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FROM THE OCEAN'S DEPTHS.. . TO OUTER SPACE 
Striking examples of Bendix research facilities are the 
huge sonar tank in California and the space chamber in 
Michigan, among the most completely equipped in  the 
free world. These facilities, designed and financed by 
Bendix, characterize our continuing advanced product 
research and development efforts. 

College graduates will f ind a variety of technical chal- 
lenges. Bendix participates in almost every phase of the 
space, missile, aviation, electronics, automotive, oceanics 
and automation fields. We employ top-notch engineers, 
physicists, and mathematicians at all degree levels. 

Bendix operates 32 divisions and subsidiaries in the 
Un i ted  States, a n d  12 subsidiar ies a n d  af f i l ia tes i n  
Canada and overseas. Our 1950 sales volume was $210 
million. Last year it was over $750 million. 

Look over the materials we have i n  your school's place- 
ment office. Talk to  our representative when he's on 
campus. Meanwhile, i f  you'd like to have your own copy 
of our booklet "Build Your Career to  Suit Your Talents," 
write to Dr. A. C. Canfield, Director o f  University and 
Scientific Relations, The Bendix Corporation, Fisher Build- 
ing, Detroit 2, Michigan. An equal opportunity employer. 
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Dean Acheson, 
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8 to lecture and discuss international 
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negie Program on Science and Gov- 
ernment to discuss "The Obstacles to 
Partnership with Europe" in a public 
lecture. You'll find a large portion of 
the direct transciipt of this talk on 
pages 11 - 15. 

Mr. Acheson, who served as Secie- 
tar) of State from 1949 to 1953 under 
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A new solid state radar system built by STL engineers and 
scientists can send out and receive signals at X-band tre- 
quencies to help man rendezvous and dock vehicles in 
space STELATRAC is its name It is the first solid state 
system of its kind. The X-band transmitter is shown above. 
It has successfully passed temperature and vibration tests. 
STELATRAC can also be used as a command link between 
vehicles in flight. By altering its module design, the flexible 
rdddr system operates as an altimeter and doppler velocity 
sensor to  guide spacecraft safely to  the surface of the moon 
and planets. Today STL is busy on many such projects as 
STELATRAC. STL is also prime contractor fo r  NASA's 
OGO and a new series of classified spacecraft for  Air Force- 
ARPA. And STL continues Systems Management for  the 

Air Force's Atlas, Titan and Minuteman programs. These 
activities create immediate openings in Theoretical Physics 

Systems Engineering Radar Systems Experimental 
Physics Applied Mathematics - Space Communications 
Antennas and Microwaves Inertial Guidance Analog 
Computers Solid State Physics Computer Design 
Telecommunications Space Physics Digital Computers 

Guidance & Navigation Electromechanical Devices 
Engineer ing  Mechanics  Aerodynamics  Propuls ion  
Systems. F o r  S o u t h e r n  Cal i fo rn ia  o r  C a p e  C a n a v e r a l  
positions, w r i t e  D r .  R .  C. Pot te r ,  D e p a r t m e n t  CM, 
One Space Park, Redondo Beach, California, or BOX 
4277, Patrick AFB,  Florida. Your inquiry will receive 
a prompt  reply. S T L  is a n  equal opportunity employer. 

SPACE TECHNOLOGY LABORATORIES, INC. 
a subsidiary of Thompson Ramo Wooldridge Inc. 

Los Angeles Vandenberg AFB Norton AFB, San Bernardmo - Cape Canaveral Washington, D. C. Boston Huntsville Dayton Houston 

March 1QS3 7 



Dynamic Science Corporation, established in 1960, has successfully carried out  

numerous analytical and experimental programs for industry 

and governmental agencies. Our studies cover these five major fields: 

This brief sampling, indicates the wide range of technical disciplines with which we are involved: 

Feasibility of a nitrogen-fluorine combustion .system for a let engine : Chemical i~ipects of fluid infection : 

Combustion instability : Synthesis and evaluation of metal hydrides : Phase behavior 111 the nitrogen- 

oxygen-argon .system : Effects of impurities on cesium ionization : Measurement of droplet drag at supersonic 

velocities using Millikan chop technique : Ablation with chemical reaction : Development of an analytical 

model for supersonic mixing with combustion ; Heat transfer at  zero gravity : Scaling laws for thrust 

vector control : Two-phase flow at  subsonic velocities : Emissivities of thermal protective paints : Effects 

of microorganisms on the composition of fuels and lubricants : Reduction of thern~nl resistance of spores : 

Bacterial analysis of solid propellants : Stress analysis of perforated domes : Thermal stress in nuclear reactors 

If you believe that an  association with Dynamic Science Corporation would be of mutual benefit, 

you are invited to direct your resume to the personal attention of Dr M. Edmund Ellion, President. 

Dynamic Science Corporation, 1445 Huntington Drive, South Pasadena, California 

D Y N A M I C  S C I E N C E  C O R P O R A T I O N  

Engineering and Science 



Life sciences study effects 
The life sciences group at The Garrett Corporation is con- 
cerned with the reaction of living organisms to their cnviron- 
ment. and the de\elopment of en;ironmental systems to 
support such organisms. 

Intensive investigation is now being conducted at Garrett 
in all major areas of the life sciences-microbiology, neuro- 
physiology, psychology, biochemistry, biophysics and related 
areas-to study the relationships of man to his environment 
in extended space travel. These studies vary in scope from 
determining the effects of near vacuum conditions on labora- 

of long range space travel 
tor) subjects over long periods of time. to definitively a a l -  
uating the effects of re-entry acceleration on human beings. 

Garrett also designs. develops and manufactures environ- 
mental control systems for this country's major manned 
spaceflight programs, including Project Mercury, Gemini 
and Apollo. 

For information about other interesting projects and the 
many career opportunities with The Garrett Corporation, 
write to Mr. G. D. Bradley in Los Angeles. Garrett is an 
equal opportunity employer. 

THE GARRETT CORPORATION AiResearch Manufacturing Divisions Los Angeles 9, 

California Phoenix, Arizona other divisions and subsidiaries: Airsupply-Aero Engineer- 

ing - AiResearch Aviation Service * Garrett Supply * Air Cruisers * AiResearch Industrial 

Garrett Manufacturing Limited s Garrett International S. A. Garrett (Japan) Limited 

March 1963 9 



sciences and cngint'ering s:,stcini which arc involved. They 
range from psycho-pli) siological anal) st's to the actual plan- 
ning of the establishment and support of cities on the moon. 

The abo\c is only one of hundreds of interesting assign- 
ments at Douglas. If you are seeking a stimulating career 
with an organization in the thick of the most vital programs 
of today and tomorrow, we invite you to contact us. Write 
to Mr. S. A. Amestoy, Douglas Aircra 
3000 Ocean Park Boulevard, Sant 
California. Box 600-E. Douglas 
Aircraft is an equal opportunity employer. 
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by Dean Acheson 

1 invite you to consider with me some of the 
obstacles which are in the way of that goal of 
American foreign policy which the President of 
the United States lias called I ) a r t ~ ~ e ~ - s h i p  with 
Europe." First of all, however, I want to warn 
you against the words which I have just used. 
I think that we must put aside from this idea ot 
partnership with Europe our conception of a hn- 
man partnership-that is, some well-disposed and 
friendly people working toward mutual gain. That 
is not what we really are talking about here. 
What we are talking about is how 400 million 
people who are situated in non-communist Europe, 
and 200 million people who are situated on the 
North American continent can organize their 
worlds together so that they can counter the 
efforts of 200 million people who are situated in 
Soviet Russia, who are attempting to organize the 
world (not only their world, but our world) in 
ways which will be deeply disadvantageous to us. 

What must we do if we are to be effective 
in organizing our part of this confrontation which 
is the inevitable confrontation of our time? I 
suggest to you that we have, first of all, to organ- 
i ~ e  the wills of all these fifteen nations in this 
complex of western Europe and North America, 
so that they can act specifically and concretely 
-not that they shall have the same general ideals 
in common; not that they shall be inheritors of 
the same civlixation; not that, broadly speaking, 
they wish to accomplish the same human goals. 

The Obstacles to Partnership With Europe" is a direct 
transrrtpt of a portion of the talk g h e n  bu former Secretaiy 
of Stat" Dean Acheson at Caltech on March 7 .  

March 1963 

bat that they are capable of acting in concrete 
and specific situations together. 

And the second great problem is that they 
must bring together their production and expand 
their production so that they are able to take 
care of three vital needs which require them to 
act in some kind of harmony. These are the needs 
of education. They are the needs of transporta- 
tion. They are the needs of recreation. They are 
all needs which look toward giving the people 
of these democracies the fuller life toward which 
they are looking. 

Then we must have the kind of country which 
is worth living in, both here and in Europe- We 
are moving quite fast to destroy this foolishly and 
unnecessarily, by allowing cities to decay and 
by allowing populations to overflow into the 
countryside like lava coming from an urban 
Vesuvius. 

All these things demand a withdrawal of pro- 
ductive capacity for domestic needs. Then there 
are the great military demands of defense, which 
become more and more costly. 

And finally, upon this Western European-North 
American nexus, there is the great need for ex- 
port capital for all the developing parts of the 
world-not because there is some evangelical de- 
mand for this; not because we are trying to bring 
about the Kingdom of Heaven upon Earth; not 
because we are engaged in "do-goodism7'; but 
because we wish to organize the free part of the 
world in such a way that it is appealing for all 
people to join-not merely those who do well in 
it, but those who are developing. And they must 
be able to see in this free world area an oppor- 
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tiinit) for dei fclopnient siich as we saw in the early 
days of this country. 

Tins moans that capital should be made avail- 
able to those parts of the world, those peoples, 
wlio are in a stage to receive it and are able 
to do two essential things, One is to preserve 
the necessary order so that work can lie done, 
and the second is to work in that order. And 
if this can be done, these demands of the under- 
developed parts of tlie world tor capital upon 
the more dc i  eloped p.irts JW legitimate demands. 
Therefore, tlieie is thiii great need for tlie l ~ u -  
monization of economic and related financial 
policies in North America and Westen1 E~uopc, 
so that we can produce for these purposes. 

I want to talk about only two of the many 
difficulties which stdud in the vw of I~inging 
about this harn~oiiizatio~i of the political, ecoil- 
oiuic, and other actit ities uf these two g~ eat p i  tii 
of the world. These matters, which are vitally 
important, require almost abstract analysis, be- 
cause unless one understands tile theory- of these 
two matters, one gets siniplj bogged down in the 
operational side, by which 1 mean what you read 
in the newspapers: Is it possibie to do this? Is it 
possible to do that? De Gaulle says this; Adenauer 
says something else. The important thing is to get 
the anatomy of these two difficulties and the way 
to meet them, and then we can deal with the 
flesh upon that anatomy. 

Two obstacles 

The two obstacles that 1 am talking about are, 
first, the great difficulty of agreeing, between 
Western Europe and North America, upon a 
method-a grand plan-for the defense of Western 
Europe. This does not exist. The other obstacle is 
to agree upon why we want a defense at all. Whj 
is it necessary to have a defense? Who is threaten- 
ing what? What is it that we stand for that 
other people are against? What is the issue all 
about? Why do we want a complicated and 
dangerous system of defense unless there is some- 
thing to defend? On these two vital matters, there 
is at the present time, I am sorry to say, no 
common understanding whatever in the Western 
world. 

Let us go into defense problen~s. First of all, 
we must understand that any strategic plan must 
be militarily sound before it is worth adopting. 
You all understand perfectly well that defense 
plans also have political aspects, and the political 
aspects are quite as important as the military 
aspect. 

What sort of an attack, by whom, can be de- 
fended by what sort of ii plan? And who is likely 
to do this? How will it come about? And how do 
we organize our political life so that if we are 
met with this threat, we are ready to put into 
effect the strategic plan which we have devised? 

Let us go back a little while and see what 
plans we have had since the \+a, and what have 
been the strategic ideas of the NATO countries? 
First uf all, 1 point out to you what I have said 
st:\ ei a1 tinitis, thdt NATO lias never put its mind 
oil win, it is doing what it is doing. It  was faced 
ill 1947-49 by the danger of iin unprovoked, sen.se- 
less movement of forces, the Russian troops in 
East Germany, mhu had no opposition and who 
might just start rolling westward and end u p  at 
Brest on the Atlantic coast. Therefore, we must 
detise a military plan. So we had a treaty which 
said "an attack on one will be regarded as an 
attack on all, and all will go to the help of one" 
- a very primitive sort of an idea, but a good 
enough one for that time. I think I can say that 
with proper criticism, since 1 wrote the words 
inyst-lf. But it still was a rather primitive idea. 

A monopoly of nuclear weapons 

From 1947 to 1950, our idea was that it wasn't 
necessary to do very much, because we liad dl1 
the nuclear weapons there were. We had what 
was called a "monopoly" of the nuclear weapons, 
and that was regarded as deterrent enough. Then 
it began to dawn on other people besides onr- 
selves that all it took to make a n~onopoly was 
one weapon - but one weapon wasn't necessarily 
a very powerful defense. Therefore, from 1950- 
53, we tried to organize in Europe a conventional 
military force with a united command, over which 
General Eisenhower became the commander, 
which would interpose some sort of a check in 
front of these Russian divisions which might start 
to roll. 

This we attempted to do, with only mediocre 
success. It  was very difficult. These nations were 
prostrate. The Marshall Plan was just an opera- 
tion to try to bring them back to some sort of a 
prosperous condition, and we had very little suc- 
cess with it - but some. We had enough to change 
the pre-existing situation so that grave trouble 
would come from a military force just moving 
forward. 

In  1953 a new idea occurred. The new idea 
was: This is all very expensive; we can do this 
much more cheaply by what was called "massive 
retaliation." (By this time we had a much larger 
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nuclear stockpile than we had before. Before it 
~f as entireI> atomic. JIOW it hefun to have some 
nuclear weapons, and i t  became fairlj fonnid- 
able.) And so the government said, while cutting 
down the military budget, saving from 5 to 8 
billion dollars a year, we would adopt ii new 
theory. And this is, that if the Soviet Union does 
anything, anywhere in the world. which is hostile 
to our interests, we will deal with them by massive 
nuclear retaliation. 

The only trouble with this idea was that it 
came just at the time when the monopoly was 
broken. This is the way human ideas often do 
develop. Therefore, we were saying: We will 
employ a weapon which is not any longer ours 
alone. We are now exposed to a retaliation from 
those upon whom we are going to retaliate. And 
it became more and more dear  to 11s that this 
was an unprofitable venture. 

Two  ideas we sold to  the world 

Unhappily, we had sold to the rest of the world 
two ideas. One was that nuclear weapons were 
a status symbol. The great powers had them; if 
you didn't have them, yon were a second-rate 
power. Secondly, if you had  then^, you could do 
anything. These were magical weapons; without 
all this business of soldiers going around and 
getting in everybody's waj, and costing a lot of 
money, you could, by nuclear weapons, threaten 
people, and then they would stop doing these 
unattractive things which they planned to do. 

Just as these ideas had come to be current, 
the Russians put up the Sputniks. Unfortunately, 
as they did this, we also got into trouble with o11r 
allies over Suez. So that in 1956 two things hap- 
pened at once. Our allies said, "These Americans 
are capable of separate ideas, and this is very 
bad." And, as the Sputniks went up, they said, 
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"The Russians are aliead of the Americans. Very 
dangerous to fool around with unclear weapons." 
So we were left in a puzzling defensive posture 
vtliich 50inetilues has been called ' stalemate," but 
which really meant that, as it developed, each 
one of these great nuclear powers could so dam- 
age the other that neither would think it worth 
while to go forward except on a matter of very 
vital importance. 

Reviewing defense policies 

At this time also, as I said, we had made nucle- 
ar weapons a matter of status. Therefore, when 
we came to 1961, we had a review of defense 
policies in Washington, and the administration 
decided what seemed to me to have been clear 
for about the last ten years. At the beginning of 
the period between 1949 and 1961 the Russians 
had had a vast excess of conventional power. We - 
had had nuclear power. In the meantime, the 
Russians had begun to in some way catch up with 
us on the nuclear side. We had done nothing on 
the conventional side. They could put pressure 
on Europe by their conventional forces. We could 
not resist that pressure in the same way. What 
we had to do was to say, "We will meet you with 
nuclear forces." But they could meet us with 
theirs - and therefore we were at a disadvantage. 

Well, this sounds as though I were a boy who 
was playing with tin soldiers and didn't under- 
stand anything about the real forces of life, and 
hadn't read Chester Bowles, and many other 
things of this sort. This is not really so. I have 
read many of these things - not always with 
profit. But what occurs in international politics 
is what the Russians refer to quite wisely as the 
correlation of forces. If all the operating forces 
are forces which push in one direction, events 
are very likely to move in that direction. If, on 
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the other hand, you can in some w q  balance 
these forces, or change the direction, or the pusli, 
you may get a different political development. 

So, as we began to review policy in Washing- 
ton in 1961, we discovered that our allies were 
quite immovable about doing what seemed to us 
a wise thing to do. The wise thing to do was to 
i11crca1se the comentiorial forces in Europe - to 
take away from the Riiss>idiis their o~erwhelmhig 
superioritj in this method of pre*i~ure. Our dllie~ 
were m y  iimch opposed to this for b e \  ei-rihetti>~iis 
- reasom, I ilmiifc'lit, whicli sitemined from prick, 
from fear, and from ignorance: pride, because, 
as I have said- nucleai vi,t'apo~~s 11tx+:11ne a status 
symbol; from lear, because they had expiessed 
the worry from time to time? as a result of this or 
that or the other congressional speech, that we 
would withdraw from Europe and leave them 
alone, and since they had no nuclear capacity 
at all, they were at the mercy of the Russians; 
and from ignorance, which we had induced by 
the excessive secrecy which we had thrown 
around the whole idea of nuclear weapons. 

That ignorance led them to overestimate the 
capacity for deterrence of a small rjuclear force. 
This you will see if you read General de Gaulle's 
press conference of January 14th. He believes that 
a small force, a minute force, can threaten the 
Soviet Union with what he calls "the death of 
millions and millions of people." This is quite 
absurd. 

Secreq - and nnderstanding 

The reason that it is absurd is hidden from 
the Europeans because of our secrecy. They do 
not understand that these weapons cannot do 
what they think they can do - in the first place, 
because they won't lie able to deliver the weap- 
ons; in the second place, because, if they begin 
to issue this threat, they themselves will probably 
be taken out before such weapons can ever be 
1 iseful. 

All these things the Europeans do not know, 
and this is indeed our fault. They think, there- 
fore, that we are urging them to do something 
silly. "Why create this cannon fodder?" they say. 
"You want to send your power through the sky 
- ICBM's - while you want our soldiers to 
trudge through the mud." 

But we are not asking anyone to do anything 
except what we are doing ourselves. There are 
400,000 American soldiers in Europe. No other 
nation approaches that number, except the Ger- 
mans, who are about 380,000 at the present time; 

and the Turks, who are somewhat over that. 
Therefore, the debate between our Europeaii 

allies and ourselves has developed over the m y > -  
tique of a weapon and not o\er either strategy 
or politics. Let us look for a moment at this basic 
element of strategy. What i;> the basic strategy 
of Europe since the end of the war? The USSR, 
the Uuited States, diid the European countries are 
all uni ted in this appidisal - which is that the 
decjsiou di> to the future of Europe JJCA JJI  CJez~traJ 
Ein-ope, m d  particularly 1x1 Gentian) Is there 
going to be a United Cei-nuny which wi l l  fall 
within a United Westeui Europe - wjthhi m 
Atlantic Alliance -- or is Gerniii~q going to be 
drdwn into the Soviet orbit to get reunited in that 
way? 

This is perfectly clear analysis by everybody. 
You remember that Staliii said, "I would rather 
have 20 inilliou Germans on my side than 60 
million Germans against me." This was his an- 
alysis. Therefore, the issue has been: Will Ger- 
many be divided at the Helmstadt Line, with 
Soviet control coining up to that point in  Europe, 
and will the rest of Europe try to be viable west 
of Helmstadt? 

Two schools of thought 

This being a clear understanding of the central 
strategic issue in the world - the European world 
- following the war, there have been two schools 
of thought as to what we do. One of these schools 
has been popularized by George Kennan, and it 
now has the great authority of General de  Gaulle 
behind it. That school is: Get the Americans out 
of Europe, and once they are out, Western Europe 
may be brought together in some kind of a bal- 
ance against Eastern Europe, and Europe may 
find an equilibrium within itself. 

The other school is the one on which NATO 
is founded, and the one with which I have been 
associated since 1947, which is that no equili- 
brium in free Europe is possible without the al- 
liance of the United States. And therefore there 
must be a U. S.-Western European nexus before 
there can be a reuniting of Germany, a unification 
of Europe, and an Atlantic community. 

Now these two ideas are diametrically opposed. 
They cannot be proved as you prove propositions 
in the physical sciences. All one can do is to  
amass the evidence and exercise a judgment. And 
it seems to me that the best way to do this is to 
assume that we have accomplished a result either 
way, and then make up our mind what is going 
to happen from that result. 
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hat 1 would like to do here then is to ask 
you to assume that all the difficulties of persuad- 
ing our d i e s  to do these things have been over- 
come, that the), have gotten over the difficulties 
about everybody wanting their own atomic inde- 
pendence. Then what we have arrived at is a 
European strategy, a European-American strateg) 
and defense force, in which we have removed 
from the Soviet Union the overwhelming superi- 
ority on the Soviets' western front, so that they 
fannol look forward to putting the prehiiiire of 
conventional arms cm the West. and therefore 
gii ing us the election between w\ ing in or return- 
ing the pressure with nuclear fire. We know that 
we have gotten out of that terrible dilemma, and 
we know that we haw; put them in the position 
where, if they wish to use force to achieve an 
object, the Russians themselves must face the use 
of nuclear force. 

A changed Berlin 

Suppose we have done that. and suppose, there- 
fore, that Berlin is no longer a dangerous ontpost, 
weakly held by the Western powers, in the center 
of a Communist-controlled Eastern Germany, but 
an area in which the Russians would hesitate 
very much indeed to put conventional pressure, 
because the) would be faced with equal conven- 
tional pressure on the other side. This isn't too 
difficult to achieve. One doesn't have to have 
175 divisions to do this; probably 30 or 35 di- 
visions, plus the same number of reserves, would 
make it quite impossible for the Russians to exer- 
cise conventional pressure in Central Europe. 

Suppose we have also, in the meantime, brought 
together a strong economic combination between 
an integrated Western Europe and a closely 
allied Atlantic community, by which all our 
economies have been moving ahead vigorously 
against a somewhat stagnant Soviet economy. 
Suppose this Western economy exercises a tre- 
mendous drawing power on East Germany and 
on the European satellites of Soviet Russia; what 
new coalition of forces might come about? 

I don't intend to write the scenario. I don't 
intend to say who does what at what particular 
time. But what I do say is that if that result is 
brought about, it seems to me inevitable that the 
Russian forces will retire from Europe, back into 
their own country, that there will be a rennifica- 
tion of Germany, that there will be a larger 
measure of national independence and identity 
in the Eastern satellite countries, that there will 
be a real equilibrium of power between East and 
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West which will then make it possible for the 
withdrawal of troops on both sides, and for some 
c:ontrol of annameuts which will really be sensi- 
ble, and we will begin to have a period of real 
detente. 

Assuring, the other side 

Mow, assume for a moment the other side. 
Suppose that the De Gaulle \iew of Europe is tlie 
one which pre\ails. Suppose. at the request of 
Eiirope, the United States foxes withdraw. Sup- 
pose Europe is much more united than it is now. 
What then does one look fornard to? One looks 
forward, 1 suppose, t o  the fact that the dis- 
organized will of men a De Gaulle Europe must 
face the vast, organized, concentrated power of 
the Scniet Union. And there the coalition of 
forces must ine\itabIj lead, in m\ judgment, 
to a series of compromises and agreements on 
the part of Western Europe, and more and more 
Russian direction and control of economic life 
in Western Europe - not a march across the 
country, not a conirnii~~ization of all of W-estern 
Europe, but more and more and more control 
of the economic life of the countries of Western 
Europe until their own separate affairs become 
unmanageable. Now this seems to me to be what 
we are looking forward to. 

And it seems to me that what 1 am proposing, 
and what I have consistently proposed for the 
last decade, is a combination of political analysis, 
political policy, and military analysis and policy 
which bring all these forces together in the direc- 
tion of the most hopeful organization of demo- 
cratic national powers that I know of. 

True, it is extremely difficult. Many people 
say: This is Realpolitik; this is Machiavelli; 
there is no idealism in this. I really don't under- 
stand what they mean by the word "idealism" 
in this phrase. A policy which carries out the 
greatest conceptions of freedom that the Western 
world has ever conceived of, and gives us what 
to me seems to be a permanent place on this 
earth, I should suppose was the height of ideal- 
ism. But apparently that isn't the way many 
people construe the word. Idealism now seems 
to be interchangeable with evangelicism. If one 
can hit the sawdust trail, if one can believe that 
by  a succession of "Hallelujahs" all will come well, 
then one does not need to use one's brains. One 
does not need to use one's courage. One simply 
sails down a line of concessions to what seems 
to me to be the inevitable disaster. With these 
unprejudiced words, I leave the issue to you. 
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Theodore van Knrrncln, Caltech professor of aeronautics, emeritus, receives America's top science honor from 
President Kennedy - with the full approval o f  General Bernard A. Schrieier, Cmmnndcr of  the Air Force Sus- 
terns Command: New York state ~ t ~ b i e r n e  court Judge Victor Anfuso; Gem-nil Ciirti's L ~ M *  4ir Force chief 
of Staff; and Calte- h Prcmh'nt DuBridge. 

National Medal  of Science 

Theodore \on ai niari, Caltecli professor of 
aeronautics, emeritus, was awarded the first Na- 
tional Medal of Scieiice on February 18 by Presi- 
dent Kennedy "for leadership in the science and 
engineering basic to aeronautics, for distinguished 
counsel to armed services, and for promoting in- 

tional cooperation in science and engineer- 

arniau, who served as director of the 
Aeronautical Laboiatories at Cal- 

tech fiorrl 1930 t o  1949, is cliaimiiiii of the 
technical ach isoty board uf Aeiojt t-General Cc)r 
~~iisitioii vi I'lk'h tie helped to found in 1942. and 
chairman of the NATO advisory group h i  aero- 
nautical research and development. He is a 1902 
graduate of the Royal Technical University in 
Budapest and received his PhD from the Uni- 
versity of Goettirlgeri in Germany in 1908. He 
became an American citizen in 1936. 

At a lunch honoring Dr. von Karnian held at 
the National Academy of Sciences after the pre- 
sentation, President DuBridge said : "Dr. w n  



Karmaii would be eminenti) eligible for either 
a medal of pure science or a medal of engineering, 
for he is one of those rare individuals who has 
made basic and important and numerous contri- 
butions to both of these areas of knowledge. 

' . . Dr. \on Kannan's choice for tin's honor 
is on the basis of the brilliance of his man) 
achievements, and not on their rna$s-,si1;eness. 
Nevertheless, their massiveness alone is pro- 
foundly impressive. 

"Take, for example, the clescriptio~~ of his 
career. The list of the actual positioiis and lip- 
pointn-ieiits lw has held contailis 42 items. The 
list of his honorary degrees numbers 23. Of his 
decorations, orders and awards, there are '38. And 
lie is a fellow, honordi') fe l lw,  honoiaq iiieiu- 
her, life member, charter member, or member of 
no less than 55 professional organizations through- 
out the world. His collected works, published in 
1956, fill four sizable bound volun~es. The first 
paper in Volume I is dated 1902, the \ear in 
which von Karman was 21 years of age . . . 
Surely, it would be hard to find anyone else in 
the history of science or technology who, after 
61 \ears of continuous scientific prodncti\it), is 
still going strong." 

Satellite Corporation President 

Joseph V. Charyk, Under Secretary of the Air 
Force, has resigned to accept the post of presi- 
dent and principal operating officer of the new 
Comn~unications Satellite Corporation in Wash- 
ington, D.C. The corporation is the first private 
enterprise corporation to be chartered to operate 
in space, and the first profit-making corporation 
ever set up by the United States for private 
financing. 

Dr. Charyk received his MS in 1943 and his 
PhD in 1946 from Caltech. Canadian-born, he 
was graduated from the University of Alberta 
in 1942. In 1945-6 he served as a section chief 
at Caltech's Jet Propulsion Laboratory and in- 
structor in aeronautics at Caltech. From 1946 to 
1955 he taught aeronautics at Princeton Unix ersi- 
ty. In 1955, during the Eisenhower Administi-a- 
tion, he went to Washington to be chief scientist 
of the Air Force. In June 1959 he was named 
Assistant Secretaq of the Air Force for Research 
and Development, and less than a j ear later w as 
appointed Under Secretary of the Air Force. 

The Communications Satellite Corporation 'will 
prohahi) be ready for business in about a \ear. 
The first job Mr. Charyk faces is the preparation 
of the public sales of stock in the new -venture. 

PLuiii cdll lor tlie tiaiiiiiiiission of messages, tele- 
phone calls, and biter-continental telev ision and 
radio programs throiigh such satellites as Telstar. 

Honors and Awards 

Dr. Lee A. DuBridge has been named by Presi- 
dent Kenned) to serve on the Distin";insIied Ci- 
ulian Senice Awards Board which recoiniiiends 
outstanding persons to recei\ e the Presidential 

The original Medal of Fieedo~ii Â¥ .AS estab- 
lished during World Wai I1 and h i s  gnen to 
those who 'aided the U.S. in the prosecution 
of a war against an enenlj ." The award will now 
be couferred t t ~ ~ ~ ~ t ~ a l l ~  In President Keiii~ed'y. It 
will be given to "an) person who has made iin 

especially meritorious contsihiition to ( 1 ) the 
security or national interests of the United States, 
or ( 2 )  world peace, or ( 3 )  cultural or other sig- 
nificant public or prilate endeavors." 

Richard P. Feynman, Richard Chace Tolman 
Professor of Theoretical Phj sics, was appointed 
this month to the State Curriculuin Con~mission 
by the State Board of Education in Sacramento. 
The appointment is for a term of four years. Dr. 
Feynman succeeds C. C. Trillingham, Los Angeles 
Comity superintendent of schools. 

William H. Pickering, director of Caltech's Jet 
Propulsion Laboratory, was named Engineer of 



William H .  P i c k e m ,  Engineer of the Year A d  
Time's March 8 cover man. 

the Year and given the annual George Washing- 
ton Award at a banquet meeting at the Beverb 
Hilton in observance of National Engineers' Week 
on February 20. 

New Cfiemistii/ Chairman 

John 11. Roberts, professor of organic clieii~is- 
try, has been named chairman of the division of 
chemistr: and chemical engineering. succeeding 
Ernest H. Swift, who has been chairman since 
1958. 

Dr. Roberts receised his B 4  in 1941 and his 
PhD in 1944 froni UCLA. He taught and did re- 
search there. and at Peii13syJs iiiiiti State College, 
Harvard Lh~i~ersity. and the Massachusetts Insti- 
tu te of Technology . He came to Caltc ch i n  1952 
as a (Jnggenheiin Foundation ellow. The follow - 
ins  year he went abroad to study the extent of 
organic and physical chemical research in Euro- 
pean universities and laboratories. On his return 
lie joined the Caltech faculty as professor of 
organic chemistry. 

Dr. Roberts is known for his contributions to 
theoretical organic chemistry. His major research 
interests are in carbon-containing molecules, their 
synthesis, sti uctures, and reactions, particularly 

rearrangement reactions. He has contributed to 
the understanding of the behavior of carbon 
atoms in many types of molecules. 

Dr. Swift interrupted his outstanding investi- 
gations in the field of analytical chemistry to 
assume the chairmanship of the division on an 
interim basis in 1958. A member of the Caltech 
faculty for 44 years, tie is the author of four stan- 
dard books on analytical chemistry. 

"The Institute is very fortunate in securing as 
the new leader of its chemistry and chemical 
engineering division so eminent a chemist as 
Professor Roberta," said President DuBridge. "He 
will carry on a distinguished tradition which he- 
gan with the arrival of A. A. Noyes in 1917. 

'We  pay tribute also to the retiring chairman, 
Ernest Swift, whose leadership has been so out- 
standing in recent years. We accepted his resig- 
nation with reluctance, but appreciated his strong 
desire to devote full time again to his teaching 
and research." 

Sloan Foundation Grants 

Three Caltech scientists received unrestricted 
basic research grants from the Alfred P. Sloan 
Foundation this month: W. Barclay Kamb, pro- 
fessor of geology; Alan T. Moffet, research fellow 
in radio astronomy; and G. Wilse Robinson, pro- 
fessor of physical chemistry. 

Dr. Kamb received a two-year grant in geo- 
chemistry and geophysics, and will do research 
into the nature of recrystallization phenomena 
in solids under stress, such as glacial ice and 
metals. He is interested in the flow of glaciers, 
the study of rock structure, and the atomic strue- 
ture of rocks and crystals. 

Dr. Moffet was awarded a two-year Sloan fel- 
lowship in radio astronomy to continue, with other 
astronomers, the mapping of brightness patterns 
of radio sources in space. 

Dr. Robinson, recipient of a one-year grant, 
i s  doing research on the study of the transport and 
multiplication of cbnerg) quanta in molecular ;ig- 
gregates, with special reference to crystalline 
solids and ph t j l~s~ i the t i c  systems such as plants 
and green algae. One purpose of die research i s  
to try to determine the effectiveness of purely 
physical processes 133 which two low-energy 
quanta can he comerted into a single quantum 
of high-energ) excitation. Such a process might 
eventually prove to be one of the important steps 
in the conversion of siinlight into chemical energy 
in green plants. 

Scientists do not apply for the Sloan Founds- 



tion grants but are nominated by those familiar 
with their work and potential. 

Two other Caltech scientists are already doing 
research under Sloan grants: Drs. John H. Rich- 
ards, associate professor of organic chemistry, and 
Fredrik Zachariasen, associate professor of theo- 
retical physics. 

P u f m  Winners 

Caltech undergraduates came away with both 
team and individual honors in the 23rd annual 
William Lowell Putnam Mathematical Conipt- 
tition. There were 1,187 individual contestants 
and 157 teams from 187 colleges and universities 
in the United States and Canada in the contest, 
which consists of a six-hour written examination 

on problems covering general college mathe- 
matics. 

Caltech won the first prize of $500 in team 
competition. Members of the team are seniors 
Edward A. Bender and John H. Lindsey, and 
sophomore Kenneth Kunen. Bender and Lindsey 
also ranked among the five highest in individual 
scoring for the second consecutive year. They 
each received $75. Seniors Roger C .  Hill and 
Kenneth B. Stolarsky ranked among the second 
five in individual scoring and recehed $35 each. 
Honorable mentions went to junior Alan Hind- 
jiidrsh, senior Cljailes A .  Iij,nec-. and Kenneth 
Knnen. 

The $500 won by the piLw-^iniiiny team goes 
toward a Caltech mathematics piize which is 
an arded at Commencement. 

UNDER 
CONSTRUCTION 

The circular 
Arnold 0. Beckman 
Auditorium, 
located north of 
San Pasqual Street 
on South Michigan 
Avenue, is 
scheduled to be 
completed by 
the end of the year. 
It will seat 
1200 people. 

UNDER 
CONSTRUCTION 

The Willis H .  Booth 
Computing Center, 

on the northeast 
corner of Chester 

Avenue and 
Son Pmqual Street, 

will house the 
IBM 7090 

computer. The 
Center should he 

completed and 
occupied b y  

late fall. 
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adio astronomers receive signals from clouds of cosmic ray electrons ejected from such galaxies  as NGC ^128 
left). Ellivses indicate vosition of the two inner components of the radio source. Crossbars show allowable mar- ( I  , , 

gin for error in the radio source. In outer radio structure (right), numbers give strength of radio emission. 

- the most powel ful source of 
radio signals yet found in the urbiveise 

Caltech astronomers have found, in recent 
studies on 24 radio galaxies. that these invisible 
sources of radiation from space are the most pow - 
erful objects yet found in the universe. One of 
the strongest of these radio sources, Cygnus A, 
which is half a billion light Tears away, lias an 
output of 40 billion billion billion billion watts- 

which is equivalent to the energy radiated by 20 
billion suns. 

Using the twin, %)-foot dishes at Caltechs 
Radio Observatory in Bishop, California, as an 
interferometer astronomers found that, in most 
cases, radio emission comes from two immense, 
opticalb -in\ isible clouds of gai that a r r  associ- 
ated with an opiricallj -visible galax!. Dsnalh the 
visible galax\. an island of stars like our Milky 
Way G a l a y  is located befw~cn the two invisible 
clouds. 

In their study of these objects, radio astron- 
oiners Per Maltby, Thomas A. Matthews and 
Alan T. Moffett first mapped the locations and 
outlines of the clouds. Then the) superimposed 
the radio maps on photographs of the regions of 
the skj from which the radio emission was knovi n 



to come. The) found that usually one and oc- 
casionally two or more galaxies were located 
somewhere bet% een each pair of clouds. 

Spectrum studies by other astronomers, using 
the 200-inch Palomar telescope, indicated that the 
main optical galaxy was usually highly excited 
and displayed signs of a recent catastrophic dis- 
turbance. 

Once these double sources of radio energy 
were associated with one or more galaxies, as- 
tronomers used the red shift of the galaxy to 
measure its distance from the earth. The farther 
a galaxy is from the earth, the greater the shitt 
of its spectrum toward the red, or longer, wale- 
lengths. Drs, Maarten Scbsmdt a11d Rndolf M i ~ i -  
kowski ( now retired) of the Mt. Wilson and 
Paloniar Obsen atones determined most of tlie 
red shifts of the radio galaxies. 

When their distances are known, the size of 
the radio clouds and the power of their radia- 
tion can be calculated. 

The sizes of the clouds and the distances be- 
tween them vary considerably. There may be as 
much as two million light years between the out- 
side edges of a pair of clouds, and they may be 
many times larger than the visible galaxy. It 

seem that tlie farther &part the clouds are, the 
larger they are. This suggests a pattern which 
could be caused by enormous explosions. 

Cosmologists Geoffrey Burbidge of the Uni- 
versity of California in San Diego, Fred Hoyle oi 
Cambridge University in England, and William 
A. Fowler of Caltech, are interested in how the 
enornlous energies required for radio galaxies are 
generated. Dr. Burbidge believes that a chain 
reaction of thousands of exploding stars can cause 
it. Dr. Fowler and Dr. Hoyle suggest that a super 
sitar, millions ol times more massive than the 
sun, ma} form a11d tlien explode in a galaxy's 
nucleus, ejecting vast amounts of matter beyond 
the gaiaxj which form the clouds. 

Astronomers once thought that radio galaxies 
formed when two normal galaxies happened to 
collide accidentall). This theory lias now been 
discarded because it appears that a galactic col- 
lision cannot possibly supply enough energy to 
make the observed radio clouds. Also, the fact 
that only one galaxy has been found in many of 
the radio sources cancels out the collision theory. 
Astronomers consider the radio galaxy to be a 
short-lived object which lasts probably a millio~i 
)ears before it gradually fades away. 

Very A look at the sophisticated This is Ranger Six It will carry 

instrumentation on this spacecraft will instrumentation to measure moon quakes 

tell you why It's hard work, alright. A TV camera will transmit pictures of 

But worth it the moon's surface from 13 miles out 

It was designed right here at JPL's a great place to work Caltech 

Jet Propulsion Laboratory runs it, you know The people are 

Same with the Mariner that's wonderful. So are the facilities And 

going to fly-by Venus this December. you can't beat this California living. 



Induction of Cancer By Viruses 

The transformation of the normal cells of an 
animal into cancer cells is a process which can 
be induced experimentally by a variety of agents. 
A perplexing aspect of these experiments is the 
difficulty, or impossibility, of formulating a uni- 
tary mechanism for the various agents. For in- 
stance, cancer can be induced equally well by 
substances which have a strong action on the 
nucleic acids, or by hormones, or even by com- 
pletely inert substances, such as sheets of plastic 
inserted under the skin. The lack of similarity 
in the properties of cancer-inducing agents has 
suggested that the similarity lies in the cellular 
mechanisms that they affect. 

Among the agents that induce cancer are 
viruses. We look at viruses as interesting objects 
for an experimental stndy of cancer because we 
understand much more about the interaction of 
cells with viruses than with any other cancer- 
inducing agent. Furthermore, viruses are the only 
such agents that can induce cancers in dispersed 
cells cultivated in  ritrn. This result suggests that 
viruses induce cancer by direct action on the 
cells, whereas other carcinogens act indirectly 
and require the participation of mechanisms 
which operate at the lev el of tlie whole organism. 

The nature of the  changes caused b\ xirnsps 
in the transformation of normal cells into cancer 
cells can be w e l l  appreciated i f  one studies t h r  
properties of normal cells and of cancer cells 
in  vitro. Cells are grown in dishes in contact with 
a solid substrate of glass or plastic, immersed in 
a liquid nutrient medium- Normal cells grow very 
rapidly as long as there is space between them; 
as soon as reciprocal contacts are established 
oxer a large part of the cell contour, growth 
stops. Therefore, these cells tend to constitute 
~rionolayers. cellular sheets which are one cell 
thick. Once the monolayer forms, growth stops. 

This is not because the nutrients in the medium 
are exhausted, since the addition of more nutri- 
ents does not cause the growth to resume. Growth 
resumes if the cells are detached and transferred, 
more diluted, to a new dish, where they are not 
in reciprocal contact; or, simply, if part of the 
monolayer is mechanically removed. Therefore, 
cessation of growth is caused by regulatory mech- 
anisms which are sensitive to the establishment 
of reciprocal contacts between cells. 

The cellular surface appears to be the sensor 
that detects the contact. This is suggested by 
cinematographic observations of cultures of nor- 
mal cells, which show that the normal undulating 
movement of the margin of moving cells is im- 
mediately arrested when the margin touches the 
surface of another cell. Similar mechanisms are 
probably responsible for maintaining the rnulti- 
plication of the cells of the body under a strict 
control. The very existence of multicellular organ- 
isms depends on these regulatory mechanisms. 

The behavior of cancer cells grown in vitro 
under the same conditions is totally different. 
These cells continue to grow after they have es- 
tablished a reciprocal contact and therefore are 
riot coiifiriecl to a monolayer. In effect. tliey form. 
in the dishes. VPF thick multilayrrrd sheets 
which stop growing when the food supply runs 
nut or when toxic products of met, :i I XÃ 1' ism ace u- 
riiiilate excessii el\. Regulation of cell iniiltipli- 
cation is either absent or is ineffective in these 
cells. The absence of regulation of cancer cells 
is manifested, of course, in the organism. where 
these cells grow without am of the constraints 
which limit the multiplication of normal cells. 

These characteristics of normal and of cancer 
cells are the basis for studying the effect of tumor- 
inducing viruses in vitro. Tn fact. when, in a 
n~onolajer of normal cells, one of the cells is 
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Bob DiCiorcio (B.S.M.E., 1956) handles microwave trans- a tough problem concerning spring relay stress tension. 
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Cancer and Viruses . . . continued 

transformed into a cancer cell as a result of virus 
infection, it escapes the regulatory mechanisms 
and resumes growth. This cell gives rise to a 
colony of cells, a little cancer, which piles up on 
the background of the monolayer of normal cells. 
By taking advantage of this property, the tumor- 
forming potency of a virus suspension can be 
determined. 

These observations raise two interesting and 
interconnected questions: How does the virus 
cause the escape of the cells from regulatory 
influences? And what can we infer about these 
regulatory influences, of which we know- very 
little, from the fact that they can be made in- 
effective in a virus-infected cell? There is a cer- 
tain duality in these questions, since the same 
problem affects not only the understanding of 
the mode of action of tumor-producing viruses, 
but also the operation of the regulatory mech- 
anisms. A similar duality often connects these 
two areas of biological research. 

Cancer viruses 

There are two main groups of cancer viruses. 
each one fairly homogeneous. The viruses of one 
group contain RNA as the genetic material, and 
those of the other group contain DNA. The pro- 
perties of cancers produced by viruses of different 
groups are markedly different: those of cancers 
produced by viruses of the same group are quite 
similar. with one notable exception. 

The pertinent findings can be summarized as 
follows. The RNA-containing viruses, except the 
Rous sarcoma virus, produce differentiated tu- 
mors. The tumors are produced in a single step; 
that is, the cell which is infected becomes itself 
transformed into a cancer cell. The DNA-con- 
taining viruses produce undifferentiated tumors. 
The cancer cells are not those first infected by 
the virus. but derivati~es of them which are 
formed after a number of cell generations. 

During tlie (Ie~eloprnent of an organism from 
a single cell - the fertilized egg - to the com- 
pletely developed multicellular organism, cells 
appear which have more and more specialized 
functions. We call this process differentiation. 
The speciali~ed functions are caused by the syn- 
thesis in the cells of specific molecules, essentially 
proteins, which are made on specification of cer- 

tain cellular genes. Thus, differentiation consists 
of the expression of the functionality of genes 
which were previously inactive. 

The sudden expression of a gene function is 
the consequence of the operation of regulatory 
mechanisms, which have been studied very ex- 
tensively in bacteria. The results obtained in 
bacteria have shown that the expression of gene 
functions is prevented by specific intracellular 
repressors, which are in turn made by other 
genes; and that the expression of the genes can 
be resumed when the repressors cease to be made. 
Production of the repressor or its discontinuation 
is under the control of controller substances, of 
small molecular weight and of man) kinds, which 
come from the outside. 

The pattern in animal cells 

Regulation of gene function in animal cells 
is believed to follow the same general pattern; 
the expression of genes is regulated by specific 
intracellular repressors. However, an important 
deviation from the bacterial case may exist in 
the mechanism by which the control of repression 
takes place- There is little evidence in animal 
cells for a controlling action of substances of 
small molecular weight and great variety coming 
from the outside. 

The known substances controlling cellular pro- 
perties in animal cells, presumably through a 
control of gene expression, belong to a few classes 
and are fairly large molecules. Among these sub- 
stances we find hormones, some of which are 
steroids, others proteins; we find specific growth 
factors for certain cells of the nervous system 
and for the skin epithelium, which are fairly 
large proteins; we find the protein antigens which 
are able to elicit a specific antibody response. 

It is not known at all whether these controll- 
ing substances are taken info the cells: it is quite 
possible that they act on the cell surface. Jn fact, 
the cell surface is a \ e n  acth e and selecthe sys- 
tem. which is responsible for introducirlg essen- 
tially everything the cell lakes from the outside. 
Molecules and ions penetrate the cell through the 
action of specific permeases, which have the dn- 
plex function of recognizing the molecules. with 
an incredible amount of specificity, and of pump- 
ing them in against a concentration gradient. 
Modification of the function of specific permeases 
may \er\  well have specific effects on the func- 
tionality of cellular genes, by modifying the in- 
ternal concentration of certain small molecules 
coming from the outside. The regulatory action 
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Instant portable power.. . any time, any place 

In this battery-sparked new world of portable convenience, hand tools are driven by their own re- 
chargeable batteries . . . toys perform their tricks by remote control . . . a hearing aid with its 
button-size power cell can be slipped into the ear . . . cordless radios and television sets are lively 
companions in the home or outdoors . . . missiles and satellites are guided through the vastness of 
space. Developments like these have brought more than 350 types of EVEREADY batteries into 
use today, 73 years after Union Carbide produced the first commercial dry cell. Ever-longer service 
life and smaller size with power to spare are opening the way for batteries, such as the new alkaline 
cells, to serve hundreds of new uses. b For the future, along with their research in batteries, the 
people of Union Carbide are working on new and unusual power systems, including fuel cells. 
And this is only one of the many fields in which they are active in meeting the growing 
needs of tomorrow's world. 

A HAND IN THINGS TO COME 

LOOK for these other famous Union Carbide consumer products- 
LINDE Stars, PRESTONE anti-freeze and car care products, "6-12" Insect Repellent, DYNEL textile fi 

Union Carbide Corporation,270 Park Avenue, New York 17 ,N.  Y .  In Canada: Union Carbide Canada Limited,Toronto. 
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Cancer and Viruses . . . continued 

of cell-to-cell contacts may also occur through 
similar mechanisms. 

Another important aspect of differentiation is 
that the controlling substances can induce a cer- 
tain type of differentiation only by acting on cells 
which have already reached another, well-cleter- 
mined, stage of differentiation. Thus, differenti- 
ation is a sequential process. which develops 
according to instructions that are coded in the 
genetic material of the cells. The various stages 
are presumably locked in by the operation of 
feedback mechanisms. 

The ability of certain viruses to produce differ- 
entiated cancers shows that these viruses alter 
the regulatory state of the cells without disrupting 
the complex instructions coded in the genetic 
material of the cells; thus, these viruses must act 
by causing a specific and functionally-well-cir- 
cumscribed change of the cell. On the contrary, 
the of undifferentiated cancers by 
other viruses can be attributed to more profound 
or less circumscribed disturbances. 

Effects of  viruses on cells 

With these differences in mind we may now 
look a little more closely at the effects that the 
two types of viruses have on the cells they infect. 

Let us look first at the RNA-containing viruses. 
Cells infected by viruses of this type, whether 
the! produce tumors or not. synthesize a virus- 
specific protein which becomes incorporated in 
the cellular surface, as if it were a protein of the 
coils themselves. It is a very surprising obser~ a- 
tion that these cells, which contain a considerable 
proportion of 1 ira1 protein in their surface, sur- 
vive and in many cases multiply very actively. 

In cancers produced by RN4-containing viruses 
the viral RNA is present in all cells all the time; 
therefore, the synthesis of ural  protein occurs 
constantly in these crxlls. Thr incorporation of 
the viral protein in the cellular surface may cause 
the alteration of specific functions: so. on tin's 
basis, the loss of response to factors regulating 
cellular multiplication can be understood, as well 
as the differentiation of the cells. 

The differentiation of the cancer cells follows 
the pattern which is normal for the cells at the 
stage at which they were infected. For instance, 
precursors of white blood cells produce, after 
infection, tumors of white blood cells, which are 
called leukemias; precursors of bone-forming cells 
produce bone tumors; embryonic remnants at a 

very early stage of differentiation give rise to 
cancers that contain cells in the various stages 
of differentiation which normally occur. Thus, 
the virus acts as the controller substance responsi- 
ble for actuating the type of differentiation of 
which the cell is capable; the differentiation at- 
tained is characteristic more of the type of cell 
affected than of the virus type. 

A possible interpretation of these events is that 
the cell, owing to the alteration of its surface 
caused hy the incorporation of viral protein. re- 
cognizes, as specific controllers of differentiation, 
substances which normally do not have that func- 
tion. It  is interesting that a similar point of view 
can be entertained to explain certain puzzling 
observations of experimental embq ology. 

The Rous sarcoma virus 

The only RNA-containing virus which causes 
undifferentiated tumors is the Rons sarcoma virus. 
This virus also has an important peculiarity: it 
is defective, in the sense that its RNA, although 
capable of self-replication, is unable to give rise 
to the production of complete infectious virus 
particles. The nature of the defect is unknown, 
and it is not therefore possible to determine 
whether the presence of the defect is responsible 
for the lack of differentiation of the tumor pro- 
duced by this virus. It is, however, conceivable 
that the defect consists of an alteration of the 
structure of the viral protein that becomes incor- 
porated in the cellular surface; the altered protein 
might then cause unusually large changes in the 
properties of the cell surface, and thus destroy 
the fine balance required foi maintain in";^ state 
of differentiation. 

The DNA-containing liruses of small size, to 
which the tnmor-producing viruses belong;, are 
synthesized in the nucleus of the cell. They do 
not cause any extensive incorporation of viral 
material in the cellular st ~rface. although some 
of i h ~ r n  r a i l  crimp otlier char;irtciistic surface 
alterations. During thp multiplication of the virus 
the cellular DN 4 sufFeis damage s. f s p  cialfi hy 
enr>rnes wliic-h in some cases me f o u n d  to be 
formed as a consequence of I ims infection. 

In the cancer cells induced by these viruses 
the viral DNA is not recognizable by o1tr present 
means; it is, however, likely that some part of 
the viral DNA persists in these cells, because they 
have two characteristic properties which are ab- 
sent in normal cells. One property is a special 
surface configuration. detectable iinrnurkologically; 
the other is the occurrence of breaks in tlie cellu- 
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United Technology Center is now at  work on development of the first or solid Is 'I1 booster stage for the Air Force Titan Ill. IJTC1s huge segmented solid propellant 
rocket motors, each 120 inches in diameter and producing more than a million pounds of thrust] will blast the Standardized 
Space Launch Vehicle from its launch pad. Titan Illl with all stages assembled] will stand more than 100 feet tall on the 
padl and will be utilized to  put multi-ton payloads into orbit. These payloads will include the X-20 Dyna-Soar. 

Graduates planning careers for the Space Age will do well to talk with UTC. This young and Is Tc dynamic division of United Aircraft is one of America's fastest-growing aerospace organiza- 
tions. In UTC1s unique professional atmospherel youlll move ahead faster] team up with scientists preeminent in rocket 
propulsionl enjoy the facilities of UTC's Research and Engineering Center and sprawling test site. Here are a few of the  
projects. . . in addition to  Titan Ill . . . underway to  challenge your imagination and scientific skills. 

UPPER-STAGE LIQUID MOTORS HYBRID ROCKETS FILAMENT-WOUND MOTOR CASINGS ABLATION- 
COOLED THRUST CHAMBERSeVARIABLE-THRUST CONTROL SYSTEMS*THRUST VECTOR CONTROL SYSTEMS 

And that's not all. United Technology Center is located in the heart of the beautiful San Francisco Bay Area. Glamorous 
San Franciscol skiing] sailing] and the scenic wonders of the High Sierra are within easy reach. 

Pick up that pen. Drop a line to  UTC. Tell us your engineering specialty. Youlll be glad you did. 

For information] contact lay W. Waste, Department 26E1 P. 0. Box 358) Sunnyvale. 4 &"$ 3 
DIVISION OF UNITED ANRCRAFT CORPORATION 
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Cancer and  Viruses . . . cmtif l~ed 

lar D N i  for 111anj generatio~ts aftcr infectio~i. 
perh:ips ca~~sed  t q  the actib it) of a new e r q  me. 
Both slirface co l~f ig~~ra t i (~r~  and h)pothetical en- 
z! r i l ~  he the expression of inforntation con- 
tainecl in the lira1 DV 1 which per~ists i r ~  the (.ells. 

The trar~sformation of cells 1)) DNA-contain- 
ing \ir119es takcs place in at least two steps, The 
first step occlirs imn~ecliatel~ after irifection: it 
affect5 the regt~latior~ of cell rn~iltiplicatiori h t  
not the ~ t a t e  of cliffereritiatiori, which remains 
~~nchar~ge[l. These first c h ~ i n g e ~  are prol~ably 
similar to thow incl~~ce(l fly RNA-corttaining virus- 
es, ailel may also be caiisecl t q  rr~oclifications of 
the cell surface. The cells in which this first step 
has occ~~rrecl, however, are not cancer cell$. From 
then1 the true cancer cells emerge after a ~iuml>er 
of cell generations, during which marly breaks 
take place i r ~  the cellt~lar DNA. These cancer cells 
apppar to carry permanent a ~ i d  profo~~rtd alter- 
ations of their DNA, which car1 be detected in 
some cases 11y stuclying their chromosomes. 

The formation of cancer cells by DNA-contain- 
ing viruses is therefore a process involving the 
cell rtuclet~s and ca~~s ing  structural alterations of 
the cellular DNA. Tt is likely that these a l t ~ r -  

ENGINEERS AND SCIENTISTS 

EOS. $1 leaclir~g 5pacc: re5earch arid c l e ~ e l o p ~ x ~ ~ n t  co111- 
 any, has immediate senior staff requiremer~ts. These 

ositions provide an opport~~r~i ty for professional satis- 
faction and per~orlal growth in progranx participation 
and dire( tion, 

. Power generation, conversion and conditioning programs 
for nuclear and space environments. 

Instrument conception and design for upper atmosphere, 
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data. 

Creative circuit design for severe space environments, 

Information handling systems-theory and systems. 

* Space power systems stt~dies and onaly~is .  

Analytical ond experimental programs in re-entry physics, 
plasma physics and gas dynwmics 

R. & D. in thermionic power systems. Electron tube tech- 
niques and applications, 
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ations procluce a ili~arrangerrtertt of the cootclin- 
ation lrtween the f~n~c t io r~  of the eeI11ila1- genes, 
ca~s ing  the lack of ~IiEerentiatior~ that c1tar:ieter- 
ifw the cancer ~ P I I Y  proch~ced hy these ir~l~ecj. 

4 conclusio~l that one ca~ i  deriie from these 
c~ortsic~erations is t l~a t  prolxd>lj there are t t ~ o  
clistirtct t3pes of cancer cells. 111 one type, eyen1- 
plifiecl by cells trar~sfor~rted RNA-containing 
tir~tses, the cel1111ar alteration is functio1131. If 
the ~ i r a l  RNi1 co~ilcl he removecl fronx the  cell^, 
the) sho~ild rekert to EL state of nor~nality: the 
carlcclr ~ t a t e  is potei2tially reversible. In the other 
t! IF, exe~n~~lified 1)y cells transforrnecl 11: DNA- 
contairling I irtises, the cc>ll111ar alteratiori is strue- 
t~iral. PreY~~rrial~l! the trar~sforr~~atiort wo111cl not 
re\ert even if the viral DNA were removed; the 
cancer state is irreversi1)le. 

These covcl~isions l i a ~  e stressed the sig:~ifieance 
of these in~estigations for the problem of the 
origin ancl nature of cancer. The point shox~ld, 
however, he made again that s t~~d ie s  on the rnec11- 
anism of cancer prodtiction by virt~ses ZI 

r1111ch broader interest. In fact, they alw offer 
experimental approaches for studying cellular 
regulation artd differentiation, which are arrtor~g 
th i  rrlost o~~tstancling unsolved problerns of hi- 
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Action: Now under Army test, a Ford-designed glass filament torsion 

bar that's lighter, stronger, more flexible than steel 

"Looks like you've got something there," the Army Tank 
Command said in effect to Ford Motor Company engineers, 
"Let's do afeasib~lity study on tracklaying mil~tary ~eh~c les , "  

The story begins In 1957 when Ford engineers conceived 
the Idea of a plast~c-bonded glass filament torsion bar for 
vehicle suspension systems. It was a revolutionary departure 
from the use of solid steel. It promised dramatlc weight 
savings in battle tanks, in personnel carriers and other 
military veh~cles, For example, as much as 1,000 pounds M O T O R  C O M P A N Y  

in medium tanks, The American Road, Dearborn, M ~ c h i ~ a n  

Compared to steel, the tubular-shaped glass filament com- ENG'NEER'NG 

position has greater energy storage potential-is stronger BRiNGS YOU BETTER - 6UI 

and more flexible under heavy load. It may well prove to be 
the automobile suspension material of tomorrow . , . cars 
suspended on glass! 

Another example of engineering leadership at Ford and 
new ideas for the American Road. 
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Personals 
1926 

KENNETH C. VcCARTER died at his 
home in Phoenix, Arizor~a, on February 
13. tie was 63" Kerineth, who retired 
frorn the National Park Service in 1948, 
h~lpe(1 with the geolc~gical wrxe) for 
the Hoover Dam, and al\o ser~ecl in the 
plan5 and designs branch of the Service. 
He worked with the hfarivopa Planning 
and Zonirlg Board frorn 1953 to 1958. 

1928 
GEORGE T. HARNESS, PhD .3-3, pro- 
fessor of engineering arid (lean of pro- 
fe\sic)r~al stuclieq at San Fern:~ndo \ a lk>  
State College, is the fir\t m m  to be 

named "Engirlper of the Year" of Sa11 
Fernando Valley by five of the co~~ntry's 
top engir~eering societieq - the American 
Institute of Plant Frlgirieerq, American 
Soviet) of hfetals, American Society of 
Tool and Manufacturing Engineers, Cali- 
fornia Society of Profession:~l Engineers 
and the Institute of Electrical and Elec- 
tronic Engineers. 

Dr. Harness ha5 t~eacled the engir~eer- 
ing clivi~ion at Sar~ Fernando \'allel State 
sincse 1959 and has been dean for a year. 
He has s e n d  on the faculties of Col- 
lege of the Pacific, Columbia Unikersity, 
arid the University of So~~thern Cali- 
Forr~ia. 

1930 
HARIdL4V R. E. JONES, safeiq er~ginc>er 
for the Pacific Iri(len~r~ity Inwrance Co~n- 
pari> of Holtston, (lied of cancer on 
Fel>rnary 3 in a Houston hospital. He 
ma\ 58 After gradt~xtion from Caltecl~. 
he morked a? a safety engir~eer in Dallaq 
Hot~\ton, and Sax1 Antonio hefore loin- 
ing tlic Ro! a1 Glohe Snwrance Co~npariy. 

In 1940 he was tran~ff~rrecl to Efawaii 
fly t11e co~npany and lived there until 
his return to Houston in 1955. He had 
been with Pacific Indemnity since 1960. 

1933 
CHARLES D. PERRINE, JR., t1~1s been 
named executive vice president for Gen- 
eral Dynamics /Po~i~ona. He was former- 
ly vice-preqident ar~d lias bee11 with the 
cornpany since 1950. 

1935 
D. J. IXHhIICKE is KIOW group leadc~ 
for te~tiles and adhesives research at 
the Firestone Tire & Rubber Con~pany's 
re~e:~rch laboratow irk Akron, Ohio. He 
liad heen teck~r~ic:~l inariager of the Fire- 
qtorie Synthetic Fibers Company plant at 
Hopewell, Va., Gnce 1960. He joined 
Firestorie irk 1955. 

continued on page 34 

CIVIL ENGINEERS: 
Prepare for your future in highway 

- get the facts about new 
avememt 

Modern pavement engineering has taken a ''giant step 
forward7' with DEEP-STRENGTH Asphalt coristruction for new 

roads and streets. There is a growing need for engineers 
with a solid background in the fcndamentals o f  Asphalt 

technology and pavement construction as new Inter- 
state and other superhighways in all parts of the 

country are being built with advanced design 
DEEP-STRENGTH Asphalt pavement. 

Your contribution - and reward --in our nation's 
vast road-building program can depend on 

knowledge of rnoderrl Asphalt technology. So 
prepare for your future now. Write us today 

College Park, Maryland 

1 I 1 
2) 1 THE ASPHALT INSTITUTE, College Park, Md. 1 

Gentlemen: Please send me your free student 1 
v - 1 s library on Asphalt Construction and Technology. 1 

1 
NAME CLASS- 

I 
I 

I ADDRESS f 
I 

CITY STATE 
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FORGED rn rn to end field failures 
This forging forms the critical stress-bearing 
segment of the turnpost on which a rugged hy- 
draulic loader rotates. It must withstand the sud- 
den high-magnitude stresses transmitted by the 
17-foot boom7 even in the bitter cold of northern 
winter logging operations. It replaced a less de- 
pendable part that had caused costly breakdowns 
in the field. By converting to forgings, the manu- 
facturer ended turnpost failures. 

Why did the designer look to forgings for 
superior strength and reliability? Because forged 
parta start with refined metals7 uniform through- 
out. By hot-working this superior stock between 
precision dies in forging hammers or presses, the 
structure of the metal is improved even further. 
That's why forgings offer unique opportunities to 
improve strength-weight ratios and reduce pro- 
duction costs. 

Forged parts withstand the landing impact of 
jet aircraft, yet are light and strong. They help 
restrain the tremendous temperatures and pres- 
sures involved in modern missile technology; im- 
prove the performance of vital automotive parts. 
Forgings enhance the safety factor of our high- 
speed world. 

Research projects sponsored by the forging in- 
dustry and its suppliers will increase even further 
the ability of forgings to endure the extremes of 
temperature and the greater stresses inherent in 
the engineering challenges of tomorrow. 

Be better informed about the advantages of 
forged parts. Write for documented case studies 
of forged parts converted, a t  a saving, from less 
satisfactory higher cost processes. Address: Drop 
Forging Association, Dept. E-2,55 Public Square, 
Cleveland 13, Ohio. 

1 For more infarmation, see our 4-page, full color advertisements in these magazines: 1 
1 MACHINE DESIGN, DESIGN NEWS, STEEL, MATERIALS I N  DESIGN ENGINEERING 1 
1 and AUTOMOTIVE INDUSTRIES. 1 
I I 
L-----------,-----------------A 



BIG 
DECISION 

Pencil Company, Inc. 
41-47 Dickerson Street 

Personals . . . continued 

rnent consultant, has been elected treas- 
urer of the Western Personnel Institute. 
a non-profit cooperative research center 
For student personnel viorh-. Mr. Colvin 
lias served as ;I board member since 
1959. He is a director of Reed and 
Reese, Inc., of Pasadena, the Cfnitek 
Corporation of \Ionro\ia, and of WEMC 
Inc. of Hawthorne. 

1937 
BERNARD WALLEY h;is been an- 
pointed inarisiger of the \\est Coast rnic- 
-o~v:n e engiiieeiiiiq operation of RCA'? 
Electron Tube Division in Los Angeles. 
He was previously inaii~iqer of the West- 
-rn district of RC \ Industrial Tube Prod- 
net Sales, and lias been with RC4 
iirice 1937. 

ROBERT P. JBR'lSOY, MS, i< ww 
staff scientist for the lunar and plane- 
tary progrsirns of the Office of Space 
Sciences, National 'Veronautics and Space 
4dmiriistration, in Washington, D.C. He 
comes to the job after 25 years as 
geologist for the V S. Geological Stir\ e ) .  

1939 
CALVIV 4. GONCWER. \fS is the 
new senior scientist and scientific ad- 
\ i<or to ttie \ ice president of Aerojet- 
General in Azusa. He was fornierl? 
manager of tli? Oceanic division 

1946 
ALT B. CA\IBEL, MS, cliairrnan of 
the mechanical engineering department 
of 'Vorthwesteni Uiiiversit) in Evanstor~, 
Ill., i s  the author of Plasma Physics and 
Ma~etvflc~idmechanics,  published this 
month by McGraw-Hill. 

1947 
NORMAN H. ENENSTEIN, MS, PhD 
'D is riiiiri:iger of the sy'-tems division 
of fInghe< Aircnift's ground systems 
C!'[Jlip in Fullertoii He IX :is furinerl> i ice 
president and director of technical ad- 
ministration at Litton Systems. Inc. He 
is not a newcomer to Hughes for he was 
a pioneer in the conipariys work in 
radars and computers from 1949 to 1956. 

1949 
R o I  F M. SINCIAm iii~~ir~imct s th f  
birth of his first child, a &lighter, Eliza- 
beth, on January 19. Rolf is on the re- 
search staff of the plasuia physics labor- 
atory at Princeton University. The Sin- 
Llairs lh e in Lawrence\ ill?, V.J. 

1950 
JOHN W. BAXTER, MS has been 
named, inanaqer ti( the tlie~mod>namics 
division of Lockheed Missiles and Space 
Company in Sunnyvale. He has been 
with Lockhe?d since 1960 arid worked 

foi tlie Ryan Aeronauticill Conipany for 
10 years before that 

1953 
THOMAS C. STOCKEBR'VND has been 
working for the past seven years at 
MIT'S Lincoln Laboratory on input- 
output equipment for computers. Before 
that tie spent two years with the Signal 
Corps \\orking on field engineeriw; of 
digital transmission equipment. 

1956 
RONALD 0. STEARMAN. MS. i-> I l O W  

associate arialyst in the mathematics and 
physics division ;it the Midwest Research 
Institute in Kansas City, \lo. He was 
formerly a research fellow :it Caltech 

KENVETH L. LAWS is now :n<;n.tant 
~irofecsor of phvics at Dichirson (31- 
lcge in Carlisle, Pa. He received his mas- 
ter's degree at the University of Penn- 
s y h n i a  in 1958 and Ins PhD in physics 
a t  Rryn Mawr in Tune 1962 He lias 
tanglit at Bryn Mawr Swarthrnore, and 
Hobart and William Smith colleges. 

RCn A. WHITEKER. PhD. associate 
professor of chemistry at Mar\?\ Mudd 
College, has been granted a Science 
Facult) Fellow ship for 1963-4 He will 
spend a year :it the Royal Institute of 
Tee htiolog\ in Stockholm vi orking with 
Professor L,irs G. Sillen, a pioneer in 
adapting computers to teaching and re- 
wi~rcki in inorganic c-hemistry. 

1958 
CHARLES R PENQUITE, MS '59, is 
doing res~iirrl' at the ~o i i sdn to  Cheni- 
ical C:o1111iar1\'s h~drocarbon*; division in 
St. Louis. He was formerly with the 
pl'i'itic 't (Iit isirii) in Springfield. 

1960 
LIEUT. GERAL,D B. JOHNSrON is 
1):tck 'it Hornp-tteacl AFB in FloricLi after 
graduating from the U S 4ir Force 
training course for F-100 S:ibie pilots 
at Lukp \FB in 41i/otia He iq no\< 
nu:ilitu-d a'- ' < omb.it rt A<U in the 
'-'iip, isoiiit j t  t fight( r 

PAUL \ i  WEICHSEL, PliD, has been 
assistiuii proftswr of gnathematies at 
the Universitv of Illinois in Urbiin i 
since last fall. Before that, he had been 
doing re-iearch at the Mathematical In 
stitute at Oxford in England. 

196 1 
CHARLES SIEGEL received his pilot's 
wings last September at Williams AFB 
in A.ri~oria and then went to instruc- 
tors' school at  Randolph \FB in Texas. 
This month he is being assigned to Reese 
AFB in Luhliock, Texas, as a primary 
pilot trdiriitig instructor. 
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N URGENT M 

NS R ARCH 
a a rn and we need your help 

NOL-the Naval Ordnance Laboratory-is t h e  
world-famous research and development organization 
t h a t  originates, develops and  tests new ideas i n  
SURFACE, SUB-SURFACE, AIR a n d  SPACE WEAP- 
ONS SYSTEMS t o  a point where they will be  practical 
and effective i n  fleet use. 

Engineers and scientists (963 professionals a t  last formal 
count) a t  NOL have completed and released for production 
some 115 NEW WEAPONS AND DEVICES in recent 
years, 92 of which are now i n  fleet use. These include 
the nuclear Anti-Submarine depth bombs BETTY and LULU, 
a new data reduction system that has made possible a radi- 
cally improved submarine sonar, the arming and fuzing for 
POLARIS, a number of underwater detection devices, and 
much of the aeroballistic design data for missiles ranging 
from ATLAS to ZEUS. (For that matter, ALL THE 
NATION'S MAJOR MISSILES have benefited from NOL 
research in aerodynamics and ballistics . . . and all have 
undergone tests and analyses a t  NOL wind tunnels and 
ballistic ranges.) 

NOL'S EXPLOSIVES RESEARCH PROGRAM is the only 
one of its kind, probing into the chemistry of explosives and 
propellants, explosion processes, and the physical effects of 
blasts. From this Program have already come three new ex- 
plosives that have greatly increased the effectiveness of 
missiles and underseas weapons. 

Now, however, we have an urgent need for ELEC- 
TRICAL/ELECTRONIC, MECHANICAL & AERO- 
SPACE ENGINEERS, and for PHYSICISTS, MATHE- 
MATICIANS and CHEMISTS to expand our research 
activities into . . . 

Design of special digital and analog computers 
Aero-and Hydro-design of advanced weapons 
Design of UHF, VHF, and microwave circuitry 

e Fuzing and arming, ASW, Infrared, missile guidance 
Planning Laboratory and field experiments, and design 
of related instruments 
Computer and Correlation concepts in circuit design 
Nuclear physics, including explosions under, over and 
on the sea 

o Design of Inertia-sensing devices for missiles 

* Solid-state research, with emphasis on magnetism and 
metallurgy 

e Design of electrochemical power sources 
0 Application of optical masers to ordnance 
0 Explosion effects a t  high altitudes, and in space 
0 Operations research into many aspects of weaponry 

. . . and into related fields as the need or opportunity arises. 
Because so much of your work will take you beyond the 

realm of the existing and known, you will have access to the 
finest-and in some cases the ONLY-facilities of their kind. 
NOL spreads out over nearly 1,000 acres of suburban Mary- 
land, just outside Washington, D.C., and operates test 
facilities a t  Solomons, Maryland; Fort Monroe, Virginia; 
and Fort Lauderdale, Florida. (If necessary, you will have 
access to any or all of the Navy itself.) 

1 ESPECIALLY FOR THE CAREER MINDED . . . I 
I n  addition t o  vital work and excellent research facilities. 
NOL offers unusual GRADUATE EDUCATION PROGRAMS 
i n  conjunction with nearby universities. There are four 
basic academic study programs you may be eligible for, 
ranging f rom a part-t ime effort (partly during salaried work- 
ing hours with tuit ion reimbursement) u p  to a comprehen- 
sive five year PhD program (four years' work and study 
program plus doctoral thesis at NOL or college). 

The Washington area itself is fast becoming a booming 
research center-one o f  the four largest in the country- 
with some 200 private f irms and 21,000 professionals 
ringing the District. 

For complete information, contact William B. Wilkinson, 
Employment Officer. Starting salaries for graduate engineers 
and scientists from $6,465 to $11,150, plus the many benefits 
of Career Civil Service. 

Naval Ordnance Laboratory 
(NOL-White Oak) 
Silver Spring, Maryland 
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Alumni News 
Board Nominations 

Tlie Board of Directors of the Alumni Association 
met as a Nominating Committee on February 26, 
1963, in accordance with Section 5.01 of the By-Laws. 
Five vacancies will occur on the Board at the end of 
the fiscal year (June 1963) - one vacancy to be filled 
from the present Board, and four members to be 
elected by the Association. The present members of 
the Board and their retirement years are: 

William L. Holladay '24 196.3 Charles P. Strickland '43 1963 
William H. Saylor 32 1963 Robert Boykin '34 1961 
Peter V. H. Serrell '36 1963 Patrick J. Fario '53 1964 
William FI Simon.- '49 1963 G. Russell Nance '36 1964 

Richard W. Powell '40 1964 

The following nominations have been made: 

President - Peter V. H. Serrell '36 
Vice-president - Patrick J. Fazio '5.3 
Secretary - Donald S. Clark '29 
Treasurer - John R. Fee '51 
Director - William H. Corco~an '40 
Directnr - David L. Hanna 52 
Director - Richard P. Schiister, Jr. '46 
Director - Herbert M. Worcester '40 

(1  year) 
( 1  year) 
(1 year) 
( 1 year) 

( 2  years) 
( 2  years) 
( 2  years} 
( 2  years) 

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

Statements about the nominees are presented below. 
- Don& S. Clark, Secretory 

WLI.I \M H. CORCORAN re- 
ceived his BS in applied 
chemistry in 1941, his MS 
in chemica l  engineering 
in 1042 sind his PbD in 
(licmical engiiit e r ing  in 
1948.. During World War 
11 In v~ oiked on  rocket 
oi (lnar~(.p ; i t -  Caltech. from 
1948 to 1952 lie was clirec- 
tor of technical develop- 
irient at the Cutter Labors- 
to1 ies in Berkeley. In 1952 

he returned to Caltech as associate professor, and 
was appointed professor of chemical engineering in 
1957. From 1957 to 1959 he had part-time duties as 
a member of the Caltech staff and was vice president 
and scientific director foi Don Baxter, Inc., in 
Glendale. 

36 

DAVID L. HANNA received 
his BS in mechanical en- 
gineering in 1952. While 
at Caltech he played var- 
sity football and golf and 
served as athletic manager 
and president of the stud- 
ent body. From 1952 to 
1957 he worked for the 
Anaconda Wire and Cable 
Company, first as a tech- 
nical salesman and then as 
a project eng inee r .  H e  

then spent t n o  \ears in military service in Korea. 
Four years ago, after receiving an MBA degree from 
Stanford's School of Business, he joined the nianage- 
merit consulting firm of Booz, Allen & Hamilton, 
which lie now serves as western administrative 
rnanagcr. 

RICHARD P. SCHUSTER, JR., 
received his BS in electri- 
cal engineering in 1946. 
After a year with the U.S. 
Navy, he returned to Cal- 
tech for an additional two 
years and another BS de- 
gree, this time in applied 
chemistry. He received an 
Honor Key for extracurric- 
ular activities during this 
period. For two years he 
served a s  a production 

foreman at the Procter and Gamble Manufacturing 
Cornpan! in Long Beach. Pursuing a career in chem- 
ical eugineerinq, lie spent the next ten years as plant 
rnansiger of the Bra? Chemical Cornpan! in Los An- 
geles. 111 June 1962 he joined J P L  as a staff engineer. 
working in the newly created Arms Control Study 
Group. HP is on the Board of Directors of the Chi- 
tech YVIC \ and is currently treasurer of that organ- 
ization. 

H E R B ~ R  r \ f .  WOB~FSFER 
received his BS in me- 
c-lianical eng inee r ing  in 
1940. While at Caltech IIP 
\ ; is ticth e in track, basket- 
ball and swimming. From 
1940 to 1962 hr ^as chief 
engineer and  iii;in;it;er of 
the specialty products di- 
vision of the Pacific Wire 
Rope Company in Los 
Angeles. In January 1962 
lie became manager of 

manufacturing at Boiler & Chivens Inc., designers 
and builders of custom scientific instruments. An 
avid sailor, lie was a crew member of the Sf(ighoimd, 
the overall winner of the Trans-Ptu'ific Yacht Race 
to Honolulu in 1955. 



Virtually all of the advanced 
technical disciplines involved ION 
in large electronic system complexes are embraced in 
the R&D programs at the 17-laboratory organization 
a t  Sylvania Electronic 

w chosen fi 

Massachuset'fc-r Massachusetts Advanced Electronic 1 Central Research I and I Communications I Defense Lab: 

APPLIED 
RESEARCH 

LABORATORY 
Waltham. 

Facility for  Needham, Systems Reconnaissance 1 Entire Division 1 Ma-achusetts 1 Laboratories 1 Systems Lab 

EASTERN 
OPERATION 

Laboratories 
a t  Waltham, 

Advanced Systems Planning 

Advanced Phased Array 
Antenna Systems 

Aerospace Systems Research 
& Development 

Now consider the opportunity for personal growth offered by our For further information, contact your College Placement Director 
parallel advancement plan. Here, you ran pursue your career as an or  write to Mr. Robert T. Morton. 

Engineering Specialist, choose Technical Management or go into 
Program/Project Management. In all cases, the rewards and ad- 
vancement opportunities are equal. Government Systems Management 

Sylvania Electronic Systems is a major division of Sylvania 
Electric Products Inc., and provides over-all systems engineering 
and management on major government projects for the parent com- 40 Sylvan Road - Waltham 54, Massachusetts 

pany, General Telephone & Electronics. AN EQUAL OPPORTUNITY EMPLOYER U. S. Ci t i ienshi~ required 

CENTRAL 
OPERATION 
Williamsville. 

New York 

Microwave Research 
& Development 

Microelectronics Research 

Navigation Techniques 

Operations Research 

Optical Data Sensing Systems 

Radio & Radar Research 

Reliability 

Speech & Character 
Recognition Research - 

Solid State Devices 

Simulator Systems 

Systems Integration Techniques 

UHF-VHF Circuit & 
Component Design 
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WESTERN 
OPERATION 

Mountain View, 
California 
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Airborne Instrumentation 

Antenna Research & Development 

Command & Control Systems 

Communication Techniques Re- 
search & Systems Development 

Data Processing & 
Display Systems R&D 
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Electronic Tactical Warfare 
Systems 

Information Handling Systems 

Intelligence & 
Reconnaissance Systems 

IR Sensor Techniques 
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ECM & ECCM Techniques 
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BIG DONOR 

"Hello? . . . Oh - Hi, George! How's tricks? Heh, Heh. What's 
on your mind? . . . An apology? . . . For me? . . . Why? 

6' I dont believe it. You mean youre sorry that you've been 
asking me to give to the o l  'lumni Fund? Why? . . . Caltech 
doesn't need any more money? Alright, I'll bite. Why doesn't 
Caltech need any more money? 

"No foolin! An unlimited supply, huh? Boy, you people will 
have to build a shed to stack it in. Can't have all those bills 
floatin' around in Throop ya know. Millions, huh? Maybe bil- 
lions? Boy, I'm impressed. 

"Those Development people are really doin' a great job. It 
must bring the tears to their eyes just thinkin' about a donor 
like that . . . Yeah." 

'Tell me, George. Who is the donor? . . . Oh, c'mon, George; 
I cross my heart and swear to go on the wag-. No, uh, on 
second thought I better just hope to die. Now tell me . . . 
"Uncle WHO? . . . Oh, you're kiddin', George. You must be. 
Why Tech's a private school. Needs private support. You can't 
do that, George. Tech's got friends-lots of friends . . . 
'< Wait a minute, wait a minute. O.K. . . . O.K., no need to 
beat me over the head. Think you're smart I'll bet. Well you're 
not smart enough for me. C'mon over. I'll write you a check- 
one that'll make Saylor and Nance sit u p  arid take notice- 
maybe even in three figures . . . Bye. 

' (Three figures. Let's see, that's like 
nine dollars and sixty-five cents! )'' 

Your Alumni Fund Council 
Will Be Dee-lighted 
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Piping. It is industry's "circulatory system" . . . the con- 
veyor of steam, oil, acids, the water you drink, everything 
that flows. 

Piping can be quite simple. Or enormously complex. 
Corrosion, pressure, or temperature, for example, can 
present engineering challenges of the first order. 

That's why industry so often turns to Grinnell when 
piping is involved. 

Grinnell is piping . . . piping that ranges from systems 
engineered for pure food processing, to power plant 
piping, to sprinkler systems for fire protection in schools, 
hospitals, factories, buildings of all kinds, 

Grinnell offers industry (1) the engineering (from 
basic metallurgy to piping systems design and prefabri- 
cation), ( 2 )  the production facilitie~ (eight large plants 
in the U.S. and Canada), ( 3 )  the product line (every- 
thing in piping), (4)  the experience (over 100 years of 
leadership in the field) to solve the toughest piping 
problems. 

Worth remembering - against the day you may have 
piping problems to solve. And worth investigating now 
if you're looking for the unusual in an engineering, or 
sales engineering, career! Write Grinnell Company, Inc., 
277 West Exchange Street, Providence I ,  Rhode Island, 

Inc., Providence, R. I .  . welding fittings 
ihragrn valves 

~t Grinnell 

Warehouses and distributors coas . engineered pipe hangers 
prefabricated piping . plu 
automatic sprinkler fire protection sys 



ALUMNI EVENTS 

CALTECH 
'miLETIC SCHEDULE 

Baseball 
March 30 

Claremont-H. hiudd at Ciiltech 
Vpril 3 

Redlands at Redlands 
April 1 3  

Chapman at Chapman 

Swimming 
March 29 

Clarcmont-H. Mudd at Glaiemont- 
H. Mudd 

Track 
March 30 

Claremont Relays at Clarcmont 
April 13 

Laverne at  Caltech 

C A L E N D A R  
FRIDAY EVENING 
DEMONSTRATION 

LECTURES 
Lecture Hall, 201 Bridge, 7:30 p.nc. 

April 12 
The Fortunate Pilgrii11~- Yrneiicaiis in 
Italy in  the 19th Centun 
-Paul R. Baker 

April 19 
Hypersonic Wakes 
-Lester Lees 

April 26 
Tumor-Producing Virns( s in Mice and 
Men 
-Roger Well 

OF PASADENA 

"Qu(ilift/ Prir~tins, When Promised" 

455 El Dorado 

e 

Sycamore 3-91 8 1 

Save the date 

of May 4 

for the 

ANNUAL 
ALUMNI SEMINAR 

Outstanding Program beginning 
at 8:30 a.m. on the 

Caltech (%ampus 

Dinner at 0:30 p.m. at the 
Huntington-Sheraton Hotel 

Complete program to appear in 
the April issue 

Announcements to be mailed 
early in April - 

WATCH FOR THEM! 

ALUMNI ASSOCIATION OFFICERS 
PRESIDENT 
William L Holladay, 24 
VICE-PRESIDENT 
Peter V H Setre11 3fa 

SECRETARY 
Donald S Clark, 29 

TREASURER 
John R Fee, 51 

BOARD OF DfflECTORS 
Robert Boykin 34 Richard W. Powell '40 
Patrick J Fazio 53 William H ~ a y l o r :  '32 
G Russell  an&, 38 William H Simons, 49 

Charles P Stnckland 43 

ALUMNI CHAPTER OFFICERS 
NEW YORK CHAPTER 
President Victor Wouk, '40 

E l~c t ro r i c  Energy Conversion Cor 
342 Madison Ave New York 17 N ?' 

Vice-president ~ r u n o  H. PIIO~Z,  '44 
75 Echo Lane, Larchmont N Y. 

Secretary-Treasurer Harry J ~ o o r e ,  '48 
590 Madison Avenue, Mew York 22, N Y 

WASHINGTON, D. C. CHAPTER 
Chaimttn. WiliarA M. Ran e r  '43 

2777 ?9th ~t , N W., Washington 8, D c 
Secretary Cmdr Joseph B. Deodati, '46 

7933 Deepwell Dr., Bethesda, Maryland 

SAN FRANCISCO CHAPTER 
President Edwin P. Schlinger, '52 

G. E. Vallecitos Atomic Lab. 
Pleasanton Calif. 

Vice-president Dallas L. peck, '51 
U. S. Geological Surve 

Men10 Park, c a l l ?  
Secretary-Treasurer Thomas G Taussig, '55 

Lawrence Radiahon Lab 
U'-nn-rsiti of California B'-vkeley, Calif 

BOSTON CHAPTER 
President Robert C K'auscn '56 

IRi C'aUt y Rd Belmont 78 HT-s 
Vice-president rhomas b. stockebr&d 53 

10 Bulkely Rd , Littleton Mass 
Secretary A i m  L H t l g t ~ s o n  55 

3-45 South Rd , Bt d f o ~ d ,  Vla2i 
T~r-aauwt Lhaiirs- I-. Dam Is, 59 

8 Cutler Farm Rd , L~xangton, Mass 

CHICAGO CHAPTER 
President La~irencr- H Mnbl.": '19 

L)e:)srtment c i  f ' . ,-clmi',  Nur ' t~-~;e~tcm Einns ton ,  (Jriivetsity Illinois 

V i c e  Pn?i:.ident Philip E. Smith, 39 
Eastman Kodak Comcany 

1712 Prairie A r e .  
Chicago, Illinois 

SACRAMENTO CHAPTER 
President 

Vice-President 

Secretary-Treasurer 

SAN DIEGO CHAPTER 
Chaixman 

Secretary 

Program Chairman 

Toe A Dobrowolski, '49 
P 0 Box 1952, Sacramento 9, Calif 

Dudley A Bennett, '47 
4535 Marble Way, Carm~chael ,  Calif 

Harris K Mauzv, 30 
2551 Carson Way 

Sacramento 21, Calif 

Maunc~.  B Ross, 24 
3010 Udal Street 

Frank 1 Dors -45 
ALtronautie., Div Con /air 
Hi-rrnan S  lander "?" 

U S l ia t  y Electronics Laborato-Y 
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The powder is vitamin E. Vitamin E is essential to  human life. Also to  poultry and livestock. This much is 
enough for about 200 multivitamin tablets. We make so much of i t  for the pharmaceutical manufacturers 
that the operation long ago entered the domain of chemical engineering. 

It 's an especially interesting kind of chemical engineering, related to the kind we have been developing over 
the years in our basic business of manufacturing photographic materials. 

Vitamin E is in no way a by-product of photographic manufacturing. Only the engineering skills behind it are 
a by-product. They come out of the maddeningly sensitive nature of sensitized f i lm and paper. Now they are 
available for the thousands of other fascinating things we make besides vitamin E. 

We need more chemical engineers t o  indoctrinate i n  our ways. The snapshot business is excellent, bu t  
photography has gone far beyond the snapshot and we have gone far beyond photography. Please drop U S  

a note asking for an  explanation o f  what a l l  th is  has to  do wi th you. 

EASTMAN KODAK COMPANY Business &Technical Personnel Department 
ROCHESTER 4, N.Y. W e  are an equal-opportunity employer. 



Vice President, 
Manufacturing 

Services 

Halbert B. Miller has managerial 
responsibility for General Electric's 
Manufacturing Services. This re- 
sponsibility includes performing serv- 
ices work for the Company in the 
areas of manufacturing engineering; 
manufacturing operations and or- 
ganization; quality control; persan- 
nel development; education, train- 
ing and communications; materials 
management; purchasing and sys- 
tems as well as the Real Estate and 
Construction Operation. Mr. Miller 
holds a degree in mechanical engi- 
neering and began his General 
Electric career as a student engi- 
neer on the Company's Test Course 

For complete information 
about General Electric's 
Manufacturing Training Pro- 
gram and for a copy of 
G.E.'s Annual Report, write 
to: Personalized Career 
Planning, General Electric 
Company, Section 699-06, 
Schenectady 5, New York. 

anufacturing 

iller, who! do engineers do in manufacturing? 

A. Engineers design, build, equip, and operate our Geneid1 Electric plants through- 
out the world. In General Electric, this is manufacturing work, and it  sub-divides 
into categories, such as quality control engineering, materials management, shop 
management, manufacturing engineering. and plant engineering. All of these jobs 
require technical men for many reasons. First, the complexity of our products is 
on the increase. Today's devices-involving mechanical. electrical, hydraulic, 
electronic, chemical, and even atomic components-call for a high degree of 
technical knowhow. Then there's the progressive trend toward mechanization and 
automation that demands engineering skills. And finally, the rapid development of 
new tools and techniques has opened new doors of technical opportunity-elec- 
tronic data procesh~g, computers, numerically programmed machine tools, auto- 
matic procebning, feedback control, and a host of others. In hhort, the require- 
ments of complex products of more exacting quality, of advanced processes and 
techniques of manufacture, and of industry's need for higher productivity add up 
to an opportunity and a challenge in which the role of engineers is vital. 

Q. How do opportunities for technical graduates in manufacturing stack up 
with other areas? 

A. Manufacturing holds great promise for the creative technical man with leader- 
ship ability. Over 60 percent of the 250.000 men and women in General Electric 
are in manufacturing. You, as an engineer, will become part of the small technical 
core that leads this large force, and your opportunity for growth, therefore, is 
unexcelled. Technical graduates in manufacturing are teamed with those in mar- 
kethg who assess customer needs; those in research and development who con- 
ceive new products; and those in engineering who create new product designs. I 
sincerely believe that the role of technical graduates of high competence in the 
manufacturing function is one of the major opportunities for progress in industry. 

Q. What technical disciplines are best suited to a career in manufacturing? 

A. We need men with Doctor's, Master's, and Bachelor's degrees in all the tech- 
nical disciplines, including engineering, mathematics, chemistry and physics. We 
need M.B.A.'s also. General Electric's broad diversification plus the demands of 
modern manufacturing call for a wide range of first-class technical talent. For one 
example: outside of the Federal Government, we're the largest user of computers 
in the United States. Just think of the challenge to mathematicians and business- 
systems men. 

Q. My school work has emphasized fundamentals. Will General Electric train 
me in the specifics I need to be effective? 

A. Yes, the Manufacturing Training Program is designed to do just that. Seminars 
which cover the sub-functions of manufacturing will expose you to both the theo- 
retical and practical approaches to operating problems. Each of the succeeding 
jobs you have will train you further in the important work areas of manufacturing. 

Q. After the Program-what? 

A. From that point, your ability and initiative will determine your direction. 
Graduates of the Manufacturing Training Program have Company-wide oppor- 
tunities and they continue to advance to positions of greater responsibility. 


