special cases, a circle, which is one kind 
of an ellipse. Stationary "space platforms" are a Buck 
Rogers myth. 

There is also a precise relation between bhe period of 
the orbit-that is, the time required to travel once 
around it-and its average height above the earth, or 
more precisely, its major axis. Thus, for an orbit only 
200 miles above the earth the period is always about 92 
minutes; for an orbit averaging 1,000 miles above the 
surface7 the period is 118 minutes. At about 20,000 miles 
the period is 24 hours; and of course at the distance of 
the moon, 240,000 miles, bhe period is the moon's period, 
28 days. 

The farther you are away from the earth, the slower is 
the speed required for a stable orbit, and the Iongevit 
takes to traverse it. 

If, for example, you wish to establish an object in a 
very elliptical orbit which goes out as far as the moon 



and back, the period in that orbit (an ellipse whose 
major axis is about 240,000 miles) turns out to be very 
nearly 10 days-5 days out and 5 days back. 

It has now been established that modern rocket tech- 
nology has advanced to the point where it is possible to 
project into stable orbits about the earth objects of sub- 
stantial weight-ay, in the near future, up to 1,000 
pounds or so. With a somewhat smaller payload the orbit 
could be sufficiently elliptical to reach to the vicinity of 
the moon. 

A scientist cannot help but be excited by this prospect. 
Every now and then new advances in technology give 
science a new tool for research. The e a ~ t h  satellite is a 
tool par excellence. I t  opens up wholly new areas of sci- 
entific exploration-and America has a great opportun- 
ity to grasp these opportunities promptly and boldly. 

Promising explo~at ions  

Just what scientific explorations are most promising? 
To  the layman who wants us to establish a colony on 

 lie moon next month, the experiments I have in mind 
may- seem a bit less bhan bold. But, in contrast to some 
of the more fabulous schemes now being discussed, the 
ones I propose have the virtue of being both feasible and 
useful. 

First, from the vantage point of an earth satellite we 
can learn a great deal about our own earth. We can learn 
more about its exact shape and size and the distances 
between important points. We can learn more about its 
gravitational anomalies, which are important in many 
types of geophysical explorations. Of even more prac- 
tical value, we can learn more about the weather, The 
great meteorological patterns of storms and air currents 
~vhiuh are so difficult to see from the surface will become 
much more understandable when we have observations 
from above the atmosphere. 

'rhc earth's magnetic field-its nature, variations and 
origin-also constitutes a scientific puzzle which observa- 
tions a few hundred or a few thousand miles out into 
space will certainly help solve. To what extent is the 
field connected with electric currents in the ionosphere? 
What is the precise nature and extent of the ionosphere 
itself? How will radio waves behave when bounced off 
 he top of the ionosphere? What happens as they pass 
through it? To what extent and in what way is the 
ionosphere affected by radiations from the sun-by solar 
flares and other eruptions, for example? Can these effects 
lje related to radio propagation on the earth?-to the 
weath~r?-to high altitude jet stream winds? 

Again, a whole book could be written about what the 
astronomers would like to do with a telescope which is 
above the atmosphere and which could see the heavens 
for  the first time unaffected by the disturbances, *he dis- 
tortions, the absorption and the stray radiations of our 
blanket of air. The problems of stabilizing a telescope on 
a satellite in order to get good pictures are not easy. And 
the problems of transmitting pictures of good quality 
back to earth, presumably through some type of radio- 

photo technique, are even more difficult. 
But these are problems which can be solved in time, 

and there is much to be done even with relatively crude 
techniques. Man lhas never been able to measure directly 
the ultraviolet light from the sun, for example, since it 
is all absorbed at  very high levels in the atmosphere. 
Even crude pictures of the sun taken in ultraviolet light 
would be of great interest, and would help us understand 
some of the complex processes going on in sunspots and 
solar flares. 

And then there are the cosmic ray problems, such as 
those being examined in the first U.S. satellites, Ex- 
plorers I and 11. The effects which primary cosmic rays 
produce in our atmosphere are so complex that these 
secondary phenomena delayed for 20 years our under- 
standing of the [rue nature of the primary cosmic rays 
themselves. To observe these primaries for the first time 
on a continuous basis, completely unencumbered by the 
muItipIicity of secondary phenomena which occur when 
they strike the air, will advance enormous~y our knowl- 
edge of their nature and origin-and this may help us 
unravel some of the deep puzzles about the origin and 
evolution of the universe, of our galaxy and our solar 
system. 

I have said bhat experiments and observations such as 
these and many more are technically feasible. Many of 
them are feasible right now with satellites weighing only 
from 50 to a few hundred pounds. But there are a num- 
ber of technical difficulties which will be with us for a 
long time. One, of course, is the unreliability of the 
rockets which launch these objects. These rockets are 
bound to be big and expensive devices, and it is impor- 
tant that we do not lose half of our experiments through 
technical failures of the rockets themselves. I t  will be 
some time before even a 50 percent overall reliability 
can be achieved, I am told. And 90 percent is still in the 
future. 

Providing an  energy source 

An even more troublesome problem is that of provid- 
ing an energy source to power the various satellite ex- 
pcriments and to transmit the intelligence by radio back 
to earth. Thanks to the development of extremely sensi- 
tive receiving techniques, we can use radio signals from 
a satellite transmitted with a power of only l / lO0 of a 
watt-provided the distance from the earth does not ex- 
ceed a few hundred miles. Even the 20-pound payload of 
Explorer I has enough batteries to power such a trans- 
mitter for two months or so. But the Explorer I satellite 
itself will stay in orbit for many years-and it is exas- 
perating to have all those valuable instruments, gotten 
up there at suah great expense, remain completely useless 
all that time. And as we project objects farther out into 
space and put more complex equipment aboard, we will 
need not only longer life, but also much more power. 

To detect a radio transmitter which is near the moon7 
for example7 may require a power not of .Ol watt but of 
10 watts-1,000 times as mu&. We don't need to trans- 
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mit signals all the time; we can develop more efficient 
batteries; we can put more batteries in the larger vehi- 
cles and use sol&- batteries. But the fact remains that 
the limit ta how much information we can obtain from 
scientific satellites will be set primarily by the strength 
of the energy source they can carry along. Even solar 
batteries cannot provide large amounts of power in mod- 
erate-size units-and, of course, they cease to operate 
when the satellite enters the earth's shadow. 

If the problem of energy sources looks pretty difficult 
for satellites requiring only a couple of watts for a few 
weeks, think of the colossal problems facing us when we 
try to plan more extensive and complex space expedi- 
tions. The great hero of the space age will be the man 
who invents an extremely compact device for storing 
quite large amounts of energy. None is now in sight. 

So far I have said nothing about satellites which carry 
human beings. The reason is simple. For most scientific 
explorations in space the presence of man involves quite 
unwarranted complications and expense not justified by 
what he can contribute to the success of the venture. 
True, a man makes a pretty good servo system; he could 
keep a telescope pointed at the right star, for instance. 
He could also supply a little bit of energy-by turning a 
crank connected with a dynamo to charge up a battery, 
possibly. But in return for this he demands a colossal 
price. He not only requires that we take along air and 
water and food and other bhings to keep him alive and 
comfortable, but he also requires fantastically expensive 
provisions to bring him back alive. 

ildan against instmm,ents 

No set of instruments demands such a ridiculously 
expensive luxury. Instruments are content to coast around 
in space, unused and unattended for years, and then to 
come back to earth, if at all, in a fiery cataclysm. But 
not a man! He wants to get back to earth, and he wants 
to get back not only unburnt but essentially unjarred 
as well. 

I assure you this is not easy, and we are a long way 
from having the facilities to do it in any practical way. 
Consider a satellite vehicle rotating in an orbit some 200 
to 400 miles above the earth. Its speed will have to be in 
the neighbornhood of 18,000 miles per hour, or 5 miles 
per second. Suppose this vehicle is large enough to carry 
a man, and the man now wants to return to earth. How 
does he do i t? Obviously, jumping out of the vehicle with 
a parachute and an oxygen tank won't do it. There is no 
air to affect the parachute, so our man would become 
another satellite floating alive around the earth at 18,000 
miles per hour-alive, that is, until his oxygen gave out. 

No-he'd better stay in his vehicle. He wdl then find 
he needs a sizable rocket motor and a good deal of un- 
used fuel so he can reduce his speed and lower himself 
gently into the atmosphere, where his parachute may be 
used. This is no mean trick, and it will require a 
large amount of rocket propellant-all of whioh will 
have had to be a part of the ~ a ~ l o a d  with which he was 

launched in the first place. So the initial payload will 
have to be, not a few hundred pounds, but many thou- 
sand pounds-and, of course* the size of our launching 
rocket has increased proportionateIy. 

But let us interrupt our discussion of the scientific 
uses of space satellites at this point and ask what other 
uses such vehicles have. We think at once of possible 
military uses and bhen of the use for space travel, o r  
space adventure. Whether the human being is of any use 
for scientific observations or not, human beings are going 
to insist someday on taking journeys out into space. The 
spirit of human adventure cannot be suppressed, no  
matter what it costs. Granted adequate resources and 
adequate time for technological development of the nec- 
essary equipment, men can certainly be projected into 
orbits around the earth someday, and eventually into 
orbits whioh go far from the earth. There is nothing 
about space travel whish man can't stand-except per- 
haps the expense. Provided he is housed in a suitable 
container supplied with oxygen, water, food, and suitable 
temperature controls, there is nothing in space that will 
hurt him. On long journeys he is more likely to die of 
boredom than anything else. 

Landing on th.e moon 

But when we talk about landing a man on the moon 
or Mars or some other planet* and then getting him off 
again and back home safely, we are talking about a new 
order of magnitude of difficulty and cost. To land safely 
on the moon will take the same sort of rocket equipment 
that would be required to lower him back to the earth. 
The gravitational force on the moon is smaller, so that 
will help, but also there is no atmosphere on the moon 
to support a parachute. Hence the entire vehicle will 
have to be lowered gently to the moon's surface using 
the rocket blast alone-like the landing of a vertical- 
take-off jet plane. Then there will have to be enough 
fuel for the vehicle to bake off again, get projected into 
an earth-bound orbit, and there will still have to b e  
enough fuel left over to lower the vehicle gently into the 
earth's atmosphere. 

During all this time ,the man has had no aocess to any 
supplies of oxygen* water, food and energy other than 
what he carried with him on take-off. And the entire 
round-trip in the best orbits for the purpose would con- 
sume not less than 10 days. I will leave it to some rocket 
experts to calculate what payload would have to be 
lifted from the earth for such a journey-and how many 
millions of pounds of initial thrust it would take to do it. 
There is nothing impossible about it, you understand. I t  
will just take a lot of money and a long time. Whether 
it is worth it or not depends on our concept of the values 
to be achieved. 

Clearly, a man landing on the moon and coming back 
could bring valuable scientific information, such as  
samples of the moon's surface (if he didn't get roasted 
or frozen while on the moon's surface, which boils water 
in the daytime and freezes carbon dioxide into dry ice 



a t  night). His visual and photographic observations 
would be of great scientific interest. I think? however, 
that most responsible scientists (not counting the Space 
Cadets) would feel that we could collect plenty of scien- 
tific data about the moon during the next few years by 
cheaper methods. 

What about h e  military value of space travel? 
Obviously, military ballistic missiles which will hit 

accurately any point on the earth from bases in the 
United States, with payloads of 1,500 pounds or more, 
are very impontant military weapons. Nothing should 
impede our efforts to develop and manufacture them 
and continue to try to make them cheaper, more reliable 
and more effective. That, in itself, is a big job which will 
take a lot of talent and money during the coming years. 
That is the challenging job which American industry 
and American technology must not lose sight of. 

Obviouslyy also, the rocket techniques which will 
carry sizable warheads on trajectories of 5,000 miles or 
so on earth are also automatically adequate, with but 
moderate changes, to launch earth satellites of a few 
hundred pounds weight, more or less, into orbits around 
the earth-and even out to the moon or beyond. 

AMilitary satellites 

What military value will suoh satellites have? 
First, they will make fine reconnaissance vehicles. 

With suitable optical and telemetering equipment, they 
will provide interesting pictures of most of the earth's 
surface every few days, if the orbit is properly chosen. 
Let's hope we can load enough (batteries aboard so we 
won't have to send up a new vehicle every two weeks or 
so because the old one's batteries have run down. 

Second, our military satellite will be good for weather 
observations-and military men always seem to be 
interested in the weather. 

That, as far as  I can see, is about the end of the story 
on the military value of earth satellites. Probably some 
communication techniques will be worked out; possibly 
someone can figure a way to use satellites for radar 
antennze. But as weapon delivery systems they are clearly 
not very interesting. You can't drop a bomb from a 
sa~ellite; it just won't drop! And to project a bomb to 
earth accurately is most difficult. You may not have to 
treat the bomb quite so gently as a man, but you do have 
to land it at exactly the right place. Besides, the ballistic 
missiles we already have, which started all the excite- 
ment in the first place, are quite adequate weapon car- 
riers-a lot more accurate, cheaper, more reliable, more 
flexible, and more instantly available for use than any 
satellite could be. 

Thus, the military value of developing very large 
rockets (of a million pounds thrust or more) solely for 
the purpose of launching very large satellites would 
appear to be very small in the immediately foreseeable 
fulure. 

What about a military base on the moon? 
There have been some extraordinary statements made 

on this question in recent months. Here is a typical one 
from a Sunday newspaper supplementy in an article by 
a Washington correspondent: "A base on the moon with 
elaborate equipment and highly-trained men (Whut are 
the men breathingy I wonder?) would be an observa- 
tion post surpassing anything military strategists have 
dreamed of in  history." ( I  a m  not familiur with m i l h r y  
strategistsy dreams-but 1 d o  know that from the moon 
only one side 01 the earth faces you at a time, and /or a 
good jraction of each month that )ace will be in  total 
darkness. Much of it will probably be covered by clouds 
anyway-and anyone who thinks he can see mummade 
objects jrom 240,000 miles away is a bit optimistic.) 

But the quote goes on: "It (the base on the moon) 
coulld launch weapons of great destruction (the very same 
weapons we've got right here on earth now, 1'11 bet you) 
with terrible acouracy (terrible is right) on any target 
on earth. I t  could also be done without the slightest fear 
of retaliation. (Re ta l idon  against what? Nobody on the 
moon could stop the enemy from wiping out New Yorlc, 
Washington and Los Amgeles.) For usy reaching the moon 
first is a defense necessity." 

That's what the man said! I t  is my firm opinion that 
this is utter nonsense. I t  is nonsense for many reasons. 
I will mention only three: 

1. Why transport a hydrogen warhead? together with 
all men and equipment for establishing and maintaining 
a base, 240,000 miles to the moon, just to shoot it 240,- 
000 miles back to earth? when the target is only 5,000 
miles away in the first place. I can think of no gain that 
is worth the colossal cost. 

2. If you did launch a bomb from the moon to a 
target on the earth, using, of course, an orbit that re- 
quired the minimum amount of fuel, the warhead would 
take five days to reach the earth. The war might be over 
by then! An ICBM can reach any target on earth in 20 
minutes. 

3. As to retaliation, if we have rockets good enough 
to land men and equipment on the moon, the enemy will 
surely have rockets good enough to put a hydrogen 
bomb (a  much smaller payload) at the same spot. Either 
people will land on the moon for peaceful purposes by 
mutual agreement-or else we will surely launch the 
nuclear war here on earth which we are all trying to 
avoid. I'll willingly fight a war to keep the Communists 
off our shores-but I am not interested in getting blown 
up to decide who shall have a military base on the moon. 

T h e  challenge 

As I see it bhen, the challenge of the space age is 
whether we use the great new technologies of space travel 
for peaceful and scientific purposes-conducting a bold 
and exciting program of research and exploration-or 
will we be led into wild programs of Buck Rogers stunts 
and pseudo-military expeditions? The decision is goins 
to be made soon, and it is high time that the best people 
in America-including the best people in industry-do 
some good hard thinking about  it^ , 
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A Search for Simplicity 

Biophysicists search for the smallest known virus 

that can give a clue to the hereditary pattern of the gene 

by Robert L. Sinsheimer 

On most campuses the gulf between physics and bi- 
ology is so vast and deep that an onlooker might assume 
that one group was composed of matter and the other of 
anti-matter, so that annihilation would be the fate of 
anyone who attempted to bridge the gulf. Having resided 
in a physics department for eight years, I know phys- 
icists are not as different as all that, and this lack of 
contact between these areas is, to my view, a pity, for 
biologists have certainly much to learn from physics that 
will be of the greatest value in the solution of their 
problems. 

I am not so sure that the converse is valid; I am not 
sure that biology can contribute much to physics in a 
fundamental sense, although it can certainly offer the 
stimulation of an entrancing field, with wide scope and 
opportunity for the ingenious application of physical 
principles and concepts and techniques. 

Actually, of course, an increasing number of people 
do work in the tenuous area between biology and phys- 
ics, and some of these people even go so far as to call 
themselves biophysicists. Physics is the study of the 
properties of matter and energy. Biology is the science 
of life in its myriad manifestations. One of the most 
important areas of modern biology can be loosely called 
molecular biology. Molecular biology might be defined 
as the attempt to achieve an understanding of some of 
the remarkable phenomena of living organisms in terms 
of the structures and the physical and chemical interac- 
tions of their components-that is, in terms of the struc- 
tures and reactions of the molecules, the macromolecules, 
the particles, which are found in living matter in an 
orderly and often highly organized pattern. 

If the people who are engaged in this activity tend to 
derive their concepts, their techniques, and their mode 
of approach from physics, they are likely to consider 

themselves as falling into a loose category called bio- 
physicists. If, conversely, they tend to draw their con- 
cepts and techniques and mode of approach from chem- 
istry, they are likely to consider themselves biochemists. 

Actually, very few of the people in this field are so 
narrow as to restrict themselves to the use of a purely 
physical or a purely chemical approach. In general, the 
biological phenomenon-be it photosynthesis or gene 
duplication, muscle contraction or nerve conduction-is 
the source of inspiration, and the scientist seeks to attack 
the problem with whatever means he can devise-be they 
biological, chemical or physical in nature. But I think 
it is clear that if a man's background is in physics and 
mathematics he is more likely to choose a quantitative 
physical approach than a qualitative chemical one, a t  
least if he can devise one to answer the problems at hand. 

Operationally, biophysics can be best defined in terms 
of the activities of those people who consider themselves 
to be working in the field. And so perhaps I can best 
give you a glimpse of a small area of the field by briefly 
describing the more recent activities of a self-designated 
biophysics laboratory at Caltech. 

The broad biological problem with which I have been 
vitally intrigued for some time is represented by the 
word gene. More specifically, I am interested in the prob- 
lems of the structure of the gene, the manner of its 
action, and the mode of its replication. Now genes are, 
formally speaking, simply units of heredity, and initially 
the idea of a gene was a purely abstract conception. I t  
is a biological observation that a plan-a pattern of 
heredity-is passed from each generation to the next 
generation. Each organism, each of us, develops from a 
single cell which, at the time, possesses within itself a 
plan that leads, in due course, to the development of the 
mature individual. And each individual retains many 
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copies of that plan which he may pass on to his de- 
scendants. 

One of the first triumphs of genetics was to show that 
this plan is unitary in character. It is made up of dis- 
crete entities or factors called genes. When stocks are 
crossed equal numbers of genm from each stock are 
pooled-in a precise way, to be sure. When a mutation- 
a change in the hereditary plan-is observed, i t  is found 
most often to be the result of a modification of one of 
these units. 

To a physical scientist it usually seems almost self- 
evident that there must be some physical object, some 
structural entity, correspondingto each gene. To a 
biologist, more accustomed to thinking in terms of dy- 
namic interacting systems, this has not been so obvious. 
Lest we be smug, let us remember that the discreteness of 
nature, the existence of atoms, was debated for many 
decades. In any case, it has only been relatively recently 
that techniques have been available to make the issue of 
the nature of the gene anything other than an ideological 
debate. 

For this discussion I am going to assume that there is 
a discrete structure corresponding to the unit of heredity. 
To learn, then, the physical basis of these units of he- 
redity, to learn how they are copied at  every cell division, 
to learn how they direct the activities of the cells, of the 
embryo, of the whole organism as it develops and the 
hereditary plan unfolds-this is the broad prohlem. It 
is clearly a central problem in biology and it  is one that 
has attracted many workers from varied disciplines. 

As stated, the prohlem seems deceptively simple. In 
truth, it is extraordinarily complex and. with our pres- 
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ent limited vision, difficult of access. There are many 
conceivable approaches to the problem, and how any 
individual will approach it is certainly a function of his 
background, his knowledge, and his intuition. 

Physicists and people of like mind prefer to work 
with simple isolated systems, with arrangements in which 
ah many variables as possible are controlled, or  else are 
at least surely ignorable. They also, and with good rea- 
son. prefer systems that are amenable to quantitative 
analysis. Now, one may question whether even in prin- 
ciple (technical difficulties aside) a gene can ever func- 
tion in an isolated system. For instance, one may ask 
whether its function might require a sort of feedback 
from the result of its function, but we are not ready for 
such questions yet. Surely, at present, a gene can only 
find expression in a living organism. But in a search for 
simplicity one can take certain plausible steps. One can 
first of all look for an organism which is both qualita- 
tively and quantitatively of a minimum complexi ty~an 
organism for which the hereditary plan might therefore 
be of a minimum complexity. If one takes this approach 
and looks about for the simplest (or more accurately, 
the smallest) object that can cause, in an accurate way, 
its own duplication-that carries a plan of heredity 
which is at least believed to be unitary in character and 
which is mutable in the usual way-one's attention is 
soon drawn to the \ '  'iruses. 

Parasitic aeries 

I t  must be said right away that viruses lack many of 
the attributes of life. They must, in a sense, sponge oh 
their host for preformed parts, for catalysts, for energy. 
But viruses do have the remarkable power to reorganize 
the synthetic machinery of the host and use it to bring 
about their own specific replication. They seem to rep- 
resent in a stripped-down form just that portion of the 
living organism which is central to our prohlem of the 
gene. A virus, in this sense, represents an organized set 
of independent~and parasitic~genes. 

Viruses are known to prey upon nearly all living 
species, and here again, in a search for simplicity one is 
led to concentrate upon the bacterial viruses, the bac- 
teriophages. The simplicity here may be a little decep. 
bive, but at least the host, the bacterium, is a single. 
celled, undifferentiated creature that may be grown in a 
precisely defined environment under quantitatively re. 
producible conditions. 

Further, the bacterial virus particles may be quan. 
titatively assayed by methods of great delicacy. I t  is 
easily possible to detect single virus particles. Thus one 
bas means to detect in the range of lvl: to 1017 grams 
of virus, dependent upon the particular virus. Yet it is 
quite feasible to prepare lo1& particles. These features 
have been, and remain, a basic advantage that has per- 
mitted bacterial virus work to far out-distance work on 
other viruses. Bacterial virus work is quantitative and 
the conditions of bacterial virus growth can he readily 
and quantitatively varied. 

Engheering land \Science 



The Shape of Progress is-AIRFOIL! ke advantage of this exclusive offering, call your 
nearest Sturtevant Division Sales Engineer, or write 

Only Westinghouse offers you the effectiveness and 
Westinghouse Electric Corporation, Department D-26, 

quietness of Airfoil Blading in a complete line of cen- 
trifugal fans sized to AMCA (NAPM) Standards. Hyde Park, Boston 36, Massachusetts. 

Westinghouse offers these bonus heliefits in capacities J-so%m 

up to 700,000 cfm and four AMCA pressure classes up to 
16% pressure: -----+--- YOU CAN BE  IFIT^ IT^ . Lowest Operating Cost . Quiet Operation --- -- +---- Capacity Protection 

tinghouse 
7----- 

rn Non-Overloading Power Feature -Ãˆ-- ---Ã 

April, 1958 



Molecular model of the two-chain helical structure for 
DNA proposed by  Watson and Crick. DNA is believed 
to carry hereditary information in the sequences of its 
four or five component building blocks. 

Now, bacterial viruses are of many kinds and quali- 
ties. All of them are particles with structure and with 
some degree of functional organization. A bacterial virus 
that has been easily the most intensively studied goes by 
the name of T2. 

This virus (shown on p. 22) is about 600 angstroms 
across and 800 A long, in the head; it has a tail which is 
about 1000 A long, and has a particle weight of about 
250 million. I t  has, thus, about 1/2000 of the mass of its 
host bacterium. Structurally, this particle is composed 
of an  outer sheath which is protein in nature, and an 
inner core which is composed of a small number (of the 
order of 10) of large macromolecules of a substance 
called nucleic acid. Each of these nucleic acid macro- 
molecules is of the order of 13 or 14 million in mole- 
cular weight. The sheath is differentiated into the head, 
the tail, and an organ of attachment at the tip of the 
tail which is the means by which the particle attaches 
to its host bacterium. 

If a suspension of these particles is mixed with a sus- 
pension of susceptible bacteria, the particles, in Brown- 
ian motion, collide with and attach to the outer mem- 
brane of the bacteria by the tail. 

At this moment the fate of the bacterium is sealed. 
About 20 minutes later the infected bacterium will burst, 

and as it does, some 200 virus particles just like the 
one that initiated infection will be spewed out. This is a 
really dramatic result. It was first discovered here at 
Caltech 20 years ago by Emory L. Ellis and Max Del- 
bruck. In the ensuing two decades, a great many in- 
genious experiments have been performed to find out 
what goes on inside the host cell in those 20 minutes. 

The more salient results of these investigations have 
told us that in the first minute or so, in some manner, a 
hole is produced in the bacterial wall at the site of at- 
tachment and the nucleic acid core of the virus is, so to 
speak, injected into the bacterium. The protein sheath 
has done its work; it can now actually be dispensed with. 
The injected nucleic acid brings about, first, its own 
replication (the production of more virus nucleic acid) ; 
then the development of new protein coats; and, finally, 
the assembly of the mature virus particles that are re- 
leased when the cell bursts, or lyses. 

The hereditary plan 

Now, these virus particles have definite hereditary 
traits that are passed on to their progeny. They may or 
may not attack certain host bacteria; the time of lysis 
may vary from strain to strain; they may differ in tem- 
perature resistance, in resistance to radiation, in their 
chemical composition, in their antigenic nature. Viruses 
mutate to new characters; viruses can also 'be mated by 
infecting the same cell with several particles; if these 
have different characters, recombinant types with new 
assortments of the parental characters are found, indi- 
cating the unitary nature of the hereditary pattern. So, 
these viruses have a hereditary plan that determines both 
the nucleic acid and the protein component of the pro- 
geny. Yet, effectively, only the nucleic acid enters the 
cell; so, logically, it must carry the hereditary plan. It 
seemingly must, here at least, be the bearer of genes. 

There is not time here to buttress this conclusion, to 
cite all of the other evidence, direct and indirect, that is 
available from other organisms to confirm the view that 
these macromolecules we call nucleic acids are the he- 
reditary factors. For viruses, the evidence seems conclu- 
sive. . 

If the nucleic acid carries the hereditary pattern, in 
what symbols, in what code, is it written? Here we enter 
what is at present a realm of pure speculation. Seem- 
ingly, the pattern must be expressed in the structure of 
the nucleic acid molecules. Fortunately, we believe we 
know the general form of the structure of these macro- 
molecules. 

The nucleic acid found in bacteriophages such as T2 
consists of two helical chains (shown above) wound about 
each other and linked to each other by weak but specific 
bonds. Each chain is a linear sequence of monomeric units 
called nucleotides, of whioh there are usually only four 
or five kinds. For want of a better thought, it is presumed 
that the information, the hereditary pattern, must reside 
in the sequence of these four or five kinds of nucleotides 
along the chain. 
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int concentration gradient s e ~ s  u p  a centrit 
low and at equilibrium a densit? gradient u .. 
inalogous to the density "arlient in the atmosphere 

If particles are suspenrlerl i n  lhi. stratified salt mli 
. . . . . .  . . 

hat the width of fhi- ;  bixnti is invrr:f*I? rrla!r<1 to ibr 
nolecnlar w?izht nf ~ h r p : i r ~ i d c .  

Fortunately-a: i =  chnvn lielow-it turned out that the 

A !, 
'nsit-y gradient yi i~dimci i ln l i lm of a par / , ia / /y  

X I 7 4  virn.s prcf inr i f i ion in i h r  analytical u l r n  

ge. Density incre.n,?e.'i from right to lc j t .  The. dri.rf; ban 
i d k a t e s ,  b y  ahforp!ion ,P/ f i i r  ultraviolet h'sfit. i h  



4 B 

Density gradient sed)mentation of a r n z v t ~ ~ r ~  of TINA 
physica"y from 0x174 and T2. Density mcreaws from rtglt! to 

left. The  dark band A indicates the position of the DNA 
of 0x174, while thr dark hand 8 iml1cates the position 
o f  the less-dense DNA from the T2  virus. 



To engineering undergraduates 

who want to plot a better 

career curve.. . 

HELPS TO RELIEVE 

ENGINEERS OF 

ere a re  no "dead end" jobs at Douglas. As 
am, you'll be encour 

ynur fu l l  talents. I 

and the kind of fu ture  you v-ant. Wherever you 
to locate -- in California or  across the nation - 
Douglas has a top assignment for  you. 
For important career opportunities in your field, write: 

c. c. LaVENE 
DOUGLAS AIRCRAFT COMPANY, 
SANTA MONICA, CALIFORNIA 



The world we live in is in large part the product of the 
scientific thought and accomplishment of the past, trans- 
lated into engineering achievements. Whether we continue 
to  go forward depends on whether the scientific curiosity, 
the imagination, the careful thought, and the logical 
analysis of the past, upon which today's technical achieve- 
ments were built, can exist and flourish in the environment 
of the new world. 

At Avco Research and Advanced Development Division, 
and a t  other places in the free world, an atmosphere exists 
in which the inquiring mind may live and create. We have 
the technical assistance and the facilities by which ideas 
are converted into concrete accomplishments. Many things 
have been done, and infinitely more remain to be done- 
the world of scientific thought is unlimited and promising. 
From the products of the mind will come the technical 
world of tomorrow. 

Assistant to the President 

now under construction in Wilmingtun, Massachusetts. Scheduled 
for completion this year, the ultramodern laboratory will house 
the  scientific and technical staff of the Avco Research and 
Advanced l~e ie loument  Division. 

Avco Research and Advanced Development Division now 
offers unusual and exciting career opportunities for exception- 
ally qualified and forward-looking scientists and engineers. 

Write to Dr. R. W.  Johndon, Scientific and Technical Relations, 
d uro Research and idvancfd Development Division, 
30 South Union Street, Lawrence, Massachusetts. 



out Caltech 

First National Rank in Los Angeles i r  
>resident of Vorthrop since 1954. 

1 member of the Lick Obbervatory in San~ia,zo, Chili 
from 1911 to 1915. and in 1918 he joincd the staff t 

Wount Wilson, continuing his investigation- with the 6C . .-e. . . .. . . **. 

>holographs of the spectra of ^cnnl red rarbon"' stai 
ire accepted as the best ever made in hi= firld. 



ientists * Mathematicians.. . 

I Better Advancement Opportunities 
egree Educational Program 

As greater emphasis is put on missile's role in U.S. defense, our own 
missilc projects will continue to expand. This, growth potential-coupled with 
our youth as a division-means better opportunities tor you to move 
rapidly ahead in a career with Lockheed Missile Systems. 

Under the Advanced Study Progi<.nii, the Lockheed Gr'idudte Study Council 
offers> qualified students the uppoi tunity to earn advanced degree;) ~ h i l e  ~ i i l p loy~d  
in their chosen fields at Lockheed Missile Systems. Eligible students must be 
U. S. citizens holding B. S. or . S degrees in engineering, mathematics, or science 
applicable to missile systems research and development. 

Extensive laboratory facilities at Palo Alto and Sunnyvale, 
near Stanford University, provide an atmosphere to satisfy the most inquisitive 
scientific mind, yet pique the desire for further knowledge and achievement. 
Both locations are less than an hour's drive from San Francisco. 

For further information, contact your Placement Officer, or write College Relations 
Office, Lockheed Missile Systems, 3251 Hanover St., Palo Alto, Calif. 

A DIVISION OF LOCKHEED AIRCRAFT CORPORATION 

S U N N Y V A L E  P A L 0  ALTO * VAN N U Y S  S A N T A  C R U Z  CALIFORNIA 

Advanced Study Program phyiik~ student 1. T .  Naff charges up the condenser of a 
high velocity shoe k tube preparatory t o  firing. Nafi, a graduate of Louifiiatu~ Polytei hnic 
Institute, is working on his Muster's Degree at the University of California, 
while employed at Lockheed's Palo Alto Research and Developtnent Laboratory. 



Student Life 

The Red and the Black 
- or who's got the moral fiber? 

Life ran an interesting article last month-a com- 
parison between high-school education in the United 
States and Russia. The cover was split to show a repre- 
sentative of each system: Johnny, a handsome, clean-cut, 
all-American, but unfortunately quite stupid youth; and 
Igor. a sneaky-looking lad, with mustache and leer- 
good commissar material for the next generation (just as 
Johnny will probably be a good congressional candi- 
date). 

The article first follows Typical John through a typi- 
cal day at his typical American high school. After a 
wastefully large breakfast, he pauses only to read Uil 
4 h r  (his favorite), then leaps into his hot rod for a 
quick dash to the home of his latest teen-age queen. She's 
the cute-blonde, tight-Bermuda-shorts type-not too cheap- 
looking though, so she's probably a student leader (first 
to memorize the Pledge of Allegiance, etc.) 

Once at Central High. John plunges into a hectic 
routine of degenerate fun. History. geometry. English- 
he's equally ignorant of all of them. He browbeats the 
teacher with witty comments on his ignorance. and the 
class laughs with him. But his real hour to shine comes 
during Club Period. Handsome and gregarious Johnny is 
president of a Hi-Y, Key Club. Service Club. and prob- 
ably a secret fraternity. too. He mismanages all of them. 
hu t  hes  such a neat guy nobody cares. 

4.fter school John spends 100 percent of his time pur- 
w i n p n o r e  teen-ap queens. using the seductive charm's 
o f  rock n' roll mu~ic.  Pepsi-Cola, and miniature golf. (If 
he lkes in  New York City. he may lake time off now and 
then for a rumble ~ i i t h  the rha l  Hi- . The conclusion 
i unavoidable: Johnny is a worthless wastrel: 
moral fiber is disintegrating. 

law's daily pattern forms a Spartan wntrasl. Every 
; > I d  Moscow morning he trudges several miles through 
the snow to a gray stone building. the local learning fac- 
tory. There he spends long hours absorbing world history 
( r e G e d  Russian edition ) , foreign languages (especially 
English), and-most menacing of all-math and science. 

One picture shows him sitting at a long bench. with 
several other drably-uniformed boys and girls. The teach- 
er s a mannish-looking woman, the type that even 
Johnny would think twice about browbeating. On the 

walls are voltmeters, Leyden jars. and other such exotica. 
Igor has his hand in the air and an anti-American gleam 
in his eye. Perhaps he's on the verge of another hreak- 
through for Russian science. 

Igor belongs to only one club-the Young Communist 
League. Until recently Igor has had no time for women. 
Someone, however, has pointed out the necessity of carry- 
ing on the Russian race, so now he is quite often seeing 
one of the uniformed girls. Perhaps, if he's really a mad 
romantic at heart, he's bu'ilding an electroscope to give 
her next Khrushchev's day. 

Igor gets his big kicks, though, another way. Every 
evening he plays a game of chess with his buddy from 
the next tenement. Of course he usually wins. Moral of 
the story: Unless America gets serious about its high- 
school educational system. Igor and his friends will he 
taking over soon. 

Bunk! Many of the people who come to Caltech. for 
instance. tend more to Tgor than Johnny. And one of the 
most important things the school tries to do is break 
these people out of their isolation. I don't see how an 
engineer. mathematician. or scientist can be of much 
value to the community without an understanding of 
people. Our present high school system does a splendid 
job of providing t h i ~  understanding. It's a case of under- 
stand or wither. Quite a f e w  wither. but more understand. 

Secondly: In  the high schools I've seen (public school<. 
middleclass neighborhood1-; I the ~tudent1-; haie been more 
serious about their schoolwork than was apparent to the 
r-asual observer. ( h d  I think Life's o p e n e r  'v,as prettv 
ra-mal. ) I can't l ~ e l i e ~ e  that e w q o n e  i r i  [he Rwi-ian 
schools is an Igolr. pither. If i h q  here. 1ht3- 1T.S.S.B. 
would have cracked in half the first time sorneliodi 
laughed at it. 

Thirdly, and most important. I do believe our high 
schools are more fun than Russia's. Good. Any  system 
that provides four enjoyable years for nearly everyone 
is well worth saving. Why should we be ashamed of the 
fact that our schools are more fun? This is real democ- 
racy. Not only a vote and a toice for everyone, hut an 
enjoyable life, too. I cay let Johnny keep his hot rod. 
He'll have pleni) of lime for the serious life. 

-Brut2 Efron '60 



more about job help ing  t o  create the machines 
Timken bearings that create Better-ness, write for: 

es-ma- "BETTER-ness and your career 
ives. It's a t  t he  Timken Company". T h e  
any calls Timken Roller Bearing Company, 
a career Canton 6, Ohio. 

0 

THE M E N  TAPERED ROLLER W BEARING TAKES RADIAL Â£ AND THRUST -+@* 

April, 1958 .) I .) I 



Personals 
1928 

Arnold 0. Beckman. PhD, president of 
Beckman Instruments, Inc., in Fullerton. 
California. has been auuointed to a Na- . . 
t iond advisory Lommittee on Radiation in 
Washington, D.C. The committee works on 
the development of adequate safeguard" 
against the hazards of radiation. 

Alfred 0. Ne'itle, chemist a t  Texaio'1- 
Bellaire laboratorie~, is co-patentee of a 
recently iceued patent entitled '"Lost ( ircu- 
lation." He ha, also been awarded three 
patents which deal with oil and gas wells. 
drilling and completion. Al has been with 
Texaro since 1928. 

1930 
Walter D. W ilkinson is  senior metallurg- 

ist at the Argonne National Laboratory and 
ia a-ssigned to teaching reactor metallurgy 
at  the International School of Nuclear 
Science and Engineering. 

Nathan I). I? hitnlan, Jr.. MS '32. con- 
Â¥itructio engineer, was president of the 
L.4. section of the American Society of 
L h i l  Engineers last year. 

1931 
George F.  Wi'ilicenii'i. MS. Phi) '34. is 

now profe~qor of aeronautical engineering 
and dire( tor of the Garfield Thomas Water 
Tunnel at Peon State Unkeraity. 

1938 
Edmond F. Shanahan has announced the 

formation of a law partnerchip with Vernon 
11. Beehler in Lo, 'Vngeleq. Under the firm 
name of Beebler and Shanahan. they will 
~pecialize in patent, trademark, copyright 
and unfair competition causes. 

1939 
Churlex If. Townrs. Phi), professor of 

phvsi(s at Columbia University ha^ twen 
named ~ i r ~ n e r  of thr 1957 Rwearch Cor- 
poration $ward for hi- outitanding %ark 
in mic rob avr Â¥Â¥p trowom. i former 
rnfmbn of the techni(a1 itaff of the Bell 
'f elephom Lniboratorit- he paint d interriii- 
tioricil re(ognition a f t  v, vear,- ago for hi- 
de^loprnent of an ' atornip rlock . 

10W 
Keith  E. lniltr<-on haÂ rebigrid i2-  

rtgiorial driiinagc and  giouiidvinter i ngi 
riper for the Bureau of Re~~lamation and 
opt ned offite-i ac a (on-'ultant in engirleer- 
ing arid g~ologv at B o w ,  Idaho. 

Mark M .  Mills. Phi) "48. deputy director 
of the University of f alifornia's radiation 
laboratory at Litermore. was killed in a 
helicopter (rash at Eninetok ktoll on 
April 7. He was 40 vearq old. 

On a mission related to the forthcoming 
atomir tests in the Pacific, the helicopter. 
with s t i t r a l  other scientist3 aboard, was 
forced down by a rain squall off one of the 

islands. The other passengers escaped 
'erious injury. 

During World War 11, Mark was a 
leader in deieloping solid rocket propel- 
lants at JPL. He joined the Livermore 
laboratory in 1953 as head of the theoreti- 
ral physics and mathematics division. f ie  
hecame an a\sociate director in 1956 and 
was recently named deputy director. 

He leave's his wife. a daughter, Ann, 
and a son, Mark John. White House Press 
Secretary James Hagerty, who described 
Mark as "one of our top scientists'" said 
that President Eisenhower had sent a per- 
sonal message of sympathy to the family. 
4nd,  in his message of condolence, Lewis 
Straws, (tiairman of the \EC, said that 
Mark's work had "contributed materially 
to the defence of the United States and 
the free world." 

Col. Vorrnnn L. Peterson. MS, has now 
assumed rommand of the USAF Air 
Weather Service. He has been deputy 
r-ommander sin( e August, 1954. Head- 
quartered at Andrews 4FB. the U S a F  
Air Weather S e n i t e  i s  the component of 
the Military Air Transport Service, charged 
with the provision of weather support to 
Air Force and 4rmy units throughout the 
world. The Peter'ions have three children 
- Sandra. 18: Diana. 14: and Malcolm. 11. 

la1 
H .  Guyford Steier. Phi), associate dean 

of engineering at  MIT, ha< been named to 
head kpec icil cornrnittce on apart, tet h- 
nology for the National 'Vdtiwry Commit 
tee for Aeroriautici. The committee will 
help to (oordinate and bring into sharper 
focus the "-tit)-stantial and increaiing effort 
of the ^\( 4 on problems of flight beyond 
the earth's atmoqphere. 

19.42 
Edward B. Lewh. PhD, VIS '13. professor 

of biology at  Caltech. has been named a 

mernti~r  of a new National Achiqorv (-om- 
mitt# t, on Radiation in Wa~hington. D.C. 
The rorrirnittf t Â¥ art i i  itics for radiologira! 
health i oricerri re-ear( h, epirlemiologiral 
studit"-. moni tor i~g  of milk, wji~er and air, 
and t Ã  hnif a1 w-i-t.inii to Â¥;(:it tjn riidi- 

ation ~ s f e t ~ .  

(noifn P. %ittun If̂  13 wa- !  iecentlv 
eletted pre<ident of the 4merkari Rocket 
Society. George i~ (liief of preliminary dc- 
nigri for Rorketdyne and has also heen 
.elected to serte on a panel of the Prfsi-  
dent's Committee for the Development of 
Scientist-i and Engineers. G e o r g ~  reports 
that he hde been happily married for al- 
most three years. With their two daughters, 
the Suttons Iise in Woodland Hills. 

ISilliani L. Rogers. manager of the A-zusa 
plant of the Aerojet-General Corporation, 
celebrated h k  15th year with the company 



Your first position after graduation 
will determine the direction in  
which you will grow in engineering 
knowledge and ability. 

Garrett offers engineering career 
opportunities which will expand for 
many years to come. 

They include the following in the 
fields of aircraft, missiles and tech- 
nological industry: system elec- 
t r o n i c s ;  c o m p u t e r s  a n d  f l i g h t  
instruments; gas turbine engines 

and turbine motors; prime engine 
development; cryogenic and nuclear 
systems; pneumatic valves; servo 
control units and air motors; indus- 
trial turbochargers; air conditioning 
and pressurization and heat transfer. 

In addition to direct assignments, 
a %month orientation program is 
available to aid you in selecting your 
field of interest. This permits you 
to survey project, laboratory and 
administrative aspects of engineering 

at Garrett. With company financial 
assistance you can continue youredu- 
cation at outstanding universities 
within easy reach of your employ- 
ment. 

Project  work is conducted by 
small groups where individual effort 
i s  more quickly recognized and 
oppor tuni t ies  f o r  learning and 
advancement are enhanced. For full 
informat ion write t o  Mr. G .  D. 
Bradley. 

eOmWORATBOBB 

S85f s. SEPULVEDA BLVD., L O S  ANGELES 45 ,  C A L I F O R N I A  

DIVISIONS: AIRESEARCH MANUFACTURING, LOS ANGELES * AIRESEARCH MANUFACTURING. PHOENIX AIRSUPPLY 

AIRESEARCH INDUSTRIAL REX AERO ENGJNEERING * AIR CRUISERS * AIRESEARCH AVIATION S E R V I C E  

April, 1858 35 



MARS outstanding design SERIES 

rock 'n' fly 
A design combining the aerodynamic principles of 

ring wings, clucted propulsion and elevons is the novel 
concept for this all-purpose utilitj plane that "rocks"' 
o n  tale-off and landing. 

Resting on  the ground hori7ontalli. the plane is 

The 2886 Mors lumoqroph drawinq pencil, 19 
dr-qrecs, EXEXB to 9H The 100' Mors Technico 
push button lead holder 1904 Mars-lumograph 
imported Ipods, 18 degrees EXB to 9H M i r s -  
Lumochrorn cclored drofhng pencil, 24 colors 

at all good engineering and drawing material suppliers 

-us 

in 1957-and al-o the 15th ? fa r  of the 
founding of V~rojet .  

1w 
( harli \ P. "Sirifklor~d. ST.. haÃ been 

named manager of the ~ou thwes t  district 
for the 1 ork f orpciratifm. subsidiary o f  
Borg-Warner. In his new ac'-ignment. he 
will kupfrviv* York ai'tivitie's in Loui~iana.  
Texas, and por t ionwf  Vlabama, Vrkan.as. 
\ti-iq'sippi and New Mexico. The  Strick- 
l:+rict~ l i i e  in Hnii'-^tori. Te \a<  a n d  have 
three children - Anita, 11 : Frederick. 3: 
and ( harlene. 1. 

Rilfiord E. MiWeth t .  who if. in the in- 
eurtixu F bu=ine--i in Aurora. Illinois. write- 
that  "nothingrneft ha" happened e w e p t  
that I haie  acquired two horses to gn along 
with the wifp and three kid".'" 

rillin R. Eaton. MS. * u p e r ~ i w r  of the 
aerodynamic, group of the applied physic's 
laboratory of the .John< Hopkiris Univer- 
city. reteived a Navy Meritorious Public 
S e r i k e  ( itation in December, for his work 
on the deielopment of the Terrier guided 
missile. 

19U 
Eugene K'. Bolster write" from Camino. 

( alifornia: "Vm the n'xner of 67 arrec 
here. We have 17 acres planted with apple 
tree<-and ftill  ha le  33 more. thi- and the 
following hpring. They're mostly Golden 
Re1itiou-s and some Red Deliciou~, Wine- 
'at! and  Rome Beauty. We derided the 
country life would be more fruitful ( n o  
pun intended 1 in dl] way'--GO I sold my 
bu-ine= intt r(--t-. etc.. and moved. Won- 
d ~ ~ f u i  spot to rai-e thf four children It'. 
only 50 milt. from Lake Tahot on High 
nay 50- good hunting. fishing, and lot- 
of good honest work. with only the weather 
and one'- iomrnon ~ e n < e  the limiting 
f ictor-.- 

(.fore( M .  Osgootf write- that "after ten 



hydraulics, the field , , . of John Jandovitz, 
BSME grnduottf of College of City of New 
York, '52. University of Tennessee, '56. 

widest range of industiml products h choice 
of Roy Goodwi l l ,  BSME, Michigan State 
College, '54 

Starting up a cement plant in Mexico 
after coordinating ell  work on it i s  latest 
job of John Gibson, BS Met, E., University 
of California, '54. 

HERE'S variety at Allis-Chalmers. Whether 
you're thinking in terms of types of industries, 

kinds of equipment, types of jobs, or fields of work, 
the diversification of Allis-Chalmers provides un- 
surpassed variety. For example: 

Types of jobs Industries 

Research Agriculture 
Design Cement 
Manufacturing Chemical 
Application Construction 
Sales Electric Power 

Mining 
Nuclear Power 
Paper 
Petroleum 

Equipment 

Tractors 
Kilns 
Screens 
Earth Movers 
Transformers 
Crushers 
Reactors 
Control 
Pumps 
Motors 
Steam Turbines 

Nucleonics is chosen field of R. A. Hart- 
field, BME, Rensselaer Polytechnic Institute, 
'53, Currently he i s  working on design and 
development of new nuclear power plant. 

Fields 
Metallurgy 
Process Engineering 
Mechanical Design 
High Voltage Phenomenon 
Stress Analysis 
Nucleonics 
Electronics 
Hydraulics 
Acoustics 
Thermodynamics 

An outstanding training program, started in 1904, is available for those with sufficient background. 
is designed to help you find the activity within Learn more about Allis-Chalmers and its train- 
these groupings for which you are best suited. Up ing program. Ask the A-C district office manager in 
to two years of theoretical and practical training your area or write Allis-Chalmers, Graduate Train- 
are offered. Direct employment a t  Allis-Chalmers ing Section, Milwaukee 1, Wisconsin. 

E 



CRESCENT 
HYVOLT SHIELDED POWER CABLE 

I CONDUCTORS HYVOLT METAL 
INSULATION \ W:kDING \ 

RUBBER- 
SEMI-CONDUCTING 

I 
NEOPRENE 

SHIELDING FILLED SHEATH 
TAPE TAPE TAPE 

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

CRESCENT INSULATED WIRE & CABLE CO. 
Y E A R S  

TRENTON, N. J. 0 ExPEuIEKCE 

i i ' i  ' *  ,- 
for comm~rcial 

fluorescent applications 

when you think of 

PERFECT VISION Luminaires combine attrac- 
tive styling with even light distribution and 
high efficiency.. . easier hanging and lamping. 
Insist on the genuine, original PERFECT VISION 
Luminaire. Be sure it carries the SMOOT- 
HOLMAN label! 

Write for brochure with performance data 

COMPANY, Ingkwooil, Gfzlifornia 

.3 8 En,gin eering^ and Science 



an-inch streiches and deflec- 

Here's What Condenser Engineering 
at Ingersoll-Rand can mean to you..  . 

Steam condensation plays a vital role in 
every steam power plant, or wherever con- 
densing steam turbines are used throughout 
industry. Linking the turbine exhaust to the 
steam generator, the condenser completes 
the steam-water cycle-conserves boiler-feed 
water and lowers the turbine exhaust pres- 
sure to improve efficiency. Although basically 
simple in construction and operation, the 
steam condenser is one of the most highly 
engineered of all I-R products - every unit 
designed for its specific application. Hence 
condenser engineering a t  Ingersoll-Rand of- 

fers exceptional opportunities for accom- 
plishment. 

Ingersoll-Rand is also a recognized leader 
in the design and manufacture of the special- 
ized industrial equipment shown at  the right 
- all requiring a high order of engineering. 

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

OPPORTUNITIES FOR ENGINEERS - Sales Engineering * Production Engineering 

Design Engineering * Business Engineering 

V 11 ~.oodwoy.  New ~ o r k  4. N, Y, 

also means 
I E A D E R S H 1 P  

in 

Compressors and Blowers 

Centrifugal Pumps 

Air & Electric Tools 

April, 1958 

Diesel & Gas Engines 
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Personals . . . continued 

1 $1 4 f! 
Ril hurl! M .  T r i n n r l l  \fS Ma* [irornritt rl 

to the rank of (ap ta in  in Fetirnary tthile 
.fTry irig .I- ~orrirnrinrling offic cr of tht Naial 
\ir Test Faoli t t  at the Naval \ i r  "taticirl 
r i  I iikehi~r-t N 1. He <am< to I tiLehiir-t 
in Varrh,  1955. from the Bureau of \ern 
nai~tir - in W ashirigton D.( to P-tahli-h 
the Naval 4ir  Test Facility. 

i^k'r 
DUI id R Opp(  rman forrnerh in-tnir tor 

n thc ( r i i l f  ": cof erigineeririg at the Lniver- 
sity of Illmoi-. 1" rinw a-qi'tant dean of 
the department 

M i l t o n  !i Van  D\kf  MS. PhD 49 an 
ac rnriautic al rf-eair h sr ieriti~t at the \me< 
I<-ronaiiti( a1 I ~ b o r a t o r y  (National Advi- 
ory ( rirr~niitlet for Veroriauti( a 1 at Moffat 
Field ( alifr)rr~i.i. rfctntly rcported on a 
rif i, method of -olving t h f  -n-c a lkd  'tilunt 
tio& probleri." c r ~ t u  a1 in the (if-ign of 
h a l l ~ ~ t i c  rni.-lie-. His ~ontr ihution to the 
tpchnique I <  a rnathematiial proce- that 
ran be handled by autorriati( rornputatiriri 
machinery which open's new tiossibilitie- 
for irriproiins thf (if-igri of ini-'iile no-e 
(me* Milton haÂ hefn with the N t (  4 
\me- I ~ l i o r a t c i r ~  sirire 1943 The \ a n  
k e - i  Ine in L o c  \ltos and have two -orw 

John I' ( rat U I  MS. contra( t re-edrr ti 

aclrriir~i-trator at thf Navy < I)aiid Tavlor 

V1~1~lpl Basin i n  Fa-tiirigtori. b a s  nomi- 
nated for ".w<ial rfvogriition" tiy the 
District of (olinnt)ia ( oun(il of Rngiriefhr- 
i n g a r i d  trc hitf (tiiral Societifa- diiring 
the 1958 Engirwerk anrl Arc hitec tq [Jay 
Obi-crtarue in  Februarv. John has been 
a t t m r l i r ~ ~ ~ e o r g e  Wd-hirigton (Jnixer-it) 
l an %hool at night and i'i (ornpletirig 
work for hie LLB degree this spring. 

19$8 
Toni 7ra(v. industrial +ale- manager for 

the Minrieapolis-Hone~nell Regulator ( om- 
pan? in Lo-; Angele~. and secretary for the 
( laa- of 1948. writes that "the cia++ will 
hold ita first reunion at the innua l  Alumni 
Meeting at the Rodger Tfounglauditorium 
on fune 11. Many members of t h ~  (la* 
hsne favpreysed interest in activities in ad- 
rl~tiori to the June meeting i d  Crn planning 
a qiie'tionnaire to get an irnentory of what 
pertinent thing- havc happened in thew 
ten years. If anv (if the claw plan a trip 
to (alifornia-or want to get a regional 
reunion going-or if anyone hii+ names 
of those who might not get the que~t ion-  
naire--[)lease urite me at 1640 4mt1erwciod 
Dr i \ f .  South Paaarlf na. ( alif Or lihon:> 
rne at work ( R  \ 36611) or at home (SY. 
9 - i w :  

1952 
Ri(lm111 5. W inkh r is now i n  D p n  Haag. 

"Where performance and long life are vital , . . 7 9  

Manufa t turcd  of extra-dean.  v . ~ - d u t n  rnelt. 'HOC 
' . t . i i ~ ! c ~  steel. l a f n i r  Minidtute f k l l  Bearings were 
d c v d o p c d  for  pteci5ion instrument applications for 
tni-ile~ and  indintr ial  use', where  performance a n d  
l o n g  life a r e  \ itdl. 

< hanccs of  pits o r  irnpcrfcctions in t h e  raceways 
are eli'minsiittd . . . superior  r.i(c finisht5 r n d e  super- 
sens i the  bearings with low torque  values. Bearing'i 
r.re made to ABFC-5 roler.ince'i o r  bitter. and a r e  
ecuippeci with separately designed retainers for  cor- 
rect balance. 

Development of this miniature series i s  another  
example of the  key role Fafnir plays in meeting t h e  
incrci i~ingly complex needs of industry. The Fdfnir 
Bearing Lompany,  New Britain, Connecticut. 

ALL B E A R I N G S  

MOST COMPLETC L l N E  IN  AMERICA 

In bearing engineering or 
engineering sales, Fafnir 
offers you a field of work 
as  wid^ and varied as in- 
dustry itself. 

You will find, too, +hot 
bearing research, devel- 
opmeni, end application 
keep you constantly a t  
the forefronts of indut- 
trial and technological 
progress. 

Investigate this excellent 
opportunity for a profes- 
sional career offering such 
diversity and challenge. 
Write The Fafnir Bear- 
ing Company, New Brit- 
ain, Connecticut. 

Holland. work;rig nith trarri(o a" a (Ifiign 
r g i n e e r .  and etpe(t. to be abroad for 
f i ~ f  more ?ear<. He \\ill be married tci 
I n r l r e ~  Mazel of Den Haag on [tine 21. 

195'i 
fohn (,. Dav ic now an applied 

represcritatiw for i k ~ t .  s-pecialiring in the 
' ~ ~ ~ l i r a t i o n  of digital computer* to st ien- 
tific and engineering problem<. John naq 
formerly a lieutenant in the U.S. Air Force 
in El Centre. The Days live in Anaheim 
and hate a twc~-ywr-old daughter. 

Kenneth I). hhnwn. Phi), i s  now staff 
a~siqtant  to  the vice president of the At- 
lantic Research < orporation in Alexandria, 
\a. He was formerly vice president of the 
Ilbert L. Chancy ( hemiral Laboratory, Inr. 
in Glendale. ( alif. 

Uaniifl Morderi. \ iS '55. structural de- 
Â¥iigrie for Ropp & Ropp. Â¥stru tnra1 engi- 
rieer-s in Los Angeles, announced the ar- 
rival of a son. Darryl Edward, on March 
I t. 

Jam('\ Y. I'inheitori graduate student at 
H a n a r d  University in Cambridge. Maw.. 
write*: "We have added three new mem- 
twrs to our family-James, Jr., Agarnem- 
nori and fphigenia: the latter two being 
white mice. Thew three are in addition 
to the dog. Geoffrey. whose arrival % a +  
arinouri(tr1 in E&V in May. 1957." 

1955 
Ll John Id. Honvaker .  U.S. \ i r  Force, 

has been working on the "Perhapsatrnn" a t  
Los ^.lanioc for the pai't year. Next Sep- 
timber, he'll be hack at ( altech to work 
for hi*- PhD in  nuclear physic*. 

Lloiil F. Belt .  MS. geologi-t with the 
( alifrirriia ( orripany in Mew Orleans, an- 
nounced the tiirth of hi- first child. Glenn 
Huhtiard. on December 20. 1957. Lloyrl i q  

now <n=igri.pd to the geophydc -i section of 
the company. dealing with magnetic re- 
cording of -ieisrriir data. 

1956 
Ian L t r p s  r.ritc-: ' I'u been working 

in Franldin \labarria a-f an ri.p!oitdtiori 
f ngiritv r for thi ^he I1 Oil < ompany foi 
thr  pa-t v t  dr, On Oftobrr X 1957 our 

Fiisene 4 .  VC/SOM write-;: "Vh wife and 



Washington-Unveiled in an  unpre- 
cedented flight a t  the Pentagon, the  
Ryan X-13 Vertijet gave military 
officials a glimpse of the future of air- 
power. Like a huge bat, the Vertijet 
unhooked itself from its nose cable, 
hovered vertically, then whipped over 
into horizontal flight and roared out of 
sight. 

World's first jet VTOL aircraft, the 
Vertijet combines the flashing perform- 
ance of jet power with the mobility of 
missile launching. I t  frees supersonic 
airpower from runways and airports. 
Without landing gear, flaps, actuators, 
the X-13 concept means less weight- 
more performance in speed and climb. 

I n  the words of a top Air Force 
General, "The Vertijet has provided 
military planners with a new capability 
for manned aircraft of the future." 

Achieved in  close cooperation with 
the Air Force and Navy, the Vertijet is 
based upon Ryan's unsurpassed 214 

million manhours of research, develop- 
ment, and test in VTOL aircraft. 

Navy, Army 
to Use New Ryan 
Navigator 

San Diego-Navy aircraft-piston 
engine, jets and helicopters will soon be 
equipped with Ryan lightweight auto- 
matic navigators and ground velocity 
indicators. Lightest, simplest, most 
reliable, most compact of their type, 
these systems are self-contained and 
based on continuous-wave radar. 

The navigators provide pilots with 
required data such as latitude, longi- 
tude, ground speed and track, drift 
angle, wind speed and direction, ground 
miles covered and course and distance 
to destination. Ryan is also developing 
guidance systems for supersonicmissiles. 

ore Orders for 

San Diego-Nearly $20 million worth 
of Ryan Firebee jet drone missiles have 
been ordered by the Air Force and Navy 
in 1957. In  operational use, the Firebee 
is the nation's most realistic "enemy" 
target for evaluating the performance of 
air-to-air and ground-to-air missiles. I t  
possesses the  high speed, altitude, 
maneuverability and extended duration 
needed to simulate "enemy" intercept 
problems. 

America's number-one jet drone, the 
Firebee is another example of Ryan's 
skill in blending aerodynamic, jet pro- 
pulsion and electronics knowledge to 
meet a challenging problem.. . answer a 
vital military need. 
IÃ‘--Ã‘Ã‘Ã‘Ã‘ 
1 Ryan has  immediate career 
1 openings for engineers 
f 

Look to  the future. Look to Ryan . . . where you can 
g o  I an aggressive forward-lookins company. 

1 You'll find a variety of stimulating projects. Ryan 
engages In al l  three elements of modern fl ight- 
airframes, engines and electronic systems. ! .  

SEND FOR RYAN'S BROCHURE, "ENGINEERING 
OPPORTUNITIES " MAiL THIS COUr'OM TO: 

Mr. James Kerns Engineering Personnel 
Ryan ~eronautical Company 

1 Lindbergh Field, 2736 Harbor Drive 1 San Diego 12, California 

i 
I NAME 

I 
I ADDRESS 

I 
1 PHONE NO. 

I 
I O E G R E E  

SCHOOL 

FIELD OF  EXPERIENCE OR PREFERENCE 



There's a Metal Problem in vour fu 
that Inco can help you solve 

In the meantime, see i f  you can tell which Inco Nickel Alloy 
proved to be the answer to these problems. 

Number the picture captions! 

"S' Monel hard-grade a nickel-copper cast alloy 

2 Inco Nickel 

"K" Monel age-hardenable 

nickel-copper alloy 

4 Inconel nickel-chromium alloy 

Monel nickel-copper alloy 

Inconel "X" age-hardenable 
nickel-chromium alloy 

7 MonelU403" non-magnetic 
nickel-copper alloy 

See answers below 
Oil well dri l l  collar - Needed: Jet engine flame tube-Needed: 
non-magnetic metal w i h i g h  oxidation and corrosionresist- 
strength Which Inco Nickel ance a t  jet engine temperatures. 
Alloy. . ~ Which Inca Nickel Alloy. . 9 

Gas turbine blades - Needed: Submarine cable sheathing - Ultrasonic dril l  -Needed: high 
hot strength up to 15007, Needed: non-magnetic metal n i a g n ~ t o ' i t r i c t i v ~ t y  to  
low roefficient of expansion. m n t  t o  marine corroslo produce ultrasonic vibrations. 
Which Inco Nickel A'lov 

. ? Which Inco Nickel Alloy.. . Which Inco Nickel Alloy . . f 

You rriay h a w  to take this kind o f  
quiz i ifmhi. You ma.v be designing a 
machine which mwires  a metal that  
resists corrosion . . . or wear . . . or 
high temperatures. Or one that  meets 
some destructive combination of con- 
ditions. 

When you start to design equip- 

Radar platform "leggings" - 
N&: resistance to abra- 
s i o n  and marine corrosion. 
Which Inco Nickel Alloy., . 7 

Shaft sleeve tar salt water 
pump - Needed. extra-hard 
cast ing al loy t h a t  r e s i s t s  
corrosion. Which one . . . f 

ment.  you w i l l  have  to  select  t h e v ~ i t h  Inc(1 Alloys, send for "Staridiird 
proper material to meet given service Allots." W r i t e  T h e  In te rna t iona l  
(onditions. Over the years, Inco De- Nickel Company, Inc , Dept. 00. New 
velopment and Research has success- York 5, N. Y. 
fully solved many metal problems, 
and has compiled a wealth of infor- The International ~ i ~ k ~ g  company, 
mation to help you. New Y O P ~  5, N. Y. 

For more on special problems solved 

42 Engineering \ and1 Science 

Oil well drill collar- 3 "K" Monel Jet Engine flame tube 4 Inconel, Radar platform ' leggings"' & 
5 Monel, G o ,  turbirie tiLdi., 6 Inconcl "X ' Submarink C C ~ I L  ~hta th inc  7 Monfl "403"; Ultra'onir 
dril l  7 Inco Nickel, Pump's *haft cleeve- 1 "S" Monel 

frÃ‘ 0 
makes metals perform better longer 



NEW CHICAGO SUN-TIMES BUILDING 
equipped with long-lasting, 
dependable JENKINS VALVES 

IN ADVANCED PLANNING, as in location and design, the new 
Sun-Times Building is front-page news. For this is the first 
project to be completed in a development which will trans- 
form the area north of Chicago's Loop into a city of the future. 

There can be only one basis for selecting physical equip- 
ment for such a plant: the ability to perform efficiently and 
economically for years. This is why Jenkins Valves are 
standard on all plumbing, heating and air conditioning lines 
in the block-long structure. 

The extra measure of performance and reliability built 
into Jenkins Valves has for generations assured long oper- 
ating life and low maintenance cost. That's well to remember 
when you specify valves . . . especially since the valves that 
bear the fan~ous Jenkins Diamond mark cost no more. 
Jenkins Bros., 100 Park Avenue, New York 17. 

O n i i e r  FIELD ENTERPRISES, INC. 
~ r c h ~ t e ~ t ' s - E n g i t i e e r s  N ~ & s s  4 N D  MURPHY 
G e n e r a l  Contractor  GEORGE A FULLFR COMPANY 
P l u m b i n g  Contractors G F CONNELLY Co. 
H e a r i n g  Cott t ra i  tors KROESCHELL ENGINEERING CO 
Air Condit ioning C o n t r a i t o n .  WILLIAM A. POPE COMPANY 

10" Fig 651-A Jenkins Iron Body Gate Valve fitted with 
by-pass, on suction line of pump which supplies Chicago 
River Water as condenser water and process water for type 
foundry reguirements. 



Let Calmec Manufacturing Company 

Worry About 

We have the most modern facilities and most 

complete plant to give you the maximum o f  

service, whether i t  i s  a small part, a large port, 

o r  a product from your ideas to the shipped article 

direct to your customers, under your name, from 

QUr plant. 

Robert A .  Mclntvre. M.S. '38 KIrnbaIl 6201 

5825 District Blvd. Los Angeles 22. Calif. 

PRESIDENT SECRETARY 
Willis R Donahue ' 3 A  Donald S O a r k  '29 

VICE-PRESIDENT TREASURER 
Edward P Fleischer, '43 George B Holmes, '38 

BOARD OF DIRECTORS 
Frank C Bumh, '51 John E Fleming, '46 
L Fort Etter, '35 Chester W Lindsay, '35 
John R Fe -  '51 John E OsAorn, '39 

Nick T Ugrin, '34 

ALUMNI CHAPTER OFFICERS 
NEW YORK CHAPTER 
President Faank F Scheck, '48 
Pennie Ed-onds, Morton, Barrow? & Taylor 
247 Park A-,erluc Hi-fi York 
Vice President and Treasurer Dudley B Smith, '45 
Cluet, Peabody & Company 530 Fifth Arenue. New York 
Secretary E Morton Holland, 36 
A G Edwards 5 Sons 485 L e ~ x ~ g t o n  f - f c n ~ i e  Mew York 

WASHINGTON, D.C. CHAPTER 
President Frank H Shelton, "49 
A r ~ e d  Forces Soecial Weapon5 Project 
Secretary-Treasurer Richard G King, '49 
AwnQed Physics Laboratory, Jo^ns Hopkins University 
1 g e r  Sunngs, Maryland 

SAN FRANCISCO CHAPTER 
President Donald E I/-efflkr, "10 
Sh* 11 01' C^^raqv, !'~'T^'-T^F'~ 

Vice-Presideni Julrs F M a y c  40 
Ghe-icril D'v**ion Standard 0 1 1  Co , f l ~ - h ~ o n d  

Vice President Kenneth M Fenvilck, '28 
State Division of  H i a t - w y a  1'20 ' N" St 
Secretary-Treasurer Joseph A Dobrowo'ski, '49 
Portland Cement Association 
Ve~t ings ,"  Luncheon f rst Friday of each montb. 

U ~ ~ v e r s i t y  Club, 131? K" S t ,  Sacramento 

SAN DIEGO CHAPTER 
Chairman " iu ' ice B Roes, '?L 
3040 Udal Street Snn Diego 6, Calif 
Secretary Frank I"'-"! Doye J- , '/& 
Coni,olida?ed Vultee +craft Con. , S u n  Diego 
Program Chairman Herman S Englander, '39 
U 8 Havy E~ec+rcriic,- Lab's afory 



incis of businesses, laigf 
liclps with product de 

inks out of production 



Where do you find better advancement 
opportunities-in a large company or a 
small one? To help you, the college 
student, resolve that problem, Mr. Abbotl 
answers the following questions con- 
cerning advancement opportunities in 
engineering, manufacturing and tech- 
nical marketing at General Electric. 

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

A. No, they don't. And it's be- 
cause of the way G.E. has been 
organized. By decentralizing into 
more than a hundred smaller oper- 
ating departments, we've been able 
to ~ innoin t  both authority and re- 
sp;ns'ibility. Our productsare engi- 
neered. manufacturcd and marketed 
by many departments comparable 
to small companies. Since each is 
completely responsible for its success 
and profitability, each individual 
within the department has a defined 
share of that responsibility. There- 
fore, outstanding performance is 
readily recognized. 
Q. If that's the case, are opportunities 
for advancement limited to openings 
within the department? 

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

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

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

O n e  o f  a s e r i e s *  

Interview with General Electric's 

Earl G. Abbott 

Manager - Sales Training 

Advancement in a Large 

Company: How it Works 
plete appraisals of professional em- as his career progresses. Along any 
ployees. They enable a manager to of these paths he may advance 
make a thorough and objective within the Company to very high 
search of the entire General Electric levels of recognition and salary. 

and up with the Q. What aids to advancement does man best qualified for the job. 
General Electric provide? 

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

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

A. We believe that it's just sound 
business policy to provide a stimu- 
lating climate for personal develop- 
ment. As the individual develops, 
through his own efforts, the Com- 
pany benefits from his contributions. 
General Electric has done much to 
provide the right kind of opportu- 
nity for its employees. Outstanding 
college graduates are given graduate 
studv aid through the G-E Honors 

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

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

program and ~ u i t i o n  Refund Pro- 
gram. Technical graduates entering 
the Engineering, Manufacturing, or 
Technical Marketing Programs start 
with on-the-job training and related 
study as preparation for more re- 
sponsible positions. Throughout 
their G-E careers they receive fre- 
quent appraisals as a guide for self 
development. Company-conducted 
courses are offered again at  all 
levels of the organization. These 
help professionals gain the increas- 
ingly higher levels of education 
demanded by the complexities of 
modern business. Our goal is to see 
every man advance to the full limits 
of his canahilities. 

they were a year ago. 
I f  you have other questions or want 

Q O m  men ' in information on our programs for 
specialized technical job rather than go technical graduates, write to E .  G .  
into managerial work. How does this ~ b b ~ ~ ~ ,  section ceneral 
affect their advancement? Electric Co., Schenectady 5 ,  N .  Y .  
A. At G.E. there are many paths 
which lead to higher positions of 
recognition and prestige. E~~~~ man 
is essentially free to select the course cussing: Qualities We Look For 

which best fits both his abilities and in Young Engineers 0 Personal 
interests. Furthermore. he mav mod- Development 0 Salary. 

ify that course if his interests change 

G E N E R A L  @ E L E C T R I C  


