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production, "Lee and Sympathy," in 
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of this happy occasion are shown in the photographs on 
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by Robert L. Sinsheimer 

A few hundred miles from here on the towering 
cliffs of gorges in Utah and Arizona one can read 
hundreds of millions of years of earth's history. On 
that immense scale a foot represents the passage of 
perhaps a hundred thousand years; all of man's re- 
corded history took place as an inch was deposited; 
all of organized science, a millimeter; all we know - 
of genetics, a few tens of microns. At odds with our 
need for stability, prophecy often strains our cre- 
dulity, but if we remember that scale, what vision 
can seem too long? 

I t  seems to me to be peculiarly appropriate to our 
era to ask, in all seriousness, that scientists emerge 
from their laboratories to exercise their prophetic 
vision-to become responsible prophets to the peo- 
ple. I t  has become quite evident that the prime 
mover of the tides of change sweeping our society 
is the ever-widening impact of scientific discovery. 
Those who would, for better or worse, anticipate 

- 

the future must needs ask those who live on the 
surging frontier of science what social institutions 
may next be inundated and what social bonds may 
next be strained, perhaps to rupture. 

The ancient profession of prophecy has a long and 
not very honorable history. Over the centuries the 
hardware, if that is the right word, has changed- - 

from entrails to crystal balls to electronic computers 
-but the percentage of success has remained quite 
dismal. Indeed, the very persistence of the profes- 
sion can only be attributed on the one hand to a 
deep, if dark, belief in causality and on the other to 
the imnortance of the issues. Most of us have a con- 
victio;that the future will unfold in an orderly man- 
ner out of the present. Such a belief is inherent in 
our culture; it underlies all our morality. If a man 
could not possibly be aware of the consequence of 
his actions, what basis could there be for moral judg- 

"The End of the Beginning" has been adapted from 
a talk given by Robert L. Sinsheimer, professor of 
biophysics, at Caltech's 75th Anniversary Conference 
on October 26. The full proceedings of the Conference 
will be published in  the spring. 

ment? And an orderly nature equally is the basis of 
our science. Science could never cope with a uni- 
verse of caprice. 

The importance of this problem, of anticipation 
in a world of flux, is truly transcendent. The injus- 
tice and the suffering that might be mitigated had 
we but a modicum of reliable foresight-and the res- 
olution to use it-are so cruel a burden that alone 
they can justify the persistence of a profession with 
such a historically low batting average. 

In this regard the importance of prophecy-the 
moral necessity of anticipation-becomes ever great- 
er as we move increasingly into a world of our own 
making. In our time we are moving out of a world 
we never made-but were biologically more or less 
adapted to-into, for better or worse, a world of our 
own creation, a world shaped increasingly by the 
motivations and limitations of man alone. We can, 
and must, and will, direct the form of that world, 
and how well we do must depend increasingly upon 
our ability to anticipate the consequences of our 
acts. The very mission of prophecy is changing from 
one of almost frivolous whimsy, the role of the gam- 
bler's mistress, to one of deep moral responsibility. 

But urgency is seldom a substitute for capability. 
Granted the necessity, can we really hope to do any 
better than the many oracles of the past? The dif- 
ficulty of anticipating the future lies first in obtain- 
ing a clear view of the present, and second in recog- 
nizing those trends that would permit a calculation 
of the changes to be expected. The one reason that 
does lead me to hope that we may be more success- 
ful than were our predecessors lies in my earlier 
premise-that science has become the prime mover 
of change in our society. For of all human endeavor 
science is the most open, and its pattern of develop- 
ment would seem the most rational. Some of you 
may be thinking that that's not saying a great deal, 
and in any case it is the impact of scientific discov- 
ery upon man and society that we must consider, 
and what of rationality there? But I do think that 
we can know, and know well, the present status of 
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that 14 ere 11e1 er intended for natural fiber>. And be- 
yond the proteins we will make viruses in the test 
tube, and beyond the virus at some historic point 
we will make a self-reproducing cell-the seeond 
Genesis. 

But before that day, as we understand life we can 
control life. This has been the historic pattern in 
physical sciences, and we have today a vast con- 
trol of our physical environment. We will soon be 
acquiring a similar control of the biological world. 
Now the impact of science will strike straight home, 
for the biological world includes us. 

How will you choose to intervene in the ancient 
designs of nature for man? Would you like to con- 
trol the sex of your offspring? It  will be as you wish. 
Would you like your son to be six feet tall? seven 
feet? What troubles you-allergy, obesity, arthritic 
pain? These will be easily handled. For cancer, dia- 
betes, and phenylketanuria there will be genetic 
therapy. The appropriate DNA will be provided in 
the appropriate dose. Viral and microbial disease 
will be easily met. Even the timeless patterns of 
growth and maturity and aging will be subject to 
our design. We know of no intrinsic limits to the life 
span. How long would you like to live? 

And in the end, after all these smaller steps to 
improve man's lot are taken, we may come to change 
man himself, his physique, his emotions, his intelli- 
gence, all of which are, in large part, the outcome 
of an inheritance pattern, which too can come under 
rational control. Not tomorrow. Perhaps not this 
century or the next. But it is only three centuries 
since Francis Bacon, and there are many centuries 
ahead. 

In a sense, what I have been saying could have 
been said once Bacon projected his view of a world 
subject to rational laws that were comprehensible 
to man-if only he would approach nature with an 
open mind and with an unending reference to ex- 
periment as the source of truth. Or it could have 
been said once Mendel showed that the seeming 
complexity of inheritance could be rationally ex- 
plained with a few assun~ptions concerning dual 
sets of genetic factors. But until now the means 
were mysterious-and doubt spawns in mystery. 
Now we have translated those genetic factors into 
physical entities, and the whole power of physical 
science is at our call. 

These advances have also changed importantly 
the way man looks at life in the universe and at 
himself in nature. The kinship of man to the rest 
of the living world was, of course, demonstrated by 
Darwin a century ago; but it has now-in the uni- 
versality of the hereditary code and in the detailed 
structure of common proteins-been documented 

"In our time we are moving out of 

a world we never made . . . 
into, for better or for worse, 

a world of our own creation." 

anew on the most basic level and over a far wider 
range. For our molecules disclose our relation to 
life forms to which all superficial resemblance was 
lost countless aeons ago. 

Thus man becomes ever more surely a part of life, 
and in the procehs life lids become ever more surely 
an integral pait of nature. As we have penetrated 
the processes of the lit ing cell, as the domains of 
mystery have receded, it has become ever more 
clear that all the properties of fife can be understood 
to be simply inherent in the material properties of 
the complex molecules which comprise a cell. And 
thus that seeminglj qualitatit e gap-self-evident to 
the most naive-between the living and the non-liv- 
ing has in our time been bridged, Life is but a 
property of matter in a certain state of organiza- 
tion, and, given an organization Â¥fthicl can repro- 
duce itself, then adaptation and natural selection 
and, consequently, evolution will be just as inevita- 
ble a process as is the action of the second law of 
thermodynamics. 

It is then most natural, at least in the flush of our 
enthusiasm, to suppose that the same is true of the 
other great mysteries of biology, to suppose that 
the seemingly magic process of development-the 
growth of a man from a single fertilized cell-is also 
but a material consequence of the molecular organi- 
zation of that cell. Indeed, it may be supposed that 
even the deepest mystery, the nature of mind and 
sensation and consciousness, will be understood in 
the end as a natural consequence of matter in a cer- 
tain state of organization. 

I do not pretend to understand how to bridge the 
seeming gap between matter and conscious sensa- 
tion; but I suggest that having bridged one seem- 
ingly qualitative gap will give confidence to those 
who will bridge the next. In time we will come to 
understand the molecular and organizational basis 
of memory and emotion and intellect, and we will 
comprehend the strange spectrum of sensations and 
the dimensions of consciousness. 

We must ask what the impact of these changes 
will be upon society-and vice versa-for there is 
an interaction between science and society. The 
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prospect is awesome in its potential for deliverance 
or, equally, for disaster. 

Much of the structure of our society is very natu- 
rally determined by the biological aspects of man. 
Indeed this state is so natural, and the boundary 
conditions of our society are so interwoven with the 
biology of man, that it is often difficult to dissociate 
them and to see the changes that will become nec- 
essary as we change our biology. The life span of 
man-the size, the sexuality, the diseases, the hun- 
ger, the intellectual range and capacity of man, the 
simple density of man on this planet: these factors 
do form and underlie our society. And as these 
change-and the changes have already begun-so 
must our social structures and our ways of life. 

Even some of the most elementary, in the scien- 
tific sense, of these prospects, such as the control of 
progeny gender, will send shock waves through our 
society. We have throughout history relied upon 
nature to provide essentially equal numbers of men 
and women. Shall we continue this ratio? And if not, 
how shall we arrange it when the choice is ours? 
When this prospect is combined with the already 
pressing problem of the expanding world popula- 
tion, it seems ever more clear that in the future 
world the right to give birth to life, as is today the 
right to take life, will have to be controlled to pre- 
serve some semblance of balance. But how this will 
be achieved, I do not know. I t  merits much thought. 

Likewise, even modest changes in the life span 
of man-say a factor of two-would rack our social 
structure almost beyond recognition. 

Eventually we will surely come to the time when 
man will have the power to alter, specifically and 
consciously, his very genes. This will be a new event 
in the universe. No longer need nature wait for the 
chance mutation and the slow process of selection. 
Intelligence can be applied to evolution. 

How might we like to change our genes? Perhaps 
we would like to alter the uneasy balance of our 
emotions. Could we be less warlike, more self-con- 
fident, more serene? Perhaps. Perhaps we shall final- 
ly achieve these long-sought goals with techniques 
far superior to those with which we have had to 
make do for many centuries. 

Most likely we would like to improve our intel- 
lectual facilities. Presumably this can be done. Even 
nature has had only a limited experience in the 
evolution of intelligence. I t  can hardly be thought 
to have achieved perfection. When cerebral mech- 
anisms are understood, they can doubtless be im- 
proved and rearranged-if one thinks this is more 
desirable than duplicating the process with faster 
and less expensive transistors. 

One may wonder if a brain can really act to irn- 

prove itself. I think so-within limits. The modes of 
improvement that the brain can conceive are doubt- 
less limited by its own patterns of thought. Wholly 
different thought processes might be possible that it 
could never envision, and this raises a venerable 
question. Can we really change anything? Are we 
not the prisoners of our nature and our culture- 
merely passengers on a fantastic streetcar named 
evolution? Can there be-as I have implied-a free 
will for a species? I do not know, nor do I think we 
can know-certainly not now, and perhaps never. 
Man is psychologically the most plastic, least pro- 
grammed animal; and by coincidence or by design 
he is self-aware. Thus he knows conflict, and thus 
he knows hope. 

There are those who will be concerned with the 
ethics of the potential modification of man, yet it 
seems to me this issue poses a quandary that is be- 
yond ethics. The foundation of ethics is foresight. 
I t  is our ability to forecast the consequences of our 
actions that engenders our responsibility for them. 
But how can we possibly predict the ultimate con- 
sequence of our alteration of ourselves? Each small 
step will lead inexorably to another, in a cumulative, 
positive feedback mechanism to patterns of life and 
forms of knowledge and even systems of thought 
beyond our scope. We will have need of hope. 

Ours is an age of transition. After two billion 
years, this is the end of the beginning. I t  would seem 
clear, to some achingly clear, that the world, the 
society, and the man of the future will be far dif- 
ferent from that we know. Man is becoming free, 
not only from the external tyrannies and caprice of 
toil and famine and disease, but from the very in- 
ternal constraints of our animal inheritance, our 
physical frailties, our emotional anachronisms, our 
intellectual limits. We must hope for the responsi- 
bility and the wisdom and the nobility of spirit to 
match this ultimate freedom. 

Alfred Whitehead said, "The art of progress is to 
preserve order amid change and to preserve change 
amid order." We must, I believe, devote much more 
thought to the achievement of that balance in a 
world always impelled toward change by the an- 
guish of the human condition, and always inclined 
to disorder by the mindless flux of statistical law. 
We must ask that the changes we introduce be or- 
derly and with humanity aforethought. At Cal- 
tech, and in all of science we have been, in a sense, 
children, spewing change into society with scant 
thought for the consequence. We in science are 
growing up now. Our toys become more potent. 
The little games we play with nature are for great 
stakes, and their outcome moves 'the whole social 
structure. We must accept our responsibility. 
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home receiver, to the incredibly complicated and in- 
terdependent, exemplified in common-carrier com- 
munication systems. 

This division between the technologically simple 
and the technologically complex reflects a differ- 
ence in the purpose and function of mass com- 
munication, such as television, and the purpose 
and function of personal communication, such 
as telephony. Mass communication is necessarily 
aimed at majorities or large minorities. I t  is one- 
way; it is aimed from the few to the many. I t  is a 
unifying and conservative element in our society. 
As such, its effects have been tremendous. 

We are rapidly approaching a society without 
"sticks" or "boondocks," except those which are 
growing in the central slums of metropolitan areas. 
Television brings, into the remotest home, launch- 
i n g ~  from Cape Kennedy, sports from all parts of the 
continent, even (via satellite) live events from 
across the ocean, and a nationally uniform brand of 
music, comedy, and soap opera. 

In the face of television it is difficult for differ- 
ences of dialect, of interest, or of attitude to persist. 
This makes television the greatest unifying force 
ever to act upon man. A voice and a picture on tele- 
vision may not yet be able to tell us what to think 
about a matter, but they very effectively decide 
what we will be thinking about, and that may be 
as remote physically as the war in Vietnam. 

The impact of the telephone and other common- 
carrier communications is quite different from that 
of mass communication. The telephone is inherent- 
ly the tool of the individual, not of the majority, or 
the society. It is the means by which we conduct 
the business of life-ordering groceries, calling the 
doctor, making appointments and reservations. 

Unlike mass communications, which could have 
a profound impact on even a primitive society, the 
telephone is inherently a part of a way of life which 
has been shaped by automobiles, airplanes, electric 
power, standardized uniform merchandise, and a 
pattern of credit-and especially by the telephone 
itself. We use the telephone because we have come 
to have interests that lie beyond the home, the fami- 
ly, and the neighborhood. I t  seems to me that, ex- 
cept for some government and business usage, a 
telephone system would have little immediate im- 
pact or value in a primitive society. 

But how did these revolutionary powers of 
communication come into being? Their source is 
discovery and invention. Discovery and invention 
may or may not meet the needs of society; in fact, 
needs are as often created as satisfied by them. 

I am sure that, when Alexander Graham Bell in- 
vented the telephone, what common-carrier com- 

munication felt it really needed was better multi- 
plex telegraphy, and perhaps practical automatic 
telegraphy. In fact, Bell was working on a new kind 
of multiplex telegraph-the harmonic telegraph- 
when he invented the telephone. What the world 
got through this invention was a revolutionary sys- 
tem of communication which has swamped the tele- 
gram, and indeed the letter, as a means of interper- 
sonal communication. 

De Forest was seeking a detector for wireless 
telegraphy when he invented the vacuum tube. The 
invention led to worldwide telephony and to radio 
broadcasting. Television languished as an interest- 
ing idea for years until science and technology gave 
us an advanced electronic art and Zworykin in- 
vented the iconoscope. Babbage tried to make a 
well-thought-out and sophisticated computer in the 
nineteenth century and failed. The computer was 
reinvented and easily realized, using the art sup- 
plied by telephone switching, by Aiken and Stibitz 
around 1940. The vacuum tube made it possible for 
Eckert and Mauchly to make a fast electronic cal- 
culator. Von Neumann provided the stored pro- 
gram. And the transistor made the computer eco- 
nomical, reliable, and profitable. 

If discovery and invention have been so vital in 
the revolutionary effect which communication has 
already had on our lives, what may they do to and 
for us in the future? What, for instance, may we 
expect from advances in mass communication? For 
one thing, we expect its effective extension into 
lands with less advanced communication technol- 
ogy. Already, the transistor radio has provided a 
direct link between otherwise isolated people and 
their central governments. Even the Bedouin on 
his camel can hear that he is part of a nation and 
learn of its problems and aspirations. 

A television receiver is expensive and compli- 
cated compared with a transistor radio, but I be- 
lieve that communication satellites may make t e l ~ -  
vision available in undeveloped countries. It is at 
present impractical to broadcast from a satellite 
directly to a standard television receiver; the power 
required is too large, and such broadcasting may 
remain impractical for a considerable period. It is 
practical, however, to launch a satellite which will 
send out a signal with a few hundred watts power; 
in fact, the Soviet Union has done this. A ground 
station costing only a few thousand dollars could 
receive television signals from such a satellite. The 
received signals could be carried for short distances 
by cable or could be distributed in local areas by 
means of cheap, low-power transmitters. 

Thus, by means of an entirely feasible communi- 
cation satellite, television could be transmitted 
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from the capital of a nation to many towns and 
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Conventional photography, and even the Land 
Camera process, seem inadequate. Perhaps science 
will provide an answer. 

If it does, the impact could be tremendous. Ex- 
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dividualized in this process. Television could re- 
main the truly national unifying force that it is. 
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cable, and there are 20 such pipes in the cable. A 
microwave transmission route can accommodate 
as many as 12,000 telephone channels. 

What have science and technology provided 
which will enable us to send large bundles of chan- 
nels economically? There are several things in im- 
mediate prospect, the simplest of which is a po- 
tential revolution in microwave systems. The ex- 
tension of the operation of solid state devices into 
the microwave range has made it possible to build 
microwave repeaters of extremely high reliability 
and extremely low power consumption. Thus, it is 
possible to build small, cheap, trouble-free repeaters 
and to power them economically. Perhaps this will 
lead to use of microwave repeaters spaced fre- 
quently along roads rather than on remote hilltops. 

The same advances in electronics, together with 
boosters of the power of the Titan 111, have made it 
immediately practical to launch communication 
satellites which could supply as many as 100,000 
telephone circuits between, say, 5 to 10 principal 
cities in the United States. Such a satellite system 
could be established in a few years, and it could 
in this short time substantially increase the num- 
ber of long distance circuits available in this coun- 
try. Further, in concert with terrestrial facilities, 
the satellite could incorporate switching equip- 
ment which would transfer blocks of circuits from 
one pair of cities to another in meeting fluctuations 
of demand. 

Further in the future, we can see that it will be- 
come technologically possible to provide circuits 
of almost unlimited bandwidth by means of the 
coherent light generated by lasers. We have suit- 
able lasers. We have, in lenses consisting of gas 
flowing through alternately hot and cold regions, 
a means for guiding light through buried pipes. We 
have modulators for impressing signals on the light 
and detectors for translating the received light sig- 
nals into electric current, but wc are riot yet able 
to build a useful laser communication system. 

We could have new types of microwave systems, 
satellite systems with a capacity of over 100,000 
telephone circuits, and millimeter waveguide sys- 
tems at any time by deciding to go ahead and by 
spending the money. In the case of optical trans- 
mission, we need more research and experience. 

Integrated circuits, or microelectronics, will 
make it possible to produce a complicated circuit 
almost as cheaply as a transistor. The circuit con- 
figuration is impressed, hundreds at a time, on the 
surface of a wafer of silicon, and aside from this, 
the steps in production are essentially those requir- 
ed in making single devices. 

This means that it will be possible at a low cost 

to put very complicated yet highly reliable elec- 
tronic equipment-as complicated as a very small 
digital computer-almost anywhere; in your tele- 
phone set, in your car, or even in your pocket. What 
this may do in providing all sorts of new services 
staggers, indeed paralyzes, my imagination. What 
we will do with these tools I don't fully know. But 
I feel that we can describe the impact in general 
terms. 

Initially, in primitive electrical communication, 
we dealt with two apparently distinct inventions. 
One of these was the telegraph, which communi- 
cated by on-off signals that produced audible clicks. 
The other early invention was the telephone of 
Alexander Graham Bell, which transmitted, over 
a limited distance and faintly, the sound of the hu- 
man voice. 

If we look at the nervous system of man, we find 
no such distinction. The nerve impulses that travel 
from our fingers to our brain in using the sense of 
touch, from the eyes to the brain in enabling us to 
see, and from the ear to the brain enabling us to 
hear are all the same distinct, spikelike electric 
signals. They do not differ at all in quality. There 
is a uniform medium through which all our senses 
serve us. The same spikelike pulses are used to con- 
trol the hands that we use in writing and to control 
the muscles that we use in speaking. 

As the arts of telephony and telegraphy advanc- 
ed, the distinction between them became vague. 
Telegraph signals were multiplexed, or transmitted 
many at a time, over telephone lines in much the 
way that Alexander Graham Bell had envisioned in 
his work on the harmonic telegraph. Finally, it be- 
came clear that telephone signals could be trans- 
mitted by off-on impulses, by a method which we 
call PCM or pulse code modulation. PCM is now 
coming into increasing use in the telephone system. 
It was not, however, until 1948 that Claude Shan- 
non gave in his mathematical theory of cornnmni- 
cation a broad, coherent, and useful theory of the 
process of communication which includes the tele- 
phone, the telegraph, and all other means of com- 
munication. 

Through advances in technology and through the 
understanding provided by Shannon's work, we are 
now achieving in electrical communication, both 
conceptually and practically, something approach- 
ing the universality that has been built into the 
communicating senses of man since before the time 
he learned to talk and write. 

We can expect that in the future there will be 
many new signals and many new uses of communi- 
cation. Whatever these may be/we can be sure of 
two things: modern electrical communication net- 
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n a large scale. Facsimile may h 
use for business and library purp 
ng may find its place in connect 

enees and lectures convened thr 
munication rather than phys r prospects that computers will 

erences, as in a two-par 
nt to make data ava lied data stored in their 
eports by means of data t 

within a few years virtually all b 
s and correspondence will be put 

ne-readable form when first typed. If this 
e, it will be possible to send text from office to 

e as easily as making a telephone call. 
irther, eompnters can index and search ma- 
e-readable material. Cornpeters can in simple English. As the compu 
ig and correcting text without complete l'eiyp- will 11e able to respond to simple, unanibigno 

g; they can even be used to a degree in proofread- queries only, it will sometimes fail to nndertsa 
ng. From a corrected "machine.-read 

iters can automatically prndiicc printed material, didn't understand the query, we will he able to tr 
rrectly paginated and with jn 

lso constmct charts, graphs, 
nsert them at specified points 
iters will take care of a great deal of offic 

ental processes. 
In  the future, science and technology, followin 
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Robert A. Millikan, Chaiiman of tli? Executive Council of the neu. California Irislitute of Technology. 
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ready to build their  "first-rate technical school" 
into a world center of scientific research and in- 
str~ntion. 

Tliroop made its fir-it riant step toward tin's a n -  
us program when George ~ l l e r ~  Hale brought 

acuity the distinguishedchemist Arthur Am07 
s. Noyes, vice president and former acting 
dent of MIT, agreed to come to Throop as pro- 

essor of general chemistry from February" 1 to 
Â¥c 31,1914, and to act at all times as consultant 
he development of teaching and research in 

emistry. Beginning in 1916. Noves extended his 

was piovidcd, and again Hale sought out 
try's top mLn in his field to develop the p 
I11 January 1917, Robert A 
spend three months each yea 
cooperation with Noyes in 
iistrophysics. Piesiclent Scherer to 
that the three men wou 
problems of the electron theor 

The nccd for buildings to 
panding research program 
body was Throop's greate 
prccrding Wcnid War I. 
had only one building- 

During the summer of 1915, Throop's board 
trustees appointed the famous architect Bertram 
Goodhiie to supervise all future campus develo 
merit. Goodhue replaced Myron Hunt, who ha 
fouqlit. and largely lost, epic battles with Schere 
and Flcmingoover the design and construction o 



Throop College pauses for the war years, then surges ahead 

as the California Institute of Technology. 

Pasadena Hall. In 1915 P. G. and C. W. Gates do- 
nated funds for a new chemistry building to be 
designed by architect Elmer Gray. 

But there was still no housing for students. The 
trustees solved this problem by having the old 
North Los Robles dormitory sawed into seven parts, 
hauled to the new campus, and put together again. 
The trustees voted $25 for paint with which stu- 
dents covered the scars of the cuts, and the "Old 
Dorm" opened in the fall of 1916 with rooms for 60 
students and a liinchroom, known for decades as 
the "Greasy Spoon." 

Throop's plans for expansion were temporarily 
halted by World War I, when the faculty, adminis- 
tration, and trustees gave most of their time to the 
war effort, and the campus became a military train- 
ing center. 

Hale led in the founding of the National Research 
Council, formed to mobilize the nation's scientific 
resources for preparedness. He served as chairman 
of the Council's five-man organizing committee, 
which included Robert A. Millikan and Arthur A. 
Noyes. Millikan became its vice chairman and exec- 
utive officer and in this capacity spent the war years 
in Washington. 

The role played by Hale, Noyes, and Millikan 
in founding the National Research Council led to a 
unique role for Throop College in the wartime re- 
search program of the Council. At the June 5,1916, 
meeting of the trustees, Hale offered Throop the 
opportunity to be first in the country to "aid the 
government in research for defense," the aid pro- 
posed being the use of the college laboratories and 
provision of a special endowment. 

Throop's response was such that the Council sent 
a letter to a "selected list of educational institutions 
with a view to the stimulation of interest in re- 
search," citing Throop as a "concrete illustration of 
what can be done." 

The letter enumerated specific steps Throop had 
taken in connection with the work of the Council, 
including its promise of all available research men 
and facilities in the event of war, the establishment 
of a wind tunnel and aerodynamics laboratory, and 
cooperative physical, chemical, and astronomical 
research under Millikan, Noyes, and Hale. 

Research in aeronautics at Throop was estab- 
lished in 1917 at the suggestion of the National Re- 
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search Council. Trnstee Tod Ford donated funds 
for the construction of a small wind tunnel with a 
maximum velocity of 40 miles per hour. 

In cooperation with the Mt. Wilson Solar Obser- 
vatory and Stanford University, a war laboratory 
was erected at a cost of $4,500 to study problems of 
supersound and of nitrate supply, and a laboratory 
for research in submarine de l'ection was established. 
Both of these programs were conducted under the 
direction of the National Research Council. 

On April 22, 1916, President Scherer announced 
at a student assembly that Throop would introduce 
military training, on a voluntary basis, the follow- 
ing September. A petition signed by 80 percent of 
the students requested that the program be made 
compulsory. The Throop College Battalion, estab- 
lished in the fall of 1916, became the first ROTC 
unit in southern California and the first for engi- 
neers in the country. 

The Camp Throop project came next in a series 
of military training programs. The idea of establish- 
ing an official training camp in southern California, 
as a "subsidiary to the Army's Presidio" in San Fran- 
cisco, was conceived by the Military Training 
Camps Association. On April 3, 1917, the trustees 
voted to provide facilities for "intensive training 
for officers with the understanding that this would 
not involve additional expense to the college, or 
interference with the regular college work." 

Camp Throop was made ready with incredible 
speed. The college cleared all the orange trees 
from the campus ( a  move which resulted in con- 
siderable loss of revenue ), and Throop engineers 
ran all the survey lines. By May 4 the Los Angeles 
Examiner reported that: 

. . mess tents, headquarters tents, the post office 
and camp exchange tents are erected and scores of 
men are busy at work . . . laying out the streets and 
locations for the company tents which are expected 
to be here tomorrow. 

By May 7 water and sewer lines were laid and, 
according to the Star-News of that date: 

Several truck loads of lumber were delivered yes- 
terday to make the cook house, while the mess tent, 
as large as the ordinary circus tent, is already in place 
in rear of the company streets. These streets are made 
of eighty regulation size pyramid tents made in Los 

continued on page 22 

19 





&h with a company that' enjoys an er 
stability in the dynamic atmosphere 
inology. 

egree can ue a D.o., ivi. 

nner inTormanon concernin 
Vhitney Aircraft, consult your  college placement 
:er-or write Mr. William L. Stoner, Engineering 
lartment, Pratt & Whitney Aircraft, East Hartford, 
inecticut 06108. 

qua1 opportunity Empi 





President Scherer, exhausted hot 
mentally by the stresses of the war 
a lcavc of absence from February to September 
1919. l ie  had plunged enthusiastically into war ser- 
vice as early as the spring of 1916. In the spring of 
1918 Scherer publicly protested what he felt to be 
the anti-Japanese editorials of the Hearst newspa- 
pers. When he was mildly rebuked by Secretary of 
War Newton Baker for this open criticism of Hearst 
policy, he resigned from the Council of National De- 
fense. He then became field representative of the 
United States Emergency Fleet Corporation until 

autumn of 1918 when he returned full ti 

The war service obligations of the trust 
whom had served as $1-a-year men in 
n, continued during much of the winter, and it 

not until May 13,1919, that the board was able 
old its long-deferred annual meeting. Though 

ically on sick leave, President Scherer com- 
his Ninth-Tenth Annual Report (February 

17 to May 1919), stressing the pressing need for 
ildings, equipment, and endowment for faculty 
laries. The board voted to undertake a 
ancial campaign" to raise two million doll 

e campaign had, in fact, already hegu 
March 27, 1919, Arthur Fleming had si 
tract subscribing $1,000,000 to the college. 

A - - -  - - -  - .  

T h e  Student Army Training Corps on Tl~ruop  campus 

. 7  
t developments naving transro 
ege of primarily local significan 
school of national importane 

Although President Scherer had resumed his du 
s following hi5 six months' leave, he had neve 

ubmitted his resignation. When it bee; 
hat Scliercr could not continue as 
rhroop's trustees concentrated on zea 

at sum, $ZUU,UUU was to be set aside tor researc 
physics to match $200,000 already donated f 
emical research by Mrs. Milton Loyd-Smith. B 
nuary 1920, when the Fleming gift was mad 

public, Throop was able to announce gif . . . . . - -  . As early 
$150,000 (later raised to $250,000) from Dr. 919 Norman Bridge had offered to build a labo 

ge for a physical laboratory, $75,000 f y of phvsics to Millikan's own design 
rst unit of an auditorium, and $50,000 fro tions if he would become its director. Now Art 

. Blackers "with no strings attached, 
rief period immediately following t entire fortune if 
ern California Institute of Techno1 hllilli~an would accept tne presiaency. But Geor 

. Between 1919 and 1921, Throop s Ellen' Hale "was my most ardent wooer," Millik 
an endowment rivalling that of any scientific ins rote in his ~utohiosraphv. ' 
tutc in the country, established a new me that he would shoot himsel 
ern its future conduct, changed its n his suit, but I did actually 
a new administrative head to lead about his health if I turned hi 
qii,irtt-r c~~iitiny of <rowtli. On .\piil 4 ,  1921, tlic l)o;irtl foriri:illy ~frt,rtd Milli- 

Iii 1919 Artliiir Amos \o!cs resii.;iirtl froiii MIT l : i n  tin' pciiition uf prt'siJc'iit of tlic Iii'ititiitc am1 
ti? civr f u l l  time to Tliroop: niii l  i n  )iinii:iry 1920, iI ir i ' t : t~r  of pli>ic:il re.Ã§.;ii(Ii \villi t l i r  i;iiaraiitcc' 

resumed his quarter-of-a-year service as d' evoted to administrative work. Millikan accepted 
of pliv-.iciil r l - i ~ - ~ r r l i .  (lie ulfcr, w i t h  tin' ~tipul;ition tint li(- he culled 

as trustees of Throop College of Technoloqy. 0 t of three trustees and three faculty members. 
February 10 they voted to change arrived to take up his duties in the fall of 1921, 
name to The California Institnte of T the modern California Institute of Technology 
order to denote and signalize its altered scope, rc- was launched. 

December 1966 23 





..... 
ines on a three-dimensio al Motors Institute in Flint, and 

an actual facsimile of 
y moving, changing, arra He's the kind that could make 
rearranging, he coordina e, Indiana, near India am, but we're glad Bill Geshwil 
nces men and equipment fact is, he made the All the General Motor's lineup. 



THE 

nents and successes of Caltech researchers-alumni 
e dead ends and failures rarely appear 
rtunately for publication costs, few 
t their failures recorded. However, 
n certain types of failures become his- 

one and deserve a place in the record. 
The 17th of December this year marks the 20th 

~nniversary of such a historic failure-the first at- 
empt to launch particles into space with escape 
relocity. A team of Caltech men headed by Flit7 
'iwicky, professor of astronomy, in cooperation with 
umy Ordnance, the Johns Hopkins Applied Pli\ sics 

the Harvard College Observatory, and 
exico School of Mines, put togcthci a 

ratory for cnvtfon- 

taff member of the M t  Wilson and Palomar Observcitonei 
rom 1947 to 1953, he weih a member of  the team h c 7 1  tooL 

planc~tal> space. Two marginal devices and one 
valid motivation made the attempt worthwhile. The 
dcMces were the V-2 rocket and the Momoe rifle 
;I eiiadc or "shaped charge." The motivation was to 
generate a sho\xer of artificial meteors in order to 
calibrate the Imninous efficiency of natural meteors. 

The possibility of throwing something up that 
mould not come down again fired the imagination. 
Althou:li there had been 16 postwar V-2 rocket 
filings, this was to be first night firing of a V-2 in the 
United St lies. In those days the launching of a V-2, 
~ 1 1  01 ~iiihout an instrument on board, was as 
iimch news as the launching of a Gemini today. Dr. 
Zwick>, nho designed the experiment, placed the 
(1  " i t  in liistorical context: " 
'Â¥omethiri~ into the skies, the 
shipload of instruments-then 

4 V-2 locket was equipped wi 
pcnolitc shaped charges with 
T h ^ e  were set to fire at times af 
would eject [he slugs of molten steel at heights of 
:;ppioxilnatcly 50, 65, and 75 kilometers. At these 
heights the election velocities of from 10 to 15 
Im/src would place the slues either in orbit or on 



ascape :wqAte)ry,. The mltiunate fate at a slug:mdd 
ê* on, its' n@@ and *haft}?, M*- would 'be' 
a&m, "b utme might nok be ~ I B E E B ~ ~ .  

To determine the of the;wtm, 3 &- 
tery of E4 aerial cameras: egaipped &&.-&sting 
shutters over he $$&@@ f̂en& m- 
@gRange. Oneof thews , ~&pB&:,d&,a.wans- 
jpmt objeetivti @a-faag tie &@BB> @&w of t h ~  
v-2, , . ,  eadlanst jet, and the i&eigs a , . t a e t e a t ~  .. . 
lamaaihed. Thessiteswera: 

There was daft was being ma&. 
Thfrre wag $l&:&&Â£l~3l& l̂g w , & & m e  much 
part of every la-tiaching as the countdown. (The 
11% locket, &ed a iiW- S& earlier, had tilted on 
lift-off andtravelledISl.Â¥sa3e~h&zQatally. Lifting 
slowly, No. 17 fflhd && BBMP with sound 
aad, falling upwad,.&$d trueto its woxse-^y tilt 
north.TheihBtters-ekeked ari-teleswes trachea- 
then burnout. But i&e@obsstcould still be followed 
by the red. glow &am its whaust vanes. The time 
came &passed for tfaetbegpairs dt charge deto- 
nations. Nothing:was.seea. fte rocket mounted to 
anew record of h 4  &, then teturned toearth. 

Films werehastily &&oped in tope of seeing 
on the 5inulsiOiB what @$dgqt bfe seen TH the sky. 
But there were no toils. Tests of the charges made 
on previoas ewflin  ̂had heen in every way suc- 
cessful.  ad thecha&dired, but been undetected? 
Subsequent iiwaiSi~fl$have not solved the inp- 
tery of just what did happen. 

Just as man'$fizst attempt&atflight in the qtmos- 
phere failed, the first att&pt to reach space with a 
chance of succeeding also failed. 1t:is significant, 
however, that whereas theepaa between the first at- 
tempts to fly and the.first sttce&~fulflight is meas- 
ured in centuries, the spa& between the first attempt 
to achieve orbital velocity and the successful 01- 

biting of Sputnik was onlyonedecade. Those who 
participated directly and indirectly in this experi- 
ment, though failing to k+mich the space age on 
the night of December 17,1946, have to their creel- 
it an important contribution teading to later tri- 
umphs. ZwioI$s idea was ultimately vindicated, 
when success crowfied the second experrciental fir- 
ing of shaped chargesfroma rocheton October 16, 
1957-twelve days after Spitfmk 
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Henry ~ u d a s  will said in part, 
".. . if my son, Edward, 

should ever wear a moustache, 
the bequest in his 

favor shall be void." 

You can put  restrictions on be- 
quests to Caltech, but we hope you 
won't make them as limiting as 
Henry Budd'a. For further infor- 
nation on providing for Caltech in 
your will or through a life income 
ttWt ox awty .  contact: 

WILLIAMS. CASBEU- 
DIRECTOR OF IMC0ME TRUSTS AMD BEQUESTS 

CALIFORNIA INSTITUTE OF TECHNOLOGY 

201 E CALIFORNIA BOULEVARD 
P A S A D E N A .  C A L I F O R N I A  9.1109 

OR PHONE (213) 7 9 5 - 6 3 4 1  
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i o l u ~ m m .  The lim& de&s its properties 
fioiii Ions, polv~fl~r/lene oxide molecules. 

Vito Vanoni, professor of hydraulics, is chairman 
of the committe 

'Assistance" 
eign student advisor, wh 
nonacademic advice or aid and is liable to include 
findins; an apartment, buying furniture, explaining 

its, and Donald E. Hudson, professorof mechanical 

Engineering and Scien 



J a n  

a lmgr  attendance at their meeting 

(makes and allow comp~inson studies 01 
and real reactions. 

a member of the faculi\ since 1930, is now servir 
as executive ofFiccr of Ciiltech's Graduate Aeronai 
tical Laboraton'cs. Ilis appointment, following t l  
- I / ~ l t h  Lilt- Tnn,,.,r.- ^f ("'In,.l- \T.ll;l,"- - -1  A" L: 

- . 
1930, and PhD in 1934 

project in an expan 
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s 
in mining and metallurgy here and abroad, at Anaconda American Brass Co., 
~naconda  Wire & cable Co., and Anaconda Aluminum Co. 

the earth for metal 
The legendary prospe 

growing popul?tions- are so great we 
can't wait for infrequent bonanzas. 
Modern mineral exploration must have 
'eyes" that. sce under the earth's sur- 
face. Anaconda's progam i <  based on 
an ever r en tc r  imdcrstandingoof the 
distribution of elements in the earth's 
crust and the processes by which they 
are concentrated into ore deposits. 
Geoloev and eeoloeical research are 
thus "eyes" that help outline broad 
areas of potential mineralization. I Anaconda settles an 
Gradualiv, the search is narrowed to old argument 

broad new job opportunitic"; in 
areas of  earth sciences for ~ o p h y  
cists, geochemists. peolopic;!l cn$nce 
chemical en-ineers, phyqicist'-;, m 

onria or  wish to 
ymcnf. write to: 
crsonnel .  The 

Results of X-ray diffraction, scmi- 
microchemical, and wet chemical proc- 
esses proved a predominance of cop- 
per sulfate. This is easily explained by 
the high estimate tonnage of sulfiir- 

asic copper chloride content was less 
than five per cent. And basic carbon- 
atcs are virtually absent because they 

can't survive in the acid environment. 1 

concerned with everything that hap- 
pens to copper metals-and all the coni- 
binations (11 uscfi.11 properties they can 
-upply. They work. on new linishes for 
copper metals and on industrial corro- 
sion problems. They develop new 
l loys  so nu-ct nevi" needs. The? pursue 
pine research. 
Anaconda'.-i research and development 
arc kev f-ictors in exnandins conner's 

Cable to feed our growin 
power-hungry cities 
Our hi~ci l ic-> keep getting bigg 
need much more electric pow 
!car. in his concentrated ch 
load. And generator ontput must be 
carried ;it hieh voltaic to these new 
load centers. 
You can't stringthe transmission lines 
down such places as Broadway, or  
across 42nd St. So you dig-carry the 
power in the already crowded space 
under busy city streets. 
Anaconda, anticipating this need, built 
the best equippet-I high-voltage research 
Irihoratory in the cable business (see 
below)-and used it to develop the 
Â¥US.QOO-vol cable now actn-tilly in use. 
~ \ n d  now. Anaconda Wire & Cable Co. 
is busy workins on plans to satisfy 
power need-; of t o m o r r o ~ ' ~  cities. 
Anaconda produces wire and cable not 
only for the utility industry, hilt also 
for moclcrn communication svstems. 

. . 
try. Constant cn$ineering investigation 
at the Company's four research centers 
is opening new frontiers of knowiedse 
in wire and cable technology-new op- 
porliinities for cn~ineering gradnntes. 

mx*, 



ian teaching staff pailicipati-ng in the  fir; 
central Treaty Organization sympnsiui 
n geologic mapping. 

abbatical and will be a visiting lectun 
t the Fuller Theological Seminap i 
'asadena from January to March. 





Washington Â¥ipell-oiit. 

Personals . . . continued 

ited estftitive officer 

7 nf the faculty at the University o 
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ALUMNI DIRECTORY 
SUPPLEMENT 

A supplement to the 1966 Alumni Directory 
will be ready for distribution some time after 
the first of January, 1967. This supplement 
will list the names and addresses of those who 
received degrees in June 1966. Copies of this 
supplement will be sent automatically to Asso- 
ciation members who received degrees i n  
1966. Other Association members may secure 
a copy of this supplement by filling in the 
form below and sending it to the Alumni 
Office. 

Please send the 1967 Supplement oi the 1966 
Alumni Directory to: 

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

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

City ...................... State ............. Zip Code ............ 

PLACEMENT ASSISTANCE 
TO CALTECH ALUMNI 

The Placement Service may be of assistance to 
you in one of the following ways: 

( 1 )  Help you when you become unemployed 
or need to change employment. 

(2)  Inform you of possible opportunities from 
time to time. 

This service is provided to Alumni by the Insti- 
tute. A lee or charge is not involved. 
If you wish to avail youiselt of tllis service, fill 
in and mail the following f o r m :  

To: Caltech Alumni Placement Service 
California Institute of Technology 
Pasadena, California 91109 

Please send me: (Check one) 
An Application for Placement Assistance 
A form indicating a desire to keep watch of 
opportunities although I am not contem- 
plating a change. 

........ ............................................ Name Degree (s)  

Address ............................................ Year ( s ) ........ 

OF PASADENA 

''Quality Printing When Promised" 

455 EL DORADO Sycamore 3-91 81 

ALUMNI ASSOCIATION OFFICERS AND DIRECTORS 
PRESIDENT SECRETARY 
Sidney K. Gaily, '41 Donald S. Clark, '23 
VICE PRESIDENT TREASUFR 
Frederic T. Sellock, '49 John R. Fee, 51 

Theodore C. Combs, '27 Robert W. Lynani '54 
Donald D. Davidson, '23 Paul E ,  saltman, '43 
Manired Eirier, 47 Richard P. Schuster, Jr., 46 
Craig T. Elliott, '58 

ALUMNI CHAPTER OFFICERS 
NEW YORK CHAPTER 
President Bruno H. Pilorz, '44 

75 Echo Lane, Larchmont, N.Y. 
Vice-president Willis A. Bussard, '44 

Appleby Drive, RFD I ,  Box 78B, Eedford, N.Y. 10506 
Secretary-Treasurer Harry J.  Moore Ir. '48 

Old Orchard Road, Armoni:, N t. 10504 

BOSTON CHAPTER 
President Francis Morse '40 

16 Reservoir Rd., Wayland, Mass 
Vice-president Theodore G. Iohnson, '57 

Blueberry Hill Rd., Sudbxry, Mass. 
Secretary-Treasurer Thomas C. Stockebrand, '53 

55 Summer St., West Acton, Mass. 01780 

WASHINGTON, D.C. CHAPTER 
Chairman Willard H. Hanger, '43 

4720 Sedgwici: St., N.W., Washington, D.C. 

CHICAGO CHAPTER 
President Laurence H. Nobles, '49 

Dep!. of Geology, Northwestern Univ., Eva-. -!on. Ill. 
Vice-president Philip E. Smith, '39 

Easiman Kodak Co., 1712 Prairie Avc., Chicago, 111. 

SAN FRANCISCO CHAPTER 
President G. b'*ial Hunik y '51 

3136 Padre St., Lafayette, calif. 
Vice-president William N. Harris, '49 

1350 Cotton St., Men10 Park, Calif 
Secretary-Treasurer Harrison W. Siqworth, ' 4 4  

10 Casa  Vieja, Orinca, Calif. 
Meetings: 15th Floor, Engineers' Club, 206 Sansomo St., 

San Francisco 
Informal luncheons every Thursday a t  2 1 :45 A.M. 
Contac': Mr. Farrar, EX 9-5277, on ihursday morning 
for reservations. 

SACRAMENTO CHAPTER 
President William D. Pyle '49 

3920 Dunster Way, Sacramento, Calif. 95825 
Vice-president Paul J ,  Juruch, '45 

2824 Aurora Way, Sacramentr.  Cctli! 5158"l 
Secretary-Treasurer Kenneth M. Fenwick, '23 

29'; 1 7.".+ Bin e!, Sac'arr.':ntc, Gcr!!:. 95818 
Meetings: University Club, 2319 "K" St. 

Luncheon first Friday of each month s t  noon 
Visiting alumni cordially invited-no reservation. 
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