


Westinghouse is building a remarkable craft, a free-roaming explorer 
of the underseas. Unlike the famous bathysphere, which dangled a t  the end 

of cables, Deepstar has no strings attached. She will rise, dive, turn and back 
at will, self-propelled and independent. Her 3-man crew will be able to 

set instruments, sample the bottom at depths of two miles, salvage, photograph, 
and most of all, explore the vast oceanic world that has hidden itself so long from man. 

Captain Jacques-Yves Cousteau, the undersea pioneer who created 
the basic concept, is collaborating with Westinghouse on the vehicle. Deepstar will be equipped 

with the controls, instruments, mechanical "hands" and everything else 
needed for the deep swim. You can be sure.. . i f  it's Westinghouse 



He's a student a t  General Today, he's absorbed in higher mathematics. 
Tomorrow, perhaps Plato olitical theory and psychology . . . humanities 
and economics- in short, er makes for a well-rounded education. Next week, he 
may be on the job in an automobile plant. Twenty-four hundred other students like him 
are studying to be electrical, mechanical or industrial engineers, in one of the world's 
most unusual institutions of higher learning. 

During their first, four college years at  GMI, students alternat,e between six weeks of inten- 
sive study a t  G I and s ix  weeks of paid ork at one of 133 General Motors operations 
across the nation and in Canada. Their fifth year is entirely in the field. . . preparing 
bachelor theses based on actual engineering projects of their sponsorin 

Since its small beginning- 37 years I has graduated 6,000 engineers. The great 
majority chose to remain with Gener tors and today are employed in a wide range of 
technical and managerial positions in plants throughout the world. The educational 
investment in t h  people has been a beneficial one-not only for them and for General 
Motors-but for many communities where they now work and live. 
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here of activity exten 
of the sea.. . includes advanced studies, research, design, development and produc- 
tion on projects such a?: @I SURVEYOR- unmanned, soft-landing lunar spacecraft 
for chemical and visual analysis of the moon's surface; @I SYNCOM (Synchronous- 
orbit Communications Satellite)-provides world-wide communications with only three 
,satellites; (3) F-111 B PHOENIX Missile System-an advanced weapon system designed 
to radically extend the defensive strike capability of supersonic aircraft; @Ant i -  
ICBM Defense Systems-designed to locate, intercept and destroy attacking enemy 
ballistic missiles in flight; @Air Defense Control Systems- border-to-border con- 
trol of air defenses from a single command center- combines 3D radar, real-time 
computer technology and display systems within a flexible communications network; 
(6) 3D Radar-ground and ship-based systems oive simultaneous heioht, ranqe and 

ow in service on the nuclear-powered U.S.S. ~ n t e r p r i s e ;  @POLARIS 
m - guidance components for the long-range POLARIS missile; 

Learn more aboutoppcrtun ties at Hnqhes ,  
our educational programs, and the extra 
benefits Southern California livino offers. 
For interview appointment and litera- 
ture,  consult your College Placement  
Director .  O r  wr i te :  College Placement 
Office, Hughes Aircraft Company, P. 0.  
Box 90515, Los Angeles 9,  California. 



On OUT Cover 
is of the galcixi, M 82 
which h i i s  been exploding for 1,500,- 
000 years and is still hurling material 
out from its nucleus at velocities rang- 
ing up to 20,000,000 miles an hour. 
The photograph was taken with the 
200-inch telescope at Paloinar Obser- 
vatory, through a filter which screen- 
ed out all light except that of excited 
hydrogen (H alpha, die brightest of 
the hydrogen lines). 

Astronomers prefer to study neg- 
ative photographs like that on our 
cover, with the object appearing black 
against a light background, because 
details show up more clearly. On page 
15, the same picture in the more fam- 
iliar positive-showing the gigantic ex- 
plosion against a black sky. 

William H .  Pickering, 
director of Caltech's Jet Propulsion 
Laboratory, is the author of "Man at 
the Threshold of Space" on page 7. 
The article was adapted from a talk 
given last spring in a UCLA lecture 
series on "Vital Centers of Human De- 
cision Making." 

Dr. Pickering has just returned from 
Paris, where he headed the American 
delegation of the 14th Congress of the 
International Astronautical Federa- 
tion. At the meeting, more than a 
thousand scientists from 34 nations 
conferred on President Kennedy's pro- 
posal for a joint US.-Russian moon 
shot and on methods of preventing 
the cold war from spreading to the 
stars. 

Illustrations: 
Cover, 15-Mount Wilson and Palo- 

mar Observatories 
16-James Mcdanahan 
20-Harvey 
24-Sarah Hunt 
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Books 
THE MACHINERY OF 
THE BRATV 

by Dean E. Woohlridge 
McCraw-Hill Pavei backs .............. $2.95 

Reviewed by G. D. McCann, 
professor of electrical engineering 

A review of this book should start 
with its author Dean Wooldridge re- 
ceived his PhD in physics from Cal- 
tech in 19.36 and is now serving as a 
research associate in engineering. With 
an eminent career both as a physicist 
and administrator at the Bell Tele- 
phone Laboratories, the Hughes Air- 
craft Company and the Thompson 
Ramo Wooldridge Company, he has 
recently directed a major portion of 
his attention to the nervous system. 

He has reviewed the literature and 
research from the various fields and 
points of view that seek an under- 
standing of nature's methods of intel- 
ligent information pi ocessing. In this 
book he presents a icrr~arkabh corn- 
prehensive surnrnaii together with 

some of the interesting analogies that 
can be drawn with engineering prin- 
ciples employed for computers and 
automatic control systems. 

The principal emphasis of the book 
is the central brain and higher-order 
thought processes of man. However, 
it also contains a comprehensive treat- 
ment of die sensory organs, the trans- 
ducer properties of light. touch, smell, 
and taste receptors. and the informa- 
tion processing characteristics of the 
iriterneuroris. Following this, is a des- 
cription of some of the more interest- 
ing simple reflexes, tropisms. and feed- 
back control systems found in both 
the lower-order animals and the high- 
er-order vertebrates. With these as 
illustrations of basic concepts used in 
the organization of nervous systems 
he then develops the principal subject 
of the book, the higher-order mental 
processes in the central cortex of man. 
Established concepts of complete sen- 
sory perception, conscious mental pro- 
cesses, and memory are presented, to- 
gether with information on the control 
centers and seats of emotion, speech, 
and personality. 

Written in a very readable form for 
t l~e  nor~specialist it nevertheless in 'kes 
: \aliiable reference book for am re- 

search library that seeks to serve the 
interests of engineers. biologists, psy- 
chologists, or other related fields of 
the behavioral sciences. 

MARINER: MISSION TO VENUS 

by the Jet Propulsion L(~borafori/ Staff 
McGraw-Hill .... Paper f l .  $5, Cloth $3.60 

A straightforward account of the 
Mariner Project which sent a space- 
craft to Venus in 1962, written b\ the 
men at 1PL who carried out the mis- 
sion which is probably the greatest 
feat to date in the exploration of 
space. 

Alumni Books 

RELIABILITY: MANAGEMENT, 
METHODS, AND MATHEMATICS 

By D. K .  Lloyd and Myron Lipow '49 
Prentlcr-Hall Iw. $1 1.35 

ENZYME AND METAROI.IC 
INHIBITORS (Vol. 1 ) 

hit John L WpV, '36. PhD '40 
\md"mu ?rr"i"> . $26 00 
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Pardon me if I sound as if the 
executive position I've landed 
deals with the whole future of 
the world. It does. 

Certainly, there's no organization today conduct- 
ing more vital business than the business of the 
United States Air Force. And very few organiza- 
tions that give a college graduate greater oppor- 
tunities for responsibility and growth. 

As an Air Force officer, you'll be a leader on the 
Aerospace Team-with good pay, a 30-day paid 
vacation each year, educational opportunities. 

How can you get started? For many, the best way 
is through Air Force ROTC. But if you missed out 
on AFROTC, or if there's no unit on your campus, 
you can still apply for Air Force Officer Training 
School. This three-month course leads to a corn- 
mission as a second lieutenant in  the United 
States Air Force. 

For more information about Air Force OTS, see 
your local Air Force representative. 

U. S. Air Force 
OCTOBER 1963 



Result: All 3-speed manua 
transmissions in 
Ford-built cars with V=8% 
now are fully synchronize 
in each forward gear 

To get more "go" in low, Ford engineers 
were asked to upgrade the conventional 
3-speed transmission to give drivers 
more control in all three forward gears- 
to make "low" a driving gear-and they 
tackled the problem imaginatively. 

Their achievement, another Ford First, 
is the only U.S. 3-speed manual trans- 
mission with all three forward gears 
fully synchronized! No need now to come 
to a complete stop when you shift into 
low-and no clashing gears! It lets you 
keep more torque on tap for negotiating 
sharp turns and steep grades. It makes 
driving more flexible, more pleasurable. 

Another assignment completed and 
another example of how engineering 
leadership at Ford provides fresh ideas 
for the American Road. 

MOTOR C O M P A N Y  
The American Road, Dearborn, Michigan 

Shown: 196', Ford Calorie !i&?/XTJ two-door hardtop 
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MAN AT THE THRESHOLD OF SPACE 

Are we at the beginning of a golden era -or can 
we expect the submergence o f  all human values? 

For more than 50 years some writers and think- 
ers have been concerned about the consequences 
to humanity of allowing science to run roughshod 
over all facets of life. From Jules Verne to George 
Orwell they have painted a grim picture of life 
under a scientific dictatorship. As one reads these 
books it is surprising to realize how many of their 
prophecies have already come to pass and, conse- 
quently, to wonder if we are inevitably heading 
for one of these dreary, negative "utopias." 

Today we are on the threshold of space. Science 
and engineering together have solved the prob- 
lem of permitting man to step off his little planet 
into the emptiness of the solar system. Does this 
dramatic event presage the beginning of a golden 
era, or the submergence of all human values? 

First, let us consider exactly what is meant by 
saying that we are at the "threshold of space." 

It is now about six years since the Soviets 
startled the world by announcing that they had a 
satellite in orbit. I am sure that many of you re- 
member the excitement produced by the first 
Sputnik on October 4, 1957. The Soviets had ar- 
ranged to have a short-wave transmitter on the 
Sputnik so that people all over the world, with 
reasonably good short-wave receivers, could listen 
to the satellite and assure themselves that it was 
indeed in orbit. Furthermore, the radio signals 
reported instrument readings from space, so sci- 
entific data were being collected for the first time 
from far above the surface of the earth. 

I will not concern myself here with the political 
repercussions of this event, but I do want to note 
two important thought processes which I think 
this first Sputnik generated. First, it showed con- 
clusively that the earth is round and, secondly, 
that the earth is not very big. 

As we all know, at the end of January 1958 the 

United States launched its first satellite - very 
much smaller than the Soviet satellite to be sure, 
but nevertheless a good scientific satellite - and 
with this launching the "space race" was on. 

How much the space program has grown can 
be illustrated by the budget of the National Aero- 
nautics and Space Administration. Starting from 
almost zero in 1958, it has grown to $3% billion in 
the current fiscal year, and NASA has asked for 
$53; billion in the next fiscal year. 

The space program has spent a tremendous 
amount of money with the support and approval 
of the Congress and I suspect the Soviets have 
spent comparable amounts of money. What has 
come about as a result of these expenditures? First, 
the close-in earth satellites: During these six years, 
the size of earth satellites has grown from a few 
pounds to a few tons. Satellites have carried sci- 
entific instruments of a wide variety; they have 
carried biological specimens; they have carried a 
man into orbit. 

As a result of these satellite firings, a great deal 
of scientific information has been gathered. We 
have a wealth of knowledge now about the ex- 
treme upper reaches of the earth's atmosphere, 
of the environment in space in the near vicinity 
of the earth, of the appearance of the earth from 
a satellite looking down on the earth - and, in- 
deed, even of such things as the exact shape of 
the earth, because it turns out that the path of a 
satellite in orbit can give us a very precise measure 
of the exact gravitational configuration of the 
earth. The first U. S. satellites discovered the Van 
Allen radiation belts which surround the earth 
and which are of considerable interest in a prac- 
tical sense because of the radiation hazard which 
they portend for space travelers and explorers who 
may tarry too long in those regions. 
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The satellites have also produced practical re- 
sults. For example, we have such things as the 
Echo satellite, the Telstar satellite, the Tiros sat- 
ellite. These first two demonstrated the capability 
of satellites to be used for communications pur- 
poses. There is no doubt whatever that in the 
future there will be a growing interest in satellite 
communications. In fact, satellites will probably 
be the only economically feasible answer to the 
growing load of transoceanic telephone communi- 
cations. 

Tiros first showed what could be done by look- 
ing down at the earth from a satellite. It gave 
the meteorologists a great deal of new informa- 
tion about weather and cloud formations over the 
earth. Undoubtedly, Tiros is only the first in a 
series of meteorological satellite developments 
which should lead not only to a better understand- 
ing of weather phenomena, but also to more ac- 
curate weather forecasting. The next satellite in 
this series is called Nimbus, and will be flown next 
year. 

Deep space exploration 

A second area of space exploration has been 
the area of deep space exploration, to the moon 
and to the planets. Both the Soviets and the U.S. 
have conducted experiments in deep space; the 
Soviets have successfully launched four space 
probes towards the moon (Luniks I, 11, I11 and 
IV), with varying success. Lunik I11 is probably 
the most interesting because this succeeded in 
taking some photographs of the back side of the 
moon; poor photographs to be sure, but neverthe- 
less showing a portion of the moon never before 
seen by human eye. The U. S. has launched three 
spacecrafts towards the moon - Rangers 111, IV 
and V, of which Ranger IV actually landed on the 
moon - but none of the three accomplished their 
scientific missions. 

In  the planetary area, the United States suc- 
cessfully launched Mariner TI towards the planet 
Venus in August 1962. Data were received dur- 
ing the entire journey to Venus and also scientific 
observations were made of the planet as the space- 
craft passed nearby. In November 1962 the Sovi- 

a ets launched a space probe towards the planet 
Mars, but they lost communications with it in 
March 1963, when it was little more than halfway 
to the target. 

These deep space experiments have given us 
much scientific information about the environ- 
ment of deep space, about such things as the solar 
plasma, the magnetic fields, and the micrometeor- 

ites to be encountered in journeys through space. 
With Mariner I1 we also began the exploration of 
another planet by instruments placed near the 
planet. 

In the area of technology, the investment in 
space has accomplished a number of very import- 
ant things. First of all, it has given us a much 
greater insight into the problems of very complex 
systems. If we are going to conduct a space experi- 
ment, whether it is an astronaut going into orbit 
or a planetary probe going to Venus, we find our- 
selves dealing with a complex system involving 
large numbers of people and very large amounts 
of equipment, much of it automatic. The under- 
standing of such complex systems is an important 
byproduct of the technological developments in 
space. Similarly, our space program has improved 
the art of rocketry because of the requirements 
on the space program of conducting rocket firings 
from parking orbits or from space probes after 
traveling great distances from the earth. The gen- 
eral techniques of rocketry have been advanced 
considerably as a result of the program. In the 
field of communications, the space program has 
required the ability to communicate over the vast 
distances, not only to the moon but even to the 
planets. This is something which would have been 
utterly inconceivable only a few years ago and 
it is really a remarkable achievement. 

Likewise, space technology has taught us a 
great deal about the design of instruments. The 
requirements for operating in space, the require- 
ments of reliability, of operating in limited weights 
and volumes - all of these things have taught us 
how to build better instruments, and much of this 
technology will be applied in other areas. 

Sending a man to  the moon 

If we look to the future of space, the first and 
obvious thing, of course, is that we are engaged in 
the attempt to send a man to the moon and re- 
cover him successfully. This is the most difficult 
engineering task which has ever been attempted 
by any people anywhere. It is going to require 
very large rockets, very complex engineering sys- 
tems, and it is indeed going to be a very expensive 
undertaking. The nation is committed to this and, 
as we all know, work is now seriously under way. 
I assume that the Soviets are likewise interested 
in sending a man to the moon, and I suspect that 
they also will be investing the same sorts of re- 
sources in this kind of project. 

In addition to the lunar program, however, I 
think we should remember that there are many 
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other scientific areas of space exploration which 
will be investigated to an increasing extent as time 
goes on. The exploration of the planets, for ex- 
ample, is obviously a most fascinating area of 
scientific investigation. The discovery of life on 
another planet would be one of the most exciting 
scientific discoveries of this century. 

We must conclude that the space program, taken 
as a whole, is a continuing dramatic illustration of 
the advance of technology and science. The pro- 
gram requires the exercise of the utmost ingenuity 
to solve the technical and other problems. Success 
in space is therefore a clear den~onstration of tech- 
nological capability of the highest order. We are 
living in a civilization in which technological capa- 
bility is an important index of success, and so a 
successful space program becomes an asset valued 
in national policy. Hence, we have the USA and 
the USSR supporting ambitious space programs. 
Other nations strive to enter the space arena. 
Western Europe is actively working on a cooper- 
ative project. Many smaller countries are helping 
in various ways. We are truly entering the space 
age. 

Quite obviously, science and technology togeth- 
er are making very rapid changes in our way of 
life. Nothing like this has ever happened before, 
although the general ferment of thought associ- 
ated with the Renaissance made almost as rapid 
changes in intellectual areas as the present de- 
velopments have made in our material surround- 
ings. I should, therefore, like to consider why this 
rapid scientific growth came about, what is sus- 
taining it, and why it happened at this particular 
time. 

Science in classical times 

If we go back to classical times, we find a con- 
siderable interest in what we now call the physical 
sciences and mathematics. In fact, Greek thinkers 
contributed much of the basic knowledge which 
we still use. Euclid, with his geometry, established 
a body of knowledge which is still in use. Eratos- 
thenes performed an experimental measurement 
of the radius of the earth which was surprisingly 
near the correct value. Democritus proposed an 
atomic theory which sounds very modern in many 
aspects. Back in Babylonian days astronomers, or 
rather astrologers, had a reasonably good obser- 
vational familiarity with the heavens and were 
able to predict eclipses. 

In spite of all this, science did not advance. 
Perhaps the principal reasons were a lack of ap- 
preciation of the universality of scientific truth, 

and of the value of experiment. Many classical 
scientists were mere catalogers, gathering data 
from hearsay and drawing doubtful conclusions 
therefrom. Consider the obvious errors in Pliny's 
Natural History or in the works of Aristotle. 

Modern science begins with the Renaissance. 
The spirit of inquiry and the questioning of au- 
thority which marks this era extended into the 
scientific field. Men like Kepler, Copernicus, and 
Galileo began to make careful observations and 
perform careful experiments. There may be some 
doubt as to whether Galileo actually dropped two 
different weights off of the leaning tower of Pisa, 
but he certainly performed the experiment some- 
where. It is a remarkable thing to realize that, 
though Aristotle said that a heavy weight would 
fall faster than a light one, no one performed 
this simple experiment until Galileo tried it and 
proved Aristotle wrong about 1900 years after he 
said it. 

Newton and modem science 

Newton was born in the year Galileo died, in 
1642. With this man, modern science truly begins. 
His principles of mechanics, his law of gravitation, 
his experiments in optics, his developments in 
mathematics made him the outstanding scientific 
figure of the 17th century. His work has stood the 
test of time and still forms the foundation of our 
engineering work, from bridge building to rockets 
and satellites. The importance of Newton from the 
standpoint of the development of science is not 
that he made some remarkable discoveries, but 
that he developed a new approach to science, and 
that other men, his contemporaries and his follow- 
ers, continued to use his methods. 

Newton's approach is based on the idea that 
there are universal physical laws, that scientific 
truth is absolute and the laws of science are every- 
where the same. A second point is the idea of 
proceeding from the particular to the general; in 
other words, the application of the inductive meth- 
od. A third point is the importance of experiment; 
scientific truth is subject to experimental verifi- 
cation and can only be determined from careful 
experiments. Finally, scientific truth requires 
mathematical analysis for precise understanding 
and exact statement. 

Based on these considerations, and particularly 
emphasizing the necessity for experiment and 
mathematical analysis, science began to develop 
rapidly in a variety of directions. There is no need 
to attempt to itemize the milestones of progress 
except perhaps to note that, as Newton developed 
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the science of mechanics, so did Maxwell in the 
19th century develop electricity and magnetism. 
With his great synthesis the 19th century picture 
of the physical world appeared to be complete; 
only the details remained to be filled out. How- 
ever, a few years later experiments began to show 
discrepancies, and in the early 1900's Planck laid 
the foundation of quantum mechanics and Ein- 
stein proposed his relativity theory, building on 
to the laws of Newton and Maxwell the necessary 
modifications to describe the physics of the atom 
and of the universe. 

And so it was in all fields of science. The initial 
steps taken in the 17th century served to start the 
rapid growth which has led to our present scien- 
tific heritage. 

Our technological development is closely re- 
lated to the development in science, simply be- 
cause the understanding of scientific principles 
points the way to the utilization of these princi- 
ples. In other words, the scientist is interested in 
discovering facts about nature, and the engineer is 
interested in using these facts to build something 
useful. And so by the 19th century we have the 
beginning of what we call the Industrial Revo- 
lution. 

The Industrial Revolution 

The first phase of the Industrial Revolution was 
essentially the application of power, other than 
human or animal, to operate machinery. At first 
this power principally replaced manual labor be- 
cause it was cheaper and produced more goods. 
For example, the application of power, and the 
appropriate machinery, to the textile industry was 
the first important advance. However, it was soon 
realized that power machinery could also do more 
precise things than even a skilled craftsman, and 
many of our manufactured goods could not pos- 
sibly be produced without these precision machine 
tools today. Finally, power machinery can do some 
things which are absolutely impossible with human 
or animal power. For example, the ability to pack 
a great deal of energy into a small space has made 
possible the airplane. 

This phase of the Industrial Revolution has been 
responsible for most of the everyday technological 
devices we see around us. As power sources de- 
veloped from large, inefficient, water or steam 
engines to small, efficient, electrical or internal 
combustion engines, whole new areas of applica- 
tion developed likewise. Now we are on the verge 
of widespread application of nuclear power plants. 
Although these will probably always be large and 

heavy, the potential of almost unlimited power 
production with negligible amounts of fuel must 
inevitably bring about further developments and 
applications. 

The next phase of the Industrial Revolution is 
the cybernetics phase or the development of auto- 
mation. We are now in the rapidly developing 
part of this phase. Automation depends on the 
fundamental principle of feedback. The machine 
is asked to compare its output, whatever that may 
be, against an expected output, and to stop work- 
ing when it has reduced the difference to zero. 
A simple example is a thermostat in your house; 
the furnace stays on until the output (the tempera- 
ture of the room) matches the desired output (the 
setting of the thermostat) and then it turns off. 

The principle of feedback can be applied in 
numerous ways and with astonishing results. For 
example, automatic devices may replace skilled 
labor just as power machinery replaced unskilled 
labor. Automatic machinery has been used to run 
an oil refinery, to operate a power plant, even to 
operate a subway train. But automatic devices 
can also accomplish tasks to a much higher pre- 
cision in much less time than a human operator, 
as in a guided missile which seeks out its target. 
Furthermore, automatic devices may operate us- 
ing sensors which detect radiation, for example, 
to which a human being is not sensitive. Thus the 
control of nuclear reactors must be done by in- 
struments that work in a region which would be 
a lethal environment to man. 

The effects of automation 

Although we are still in the early phases of this 
development, it is already clear that it will have 
just as great national and social consequences as 
the power phase of the Industrial Revolution. The 
earlier phase initially affected small craftsman, 
who were replaced by semi-skilled machine oper- 
ators and large factories. Later it affected unskilled 
laborers, whose work was done more efficiently by 
large power machines. In the new phase of auto- 
mation, skilled labor and white collar workers who 
have been engaged in simple repetitive work will 
now be replaced by automatic machines. 

I do not believe there is any need to stress the 
reasons for the rapid growth of technology. Quite 
simply it is that machines do more things cheaper 
and better than manual labor. For example, today 
it costs about five times as much to dig a ditch by 
hand as it does to do the job by machine. In more 
skilled trades the difference is, of course, even 
greater than this - provided'only that there is 
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enough work to be done to keep the machine busy. 
Improvements in machines and the introduc- 

tion of automation continually decrease the num- 
ber of man hours of labor necessary to manufac- 
ture goods or to raise and harvest agricultural 
products. I t  is estimated that since 1900 the pro- 
ductivity of labor in the U.S. has increased by a 
factor of three. As a specific example, in the Gen- 
eral Electric Company over the years 1956-59, 
production was up 8 percent, but the number of 
workers decreased 25 percent. 

In highly technical industries, developments go 
through a cycle of research investigations in the 
laboratory, to a pilot-plant type of production, and 
finally into complete production as a useful article 
or component of an article. This cycle, from labor- 
atory to production, seems to be getting shorter 
as time goes on. It took about 50 years for elec- 
tricity to come into practical use, but now it seems 
the time span is more like 10 years in going from 
research to production. Transistors were a labora- 
tory curiosity in 1948 and were the basis of a full- 
fledged industry a decade later. The feasibility of 
a nuclear reactor was demonstrated in December 
1942, and experiments for the production of useful 
electrical power were made shortly after the war. 
But the costs are still too high to justify nuclear 
power except in special cases. Nevertheless, 20 
years after the first chain reaction, power reactors 
are in use in ships, in submarines, in the Antarctic, 
and in the United States, Great Britain, and the 
Soviet Union. To quote the example of one in- 
dustry which is closely allied with technical de- 
velopments, DuPont estimates that half their sales 
and 75 percent of their profits come from products 
that were in the laboratory 10 years ago. 

The never-en,ding search 

Hence I conclude that modern science, since 
Newton, has discovered a way to explore and 
understand the secrets of the universe. Because 
of the innate curiosity of man, science will con- 
tinue this investigation. Every answered question 
raises more to be answered, and the search will 
never end. Closely allied with this scientific de- 
velopment is a technological development which 
applies the principle and understandings of pure 
science. Because of the obvious value in the sense 
of ability to make useful devices, or to grow more 
and better food, or to control the local environ- 
ment, the technological development will continue 
to press hard behind the scientists; the rapidly 
expanding technology will continue to expand. 

Now there are certain aspects of our situation 

as a result of this development which I should like 
to discuss. 

First, there is the matter of resources. At one 
time the most important national resource was 
good agricultural land. Good land, in sufficient 
amounts, would insure food for the people. Now 
land is much less important. The efficiency of food 
production has been greatly raised so that equally 
important resources are raw materials and energy 
sources. As a matter of fact, even these resources 
are becoming of less importance. The most im- 
portant single resource in the advanced nations of 
the world today is skilled technical brain power. 
Highly trained engineers and scientists are neces- 
sary if the nation is to keep its standing among 
other nations. The importance of education in 
these fields cannot be overestimated. 

Technology and the good life 

Second, modern technology is able to provide 
for all reasonable material wants of people all over 
the world. This is something completely new in 
the history of mankind. In primitive cultures the 
labor of all of the people is needed merely to 
sustain life. As civilization advances, a portion of 
the society is supported by the productive labor 
of the others. This portion may be a governing 
group, priests, soldiers, or rich landowners. Life 
for most of the members of the society, however, 
during almost the entire course of history, has 
been hard and near starvation. Now, however, in 
principle, technology has shown the way to pro- 
vide all the members of the society with a reas- 
onably good life. This is true because we have 
developed our production, both of food and ma- 
terial goods, much more rapidly than our popu- 
lation has grown. Technological advances have 
made this increase in productivity possible. At the 
present time there is only a portion of the world 
in which technology has advanced essentially to 
this point, but the post-war period has clearly 
been one in which nations all over the world are 
striving to enter into this technological era. 

Granted that we are living in the midst of an 
explosive development of science and technology, 
which is continuing at an accelerated rate and 
is spreading all over the world, for the obvious 
reason that it holds the promise of freedom from 
want, what kinds of problems can we forsee re- 
sulting from this development? In other words, if 
technology can satisfy our material needs, why not 
utopia? 

Technology is reducing the number of man- 
hours of production labor required to satisfy our 
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needs. Of course, our needs are increasing. The 
luxuries of yesterday are the necessities of today, 
and our consun~ption of raw materials and energy 
is growing rapidly, but even so, the increase in 
productivity is so great that we have a problem of 
surplus plant capacity in many areas. The needs 
of the service industries and the government uti- 
lize a portion of the surplus labor, but the fact re- 
mains that there is a great increase in leisure time. 
This increase in leisure is perhaps the heart of the 
problem. How can we educate people to be able 
to use their leisure in a constructive fashion, and 
by what standards shall we judge whether this 
leisure is well spent? Western civilization has 
strongly emphasized the importance of labor and 
also of thrift. An economy of plenty wants neither. 
How do we readjust our standards? 

For man to live a happy and useful life he must 
feel in tune with his environment and his fellow 
man. He must feel that his motivations and ideals 
are supported by his fellows; otherwise he is an 
outcast. Because of the rapid evolution of our 
technological society, much of our social culture 
has not been able to keep up, and it is better 
adapted to an earlier time. Therefore, we have 
the basic difficulty that is simply expressed by a 
yearning for the "good old days," and is really an 
admission that the technical world is moving too 
fast for us. In some cases this leads to serious emo- 
tional disturbances or a refusal to face the reali- 
ties of the modern world. If we look to the future, 
it would appear that we must learn to evolve our 
cultural and moral standards more rapidly than in 
the past, or else find an increasing discontent with 
a potential utopia. In a word, the problem which 
must be solved can be stated thus: Given a grow- 
ing technology, and its ability to provide us with 
all of our material needs, how can man learn to 
live with himself and with his fellow man? 

Decisions which face humanity 

I have posed some problems. Now I would like 
to consider some of the decisions which face hn- 
inanity as a result of our developments in science 
and technology. As I have said, this phase of our 
cultural evolution appears to be proceeding at an 
ever increasing rate, and to be far outdistancing 
our social and biological evolution. 

Therefore, we must examine the sorts of de- 
cisions which science has made inevitable. First, 
and most important, is the decision as to whether 
we want to commit race suicide. Science has given 
us the tools to do so. We could probably do it 
tomorrow; we could certainly do it a few years 

from now. I t  is not a subject to be dismissed as 
too improbable or too unthinkable. Even in the 
animal world some strange things happen to social 
groups. For example, the lemmings of Scandi- 
navia are reported to march into the sea and drown 
in enormous numbers for no apparent reason ex- 
cept, possibly, the pressure of population. Like- 
wise, in human history some very strange things 
seem to happen under the pressure of motivations 
which appear quite incomprehensible a few years 
later. An example is the Children's Crusade of 
the Middle Ages, or even the trench warfare of 
World War I; neither accomplished any useful 
purpose. Of course, the whole history of warfare 
is filled with examples of useless fighting for ir- 
rational purposes and prolonged far beyond any 
conceivable value. Thus we must conclude that 
man is subject to irrational urges to violent action, 
and that mass suicide is not out of the question. 

The key decision 

Since the power to unleash full-scale nuclear 
warfare is in the hands of a very few individuals, 
and since the decision can be reached in a matter 
of seconds, it might seem to be almost impossible 
to provide assurance that such a decision will not 
be made. In fact, the situation is potentially even 
worse because of an increasing tendency to rely 
very heavily on computers and radars to make the 
key decision, which leads to the danger of an 
electronic failure releasing a holocaust. 

I t  is not yet clear how we can reach the de- 
cision to make race suicide impossible, but it is 
clear that there must be an increasing awareness 
of the necessity for such a decision, and a con- 
tinuing search for the answer. If we do not find 
a solution, we are voting "No" by default, and the 
human race will be fortunate to see the year 2000. 

Let us assume that I am too pessimistic and 
that either the situation is not as fraught with 
danger as I indicate, or else a real solution is 
found. What then? 

A second vital decision area will face us when 
the biological sciences have attained the same kind 
of understanding of the living world that the 
physical sciences have attained of the inanimate 
world. Understanding will bring with it the ability 
to modify or control. Just as we are increasingly 
faced with the consequences of this ability in the 
physical world, so too - in a manner which will 
be of far more direct concern to individuals as 
human beings - will we have to face some very 
fundamental issues in the biological world. 

Some of these problems are'already upon us. 
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For example, medicine is able to do some re- 
markable things as a result of understanding dis- 
ease and the chemical and physical actions of the 
human body. But, as a result, we are keeping 
alive an increasing number of people who find 
great difficulty in living normal happy and useful 
lives. The fundamental precept of medicine has 
always been to save life at any cost. As we be- 
come more skillful we are able to keep a spark 
of life in the very old or the very sick, even though 
they may be living only a sort of vegetable exist- 
ence. In the future this will be more true. There- 
fore, the question of the ethical position which a 
doctor should take towards euthanasia is one by- 
product of the development of medicine. Other 
examples of ethical decisions which have already 
arisen as a result of advances in biological sci- 
ences, include such matters as our attitudes to- 
wards birth control and truth serums. 

If we look into the future a little way, we can 
see some remarkable possibilities with the psy- 
chological drugs, and, in the genetic area, with 
controls comparable to what has already been 
accomplished with domestic animals. Clearly, bio- 
logical science will require an acceptance and 
understanding of the extent to which the scientist 
can be permitted to play at being God with the 
human body and the human mind. Again, if the 
decision is not made, we might some day face 
the misuse of science to an extent as devastating 
in its effects as the potential of nuclear bombs. 

The responsibility of science 

A third area of decision-making concerns the 
authority and responsibility of science. Within re- 
cent years the scientist has been given more finan- 
cial and political authority than he has ever before 
enjoyed. The estimated expenditures of the fed- 
eral government for research and development 
will reach $15 billion in the next fiscal year. In 
addition, private expenditures may reach $5 bil- 
lion more. Comparable figures for 1940 are $100 
and $300 million. Even in 1954 the figures were 
only $1 and $212 billion. In the last decade, how- 
ever, total R & D expenditures have been more 
than doubling every five years. Although most of 
this money is spent on applied science or develop- 
mental engineering, nevertheless science has con- 
trol over very large resources. 

In the political sense, loo, government is i11- 
creasingly aware of the necessity of inviting sci- 
entists into the inner circles of government policy, 
not only to help understand the significance and 
utility of the sums of money being spent on re- 

search and development, but because science per 
se has become an important instrument of national 
policy. Consequently, scientists as responsible 
citizens have a clear responsibility to conduct 
their research for the government to the best of 
their abilities and to be financially responsible in 
their expenditures of public moneys. Likewise 
they have a responsibility to advise the govern- 
ment on matters in which they are competent. 

I am concerned, however, about another phase 
of scientific responsibility. As the resources and 
powers available to science increase, the possi- 
bility of performing experiments which have far- 
reaching or even irreversible effects on our en- 
vironment increases. At one time, some people 
were concenied that nuclear experiments might 
blow up the whole earth. This, of course, is a 
groundless concern; but the problem of nuclear 
fallout is not. Fortunately, the scientists involved 
have indeed been responsible and no serious harm 
has resulted. 

There are other experiments, however, with 
more subtle results. For example, the widespread 
use of DDT has caused a significant change in the 
balance of wildlife in some areas; the recent very- 
high-altitude nuclear explosion has significantly 
changed the innermost Van Allen radiation belt. 

Dangerous experiments 

Probably no experiment has, yet resulted in any 
very harmful unexpected result, but with increas- 
ing capabilities the possibilities must increase. Any 
such experiment, therefore, whether it be in 
weather control or insect elimination, should not 
be performed without a public understanding of 
the consequences. The decisions which have to be 
made relate to the extent to which the public is 
willing to allow the scientist to experiment with the 
environment. I do not believe the consequences 
of allowing this decision to go by default would 
be very harmful, because I have a great deal of 
confidence that scientists will not perform an ex- 
periment of this sort without proper analysis. But 
I do think it is a matter for public debate and 
understanding if relations between certain scien- 
tific groups and the public at large are not to be 
unduly strained. 

Finally, a fourth area where vital understand- 
ing and decisions are needed is the broad area of 
learning how to live in a world which is capable 
of a technology of plenty. Even though it is pos- 
sible to ~ roduce  ample food and material goods, 
we have not yet solved the problem of distribu- 
tion - or the problem of developing a successful 
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mode of life for large portions of humanity. 
In a biological evolutionary sense, very little 

separates modern man from Stone Age man. Oc- 
casionally, in fact, the more primitive aspects of 
humanity break out in strange fashions; consider 
Nazi Germany in the immediate prewar years, for 
example. 

Actually, of course, we live in a world which 
contains a very wide variety of social cultures, 
down to the very primitive. Every year modern 
communications bring the world closer together, 
so that we have very advanced technological civi- 
lization only a few hours away from the most 
primitive social groups, barely able to sustain life 
by crude agriculture or hunting. Therefore, it is 
necessary to develop an understanding of the 
proper relationships which should exist between 
various social cultures. Decisions must be made 
as to how to implement these relationships. In the 
early days of this country many problems were 
caused by giving alcohol and firearms to the Indi- 
ans. Whether this was good or bad is not the point, 
but, translating this situation into modern terms, 
we must consider the consequences of disturbing 
a primitive social culture by suddenly adding some 
of the gadgets of modern technology. 

Some personal views 

I started by asking if we were headed for a 
negative utopia, founded on a scientific dictator- 
ship. I will say, probably not. One reason is that 
science and technology are moving away from the 
rigid mechanistic determinism of the late 19th 
century. At the end of that century the pattern of 
physics was represented by the mathematical laws 
of Newton and Maxwell. All actions were the re- 
sult of applied forces and, given the forces, the 
actions could be exactly calculated. In other 
words, if we knew the exact condition of every 
atom in the universe at a certain instant of time, 
we could, in principle, compute exactly what 
would happen at all future time. Along with this 
determinism was a belief that all the basic laws 
of the physical world were understood. It seems 
to me that the orderly scientific dictatorships of 
Edward Bellamy and H. G. Wells are a conse- 
quence of this orderly mechanical physical world. 

Science today, however, not only knows a great 
deal more about the physical world; it has a much 
more humble attitude towards its knowledge and 
its lack of knowledge. Furthermore, science has 
found that at the atomic level the certainty of 
Newtonian mechanics disappears into the proba- 
bility functions of quantum mechanics. And, on 

the very large scale of the astronomical universe, 
Newtonian mechanics must be replaced with the 
laws of Einstein. In both cases, the very small and 
the very big, the behavior of the physical world 
does not obey the dicta of "common sense." 

Coupled with these developments in science are 
the developments in technology which carry us 
further into the realm of cybernetics. The more 
that we make machines automatic, the more we 
can make them responsive to individuals. Thus, 
many buildings have room temperature control 
which you can adjust to suit yourself. The modern 
automobile with power steering and automatic 
shifting and all the rest does not require a trained 
engineer to drive it. The modern telephone allows 
you to talk to your friend anywhere without in- 
voking messenger boys or switchboard operators. 

The important individual 

Hence, it appears to me that science and tech- 
nology together are moving into an area where 
the individual is becoming increasingly important. 
He is no longer a cog in a vast machine, and there- 
fore we are moving away from the threat of sci- 
entific dictatorship. 

We are living in one of the Golden Ages of 
history. Never before have so many people been 
able to live the good life. But, regardless of 
whether there is a scientific dictatorship or not, 
there is still no guarantee that this Golden Age 
will last. There is, first of all, the need to keep our 
present physical powers within bounds and to 
assure that our future biological knowledge and 
power is kept under control. There is the need to 
keep our productivity ahead of our population, 
and to develop satisfactory means of incorporating 
modern technology into less advanced culture. 
Finally, there is the necessity that the cultural 
evolution of our society should be able to find new 
ethics, new motivations, new principles appropri- 
ate to the dynamics of material and technological 
developments. 

One final thought: Civilization has always 
seemed to require a governing elite and slaves to 
provide the elite with food, shelter, clothing and 
all the other material appurtenances to life. Since 
the Industrial Revolution, the slaves have been 
machines. Now the machine is acquiring judgment 
and perhaps a little intelligence. Our material 
civilization is so successful because we have so 
many machines working for us. In the past, many 
civilizations have fallen because of a revolt of the 
slaves. Will we ever have to face that problem 
with our machines? 
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The Summer at 

Three New Caltech Trustees 

Three new members were elected to the lnsti- 
tute Board of Trustees this month: Lloyd L. Aus- 
tin, chairman of the board and chief executive 
officer of the Security First National Bank in Los 
Angeles; Augustus B. Kinzel, vice president of re- 
search for the Union Carbide Corporation; and 
William E. Zisch, president of Aerojet-General 
Corporation. 

Lloyd L. Austin was born in Leadville, Colo- 
rado, in 1904. He attended the University of South- 
ern California, 1921-22, and the University of 
Arizona, 1924-26. From 1926 to 1933 he was an 
accountant with Lybrand, Ross Brothers and Mont- 
gomery in Los Angeles. 

He began his career at the Security Bank in 
March 1933 and has been chairman of the board 
since 1961. He is a director of a number of cor- 
porations, immediate past president of the Chil- 
drens Hospital of Los Angeles, and a director and 
president of the Automobile Club of Southern Cal- 
ifornia. 

Augustus B. Kinzel was born in New York City 
in 1900. He received a BA cum laude in mathe- 
matics from Columbia University in 1919, a BS 
in engineering from MIT in 1921, and doctorates 
in metallurgical engineering and science from the 
University of Nancy in France. 

He joined Union Carbide in 1926 as a research 
metallurgist, and became chief metallurgist in 
1931. In 1955 he became vice president of re- 
search. 

Dr. Kinzel is regarded as one of the country's 
leading research metallurgists and has pioneered 
in the theory of stainless steel and the theory and 
application of the structural low-alloy steels and 
new ferroalloys. More than 40 patents have been 
issued in his name. His extensive background in 
mathematics and physics, as well as in metallurgy, 
has been useful in the field of nucleonics, and he 
has served as consultant to Atomic Energy Com- 
mission installations such as Los Alamos, Oak 

Caltech 

Ridge, Argonne, Knolls and Brookhaven Labora- 
tories. As a member of the initial Manhattan Dis- 
trict Committee for the World Control of Atomic 
Energy, he helped draft the classified report that 
led to the Lilienthal and Baruch plans. 

Dr. Kinzel is a member of the National Acade- 
my of Sciences and has held a number of gov- 
ernment advisory posts. 

William E. Zisch was born in 1917 in Denver, 
Colorado. He attended Sawyer's School of Busi- 
ness and Caltech. From 1935 to 1938 he worked 
as a chemist for the Great Western Sugar Com- 
pany in Johnstown, Colorado, and then became 
supervisor of laboratory operations for the Ameri- 
can Sugar Company in Oxnard, California. In 
1939 he came to Caltech as an assistant in aero- 
nautics and assistant to the comptroller, which 
brought him in close contact with Dr. Theodore 
von KArmAn and other founders of Aerojet. In 
1942 he joined Aerojet as contract administrator 
and rose through various administrative positions 
until he became executive vice president in 1961. 
Last spring he was appointed president of the 
corporation. 

Sponsored Research Administrator 

George Canetta, business manager of the Denver 
Research Institute of the University of Denver for 
the past 12 years, is now sponsored research ad- 
ministrator of the Institute. He is responsible for 
research grants and contracts exclusive of the Jet 
Propulsion Laboratory. 

Mr. Canetta was born on the Isle of Jersey and 
attended school in England and Italy. He studied 
business administration at New York University 
and obtained his degree in it at the University of 
Denver. 

Prior to his work in Denver, Mr. Canetta admin- 
istered contract negotiations at New Mexico State 
University's Physical Science Laboratory. During 
World War I1 he was an administrative assistant at 
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ceived his BA from the University of California 
in Berkeley in 1924, and his PhD in mathematics 
from Caltech in 1928. He then joined the Caltech 
faculty as assistant professor of mathematics. 

As a research mathematician, Dr. Ward was 
known for his work in algebra and number theory, 
with particular emphasis on arithmetical sequenc- 
es. During the past few years he had worked with 
the school mathematics study group set up by 
the National Science Foundation to reform ele- 
mentary school mathematics curricula. 

In 1934-35 Dr. Ward did research work at the 
Institute for Advanced Study in Princeton, N.J., 
and from 1941 to 1944 he served as consultant to 
the Office of Scientific Research and Development 
on problems of underwater ballistics and anti- 
submarine warfare. He was a member of the 
American Mathematical Society and the Ameri- 
can Mathematical Association. He was also an 
accomplished pianist, a student of poetry, and an 
expert chess and Go player. He is survived by his 
wife; a daughter, Audrey Ward Gray; three bans, 

Eric, Richard and Samuel, and five grandchildren. 
Memorial services will be held in connection 

with a symposium on number theory to be held 
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of llic r)ilthi i D i n t d i i i  e 111 iliiig i ~ i i ~ ~ i  u\einerii pi r~gi am. 

Joe Frase, like many other young engineers. is im- 
patient to make thiiigs happen for  his company and 
himself. Thi-i t; cue  can pLu cs uliei e am li i eatlesaiit-a> is 
more w e l m i ~ c ~ l  or rewarded llidn in $lie fast-growing 
! l ~ ~ ~ l l i , - l i  ; bl131ili.:i^i. 



The Summer at Caltech . . . continued 

BYRD LUTHER TOVES, inst~uctor in histoi!~ frorn Yale Uni- 
versity, wheie h e  was a n  assistant in instruction. 

TARAS KICENIUK. lecturer in engineering design He has 
been a reseaich engineer and  group leader at  Cal- 
tech siricc 1950 \\ tit r l  he received his MS here. 

MAJOR M .  R KMGHT assistant profec.sor of  air science, 
from Headquarters, 5th Air Force, Fuchu Airstation, 
Japan, where he  was ChieE, Records and Analysis 
Branch. 

DONALD E.  KNUTEI, assistant professor of rnatherr~at~cs, who 
received his PhD from Caltech in June 1963 

HEIN'Z-OTTO KREISS, visiting associate in  mathematics, fiorn 
the Royal Institute of Technology. Stockholm, Swed- 
en, where he is a lecturer. 

ARON KUE~PERMAN, professor of chemical physics, from 
the University of Illinois. where he  was associate 
professor of chemistry. 

ALMV I,. K W I R ~ M ,  Arthur A. Noyes Teaching Fellow in 
chernistrv, wlio rec-~ived hi's PhD fiorri C a l t ~ c h  in 
June, 

F R r2/ipw oon, research associate in geophysics, from 
Emmanuel College, Garribridge England, where he  
was a fellow and director of NSF studies in mathe- 
rr~atirs 

E R I L N K  B. M ~ I L O R Y ,  visiting associate in chemistry. from 
Brvn hfawr (college. \ \here hp is associate professor 
of chemistry. 

u v r R r (  E F M r H r s F v  visiting a'ssoc-inte in (+ternistry 
from Lorna Linda University where he is professor 
and chairman o f  the department of cherriistr~. 

JEROVF WF,  a ssoc~~i te  professor of physics, from Stan- 
ford Ur~ivercih , M heie he v> as an instriir~toi arid as- 
sistnrrt profpscor 

E U W  %RD J w Er,r v t . 4 ~ .  visiting assor i;,tp in erigirieei ing, 
from Putdue University when, hp is cissociitt~, pro- 
f e s s ~ ~  of rrlechanical engineeiir~g 

JOHN v. V \ H I [ E  visiting c~~sociatc-  111 eeologv from Antioch 
College, where he is ch:iirrn;iri of the depaitrnent of 
earth sciences. 

ARNE A. WYLLER, senior research fellow in astronomy, 
frorn the Institute of Theotetic~'11 Astrophysics, Blin- 
clern, Norway, where lie was a reseaich associate. 

ON LEAVE OF ABSENCE, 1 W3-04 

FRED c. 4 VSON, professo~ of ar1alvtic.11 chernistrv to  the 
University ot Bmssels in Januarv, where h e  will con- 
duct  research on electrokinetics on a Gugger~heirr~ 
Foundation Fellowship. 

JAMES F. BOWER professor of biology to Oxford Uni- 
versity in England, where h e  will be Eastrn:iri Visit- 
ing Professor for 1963-64. 

R O Y  H. GOHID professor of eirctric-a1 erigineering and 
physics, to the Ma'; Planck Snstitute in Munich for 
research in plasma pin sir;$. 

( n r w r r r  DIX piofessor of geciph} sics to the university 
of Tokj o in Japan. as a tescarch scholar on the 
faculty of cc'ienrbe. 

~ H O M  is  I. ~VRITSEM,  professor of phj tics to the Instilute 
for Theoretical Physics in Copenhagen for one year 
of rrsearch. 

KW; w YSER professor of ch~=rni ' i tn, to Europe on a Gug- 
gerihpim Fellow ship to study iiriderq~ iiclitatr diem- 
' - t r \  t=dti(iitiori in Svilitzerhirirl and other Eiiroptl<ir~ 
c oiintrips 
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Sleeping is like floating on air, when the mattress is made of urethane foam . . . a mattress that "breathes" 
air tlirough every cell, and weighs so little that a housewife can lift it over her head! 
exact proportions of five chemicals from Union Carbide, this versatile foam ran be made soft, firm, or rigid. 
Mattresses, upholstery, and pillows can be given their own degrees of resilience. Other formulations pro- 
duce superior insulation in the form of prefabri~at~ed rigid panels or foamed in place. In a refrigerator trailer 
body, this insulation can be used in much thinner sections than conventional materials, so cargo space is in- 
creased substantially. b Recently, Union Carbide introduced "climate-controlled" polyether, which results 
in uniform foam properties despite such curing variables as summer heat and humidity. Another Union 
Carbide development is production of the first polyether for flame-lamination of thin foam sheets to cloth, 
adding warmth without noticeable bulk. In their work with chemicals, the people of Union Carbide have 
pioneered in developing polyethers and silicones for urethane foam, found new uses for the foam, 
and shown customers how to produce it. 

A H A N D  I N  T H I N G S  T O  COME 

W R I T E  for booklet DD,  "The exciting Universe of Union Carbide," which tells how research i n  
the fields, of cheinn,als, carbons, g a ~ d i ,  metals, p l ~ a t i c ~ ,  a n d  nuclear energy keeps bringingnew wonders into your 
Union Carbide Corporation, 270 Park Avenue, New York 17,N.Y. I n  Canada: Union Carbide Canada Limited, Toronto. 



Alumni Speak Out 
Some random comments from the Alumni Survey questionnaire 

In  the 5,000 Alumni Survey questionnaires that 
have been returned to the Institute to date, responses 
to the back-page invitation for "comments" have been 
gratifyingly numerous. Although there is no such thing 
as a typical comment, some representative ones appear 
on these pages. Remember, however, that for every 
comment below, there is at least one other stating an 
opposite point of view. 

If I had known then what I know now - and I 
don't mean academically! 

Social ineptitude caused me more trouble at 
Tech than any other single cause. 

On the other side of the ledger, I can think of 
no other school where I myself could have finally 
got my social bearings. I only wish that I had had 
more time to devote to academic problems. At a 
school such as UCLA, for example, I would have 
been at a complete loss socially. I don't believe I 

BURIED UNDER WORK? 
Haven't got around to that alumni 
questionnaire yet? 
There's still time to send it in. 
Fill it out. Send it in now.* 

*You mean you've lost it? 
Then fill out this handy coupon and 
we'll send you another. 

.............................................................. Name 

Address ......................................................... 

would have done better academically because I 
would have worried even more about my social 
life. At Tech, the social atmosphere was one I 
could finally cope with, and I think I came out 011 
top. I even managed to graduate - and I sure 
don't have any complaints there! 

Give more closed-book exams in physical science 
courses. Otherwise lazy people like me tend not to 
memorize many things that one should have in 
one's head and not in a book. A lot of inventive- 
ness comes from having a large number of facts 
memorized. 

Instructors were competent technically, but most 
lacked a real talent for teaching (notable excep- 
tions were Linus Pauling and several in the 
humanities). I t  is hoped that by now the Develop- 
ment Program has stimulated the quality of under- 
graduate instruction so that it begins to match the 
excellent programs in graduate study and research. 

I am now convinced that every student, and 
particularly the high-capability student that is 
attracted to Caltech, should concentrate first on 
obtaining a diversified, "liberal" education, and 
only secondarily on becoming trained for a future 
occupation. A full understanding and personal in- 
volvement in philosophy, economics, psychology, 
and sociology is necessary for a well-planned life 
and a successful career. Such a background can 
become a motivation for technical study. 

All physics majors study too much physics and 
not enough mathematics. Physics, like medicine, 
should be undertaken only at the graduate level, 
after a thorough training in applied mathematics. 

More concentration on modern politics and 
practical economics and finance would be advisa- 
ble. There are too many Caltech PhD's taking 
orders from second rate students who graduated 
from third rate schools. 

There is a popular notion abroad today that one 
must have broader studies in the humanities and 
solid sciences - even to the neglect of good solid 

ENGINEERING AND SCIENCE 



Your l i fe at Du Pont one of a series for technical men 

Arm yourself with facts a out DuPont 
These booklets helped persuade some 700 new B.S. graduates 
to join us in 1963. I t  was mostly a matter of getting facts. 

For example, i f  you want to start your career i n  a certain 
section of the country, you'll find that Du Pont-with facil it ies 
in  28 states-will try to accommodate you. 

I f  you're interested in  growth for what it can mean to you 
personally, you'll be interested to know that our sales have 
increased 750% since 1937. You've probably heard that R&D 
expenditures are a good indicator of a company's future success. 
We spend $90 mil l ion a year on it, $60 mil l ion of which goes 
straight into "pioneering research" - t h e  discovery of new 
scientific truths and new materials. 

Our booklets wi l l  answer most of your preliminary questions. 
Later-or even now i f  you wish-we can talk specifics by letter, 
or face to face. Why not write us or send our coupon? We'd 
like to  know about you. 

BETTER T H I N G S  F O R  BETTER LIVING 
. . . T H R O U G H  CHEMISTRY 

An equal opportunity employer 

TECHNICAL MEN WE'LL NEED FROM THE CLASS OF '64 
Chemists Industrial Engineers 
Chemical Engineers Civil Engineers 
Mechanical Engineers Physicists 

Electrical Engineers 

E. 1. du Pont de Nemours & Co. (Inc.) 

1 2531 Nemours Building, Wilmington, Delaware 19898 
I Please send me the literature indicated below. 

Du Font and the College Giaduate Reprint of Saturday 
I Mechanical Engineers a t  Du Font Evening Post article 
1 Engineers at Du Pont on Du Pont, July, '63. 

1 Chemical Engineers at Du Pont 
I Also please open in my name a free STUDENT SUBSCRIPTION 
I to the award-winning Du Pont Magazine-the official bi-monthly 
1 publication of the Du Pont Company. 
I 
I 
I Name 
I 

Class Major Degree expected 

College 
I 
1 My address 
I 

City Zone State 

OCTOBER 1963 



Alumni Speak Out . . . continued 

engineering subjects . . . I never had any subjects 
except technical ones beyond my freshman year 
at Yale . . . I do not consider myself uneducated. 
There are great book programs, discussion groups, 
books to read, lectures to attend, etc. I believe I 
have as broad an education as many of my con- 
temporaries who took majors in the liberal arts 
areas at Yale. 

At Caltech emphasis on humanities may be 
needed. It is certainly not needed for engineers at 
Yale, who arc in the distinct minority and are in 
110 way segregated in living quarters, etc. 

I am highly disturbed that our schools and col- 
leges do not instill an abiding faith in our free- 
enterprise system without the need of the deaden- 
ing hand of bureaucratic government and welfare 
statism. I often ask myself and antagonists, "How 
did our nation become the greatest in the world 
long before we had the welfare state philosophy?" 

My feeling is that CIT tends to produce gradu- 
ates with an excellent background in science. Un- 
fortunately, this 4-year cramming-in of knowledge 
may tend to drastically reduce the student's drive 

and interest in the very science in which he is so 
well trained. This I have found to be true in my 
own case, at least. 

I do not believe in the epistemological worth or 
fairness of questionnaires; this one is particularly 
offensive in its attempt to elicit a check in one of 
three boxes on issues about which we have per- 
haps thought long and deeply - and I feel that 
way about many of the questions asked me. A 
check in a box simply does not communicate my 
ideas. 

What price "science"? 
What price "objectivity"? 
Page 5-6 is particularly ludicrous. Were I not 

a compulsive complier, I should not return this 
folder. 

I think the instruction of u n d q a d u a t e s  at Cal- 
tech is left too much in the hands of graduate stu- 
dents. 

I regard Caltech as a great institution. I'm glad 
to have spent the time there but wouldn't relish 
doing it again. 

Instant 
capability 

however - 
Fast reaction to problems in  the 
indicated areas is SOP at  CTI*- 

0 COMPUTER APPLICATIONS 0 PROGRAMMING 
AUTOMATION 0 PROBLEM SOLUTION 
CONTROL THEORY 0 HUMAN FACTORS 

MANAGEMENT PLANNING 

*On a project or staff augmentation basis.) 

Check area of interest, and send to: 

Contro l  Techno logy ,  Inc.  

DR. A. S. JACKSON T. W. CONNOLLY 
1232 BELMONT AVENUE 194 NASSAU 

LONG BEACH, CALIFORNIA PRINCETON, NEW JERSEY 
or please call called: or please call collect: 

(213) 433-3360 (609) 924-5134 

WANTED: 

in 
ELECTRICAL 

ENGINEERING 
W i t h  experience a n d / o r  
thesis in one or more of the 
following: 

Communications Systems 
Telemetry & Tracking 

a Operations Research 
System Programming 
Information Theory 

One of many major benefits is 
the professional environment 
and status you will enjoy at 
HUGHES-FULLERTON R&D. 

For complete information, 
please write: 

DR. ARNOLD SMALL 
I , 

I 
H U G H E S  ; 

i--------------A 
H U G H E S  AIRCRAFT C O M P A N Y  

F U L L E R T O N  R & D 
P. 0. Box 3639, Fullerton, Calif. 

An equal opportunity employer. 
Â¥'̂  .̂  
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Your future in engineering is his business 
He's a Monsanto Professional Employment repre- Monsanto family offers you in research, develop- 
sentarive.. . now also representing the other members ment, manufacturing and marketing. 
of the Monsanto corporate family: Chemstrand Com- 
pany, Shawiaigati Resins Corporation, Plax Company, see Your 'lacement Director arrange an inter- 

Monsanto Research Corporation, Chemstrand Research view when we visit Your 

Center, Inc. campus. O r  write for our 

Ask him about the diversity these outstanding or- new brochure, "You and 

ganizations offer-in geography, activities, prod- Monsanto," to 

ucts - diversity that offers ever-expanding oppor- Professional  Recruit ing,  

tunity to the young man of exceptional promise. Dept. EN-10, Monsanto, 
Ask this expert in futures about the future the St. Louis, Missouri, 63166. 

AN EQUAL OPPORTUNITY EMPLOYER 
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Letters 
Department of Amplification 

'New York, N.Y. 

GENTLEMEN: 
If you have a feature roughly the 

equivalent of The New Yorker's De- 
partment of Amplification, you might 
be interested in the following anec- 
dote that amplifies a personal attribute 
of the late Dr. Theodore von Kirmin. 

In the June 1963 issue of Engineer- 
ing and Science the excellent article 
by Prof. W. D. Rannie emphasized 
Prof. von Kirmin's personality as an 
instructor interested in students. I re- 
call vividly an incident occurring circa 
spring 1942 that emphasized this trait. 
I was then taking Professor Ward's 
course in Complex Variable Function 
Theory, and was in the library, along 
with several other members of the 
class, working on problem assign- 
ments. As was common with all grad- 
uate course homework problems, this 
was open book, and any source was 
legitimate in helping to do the prob- 
lems. 

A particularly tough problem on the 
Gamma Function had a group of us 
stumped - this group including some 
of the bright boys, such as Dave 
Bohm, Charlie Wilts, and Abe Zarem. 
We saw Professor von Kirmin enter 
the library, and someone suggested 
that we ask him how to do the prob- 
lem. The problem was not from Cop- 
Ion's text, but was one which Profes- 
sor Ward had formulated. I was 
elected to approach Professor von Kir- 
man. This I did with trepidation, but 
was very pleased to see his face light 
up when I posed the problem to him. 
He asked, "Where did you get this 
one?" and when I told him, a twinkle 
came into his eye and he said, "Oh, 
that Ward, he's a foxy one!" He then 
promptly proceeded to outline the ap- 
proach to the solution of the problem, 
in a few deft equations. He insisted 
that we work it out for ourselves, 
which we then did. 

The next day in class the student 
who presented the problem on the 
blackboard received a compliment 
from Professor Ward, and the student 

admitted the source of the hint for 
solution. "Oh," said Professor Ward, 
"that von Kgnnan, he's a foxy one!" 

Very truly yours, 

VICTOR WOTJK, president 
Electronic Energy Conversion Corp. 

More Amplification 

Stanford, California 

Just noticed no credit for the von 
Kgrmin picture in the June issue of 
E6-S. You may not know it was taken 
by Ben Olender of the LA Times, 
when he and I were both on the Pasa- 
dena Star-News. Von Kirmin always 
said it was the best portrait ever taken 
of him. And guess who was holding 
the slave light that lent the nimbus to 
that imposing mane of grey hair? 

JEFF LITTLEBOY 
News and Publications Service 

Stanford University 

Recent Books from McGRAW-HILL 

THE MACHINERY OF THE BRAIN 
By DEAN E. WOOLDRIDGE, California 
Institute of Technology. 252 pages. $5.95, 
Cloth, $2.95 MH Paperbacks. 
A nonmathematical and nontechnical ac- 
count of the exciting and interesting work 
being done in the field of brain research. 
Where appropriate, analogies are drawn 
between the biological subject matter and 
related computer principles. 

MARINER: Mission to Venus 
By the JET PROPULSION LABORATORY. 
120 pages, $3.50 cloth edition, $1.45, MH 
Paperbacks. 
An absorbing and objective account of 
the successful Mariner I1 flight to Venus. 
This flight provided us with the first valid 
experimental data about interplanetary 
space and the space environment of 
Venus. 

ANALYSIS, TRANSMISSION, AND 
FILTERING OF SIGNALS 
By MANSOUR TAVID and EGON BREN- 
NER, both of the City College of New 
York. McGraw-Hill Electrical and Elec- 
tronic Engineering Series. Off press. 
A text for intermediate courses in linear 
system analysis. It includes presentations 
of both Fourier and Laplace transform 
methods. The approach emphasizes aspects 
of analysis fundamental to all engineer- 
ing. Since examples serve as models for 
general systems, the text provides a 
natural development of the system rheory 
concept. 

MICIROWAVE SOLID 
STATE MASERS 
By ANTHONY E. SIEGMAN, Stanford Uni- 
versity. McGraw-Hill Series In Electrical 
and Electronic Engineering. Off press. 

A comprehensive treatment of the basic 
physical concepts involved in understand- 
ing the solid state maser and an equally 
detailed review of maser design, perform- 
ance, and applications. Required quan- 
tum mechanical terms are introduced and 
used in a descriptive fashion. 

INERTIAL NAVIGATION SYSTEMS 
By CHARLES BROXMEYER, Raytheon Com- 
pony. formerly with the M.I.T. Instru- 
mentation Laboratory. Electronic Sciences 
Series. Available in January, 1964- 

A complete, orderly analysis of the iner- 
tial navigation of ships and aircraft. Six 
types of inertial navigation systems are 
analyzed. Mathematical and theoretical 
characterizations are emphasized, and 
matrices are employed to aid in the 
presentation. 

INERTIAL NAVIGATION, 
ANALYSIS ANID DESIGN 
Chief Editor, CHARLES F. O'DONNELL. 
Computers and Data Systems Division, 
Autonetics. Off press. 
This new textbook, prepared by members 
of a leading firm in the field, covers the 
basic classes of design problems, afford- 
ing a balanced presentation of both sys- 
tems and component analysis and basic 
hardware design. 

GUIjDANCE AND CONTROL OF 
AEROSPACE VEHICLES 
Edited by C.T. LEONDES, University of 
California at Los Angeles. University of 
California Engineering and Science Ex- 
tension Series. 678 pages. $19.50. 
A detailed treatment of terrestrial, satel- 
lite, and extra-terrestrial sysems. The 
book provides a comprehensive survey 
of guidance and control of the systems 
above, including fundamental techniques, 
the present state of progress, and future 
expectations far advanced systems. The 
contributors are recognized leaders in 
their fields. 

Send for on-approval copies 

McGRAW-HILL BOOK COMPANY 

330 West 42nd Street, New York 36, N.Y. 
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New Boeing 727 short range jetliner Boemg 707 with Boeing-Vertol 107 Boeing KC-135 let  tanker-transport 

Boeing turbines power helicopters Boeing Scientific Research Laboratories 

CAREER BULLETIN FROM BOEING 
t h e  wide variety of major advanced programs at tages, including up-to-the-minute facilities, dynamic 
Boeing offers outstanding career openings to gradu- industry environment, and company-paid graduate 
ates in engineering, scientific and management study programs (Masters and Ph.D.1. 

At BOeing you'11 find a profe'siOrlal For further in for ma ti or^, wi le  toduy to Mr. Courod E. Brodie, 
climate conducive to deeplj reinrding achievement ~h~ B & ~ ~  c ~ ~ ~ ~ ~ ~ ~ ,  p. 0. B~ 3,322 - UCI, Seultle, 
and rapid advancement. You'll enjoy many advan- Washington 98124. Booing 1.) un equal opportunity employer. 



Personals 
1906 

HILDA WOOD GRINNELL died on 
June 7, 1963, at the age of 80. She grad- 
uated from the "Academy Department" 
of Throop Polytechnic Institute in 1902, 
and received her BS from the "College 
Department" in 1906. From 1904 to 
1906 she was teaching assistant in zoolo- 
gy at the Institute to JOSEPH GRIN- 
NELL '97, professor of biology. They 
were married in June 1906. The Grinnells 
collaborated on many hooks, and even 
after Dr. Grinnell died in 1939, Mrs. 
Grinnell continued her interest in the 
natural sciences and was an active mem- 
ber of a number of scientific societies 
right up until the time of her death. 

1912 
BEN FERGUSON died at his home in 
Phoenix on June 5 at the age of 74. He 
had served as chief engineer for the Ari- 
zona Corporation Commission from 1912 
to 1924. He founded his own engineering 
firm, the Headman, in 1932. After serv- 
ing eight years on the Phoenix Planning 
Commission, he resigned in 1953. He is 
survived by his wife, sons Archibald and 
Benjamin H., and eight grandchildren. 

1929 
THOMAS H. EVANS, MS'30, dean of 
engineering at Colorado State University 
for the past 14 years, is now dean of en- 
gineering at Fresno State College. Fresno 
State is the only college in the San Joa- 
qinn Valley that offers engineering. This 
is a "return of the native" for Evans; he 
was born in California and never left the 
state until he had graduated from the 
Institute. 

1930 
LOREN P. SCOVILLE, MS, has been 
appointed executive vice president and 
general manager of the Arizona Agro- 
chemical Corporation in Phoenix. 

1932 
CHARLES D. CORYELL, PhD'35, pro- 
fessor of chemistry at MIT, returned 
last month after 9 months as a Guggen- 
helm Fellow and Fulbright Lecturer at 
the Institut du Radium of the Univer- 
sity of Paris. 

E. CHET KEACHIE, associate professor 
of industrial engineering at UC, Berkeley, 
writes that his older son, Steve, has grad- 
uated from Stanford with an EE degree 
(where his dad got his PhD).  Steve is in 
business for himself, making his own in- 
vention - an instrument power supply 
for sailplanes. 

Research and development facility near Stan- 
ford University, Palo Alto, Calif. 

113,000 square feet, air conditioned building 
on a 76-acre campus-like site. 

57 SUTTER STREET SAN FRANCISCO 4, CALIFORNIA SUTTER 1-5420 

30 

1933 
GREGORY K. HARTMANN, technical 
director of the Naval Ordnance Labora- 
tory, was one of ten people to receive a 
National Civil Service League annual 
Career Service Award last spring. 

E. RAY LOCKHART, MS'34, has been 
elected president of the El  Paso Electric 
Company in New York. He was formerly 
vice president and director of the Stone 
and Webster Service Corporation. 

1935 
ARTHUR T. IPPEN, MS, PhD'36, pro- 
fessor of hydraulics at MIT, received :he 
Vincent Bendix Award last spring for 
outstanding research contributions. The 
award was established through the ef- 
forts of the Engineering College Council 
and the Bendix Aviation Corporation, 
and is given to staff members of U.S. en- 
gineering colleges. Ippen has been on the 
MIT faculty since 1945. 

GEORGE G. GRIMM, JR., MS, consul- 
tant in the Missile and Space Division of 
the Lockheed Aircraft Corporation, died 
on May 28 of acute coronary thrombosis. 
He was 52. He leaves his wife and four 
children; Mina, 25; Carolyn, 20; George 
I l l ,  18; and Charlotte, 6. 

ADRIAN H. GORDON, MS'36, now on 
a UN Technical Assistance Mission in 
Teheran, Iran, writes, "Much to my sur- 
prise, I found a colleague meteorologist, 
JOSEPH CAPRIO, '48, here. Joe is one 
of the three world meteorological organi- 
zation experts in Teheran. Upon looking 
through the alumni directory, I find that 
KAMAL DJANAB, PhD'38, is teaching 
physics to the postgraduate class of me- 
teorologists I am in charge of. Finally, I 
see that my namesake, GARFORD GOR- 
DON, '34, is also on UN Technical Assis- 
tance work in Karachi. As I have been 
asked to go there when I have finished 
here in February next, I might run into 
him. As for the family-my son Marty is 
15, and daughter Susie, 12." 

1937 
WILLIAM C. PUTNAM, PhD, died on 
March 16, 1963, of a heart attack. He 
was 54. He was professor of geology at 
UCLA and had been a member of the 
faculty for 25 years. He leaves his wife 
and a daughter, Margaret. 

1951 
GRAYDON D. BELL, MS, PhD '57, 
writes: "The 1963 Alumni Directory has 
two errors that I would like to call at- 
tention to. In the alphabetical list, my 
MS degree is listed as '41 and should 
be '51. Also, I am now associate profes- 
sor of physics at Harvey Mudd College. 
I guess I failed to notify you at the time 
of that promotion. 

"Starting in September, 1963, I am 
on a sabbatical leave and will work at 



t takes an average of 7 horsepower to air condition an automobile. You'd think the complexities of 
ing an astronaut cool and comfortable would require at least as much power. But Garrett-AiResearch 
designed and built a system that requires about the same energy as a 60-watt light bulb. And 

that's important in  space, where power is at a premium. The Garrett system takes advantage of the 
low boiling point of water in space to absorb heat from the astronaut's space suit and spacecraft. The system 

is tiny, lightweight, and works in zero gravity. a This remarkable cooling unit is part of the entire 
environmental control system which Garrett supplies for the NASA-McDonnell Project Mercury missions. 

it not only cools, but provides and circulates oxygen, controls pressure, and removes carbon dioxide, water 
vapor and odors. a For further information about many interesting project areas and career opportunities a t  

The Garrett Corporation, write to Mr. G. D. Bradley at 9851 S. Sepulveda Blvd., 
Los Angeles. Garrett is an equal opportunity employer. 

Ss; a: 

Lcs Angeles - Phoenix 





Young scientists and engineers "going placesf' investi- 
gate a variety of challenging engineering avenues 
before selecting one best suited to their goals. And 
they look for a professional climate with lots of lndi- 
vidual recogn~tian and advancement opportunity. If 
you are charting your career along this course, let 
Ling-Temco-Vought be your guide. 

As one of the natlon's most versat~le contributors to 
the aerospace, military electronics and communica- 
tions sciences, LTV can offer you a personalized route 
to an exciting and rewarding future in such areas as 
aerodynamics a avionics and instrumentat ion 
operations analysis * dynamics * systems design 

isms stress an 
communications 
engineering rec 
computer system 
eiectromagnetic interference control * electronic sys- 
tems analysis telemetry and tracking trajectory 
analysis manufacturing r&d industrial engineering 
a technical administration . . . plus many others. 

For a closer look at the numerous career directions 
available with Ling-Temco-Vought, ask your Placement 
Office for our brochure describing LTV projects and 
products. Or write College Relations Offlce, Ling- 
Temco-Vought, lnc., P. 0. Box 5907, Dallas 22, Texas, 
Ling-Temco-Vought is an equal opportunity employer, 

LLTVY' DIVISIONS AND SUBSIDIARIES C H A N C ~  VOUGHT CORP CONTINENTAL LLECTRONICS MANUFACTURING COMPANY LING ALTEC LING ELECTRONICS 
LN MICHIGAN / L N  RESEARCH CENTER / ALTEC LANSING / TEMCO ELECTRONICS & MISSILES COMPANY / ED FRIEDRICH INCORPORATED / UNIVERSITY LOUDSPEAKERS 



ALUMNI FUND 

Here are the final r e s~~ l t s  of the J 962-63 Al~irnni FIIYIC~ as corr~parecl 
with the previo~is year: 

1962-63 

Gifts to er~clowri~ent $*5<5, I 72.35 

Gifts restricted 

A l ~ ~ n ~ n i  sohcitecl 8,(Je50 

Alumni participating 1,703 

Percent of participation 21 2%) 

Two-year 
Total 

Thiq year o11r Ali~rnni Fur~cl has a new purpose deciig~~cd to in- 
crease your interest in Caltech's program of educat io~~ and re- 
search. ,111 gifts k o  [he F L I I ~ C ~  h-iI1 be credited to khe pufpose of 
ymu rhoiw. in I-he corning n ~ r ~ r ~ t h s  E ~ F ~ ~ ~ I P c V  irtg t m 1  S c i o r ~ w  will 
be describing a variety nF h ~ p o r t a r ~ t  r~eeds to you: athletic fadi t )?  
req~~iren~er~ks,  the er~chwrnerit i ~ r o l ~ I e ~ ~ ~ .  our faculty salary positjori, 

r~stitute needs. But the irriportant thing, of courcie, is 
that 1 o i ~  participate, 



.*.with respect to your career choice? 

Of course, you a re .  . . and should be. But don't 
overlook the fact that "thinking big" really applies 
to your own personal growth a ~ d  achieverrients. 

And that's an important reason for investigating 
the opportunities here at  Sikorsky Aircraft. 

We believe that our company offers just the 
"right-sized" environment for young engineers 
seeking strong personal identification and stature 
opportunities. The technical talent we require can 
enjoy diversified activities in a field that permits 
full expression of engineering imagination and 
professional competence. 

At Sikorsky Aircrafty our continuing objective 
is the further advancement of a new technology 
, . . VTOL aircraft systems . . . providing the 
world's most versatile means of transportation. 

The engineering assignments are diversified 
and stimulating. Our engineers work in small 
interdependent groups on demanding problems 
in such areas as aerodynamics human factors 
engineering * automatic controls * stress en- 
gineering * weight prediction * systems analysis 
* operations research reliability/maintain- 
ability engineering autonavigation systems . . . 
among others. 

Your opportunity for personal growth could 
be here. . . now. Can we help you "think big" 
towards that goal1 

Career potential is further enhanced by our cor- 
poration-financed Graduate Education Program. 
Please cotzsult your Placement Office for campus 
interview dates-or-write Mr. Leo J. Shalvoyy 
Engineering Personnel. 

u S i k Q rs k y 1 rc raft o t v l s l ~ N  uNITEo coRpoRATloN 

STRATFORD, CONNECTICUT An Equal Opportun~ty Employer 
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BIG 
DECISION 

#go00 Cas te l l  Wood 
D r a w i n g  P e n c i l  o r  
#9800SG Locktite Tel- 
A-Grade Holder and 

Perhaps you will 
choose Castell wood 
pencil, because you 
ltke the feel of wood, 
because you like to  
shave the point to the 
exact length and 
shape you desire. 

Or you may vote for 
Locktite Tel-A-Grade, 
the lightweight bal- 
anced holder with its 
long tapered, no-slip 
serrated grip that 
soothes tired fingers. 
And its ideal team 
mate, Castell Refill 
leads, of the same 
grading, undeviating 
uniformity and bold 
image density of 
Castell wood pencil. 

Whatever your choice, 
you will be using 
Castell tight-textured 
microlet-milled lead 
that gives you graphite 
saturation that soaks 
into every pore of 
your drawing surface. 

Your College Store car- 
ries all three famous 
A.W.Faber-Castell 
drawing products, 
backed by over two 
cent~tries of pencil. 
making experience. 
Start your career by 
using the finest 
working tools money 
can buy. 

Pencil Company, Inc. 
41-47 Dickerson Street 

ALUMNI ASSOCIAT 
CALIFORNIA INSTITUTE OF ' 

Pasadena, California 

BALANCE SHEET 
June 30,1963 

ASSETS 

Cash in Bard. 
Irlvestrnents : 

Share in C.I.T. Cor~solicIated Portfolio 
Deposits in Saving7 Accot~nts 

Irivestrnerit Income Receitable from C.I.T. 
Po\tage Depo~it, etc. 
Ftlrrlitt~re and Fixture$. at noiriinal value 

Total Aswt? 

ION 
TECHNOLOGY 

L I A B I L I ~ I E S ,  RESERVE5 AND SURPLUS 

Acco~ir~t\ Pay able 
Deferred Incorne: 

WIernbership D~tes for 1963-64 paid in advance $ 10,*345.00 
Irlve?trr~erlt Ir~corne for 1963-64 from C.I.T. 

Cor~\oli(lated I'ortfolio (earned during 1962-63) 4,362.26 
Life \Ien~k>er$hin Reserve 
Rwerve for Dirktory: 

Balance, [lily 1, 1962 $ 3,931.53 
1962-63 Appropriation 2,000.00 $ 5,931.53 
1962-6'3 Directory Expense 5,586.01 

Surplits: 
Balarice, [t~ly I ,  1962 $ 22,475.36 
Share of Profit on Di\posal of Investrnent\ of 

C.I.T. Corl~olidated Portfolio for 1962-63 6,281.07 
Ewe?? nf Expenses over Income for 1962-63 ( 107.08) 

Total Liabilities, Reserves and S~~rplus - - - - - - 

STATEhIXXT O F  INCOME AND EXPENSES 
For the Year Ended June 30, 1963 

INCOME 
Due5 of Arinual Members 
Investrner~t Income: 

Share from C.I.T. Consolidated Portfolio $ 4,032.22 
Intere~t on Deposits in Savings Acco~ints 1,087.39 -- 

Arlrlual Serninar 
Prograrri arid Social Ft~rictior~~ 
iMiscellaneous 

Total Income 

EXPENSES 

Subscriptions to Erigineerir~g and Science Magazine: 
Annual Members $ 12,815.23 
Life Mernher~ 3 , Q P  '-0 

Ar1r1u:d Serr~ir~ar 
Program :LII(I Socii~l F~~rl[*tions 
Ftincl Solicitation 
Directory Appropriation 
Adrr~ini$tr:~tion (Directors' E~penses, Posta:e, Sqp:ies, ctc,) 
4SCJ'r A\\i<tarlc~ 
h4ernber$hip Conirnittee 

Total E~perlses 
E w e s ~  of E~penses over Inccme - - - - - - 



WHOS FOR A RPETED OFFICE ? 

A man's first tank car is seldom a piece of gravy 
train. If i t  were easy, he wouldn't have been needed. 
Goodbye, 5-liter-flask days. In t h e  majors, this is 
how they keep score. The kind of chemical engineer 
who is fool enough t o  choke up with sentiment a t  
this bittersweet image may look down one day and 
note that  there is thick carpet on his office floor and 
tha t  other men take pains to  shine their shoes well 
before standing on it. 

We also need chemical engineers who get their 
kicks from very beautiful chains of analytical thought 
wherein differential equations, solved on our analog 
and  digital computers and pneumatic simulators, 
link the flows of heat, liquids, solids, gases, chemical 
bonding energy, and money. These chaps may also 
wind up with the  same carpet in their offices, along 
with the  intellectual satisfaction of having figured 
out  how to  make the  carpet fiber more attractive, 

longer-lasting, and cheaper than anybody else's 
carpet fiber. 

We need all kinds. We need conservatives who 
make their mark by steady progress in one of our 
chemical engineering specialties, such as laying down 
a dozen or so layers of various materials atop one 
another with enormous precision for endless miles 
of color film. We need imaginative ones who will 
thrive in the  intricately diversified atmospheres of 
our non-photographic plants by showing us how the 
solution t o  one problem solves several entirely dif- 
ferent ones, too, 

Whatever kind you like to think you are, whether 
chemical engineer or other technical graduate, one 
principle seems obvious to  us: if you come with us, 
we must do everything in our power to  develop the 
very best that  lies within you. 

EASTMAN KODAK COMPANY, Business and Technical Personnel Department, Rochester 4, N. Y. 

An equal-opportunity employer ofTering a choice of three communities: Rochester, N. Y., Kingsport, Term., and Longview, Tex. 



As Vice Presidenf-Engineering, 
Francis K. McCune is charged with  
ensuring the effective develop-  
men!, use and direction of General 
Electric's engineering talent. Mr. 
McCune holds a degree in elec- 
trical engineering and b e g a n  his 
career with the Company a s  a 
student engineer. 

For complete information on 
opportunities for engineers 
a t  General Electric, write 
to: Personalized Career 
Planning, General Electric 
Company, Section 699-07, 
Schenectady 5, N. Y. 

r .  McCune, h o w  d o  you define engineering design? 

Q. In the light of this definition, h o w  can the young engineer prepare himself 
for industry? 

A. In college he should absorb as much theory as possible and begin to develop 
certain attitudes that will help him later in his bbion. The law material for a Ye design, information, flows from three genera funds: Scientific Knowledge of 
Nature: Engineering Technology; and what I call simply Other Relevant Informa- 
tion. Ac~dcrnic training plact 5 heavy einpliasifc un tlie first two aieas. as it slsonld. 
Engineei~ in industiy drab heavily on theoieni!- codified mfoimdiioil diid siginfi- 
c,mt recorded experience bii-ic to vnginw~siig di-ciiiline-- t iuglit in ( i)llcge. Thc 
undergraduate must become knowledgeable in these areas and skilled in the ways of 
using this information. because lie will have litile time to learn this after graduation. 
He also must deidop a lesponaive attitude toward the third hmd. 

Q. As you say, w e  learn theory in college, but where d o  w e  get the "Other 
Relevant Information"Ã‘th third fund you mentioned? 

A.  This Lnowledge 1s 0btdi1lt2d for the must part Lj iictuallj domg engirieeiiiig 
work. This is information that must be applied to a design to make sure that it not 
only works, but that it also meets the needs and wants that prompted its considera- 
tion in the first place. For example, we can design refrigerators, turbines. computers, 
or missile guidance systems using only information from the first two funds of 
knowledge-heat flow, vibration. electronic theory, etc.-and they will work! But 
what about cost, reliability. appearance, size-will the prospective customer buy 
them? The answers to these important design questions are to be found in the third 
fund; for example the information to determine optimum temperature ranges, to 
pro'side the features that appeal to users, or to select the best manuiactuiing 
processes. In college you can precondition yourself to seek and accept this sort of 
inforniation, but only experience in industry can give you specific knowledge 
applicable to a given product. 

Q. Could you  suggest other helpful attitudes w e  might develop? 

A. Remember, industry exists to serve the needs and wants i ~ f  the market place, 
and the reasons tor doing things a certain way arise from the whole spread of condi- 
tions which a given design lias to satisfy. Learn how to enter into good working 
relationships with people. Much of the Other Relevant Information can be picked 
up only from others. Also train yourself to be alert and open-minded about your 
professional interests. In industry you'll be expected to learn quickly, keep abreast 
in your field, and to grow from assignment to assignment. Industry will give you the 
opportunity. Your inherent abilities and attitudes will largely decide your progress. 

hgress Is Our Most Important Product 

@ E L E C T R I C  


