o

ane

.tmwwm. .

G

INSTITUTE OF TECHNOLOGY

PUBLISHED AT THE CALIFORNIA




(o Westinghouse,
Young Man !z

Once there was a young college sen-
ior named Jack who wanted desper-
ately to climb the beanstalk of
success, facing the kind of challenges
his forefathers faced on the frontiers
of early America.

But Jack wasn’t sure which kind
of heanstalk he wanted to climb.

His mother wanted him to take a
job at the Iocal store so he’d be close
to home.

His friends urged him to join a
protest movement.

His professors wanted him to go
on to graduate school.

Then Jack met a Mr. Greeley
from Westinghouse. Mr. Greeley was
a recruiter of college students. He
was a kindly man with a warm smile,
and he explained how Jack could
get an advanced tuition-free degree
while working at Westinghouse.

Mr. Greeley also explained that
Westinghouse, being a giant organi-
zation, was in a much better position
than most to undertake projects that
would benefit the less fortunate
peoples of the world.

Mr. Greeley’s advice was:

“Go Westinghouse, young man!”

And Jack did.

Given a choice of six large oper-
ating groups* within Westinghouse,
Jack elected to join the Atomic, De-
fense and Space Group and was
Q . promptly assigned to work on an

. oceanographic project.

A fast learner, Jack took root quickly, reassuring his
graying but still pleasant-faced mother, “Don’t worry,
Mom, I’'m on my way to the top.” ) )

Though officially a trainee, Jack was a big help in the
development of Deepstar—a Jules Verne-like underseas ve-
hicle designed to explore the ocean depths. One of Deep-
star’s many missions was-to search for food sources to meet
the growing needs of a hungry world.

The project was an enormous success; Jack’s manage-
ment was delighted. S .

But before a grateful unesco could honor him publicly,
Jack obtained a transfer to one of the many space projects
Westinghouse coordinates. :
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Jack’s assignment: help develop a rendezvous system for

Gemini capsules. '
" To the news publications of the nation, this was the
story of the year. In fact, one of the big syndicates assigned
their most beautiful, technically oriented woman reporter
to get an exclusive story from
Jack . .. at any cost.

One night while returning
from work . . . Jack was ac-
costed by the beautiful young
newswoman, who suggested
that Jack give her an exclu-
sive bylined story de-
scribing the project in
detail.

Though taken aback
by her beauty, Jack
never lost sight of his
duty. He pleaded with
the reporter to hold her
story until after the
Jaunching. She agreed on the
condition that Jack would pro-
vide her with enough informa-
tion for a subsequent story
that would win her a Pulitzer
Prize for news reporting.

The pressure on Jack and
his closely knit engineering team tightened. By day, they’d
work on the space guidance system; by night, Jack would
feed background information to the beautiful, technically
' oriented reporter. It was hard work, but
it was important work.

Finally the day arrived for which the
world had long waited. America’s two
capsules rendezvoused successfully. Man-
kind was now assured of a stairway to the stars.

While television-viewing millions rejoiced, Jack was as
good as his word, offering the beautiful lady reporter the
story she wanted so badly.

However, the girl, now smitten with
Jack, turned her back on the Pulitzer
Prize, preferring instead to join Westing-
house, attend its Advanced Education
School and obtain a degree in engineer-
ing. (Women are welcome at Westing-
house, an equal opportunity employer.)

Now they both work at Westinghouse
—while Jack designs atomic reactors for America’s newest
missile-firing submarines, his beautiful
ex-reporter wife, an education specialist,
helps train Peace Corps volunteers for
overseas duty—and they’re only abean’s
throw from the neat white cottage they
share with his mother.

And they all lived happily ever after.

Moral: By planting your career seeds with
Westinghouse, you, too, can climb the bean-
stalk of success, overcoming giant obstacles
and earning a lot of golden rewards.

You can be sure if it's Westinghouse

For further information, contact the Mr. Greeley from
Westinghouse who will be visiting your campus during the
next few weeks or write: L. H. Noggle, Westinghouse Edu- .
cational Center, Pittsburgh, Pennsylvania 15221,

*The Westinghouse Operating Groups: Consumer Products; Industrial; Construction;

Electronic Comtponents & Specialty Products; Atomic, Defense & Space; Electric Utility.




Ev Sherrick was a“test pilot”at twelve.
Today he tests materials to make cars safer.

Seven years before the ‘‘Spirit of St.
Louis” landed near -Paris, young Ev
Sherrick was launching his first plane
—a home-made model, powered by
an outsized rubber band. His goal:
to design the plane to fly as long as
the power would last and to ensure a
safe landing. )

Now, some forty years later, as
Chief Analyst of the Power Develop-

General Motors is people making better things for you.

ment Stress Lab at GM’s Technical
Center, Everett Sherrick is still con-
cerned with safe ‘““landings’’—safe ar-
rivalson highways, instead of skyways.

Ev started his GM career in 1925
with Cadillac Division as a draftsman,
with emphasison camshaftand crank-
shaft design. During World War 11, he
specialized on structural analysis for
aircraft engines with GM's Allison

Division. Today, he heads up a group
of engineering specialists who test
forstress...study structural strength
of durable materials day in-and day
out. Their tests are exhaustive, in-
tensive and continuous . . . solely
designed to put safer, stronger more
reliable cars on the road.

We count on people like Ev Sherrick.
They make General Motors tick.

GM




At Sikorsky Aircraft, it's innovation. Applying engineering
ingenuity and imagination to wide-ranging commercial,
industrial and military programs in our exciting world of
aerospace. '

A case in point is our Skycrane. Unique in its 10-ton payload
capability, the Skycrane carves its own roadway in the sky
... hurdles transportation barriers and revolutionizes mod-
ern logistics. That's just one example. There are many more
... stemming from our explorations on the outer boundaries
of advanced VTOL aircraft systems technology.

But let’s turn to you. Are you an ambitious young engineer
with a flair for innovation? Would you enjoy seeing your
ideas take form in ultra-sophisticated airborne vehicles of
tomorrow? Then Sikorsky Aircraft can be right for you.
You'll have all the challenge you can handle—within an
“engineer’s” company that encourages. a free, active inter-
change of ideas with the best men in your field.

THE RIGHT JOB FOR YOU? It's here . . . tough, responsible
assignments . . . helping to solve fascinating problems in

such areas as aerodynamics ¢ human factors engineering
¢ automatic controls e structures engineering « weight

~ prediction » systems analysis « operations research

o reliability/maintainability engineering « autonavigation
systems « computer technology...and more,

And your professional growth can be materially assisted
through our corporation-financed Graduate Education
Program .. .available in many. outstanding schools within
our area.

Please consult your College Placement Office for campus
interview dates—or—for further information, write to
Mr. Leo J. Shalvoy, Engineering Personnel.

Si korsky Aircraftovsoe UN.YEDL.Q.J”" S——

STRATFORD, CONNECTICUT An Equai Opportunity Empioyer
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stitute of Technology on completion
of three-quarters of a century of
service to education and to humanity,
I join with you in eager anticipation
of the years to come.” From the
President of the United States came
. ; ; "= this greeting on the occasion of Cal-
tech’s 75th Anniversary Convocation on October 24, pic-
tured on our cover. The highlights of the event and the
three-day conference which followed are on page 13.



Want the opportunity to explore your discipline?
At Douglas, your discipline is your own to explore, enrich, expand. You’ll
work in our extensive and exceptional Southern California facilities, where there
are many independent research and development programs underway. You'll
be near fine colleges and universities, where you can study for advanced degrees.
If you want to publish a paper, we’ll encourage it. In fact, we encourage

anything that means professional growth for a young scientist or engineer

on his way up. Send your resume to L. P. Kilgore, Corporate Offices, Box 662-C,

Douglas Aircraft Co., Inc., Santa Monica, California. Dou G l As
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CLEARPRINT IS THEIR COMMON DENOMINATOR

The reason for that is quality. To do the best work
you have to start with the best materials. For over 30
years Clearprint Technical Papers have served stu-
dents, educators, and professionals with distinction.
B Clearprint’s unchanging character includes 1009%
rag uniformity, permanent transparency, outstanding
erasing and handling qualities. You get all this in
addition to Clearprint’s ideal ink and pencil surface.

CLEARFZNT

CLEARPRINT PAPER CO
1482 67th Street Emeryulle Cahfornia.

M Everyone who uses technical papers should try this
comparative test: Draw, erase, and hold the sheet to
the light. Not a chance of a ghost! ® Repeat and re-
peat this test. The results will amaze you. You will
agree — Clearprint is America’'s finest technical pa-
per. Introduce your students to it today. ®m Write now
for Clearprint samples, sizes, and prices.
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BOOKS

Phagé and the Origins of
Molecular Biology '

edited by John Cairns,
Gunther S. Stent, and James D. Watson

Cold Spring Harbor Laboratory of
Quantitative Biology ...............$12.50

Reviewed by Gerald Fling, division of
biology. '

A number of the men associated with
the rise (and fall) of bacterial genet-
ics have put together these accounts
of their experiences, The book is dedi-
cated to Max Delbriick, Caltech profes-
sor of biology, who, by all accounts,
was the central figure in the unfolding
drama and in whose laboratories at Cal-
tech new ideas were hatched and new
workers trained. Their work ultimate-
ly resulted in an explosion of knowl-
edge and a new field.

The contributors write about how
they got new ideas and tested them.
They tell of the interplay between col-
leagues and of their own experimental
losses and gains. Each man is revealed
as a central figure in the chase, com-
peting with himself and his colleagues
and with nature and the unknown.
Each suffers unexpected and ignomin-
ious pratfalls, occasionally overtaking
the quarry and experiencing deep satis-
faction, only to find that the quarry is
off again in a new direction, presenting
new roads and hazards to be overcome.

The personal glimpses of the scien-
tists at work in Cold Spring Harbor and
Pasadena are many. G. W. Beadle,
whose recollections are limited to the
rise of biochemical genetics, tells how,
in 1930, he and Sterling Emerson
talked about buying a balance, costing
about $10, but were certain that Thom-
as Hunt Morgan, then chairman of the
biology division, would not approve
such an expenditure.

In 1954 André Lwoff found that
“the California Institute of Technology,

poor as many American institutions of- .

ten are, could not afford to buy a micro-
forge” and was “kindly persuaded” by
Beadle, then chairman of the division
of biology, that he and Renato Dulbec-
co should build themselves one, which
they did. Lwoff goes on with a charm-
ing account of his work on the induc-
. tion of bacteriophage.

Dulbecco describes the role of di-
chondra grass in his development of the
tissue culture plaque assay for cell-kill-
ing animal viruses—and refers envious-
ly to Jean Weigle’s short-cut method
for incubating cultures. Weigle had a
habit of stuffing a few petri dishes in-
side his shirt as he set off for a desert
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camping trip, transferring them to his
sleeping bag at night, and reading the
results the next morning.

R. S. Edgar discloses that the phage
mutant amber was named for Harris
Bernstein’s mother—amber being the
English equivalent of the German Bern-
stein. Niels K. Jerne tells why he was
not attracted to Pasadena, the desert, or
rock climbing and recalls James Wat-
son’s “characteristic way of producing a
succinct, unambiguous answer to any
question: ‘Tt stinks’.” In a trip by auto
across the country with Werner Reich-
ardt, ferne observed that the “bedbug
threshold in the U.S. lay at six dollars
for a double room.”

For most of these men Max Del-
briick was “conscience, goad and sage.”
As sage, Delbriick urged incorpora-
tion in experiments of what he called
“the principle of limited sloppiness.”
As goad, he confined Seymour Benzer,
Matt Meselson, and others to rooms in
the Kerckhoff Marine Laboratory until
they had written the papers he felt they
should write. The typing was contrib-
uted by Mrs. Delbriick. He once held
this reviewer incommunicado in a lo-
cal printing house until the necessary
editorial services were performed and
the book, Viruses 1950, was put to
bed. His critical insights are vividly ex-
pressed. After reading a draft of Ben-
zer’s paper on fine structure he said the
author had “delusions of grandeur,”
and advised Benzer to stop writing pa-
pers, or at least to underline what was
important. He called James Watson’s
literary style “turgid” and rewrote his
paper before submitting it to the Na-
tional Academy. “I don’t believe a word
of it,” he said of George Steisinger’s re-
sults concerning genetic circularity in
the T4 phage. .

The bacteriophage group has grown

from eight in 1947 to hundreds today.

Delbriick predicted to Weigle that his
friends, to honor his 60th birthday,

Max Delbriick
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would produce a Festschrift of papers
that had been rejected by every journal.
Instead they have produced this book
of very readable accounts of their his-
toric discoveries, enlivened by a collec-
tion of stories about the founding of the
phage group, its interactions, folklore,
and operating methods. The accounts
are expertly done, often with wry hu-
mor, which the general reader as well
as the specialist in the field may find
happy reading.

If Harry Rubin’s speculation is cor-
rect—that most of the glories of hacte-
rial virology lie in the past—at least we
have in print a good part of the back-
ground story told by the people wha
did the work and achieved the glory.

Men, Machines, and Modern Times
by Elting E. Morison
The M.LT. Press

Elting Morison, historian, and now
Sloan Fellows Professor of Manage-
ment at MIT and chairman of the So-
cial Studies Curriculum Program of
Educational Services, Inc., came to
Caltech in 1950 to give a series of
Athenaeum lectures. This book is the
result: One of the lectures, “Gunfire
at Sea: A Case Study of Innovation,”
not only forms the opening chapter; it
sets the theme that is developed in all
the chapters that follow.*

“A Case Study of Innovation” de-
scribes the disorder created in the
United States Navy when an officer
discovered a new way to fire a gun
at sea. Morison’s subject here, and
throughout this book, is change—the
nature of technological change, the
reaction and resistance to it, and how
to solve the problem of easy and rapid
transition from the old to the new in a
world where radical change is the
steady state.

“The interesting question,” accord-
ing to Morison, “seems to be whether
man, having succeeded after all these
years in bringing so much of the natural
environment under his control, can now
manage the imposing system he has
created for the specific purpose of en-
abling him to manage his natural en-
vironment.”

Morison applies himself to this sober
problem in a series of lively essays, re-
plete with absorbing anecdotes and
interesting historical examples.

* .“A Case Study of Innovation” (E{»S,
April 1950) became the most popular
article this magazine has ever run. Re-
quests for reprints still come in today.

Engineering and Science



Books for Your Specialized Needs

Molecular Organization and Biological Function
J th M. Allen

These papers, by such authorities as Christian B. Anfinsen, Alex-
ander Rich, Thomas F. Anderson, J. David Robertson, Albert L.
Lehninger, L.awrence Bororad, John D. Dowling, and I. R. Gib-
bons, are presented to reflect the progressive “molecularization”
of the approach toward an understanding of cellular organization
and function. They deal not only with the properties of individual
molecules, but also define the properties of these molecules as
they are integrated into progressively higher orders of structure
and function. '

243 pages, $5.00 (paper), $9.00 (cloth)

Chemical Equilibrium
Allen J. Bard

This text emphasizes general methods of problem-solving rather
than the particulars of specific problems and the derivation of
formulas for specific cases. A rigorous introduction to the solu-
tion of problems in chemical equilibria in general and in ionic
equilibria in particular. Bibliographies suggest important papers
accessible to the student.

202 pages, $7.00

Procedures in Nucleic Acid Research
G. L. Cantoni and David R. Davies

In order to reduce the potential barrier which confronts the
specialist attempting to use the many new techniques in nucleic
acid research, this volume brings together all of the methodology
pertinent to research. Covers preparation of nucleic acids, poly-
nucleotides and enzymes directly related to the preparation, puri-
fication and/or activation of nucleic acids and/or polynucleotides.

667 pages, $25.00

Mathematics for Physicists
Philippe. Dennery and André Krzywicki

This text gives a thorough background in the mathematics needed
to understand today’s more advanced topics in physics and engi-
neering. It covers the theory a physicist needs to be conversant
with and which is presented in view of applications. Each ab-
stract idea is accompanied by a simple, concrete example.

Coming January 9

Introduction to Real Analysis
Casper Goffman '

Introduces for upperclass courses the processes of analysis and
uses them to obtain simple but interesting and important mathe-

matical facts. Treats both Power series and Fourier series at a
depth not customary at this level of instruction. Considers real
number systems by means of modified Dedekind cuts and then
identifies real numbers as a complete ordered field.
End-of-chapter exercises.

160 pages, $7.50

Solid-State and Semiconductor Physics
John P. McKelvey

A thorough treatment of bulk semi-conductor properties, excess
carrier behavior, and p-n junction devices. Selected topics in
general solid-state physics necessary for understanding semi-
conductor theory are outlined; quantum mechanics and statistical
mechanics are treated on an elementary level in self-contained
chapters. Exercises; appendixes; subject—author indexes; review
articles.

512 pages, $12.50

Biological Chemistry
Henry R. Mahler and Eugene H. Cordes

Based on sound chemical principles, with clear distinctions be-
tween experimental observations and interpretation of models.
The first half of the book deals with the structures and functions
of the two classes of biopolymers, nucleic acids and proteins. The
second half deals with metabolism. 227 illustrations.

872 pages, $14.50

Spin-Lattice Relaxation in Ionic Solids
A. A. Manenkov and Eugene R. Orbach

Recognizing the rapid growth of interest in paragenetic relaxa-
tion processes, the authors have collected those papers which
mark the major early contributions in the field of spin-lattice in
solids and those of more recent date. The papers follow closely
the historical development of the subiject, from Professor Waller's
classic paper to Van Vleck’s important contributions, and very
recent experimental and theoretical studies.

435 pages, paper, $5.00

Elementary Electronics
D. Hywel White

Requiring no previous experience in electronics, but assuming an
elementary knowledge of calculus, electricity, and magnetism,
this book begins with first principles and proceeds to a level of
reasonable skill in practical circuit and device design. The class-
work may be combined with laboratory exercises, but this is not
essential as the text presents many oscilloscope photographs.

172 pages, $9.50

Harper & Row, Publishers, 49 East 33rd Street, New York 10016




We’ye.got the best facilities, the finest béneﬁts, and blah, blah,

‘blah!

Sure, you’ve heard it before — probably from so many
companies it’s lost its meaning for you.

So we’ll skip the story about our having the best,
or the most, or the finest of anything. Even if we
think privately that it’s true, it still remains for you
to be convinced.

We do have a booklet about our facilities, the work
we do, the places where we work, the cities and
towns we live in.

And if you’ve got the maturity .to know that a
man gets ahead on his own demonstrated ability

to handle a job, you're the kind of man Collins would
like to talk with. .

We suggest you see your college placement offi-
cer for details. If he happens to be out of Collins
Career books, write to Manager of Professional
Employment, Collins Radio Company, in Cedar
Rapids, lowa; Dallas, Texas, or Newport Beach,
California.

Then, contact the Collins representative when he
visits the campus. You'll get straight talk about
careers at Collins.

COMMUNICATION / COMPUTATION / CONTROL
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COLLINS
N/

An equal opportunity employer
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Which degree counts most?

Besides a B.S., M.S.,, M.B.A,, Ph.D.—or what have you—there
are other degrees vital to your future. The degree of imagina-
tion. Ambition. Responsibility.

If you have them in good measure, we know of no company
better able, or more disposed, to reward them. Handsomely.
In terms of professional recognition, intellectually stimulating
environment, and material reward. ,

We're big. But we're still young and growing. And plan to keep
on. In 1965, for example, our sales rose 23%. To over $860
million. And 516 million in the first half of '66.

We need top-notch people who can grow with us. People
who are well trained in chemistry, physics, chemical, elec-
trical, or mechanical engineering, marketing or finance.

And who have that extra degree.

Talk it over with your faculty and Placement Officer. And re-
gardless of your military commitments, be sure to see our rep-
resentative when he is on your campus. Or

write to: John B. Kuhn, Manager of Uni-

versity Recruitment, Celanese Corporation,

522 Fifth Avenue, New York, N.Y. 10036.

: , CELANESE
AN EQUAL OPPORTUNITY EMPLOYER
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THE IVORY TOWER AND
THE EXECUTIVE DESK

by John W. Gardner

John W. Gardner, U.S. Secretary of Health, Educa-
tion and Welfare, came to Pasadena on October 24,
1966, to bring greetings from the President of the
United States to the Cadlifornia Institute of Tech-
nology on the occasion of its 75th anniversary cele-
bration and to deliver the convocation address. “The
Ivory Tower and the Executive Desk” has been
adapted from his message to the more than 2,000
educators, government, civic, and industrial lead-
ers, and friends of the Institute gathered on Beck-
man Mall that day to share in the historic event.
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I have the deepest respect for the California Insti-
tute of Technology. But despite the solemnity of a
75th anniversary, I have to tell you my respect is not
based on its great age. When I was born a very few
miles from here, Caltech was only 21 years old; so
there is little time between us, and in my present
job I am aging more rapidly than it is. Fortunately,
we are both sufficiently young that we haven't lost
our faculties. There are other similarities between
us. Both of us believe in serving the nation. But Cal-
tech, having more ‘brains at its »dispos‘al than I,

Engineering and Science
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“Every great modern uhiversity must balance its responsibilities

to the worlds of reflection and action.”

figured out how to do so without moving to Wash-
ington. Caltech has done better than I have finan-
cially, but it wasn’t all that affluent when it was my
age, and so [ have considerable hope for the future.

But let me speak more seriously about this extra-
ordinary institution for which I really do have the
deepest respect. For the past 20 years I have spent
a considerable portion of my time appraising the
performance and the promise of institutions—uni-
versities, schools, laboratories, government agen-
cies, industrial firms, philanthropic organizations—
and those years have taught me to give free rein
to my gratitude and my awe when I have the privi-

lege of knowing an institution in its moment of

greatness. It isn’t an everyday experience, believe
me. I don’t want to alarm you by that phrase “mo-
ment of greatness,” but, in the perspective of dec-
ades and centuries, institutional greatness is a
transitory thing.

The appearance of greatness is more enduring.
Reputation and tradition are effective cosmetics for
a fading institution. But what is all too transitory
is that fine moment when an institution is respond-
ing with vigor and relevance to the needs of its day,
when its morale and vitality are high, and when it
is holding itself to unsparing standards of perform-
ance. And when those attributes are not present,
they are not easily supplied. One cannot build a
great institution as one would put together a pre-
fabricated house, knowing the ingredients and
simply arranging for their assembly at some appro-
priate time and place. Nor can one repair a second-
rate or dispirited institution the way one might re-
pair a leaky roof. There’s a pleasantly unpredictable
quality about institutional vitality. One can speak
of great leadership, which Caltech has most cer-
tainly had. One can speak of the brilliant men who
drew other brilliant men. One can speak of loyal
and generous support, which again Caltech has
certainly had. But then one has to yield again to the
mystery of things and to say that the growth of a
small manual arts school into a world-renowned
university in a brief span of 75 years is a prodigious
and awe-inspiring occurrence.

One of the most striking characteristics of a uni-
versity in its time of greatness is the creative inter-
play between the world of thought and the world
of action. This is a subject of special interest to me

November 1966

because my own career has spanned both worlds.
When I was a young man and tended to devote
my career to teaching and research, particularly
research, I thought my role in society would be a
detached one. I thought of myself as an observer
rather than a participant. As I reflect on the fact
that my own career, which has led by fits and starts.
from almost complete disengagement to almost
total involvement in the action and effort of society,
I am reminded of a barnyard fable:

A pig and a hen were walking down the street
one day, and they passed a church with a sign that
said Church Bazaar, Your Contribution Needed.
The hen, in a generous, expansive mood, said, “Let’s
give them a ham and egg dinner.” The pig said,
“Oh no! For you that’s a contribution, but for me
it’s total commitment.”

I am now in a position to know how he felt.

I want to talk today about the ivory tower and
the executive desk. I want to talk about the whole
range of social roles from the extreme of total de-
tachment to the other extreme of complete involve-
ment. At one end of the spectrum sits Thoreau by
his pond, the poet in his garret, the scholar in his
study; and at the other extreme sits the executive
at his desk, the active citizen in his committee
meeting, the leader surrounded by those with
whom he works.

Between the two extremes are a thousand way
stations. Each individual must decide where to
place himself along that range. Each has to decide
how much he wants to become personally involved
in the action and effort of his society, and there is
no correct answer. The individual must decide in
terms of his own temperament and motivation.

A society that aspires to creativity has urgent
need of its detached scholars and critics, as well as
of those who will become deeply involved in the
world of action. And a university must play a vital
role in producing both.

Until very recently almost all of the conven-
tional pressures on young people were to get thern
totally involved in the action of society, so perhaps
I had better begin by stressing the other side of the
coin—the value of the detached observer. There is
a certain perspective on any social enterprise that
can be had only from the outside. That is why
De Tocqueville was able to see our country as no
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American of the time could see it. That is why cor-
poration presidents seek the advice of outside man-
agement consultants. That is why anthropologists
can be objective about other cultures but not neces-
sarily about their own.

Every organization, every society is under the
spell of assumptions so familiar that they are never
really questioned—least of all by those most inti-
mately involved. The man who is relatively detach-
ed can scrutinize those assumptions. Creativity re-
quires the freedom to consider “unthinkable” al-
ternatives, to doubt the worth of cherished prac-
tices. The closer you get to the purposetul action
of this world the less likely it is that you will have
such freedom. People at the heart of an enterprise
are striving with all their energy to accomplish cer-
tain objectives. They haven't the time to doubt or
to speculate, and even if they did, it would be a
risky form of self-indulgence.

So as I cope with the incredibly heavy pressures
of my job, caught up in the endless crises of the
day, I'm glad that there are people, in the univer-
sities and elsewhere, who have the time and the
detachment to think not of the moment, but of the
past and the future; not only of how to solve the
problem, but whether it’s worth solving; not only
of what is, but what might be.

Now, having paid my respects to the detached
observer, let me pay my respects to those men and
women who become involved in the central action
of their society. That central action is forwarded by
people who are willing and able to move into lead-
ership roles, managerial roles, professional roles—
men and women who are fitted by character and
inclination to endure the dust of the market, the
heat of battle, and the frustrations of purposeful
action.

It goes without saying that these men and women
who have committed themselves to be in the battle
rather than above the battle, who have undertaken
to cope with the machinery of society, who have the
capacity to lead or manage or execute, will play a
considerable role in shaping the world we live in.
No society can survive, certainly not our own com-
plex and swiftly changing society, if it fails to per-
suade a high proportion of young men and women
to choose this path of complete involvement. We
are in desperate need of talented and highly moti-
-vated young men and women to move into the key
leadership and managerial roles in government, in-
dustry, the academic world, the professions, and
elsewhere in the society. ‘

It seems clear to me that the creative society will
be one in which there is continuous and fruitful in-
terchange and interaction between the two worlds
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of action and reflection. And no institution in our
society can do more to keep that interaction vital
and productive than the university.

The university encompasses both worlds. It must
preserve within its walls an environment in which
the relatively disengaged scholar, artist, critic, writ-
er, or scientist can live and flourish; but it must also
relate itself to the organized world of action. It does
this in a variety of ways, through the activities of
many of its faculty members, through applied re-
search, through its professional schools and exten-
sion activities, but most of all through educating
the young men and women who will eventually act
and lead. Every great modern university must bal-
ance its responsibilities to the worlds of reflection
and action. It isn’t easy, and forces are always at
work to throw the enterprise off balance. There are
those in the population, even in the alumni popula-
tion and on the boards of trustees of some univer-
sities, who resent the fact that the university is a
haven for dissent, for criticism, and for the free ex-
amination of assumptions and practices. They often
strive to diminish this fundamental role of the uni-
versity. They seem to imagine that the chief role of
the university is to endorse the status quo.

On the other side, there are some within the uni-
versity community who seem to want to cut all ties
with the rest of the society and to persuade every
last student to choose the life of detachment and
dissent. They don’t like the way the society is run,
but they aren’t inclined to prepare young people to
run it better. And some of them communicate to
their students a moral snobbism toward those who
live with the ethical dilemmas of responsible action.

The life of reflection is not superior to the life of
action nor vice versa. Both are essential to a vital
society. Surely our universities should strive to be
as effective as possible in preparing young people
for either role. I hope that in preparing young peo-
ple for lives as scholars and critics our universities
will make them aware of the dangers of irresponsi-
bility and moral snobbism. I hope that in preparing
them for the world of business and government the
universities will make them appreciative of the so-
cial function of the scholar, the dissenter, and the
critic. Finally, I hope the universities persuade a
reasonable proportion of their graduates to move
back and forth between the two worlds.

In conclusion, then, our society must have the
wisdom to reflect and the fortitude to act. It must
provide the creative soil for new ideas and the skill,
the patience, and the hardihood to put those ideas
into action.

Our great universities can help us to forge that
kind of society.

Engineering and Science



CALTECH’S 75th ANNIVERSARY

The California Institute of Technology, founded
as Throop University in 1891, began its 75th an-
niversary celebration with a colorful convocation:
on October 24, in which delegates from 124 other
universities and learned societies took part. This
was followed by a three-day Conference on Scien-
tific Progress and Human Values, a formal dinner
at which awards were presented to 23 distinguished
alumni, an outdoor dinner given by the students,
and a concert conducted by Igor Stravinsky—first
of many events planned for the anniversary year.
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As their part of the festivities,
undergraduates hosted a twi-
light dinner for nearly 800 peo-
ple on October 26.

At the Conference on Scien-
tific Progress and Human Val-
ues—(left) Simon Ramo, vice
chairman of TRW Inc. and
Caltech Provost Robert Bach-
er: (below) Caltech historian
Rodman Paul and Asa Briggs,
dean of the school of social
studies at the University of
Sussex, England.

Visitors had a chance to catch
up on current Caltech research
as Dabney Lounge was tem-
porarily transformed into a
scientific exposition.

Composer Igor Stravinsky. con-
ducting the Caltech 75th Anni-
versary Orchestra. invited stu-
dents to this final rehearsal be-
fore his special November 7 con-
cert in Beckman Auditorium.




SCIENTIFIC PROGRESS AND

HUMAN VALUES

A fébort on Caltech’s 75th anniversary conference

Caltech’s Conference on Scientific Progress and
Human Values, the three-day meeting that was the

core of the 75th anniversary celebration, brought
together a group of British and American scholars

who are coneerned with the implications of science
for our developing human society. For the most part
the speeches and discussions represented an at-
tempt to define the problems that are developing
in a world which the scientist is sometimes inadver-
tently remaking.

The conferences began on Tuesday with a brief
survey of the physical world as it appeared on Oc-
tober 25, 1966. Murray Gell-Mann, Caltech pro-
fessor of theoretical physics, spoke of the smallest
part of it, the elementary particles of matter, and
of the current theories put forward to explain the
complexities that new experiments keep revealing,

Jesse Greenstein, executive officer for astronomy
and professor of astrophysics at Caltech, went to
the other end of the scale, discussing work in
astronomy that is constantly modifying our view
of the universe. He ended with a pessimistic
estimate of the likelihood of our knowing, even
within thousands or millions of years, if man has
any companions in the universe. If his estimates
are correct, man will have to continue coping with
his own problems without the beneficent help
of some other, more advanced civilization.

Robert Sharp, chairman of Caltech’s division of
geological sciences, undertook to consider the vast
middle ground between the atom and infinity. He
pointed out that man, confined until now to the
earth’s thin crust, has nevertheless managed to
learn a considerable amount about how his environ-
" ment has been derived both from activities under-
neath him in the earth’s interior and also from en-
counters with extra-terrestrial objects. We may
learn, he suggested, that those hunks of wandering
matter, in the form of comets and asteriods, have
been more important than we have so far imagined
in shaping the surface features of the earth.

From these speculations on the fundamental na-
ture of man’s environment the conference turned

to consider how our expanding knowledge enables

us increasingly to manipulate the conditions under
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which we live. Three specialized views of the state
and prospect of today’s technology were presented.
Sir William Penney, chairman of the United King-
dom’s Atomic Energy Authority, noted that in
power-poor Great Britain atomic energy is now
widely applied and holds great promise for the fu-
ture. In the next few years, however, he indicated
that the United States would take a commanding
world lead in nuclear power production, which has
proved to be economically competitive with other
power-generating means in this country.

George E. Mueller, NASA associate director for
manned space flight, in evaluating exploration of
the solar system at a time when man is about to take
the big jump to the moon, said that the space pro-
gram has become a powerful force which will bring
technological, social, and economic rewards.

John R. Pierce, director of research for Bell Tele-
phone Laboratories, predicted that the effects of
modern communication systems will best be seen
in rapid social unification of emerging nations. In
more advanced countries communications will play
a great role in meeting the complex demands of
growing population and urban concentration.

The second day of the conference was devoted
to what has become, in the last few years, an emer-
gent scientific area full of hope and anxiety for its
impact on man himself—the new biology. James F.
Crow, head of the laboratory of genetics at the
University of Wisconsin and a distinguished popu-
lation geneticist, dealt with the new knowledge of
heredity and evolution; he evaluated the rates and
magnitudes of effects on human evolution to be ex-
pected from applications of the new biology and
made a case for the importance and feasibility of
humanity’s preparing to direct man’s own evolution.

Professor J. Z. Young of University College, Lon-
don, discussed the probable future course of the
collection and transmission of information by man.
Memory and learning make it possible for each in-
dividual to receive detailed information, not from
two parents only, but from many other humans,
often distant in time and space. From its begin-
nings in speech to the establishment of vast memory
stores in the form of books and computers, this has
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probably been the main agent responsible for the
astonishingly rapid development in human life and
society in-the last 10,000 years. Future changes
in human life promise further improvements in
the extracorporeal information store and in its use.

“As we understand life, we can control life,” re-
marked Caltech professor of biophysics Robert Sin-
sheimer in opening the afternoon session. This un-
derstanding is increasing with astonishing rapidity.
How far will it go? We can now assume that we will
eventually create a self-reproducing cell. On the
way to this achievement the determination of sex,
the control of arthritic pain, and genetic therapy for
diabetes are among the likely possibilities.

Will mind, sensation, and consciousness yield
to the same analytical approach? Neal E. Miller,
professor of behavioral sciences at Rockefelier Uni-
versity, suggested that human behavior is subject
to natural laws and susceptible to scientific study.
If we are able, either through the analysis of human
behavior or through the study of the human brain,
to understand these mysteries, we will face some
awesome choices. But, as Sinsheimer noted, it may
be that we have no choice, but are just “passengers
on a fantastic street-car called evolution.”

Robert Morison, director of the division of bio-
logical sciences at Cornell, pointed out some of the
ways in which scientific progress is already dras-
tically changing traditional social patterns. In re-
gard to the transfer of information, for example, the
family is already losing its traditional role as the
main repository of knowledge in society. It may
well lose much of its biological function too. How
will our social institutions evolve to accommodate
themselves to new conditions?

On Thursday morning Asa Briggs, dean of the
school of social studies at the University of Sussex,
England, added historical perspective to these pro-
phetic flights by describing how in 1850 and again
in 1900 men looked at their past and prophesied
their future. Noting the prediction in 1900 that
phrenology would be the science of the future, he
pointed up the difficulty of distinguishing between
fruitful paths of enquiry and the blind alleys of
human curiosity. He suggested that the university
was a proper vantage point from which to review
our prospects in 1966.

Daniel Bell, professor of sociology at Columbia,
went even further in stressing the role of the uni-
versity. Characterizing our contemporary “post-in-
dustrial” society as one in which white-collar work-
ers outnumber blue-collar workers, he envisioned a
significant shift in the power structure from the
empirical to the theoretical. When this change takes
place, Bell suggested, the university will become
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the primary institution of a new society.

Herbert J. Muller, professor of English and gov-
ernment at the University of Indiana, asserted that
there is a basis for decisions that will have to be
made, pointing out that while values are “scienti-
fically unchaste,” scientist and humanist both ac-
cept as absolute values such things as health, phys-
ical well-being, play, comradeliness; and the satis-
faction of the aesthetic sense, creative impulse, and
natural curiosity. These values, he said, will exist as

long as we assume that human existence is worth-

while. Nevertheless, the power that modern tech-
nology has given man is infinitely greater than ever
before, and exercise of that power has too often not
been responsive to those values. Can we direct our
technology to truly civilized, humane ends?

A discussion on Thursday afternoon had Don K.
Price, dean of the Harvard graduate school of pub-
lic administration; James Bonner, Caltech professor
of biology; Murray Gell-Mann; Carl Kaysen, direc-
tor of the Institute for Advanced Study; and Simon
Ramo, vice-chairman of TRW, Inc., trying to define
some of the ramifications of technological progress.
They concluded that man’s social attitudes would
have to be reorganized in the next few years and
agreed that new decision-making agencies must be
developed to cope with future problems in deter-
mining public policy. It may be that the university,
which operates within demanding self-imposed
rules that do attempt to recognize primary human
values, will provide the model for the decision-mak-
ing institutions of the future.

The closing session on Thursday evening dealt
with the specific problem of how formal education
will have to adapt itself to the kind of world the
other speakers foresaw. Lord James of Rusholme,
vice-chancellor of the University of York, England,
saw science outstripping other fields, with a result-
ing alienation between scientist and non-scientist. -
He foresaw the greatest problem of this alienation
as overcoming growing specialization in science—

a specialization which cripples the scientist in other

fields. To overcome this limitation he suggests a
more general, even superficial, education for the
scientist in non-scientific fields, and a broader ex-
posure to science for the non-scientist to prepare
him to live in a scientific world. To implement this
new kind of education, more and better teachers—
people who consider teaching and self-education
their primary job—are needed. “In the last resort, if
our education is to get better, as it must, it will get
better because it is carried on by more educated,
more sensitive, and more humane people who are
not afraid to emphasize the social relevance of the
subjects they teach.”

Engineering and Science



Front row, left to right: Louis Rader, Frank Capra, William Shockley, Joseph Charyk, Donald Glaser, John Pierce,
Saul Winstein, Edwin McMillan, W. K. H. Panofsky, E. Bright Wilson, Jr. Back row: Richard Folsom, James Boyd,
James Fletcher, Kenneth Pitzer, Francis Clauser, Charles Townes, H. Guyford Stever, Walter Munk, David Mason,
Frank Borman. Not present for the picture: Horace Davenport, Ruben Mettler, L. Eugene Root.

DISTINGUISHED ALUMNI

Awards are given for outstanding achievement

For the first time in its 75-year history
Caltech presented distinguished service
awards, for outstanding achievement in
their chosen fields, to 23 of its alumni at
the 75th Anniversary Dinner, October 25.

“It was clearly a presumptuous action
we took,” said President DuBridge, “when
we decided to pick from among 9,906
alumni 23 who had attained rather special
distinction . . . We eliminated from the list
of candidates those whom we had already
honored by making them members of the
faculty or of the board of trustees . . . No
one denies that we could easily have found
23 more who also deserved recognition.
Some of them we hope to recognize on fu-
ture occasions. But these 23 are all men of
whom any institution could be proud. And
we are proud of them.”

Frank Borman, MS 57

“Alumnus of West Point and Caltech, for-
mer fighter pilot and faculty member at the

November 1966

U.S. Military Academy, he became one of
that highly select group of men chosen to be
astronauts. His flight in Gemini 7 is the long-
est manned orbital flight vet made, and he
won high praise for his courageous and skill-
full direction of its complex operation.”

James Boyp 27

“A Caltech graduate whose favorite sub-
ject was economics, he became a geologist.
He served as Dean of the Faculty at the
Colorado School of Mines and later as Direc-
tor of the U.S. Bureau of Mines. Now, as
President of the Copper Range Company, he
practices with imagination and skill both eco-
nomics and geology.”

Frank Capra '18

“The dean of motion picture directors,
winner of many Academy Awards as director
or producer, his creations include some of
the most popular and memorable films ever
made. He demonstrates that a Caltech edu-
cation is not a fatal handicap to a distin-
guished career in the arts.”




Top to bottom: Charyk, Clauser,
Henry Borsook accepting the
award for Davenport, Fletcher,
Folsom. Glaser.

Josepn V. CHarYk, MS 43, PhD '46

“Aeronautical scientist and statesman, he
served the United States Air Force as Chief
Scientist, as Assistant Seeretary for Research
and Development, and as Under Secretary.
When the Communications Satellite Corpo-
ration was formed, he became the first presi-
dent of one of the most exciting and far-
reaching enterprises in the world—bringing
the achievements of space technology to the
benefit of all people.”

Francis H. Cravser 34, MS '35, PhD 37

“An aeronautical engineer with wide ex-
perience in industry, as well as in teaching
and administration, he moved from the
Douglas Aircraft Company to the chairman-
ship of the aeronautics department of the
Johns Hopkins University, and is now the
Vice-Chancellor of the new University of
California at Santa Cruz. Caltech welcomes
him as a valued colleague and competitior.”

Horace W. Davexreort '35, PhD "39

“A product of both Caltech and Oxford, he
has carried on the great tradition set by his
teacher, Henry Borsook, by making distin-
guished contributions in physiology and bio-
chemistry and at the same time cultivating
his interests in art and literature.”

James C. Fuercuer, PhD 48

“A highly successful executive and direc-
tor of research divisions at the Hughes Air-
craft Company and the Space Technology
Laboratory, he organized the Space Elec-
tronics Corporation and served as its presi-
dent and board chairman. In 1964 he was
called to the distinguished position as Presi-
dent of the University of Utah.”

Ricuarp G. Forsom 28, MS 29, PhD *32

“Designer and research investigator of hy-
draulic machines and hydraulic systems, he
served as Professor of Mechanical Engineer-
ing and Fluid Mechanics at the University
of California at Berkelev. His administrative

Mason McMillan

talents as head of the department there led
to his selection as President of the Rensselaer
Polytechnic Institute. Under his leadership
the oldest civilian engineering school in the
country is reaching new heights of excel-
lence.”

Donarp A, Graser, PhD 50

“Nobel Laureate in Physics, inventor of
the bubble chamber for detecting atomic
particles with which he has made many dis-
coveries in high energy physics, he has now
turned his great talents to biology and is Pro-
fessor of Physics and Molecular Biology at the
University of California at Berkeley.”

Davin M. Masox 43, MS 47, PhD 49

“A chemical engineer with three degrees
from Caltech, he is now Professor and Execu-
tive Head of the Department of Chemical En-
gineering at Stanford University, which he has
made into one of the world’s leading groups
in that field.”

Epwin M. McMiLLax "28, MS 29

“A physicist who won the Nobel Prize in
Chemistry, he made possible great advances
in the design and use of particle accelerators
and made important discoveries in the chem-
istry of the transuranium elements. He is Pro-
fessor of Physics and Director of the Law-
rence Radiation Laboratory at the University
of California at Berkelev, one of the world’s
great research centers in high energy physics.”

Rusex F. MerTLER 44, MS 47, PhD 49

“Designer and developer of weapons sys-
tems in air defense tactics, an authority on air-
borne electronics systems, formerly head of
the Systems Department at the Hughes Air-
craft Company and now president of Thomp-
son-Ramo-Wooldridge Systems, he is one of
the brilliant young leaders in the aerospace
industry.”

Warter H. Munk 39, MS 40

“A man who knows what the wild waves are
saying, he has learned their secrets by apply-
ing modern statistical theory to wave propa-
gation in solid and fluid bodies. Recently he
has built an outstanding Institute of Geophys-
ics and Planetary Physics at La Jolla.”

Mettler Munk




W. K. H. Paxorsky, PhD 42

“A distinguished researcher in high energy
physics and a leader in the development of
particle accelerators, he is presently Profes-
sor of Physics at Stanford University and Di-
rector of the Stanford Linear Accelerator Cen-
ter. In this capacity he is responsible for the
design, construction and operation of one of
the world’s great nuclear facilities, the two-
mile long electron accelerator now nearing
completion at Palo Alte.”

Joux R. Piercr "33, MS 34, PhD '36

“Executive Director of the Research-Com-
munications Sciences Division of the Bell
Telephone Laboratories, a recipient of the
President’s Medal for Science, an authority
on electrons, waves and messages, and a pio-
neer in satellite communications, he is also a
sifted expositor of modern science and tech-
nology.”

Kenxers S. Prrzer '35

“A physical chemist who served his country
as Research Director of the Office of Scienti-
fic Research and Development during the war,
he has continued his productive scientific re-
search while making a brilliant career as an
educational administrator, first as Dean at the
University of California and now as President
of Rice University.”

Louis T. Raper, MS °35, PhD 38

“Vice-President and General Manager of
the Industrial Process Control Division of the
General Electric Company, an expert on com-
puters and on people as well, he is an electri-
cal engineer who has been a professor but has
devoted most of his talents and energy to the
development of new and creative enterprises
in industry.”

L. Eveexe Roor, MS (ME ) "33, MS (Ae) 34

“An aeronautical engineer whose career
spans developments from the DC2 through
the Agena rocket, he has made outstanding
contributions to the development of space
power plants, space probes and satellites. He
continues his leadership in this field as Presi-
dent of the Lockheed Missiles and Space
Companv.”

Wiriiam B. SHockiey 32

“A Nobel Laureate for his fundamental dis-

Panofsky

Pierce

Top to bottom: Winstein, Wilson,
Townes, Stever, Shockley, Her-
schel Brown accepting the award
for Root.

coveries in solid state phyvsics, he caused a
revolution in the electronics industry by mak-
ing possible the development of the transistor.
He has worked at the Bell Laboratories, in
many agencies of the federal government, and
is now Alexander M. Poniatoff Professor of
Engineering Science at Stanford University.”

H. Guyrorp STEVER, PhD 41

“A wizard with a Geiger counter, he served
the M.LT. Radiation Laboratory during the
war, was Chief Scientist of the Air Force, and
held several professorial and administrative
posts at M.L.T. In 1965 he became President
of the Carnegie Institute of Technology and
is now the architect of a new university com-
plex there.”

CrAarces H. Towxes, PhD 39

“Nobel Laureate, developer of the maser
principle of stimulated emission of electro-
magnetic radiation, he served Columbia Uni-
versity as Professor and Chairman of the
Physics Department, and M.L.T. as Professor
and Provost, and now serves as Institute Pro-
tessor. His wide-ranging talents are in con-
tinuous demand by many key government
agencies.”

E. Bricnr Wison, Jr., PhD 33

“A chemist who has made outstanding con-
tributions in the field of molecular structure
and molecular spectroscopy, he has done pio-
neering work in microwave spectroscopy and
has advanced our knowledge of the barriers to
internal rotation in molecules. As Theodore
William Richards Professor of Chemistry at
Harvard University he has inspired and
trained an unusually large number of voung

chemists who have become leaders in their
feld.”

Savir. Winstern, PhD 38

“Professor of Chemistry at UCLA and one
of the world’s foremost authorities in the field
of chemiecal reaction mechanisms, his classic
research has repeatedly provided evidence
that the dynamics of chemical change are sys-
tematic, rather than whimsical, natural phe-
nomena.”

Pitzer Rader




THE ROOTS OF THE

CALIFORNIA INSTITUTE

OF TECHNOLOGY 1I

by Imra W. Buwalda

By 1907 Throop Polytechnic Institute was finan-
cially solvent. It had a plant worth $350,000, an en-
rollment of 529 students, a competent faculty, and
an exceptionally strong and able board of trustees.
The school had established enthusiastic local rap-
port, and it had gained national recognition for the
quality of its training. Its board was now deter-
mined to develop an outstanding college of science
and engineering. '

The trustees realized, however, that they faced
some immediate and major problems in making the
change. One was the academic quality of Throop’s
students. In a frank statement to the board, Presi-
dent Walter Edwards reported that while . . . “there
never has been a time when we have not had many.
students of whom any school would be proud, and
some who were really brilliant . . . in the very nature
of things a manual training school must attract an
exceptionally large number of students of inferior
scholastic and literary attainments.”

Another problem was the school’s location. Pasa-
dena’s population had grown from 5,000 in 1891 to
30,000 in 1908, and Throop was now in the heart of
the business district, where property was too expen-
sive for expansion and where it had become “too
noisy and bustling for academic purposes.”

In 1905 the trustees had appointed a committee
to find a suitable new location. Two years later they
accepted the committee’s recommendation to buy
22 acres of the Rancho San Pasqual and appointed
architect Myron Hunt to draw up building plans
for the new campus. ‘

But the greatest hurdle facing the board was fi-
nancial—how to meet the enormous expense of de-
veloping a first-rate scientific institute, worthy to
be called “The MIT of the West.”

These concerns must have been on the mind of
board chairman Norman Bridge when he called on

Second in a series of articles on the early years of Cal-
tech adapted from a manuscript by Mrs. J. P. Buwalda.
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his friend George Ellery Hale one evening in the
fall of 1906. Hale was not yet a member of Throop’s
board of trustees; he was elected on August 7, 1907.
But the great astronomer and founder of Mt. Wilson
Observatory had for some time been serving as ex-
officio advisor to the trustees. According to Mrs.
Hale, Bridge seemed almost desperate when he
asked, “What can we do to become a really first-class
college of science and engineering?” Hale’s imme-
diate response was: “Scrap practically the whole
thing and start all over.”

Hale’s advice had a great impact on the trustees,
for although they had decided to feature the Col-
lege, apparently they planned to develop it as a part
of the existing school, with its Grammar, Academy,
Normal, and Commercial schools. But the impact on
the school’s administrative officers and faculty was
shattering, and their confusion, resentment, anger,
and dismay soon spread to the community in gen-
eral. It was a time of conflicting rumors that made
headlines, and of high-powered lobbying of indi-
vidual trustees. Everyone agreed that the college
should be expanded; everyone fought for the sur-
vival of his own school.

continued on page 24

President Edwards (center) and faculty in 1901,
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| The' Rain in Maine is ‘ Plainly

SNR _ t/Tsys _

D=

Attention to detail is an old
Bell System habit. Or maybe you call
it thoroughness. Or follow-through.

Anyway, we attended to an interesting
detail recently—the effect of rain
on the microwave link between a
communications satellite and our
pioneer ground station antenna

at Andover, Maine.

1f we could but measure the rain’s
effect, we could improve the design
of satellite ground stations.

The question was how.

Well, you often have to take your
laboratory tools where you find them,

*The definitions and derivation, plus further information on satellite
transmission degradation due to rainfall, may be found in the

SNR, t/ Tsys. L, Tsys

and in this case we found ours in
Cassiopeia A, a strong and stable
radio star that is always visible from
Andover. We measured the noise
power from Cassiopeia A during dry
periods, and then measured the
reduction during rainy periods. The
result could be expressed as a
formula and employed accurately in
designing future ground stations.

The initial success of our Telstar®
satellites proved the feasibility
of communicating via space.

But it also opened the door—or the
heavens—to a whole new technology
which we are now busily

exploring in every detail.

Bell System Technical Journal, Vol. XLIV, No. 7, Sept., 1965, p. 1528,

which is available in most scientific and engineering libraries.

Tsys, _
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In space, on land or beneath the sea
—wherever we operate—we go into
things thoroughly.

Sometimes we know when not
to come in out of the rain.

& * *

You may well find a rewarding career
in the Bell System, where people
find solutions to unusual problems.
Bell System Companies are equal
opportunity employers. Arrange

for an on-campus interview

through your Placement Office, or talk
to a local Bell System Company.

‘Bell System

American Telephone & Telegraph
and Associated Companies







Continued expansion

of our military and cummerclal business

provides openings

for virtually gvery technical talent.

As you contemplate one of the most important decisions
of your life, we suggest you consider career oppor-
tunities at Pratt & Whitney Aircraft. Like most everyone
else, we offer all of the usual ‘fringe’” benefits, in-
cluding our Corporation-financed Graduate Education
Program. But, far more important to you and your fu-
ture, is the wide-open opportunity for professional
growth with a company that enjoys an enviable record
of stability in the dynamic atmosphere of aerospace
technology.

And make no mistake about it . . . you'll get a solid
feeling of satisfaction from your contribution to our

_nation’s economic growth and to its national defense
as well.

Your degree can be a B.S., M.S. or Ph.D. in: MECHAN-
ICAL, AERONAUTICAL, CHEMICAL, CIVIL (structures
oriented), ELECTRICAL, MARINE, and METALLURGI-
CAL ENGINEERING » ENGINEERING MECHANICS,
APPLIED MATHEMATICS, CERAMICS, PHYSICS and
ENGINEERING PHYSICS.

For further information concerning a career with Pratt
& Whitney Aircraft, consult your college placement
officer—or write Mr. William L. Stoner, Engineering
Department, Pratt & Whitney Aircraft, East Hartford,
Connecticut 06108.
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Take a look at the above chart; then a good long look at
Pratt & Whitney Aircraft—where technical careers otfer
exciting growth, continuing challenge, -and lasting sta-
bility—where engineers and scientists are recognized as
the major reason for the Company’s continued success.

SPECIALISTS IN POWER . . . POWER FOR PROPULSION—
POWER FOR AUXILIARY SYSTEMS. CURRENT UTILIZATIONS
INCLUDE MILITARY AND COMMERCIAL AIRCRAFT, MISSILES,
SPACE VEHICLES, MARINE AND INDUSTRIAL APPLICATIONS.

Pratt &\Whi |tney Pnrcraft orvision on LQJH

CONNECTICUT OPERATIONS EAST HARTFORD, CONNECTICUT
FLORIDA OPERATIOMS WEST PALM BEACH, FLORIDA

An Equal Opportunity Employer



The Roots . .. continuéd

President Edwards was willing to see the Normal
and Commercial schools go, but fought hard to save
the Academy and the Grammar School. Arthur
Chamberlain, dean of the Normal School, would
sacrifice. all schools except his own, which he en-
visioned as the future “Teachers’ College of Colum-
bia of the West.” Both of these men later resigned in
disappointment and bitterness as the schools they
worked to save became casualties of Throop’s grad-
ual conversion into a college.

In April 1907 the trustees took their first official
step toward college status when they voted “to make
Throop Institute a high-grade technical school.” Its
first department was to be a college of electrical en-
gineering. A month later they passed a motion that
“the elementary school should be removed before
next year.” Two months later they appointed a new
president, James A. B. Scherer, at a salary of $5,000.

George Ellery Hale was the moving spirit behind

all this change. It was Hale who found Throop its
new president. He met Scherer on shipboard when
they were both on their way to Europe in the spring
of 1907. Scherer, an ordained Lutheran minister,
was at that time president of Newberry College in
South Carolina. He was an authority on Japan,
where he had served five years as a missionary. Fol-
lowing his missionary service, he became pastor of
the First Lutheran Church in Charleston, South
Carolina, and then president of the little Lutheran
college in Newberry.

This was an improbable background for a presi-
dent of a science and engineering college, but Hale
recognized in Scherer other qualities to recommend
him for the position. He was famous as the greatest
orator in the South; he had been a successful fund-
raiser and builder during his administration at New-
berry; and he was a promoter who was willing to
take the tremendous gamble to “start all over.” Ac-
cording to Hale’s widow, Hale decided that since
the first goal of the school was simply to survive, it

Pasadena Hall (Throop) under construction in 1910.
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would do well to have an aggressive young presi--

“dent like Scherer and to recruit outstanding engi-

neers and scientists for the faculty.

Scherer was inaugurated on November 19, 1908.
During the next two years, the Institute eliminated
all schools except the Academy and the College. On
the strong recommendation of President Scherer,
the trustees decided to keep the Academy on a two-
year trial basis. Their serious intention to continue
the Academy is indicated by the fact that they
commissioned Myron Hunt to build a student
residence hall on the North Los Robles property
that, before it was finished, cost $45,000. ( This same
building was later moved to the present campus and
used as The Old Dorm and The Greasy Spoon until
it was replaced by Winnett Center.)

But Throop Academy was doomed, for by 1911
there were 30 polytechnic high schools in southern
California. The final blow came when Pasadena
voted a $475,000 bond issue to establish a polytech-
nic high school of its own. On April 8, 1911, the
board voted to discontinue the Academy.

Scherer sincerely believed in the pioneering
development of a first-class college of science and
engineering in burgeoning southern California,
and he was challenged by the opportunity to
help create “something entirely new in American
education.” “Here shall be a school,” he wrote, “con-
tent with nothing lower than the best; resolved to
set itself fixedly toward its ideas regardless of ed-
ucational tradition when these might hamper its
growth, yet eager to conserve whatever may help
it forward in fulfillment of its destiny.”

The proposed combining of the humanities with
engineering and science was the theme of many of
his public addresses. “You and I shall see it in our
day,” he said, “when Oxford shall shake hands with
Pittsburgh.”

In his first address to his faculty, he said, “It is
the ambition of the government of Throop so to cor-
relate and unify a course of study as to add, even-
tually, something new and vital to educational poli-
cies in America . . . It is hoped that every man in
the faculty may have time for individual research.
Throop will be measured in the educational world
precisely as it succeeds or fails in this particular.”

Architect Myron Hunt visited 25 American cam-
puses before completing his plans for Throop’s
building program. On February 21, 1908, the Los
Angeles Times reported: “Plans for an educational
plant to cost between $2,000,000 and $3,000,000
and to surpass all existing institutions of the kind
in the world will be submrtted to the Trustees of

Engmeermg and Science



Throop Polytechnic Institute in Pasadena at a ban-
quet tonight in Hotel Green . ..”

Hunt’s master plans for the campus featured a
central building. He had not only managed to save
the 40 beautiful oak trees on the property but had
featured them. He had placed the central building
at the highest point and planned the grading to ac-
centuate it. The proposed building was a handsome
structure, facing a central mall running to Wilson
Avenue.

By the fall, however, President Scherer had ar-
rived, and he had very definite ideas of his own
regarding the “Electrical and Central Building.”
There followed a long and sometimes bitter strug-
gle between the brilliantly talented and tempera-
mental young architect and the aggressively opin-
ionated, and also temperamental, young president.

The compromise plans for the central building,
as finally adopted by the trustees in 1909, were prob-
ably more Scherer than Hunt. Myron Hunt consi-
dered the building an architectural monstrosity, de-
scribing its style as “Newberry, plus the addition
of aridiculous, hard-to-reach tower room.” The tow-
er-room library, object of Myron Hunt’s greatest
scorn, “was modeled,” President Scherer proudly re-
ported, “after the Radcliffe Camera at Oxford Uni-
versity especially to accommodate the Library.”

Though he had lost in the struggle for the adop-
tion of his plans for the building, Myron Hunt did
succeed in having the talented voung sculptor, A.
Sterling Calder, retained (at $3,500) to create “dec-
orative sculpture” over the wide western front en-
trance to the building.

Three thousand people attended the dedication
ceremonies for Pasadena Hall on June 8, 1910. The
new building had been financed by prominent citi-
zens of Pasadena, with Throop’s trustees—notably
Arthur Fleming—the major contributors. Fleming
had also donated funds for the entire cost of the new
campus. The consensus was that Pasadena Hall was
the most beautiful building on the Pacific Coast.
“The building is wonderful,” reported the Los An-
geles Daily News. “There are 62 large class and lec-
ture rooms, with offices adjoining them.”

Throop Institute, now a college exclusively,
opened on its new campus on Wednesday, Septem-
ber 21, 1910. Less than six months later, however,
the Institute faced one of the greatest crises in its
early years. The morning papers of January 29,
1911, reported that the California State Legislature,
then in session, would in all probability establish in
or near Los Angeles an institute of technology mod-
eled after MIT. The new university would have an
immediate appropriation of a million dollars in addi-

continued on page 26
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Mrs. Alexander wrote a will,
put it in a bottle,
and tossed it in the ocean.
It said, in part,
“...to avoid confusion
I leave my entire estate
to the lucky person
who finds this bottle
and my attorney
to share and share alike?

Not only was Mrs. Alexander
wishy-washy, so were the tides. By
the time her bottle had washed
ashore, eleven years later, the
courts had some questions.
You may have some questions
about providing for Caltech in
your will or through a life income
trust or annuity. If so, don’t be
wishy-washy, contact:

WILLIAM C. CASSELL
DIRECTOR OF INCOME TRUSTS AND BEQUESTS

CALIFORNIA INSTITUTE OF TECHNOLOGY
1201 E. CALIFORNIA BOULEVARD

OR PHONE: (213) 795-6841
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The ROOtS e .o o continued

tion to large gifts of real estate already assured from
local citizens.

This was alarming news to the young and strug- -

gling Throop, which could ill afford competition for
both faculty and students with a tax-supported and
tuition-free college of engineering and science in
southern California. In an emergency meeting held
that evening, the board of trustees authorized Pres-
ident Scherer to offer Throop to the state as the
“proper foundation for the new school,” if agree-
ment could be reached on its administration and
the protection of its high standards.

Scherer acted swiftly and effectively. On the
following day, newspaper accounts reported both
Mark Keppel’s Senate Bill 921, “to set up the Cali-
fornia Institute of Technology to be located in or
near Los Angeles,” and Scherer’s proposal “for the
state to take over Throop.” On the same day, Scherer
met with a group of southern California leaders,
who enthusiastically endorsed the Throop plan.
With this backing, he hurried to Sacramento where
he persuaded Mark Keppel, superintendent of the
Los Angeles County Schools, and the southern
California legislators to meet on February 4 with
Throop trustees and local leaders to discuss a sub-
stitute measure.

The new bill, drawn up by Keppel and Scherer
and unanimously approved at the February 4 meet-
ing, was presented to the state legislature on Feb-
ruary 7. Scherer worked hard to gain public and of-
ficial support for the substitute act. He wooed—and
thought he had won—the support of Berkeley’s Pres-
ident Benjamin Ide Wheeler and Stanford’s David
Starr Jordan. He prepared a pamphlet, Hard Facts,
about “the California Institute of Technology now
known as Throop Polytechnic Institute,” and had it
distributed to the state legislators and the press. He
became an effective lobbyist, as did faculty mem-
bers Clinton Judy and Royal Sorensen, who ap-
peared with him at the hearings in Sacramento.

The bill was enthusiastically supported in south-
ern California. But strong opposition was gathering
in the north, for neither the regents, the administra-
tion, nor the alumni of the University of California
liked the idea of a competing school in southern
California. When an attempt to amend the bill in
such a way as to put the new school under the uni-
versity board of regents was firmly rejected by
Scherer and the Throop trustees, Berkeley’s Presi-
dent Wheeler appeared in Sacramento at a hearing
of the education committee to oppose it.

In a brave attempt to dispel opposition at its
source, Scherer asked for, and was granted, permis-
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sion to explain the bill at an assembly on the Berke-
ley campus. An inspired speaker, he was warmly ap-
plauded by the students. But the university forces
were squaring off for battle. The San Francisco
alumni organized in opposition to the bill, and more
than a thousand Berkeley students attended a mass
protest meeting in the Greek Theater. _

The Southern California Alumni Association
strongly opposed the stand .of the alumni associa-
tion of Berkeley: “We urge the Throop Bill . . . The
demand for greater educational facilities in this por-
tion of the State is so insistent that if not met now,
public opinion, which is now friendly to our great
university, will accept your gage of battle, fight
for, and get two.” ' '

Scherer received many offers of support from the
legislators, he later reported to the Throop trustees,
if “we would either surrender the control of the In-
stitute to the Regents of the University of Califor-
nia, or consent to a lowering of our standards.”

The measure was finally voted down on March 11,
1911, by the narrow margin of 24 to 21. Although
its supporters felt they could round up enough votes
to pass a motion for reconsideration, the Throop
trustees had had quite enough, and they wired
President Scherer to withdraw the offer.

The “Sacramento Episode,” distressing as it was
at the time, resulted in incalculable gains both to
the Institute and to President Scherer personally.
Publicity, not only statewide but national in scope,
accomplished in a month or so what otherwise
might have taken years. Throop Institute suddenly
became well known; Scherer was acclaimed in the
local press as “hero of the struggle” to obtain a state
university for southern California. Throop received
a further endowment of $250,000 shortly after the
affair, and by the June 2, 1912, commencement,
Scherer was able to announce that “all debts were
cancelled.”

Throop’s most urgent needs at the end of the pe-
riod 1907-1913 were “the very great need for an in-
creased endowment” and for two new buildings,
a chemistry building and a central library, for Pasa-
dena Hall was bursting at the seams.

These were the transition vears when Throop es-
tablished itself as a college. When it opened on the
new campus in 1910, it had an undergraduate en-
rollment of 31 students, of whom 15 were fresh-
men, carefully selected out of the 33 who had ap-
plied for admission. By 1913, the enrollment had in-
creased to 51. On April 30, 1913, the trustees voted
to change the name of Throop Polytechnie Tnstitute
to Throop College of Technology. ‘

Engineering and Science
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Instant auto stereo!

Imagine having the beautiful sound of stereo right in your own
automobile.

Why not? You can.

Push, click, as quick as that, instant auto stereo. From Motorola
—you have exactly the music you want, exactly when you want
it, at your fingertips. You can listen to a special concert, hear
your favorite pop orchestra, ballad, bop, or a Mexican brass
band. One tape plays eight tracks of uninterrupted stereo-
phonic music . . . up to 80 minutes of beautiful sound you've
selected.

And down the road a bit—educational tapes, language study
tapes, and special tape entertainment prepared for the kids.
Salesmen or doctors can listen to new product information.
Executives can keep current with the latest business reports.
A whole new dimension in automotive sounds.

More so than ever before, the automobile is becoming
equipped like your home. Motorola engineers have desighed
and built AM radio, FM radio, push-button radio, and Vibra-
sonic radio.-Now, a high-quality, hi-fi stereo tape player for the
brilliance of three-dimensional sound, already offered by Ford
Motor Company as optional factory or dealer installed
‘equipment.

Tape players, radio, stereo . . . or Apollo Space Shot, 2-way
mobile radjo, and integrated circuits—Motorola sophisticated
engineering plays a role.

From highway to home—Ilab to launch site—Motorola eiec-
tronics engineering brings exciting futures to your fingertips.

MOTOROLA

WHEREVER YOU FIND IT



be a Hero...

or “How to practice your

one-upmanship on industry”. We do

it all the time at LTV Aerospace
Corporation—dreaming up big shiny things

like a plane’s plane or a missile’s muscle. In fact,
our Hero engineers have come up with some of
the nation’s superest Super Stars. The word is
out that there are some great star gazer spots open
now (some earthy ones, too). So whether you're a
circles, waves or angles engineer, you, too,
can be a Hero in such areas as aerodynamics
[JJavionics and instrumentation ] airframes
design [Jsystems analysis [[]]

reliability [[J] dynamics [] systems design []
propulsion [Jjstress analysis [[]]

industrial engineering [[J] technical
administration . . . and others.

Get the whole story. Ask your Placement
Office, then write College Relations Office,
LTV Aerospace Corporation, P.O. Box 5907,
Dallas, Texas 75222. And when you write,
be sure to ask, “how’s your LTV bird"" .
LTV is an equal opportunity

employer.

World-wide Engineering and Technical
Services/Ships Instrumentation

A-7 Corsair !
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OUR CHEAPEST SOURCE
OF ADDITIONAL WATER

by Jack E. McKee

Even before the turn of the century southern
California planners recognized that local water sup-
plies would be insufficient to support the expected
population of the area. To supplement the limited
local supply, which might be adequate for no more
than a few hundred thousand people, they went
first to the Owens Valley (in 1907), then to the
Colorado River (in 1939), and are now going to
northern California and to demineralization of sea
water.

Because each new attempt to get additional wa-
ter results in more expense, it is surprising that so
little attention has been paid to another, very eco-
nomical source: re-use of that imported water we
have paid so much to get. We have become ac-
customed to discharging once-used water into the
ocean, but there is good evidence that this is a need-
less waste of a precious commodity.

For use in an urban environment, water must be
adequate in quantity and potable in quality. The
water supply system should be so reliable that it
will not be disrupted for more than a few days by
earthquakes, floods, power outages, or even acts of
war. Preferably there should be multiple sources of
supply, and they should originate as close to the
area as possible. The water system of Berlin, for ex-
ample, could not be destroyed by Allied bombing
in World War II because it comprised hundreds of
wells within the city limits. Even during the Berlin
blockade of 1949 the Russians could not shut off the
water supply. How many large American cities
could retain their sources of water when surrounded
by hostile forces? In assessing alternative sources of
supply, it behooves us to give strong weight to re-
liability in both peace and war.

Potability of water in the United States is judged
largely by the United States Public Health Service

Dr. McKee is professor of environmental health engin-
eering in Caltech’s Keck Engineering Laboratories.
His article has been adapted from a talk given to the
annual meeting of the Los Angeles section of the Ameri-
can Society of Civil Engineers on October 12, 1966.
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Drinking Water Standards of 1962, which have been
adopted by, and are generally enforced by, the vari-
ous state and local health departments. Some of
these standards are mandatory; others are non-man-
datory but strongly recommended. Where alterna-
tive supplies of better quality are not economically
available, water that exceeds one or more of the rec-
ommended limits may be utilized. In 1965, for ex-
ample, raw Colorado River water contained an av-
erage of 712 milligrams per liter of total dissolved
solids (vs a USPHS recommended limit of 500
mg/1) and a sulfate concentration of 306 mg/1 (vs
250 mg/1 recommended). Yet, as we all know,
Colorado River water is accepted and used thank-
tully by millions of residents of southern California,
with no apparent detrimental effects. Some local
water supplies, such as Ventura’s, which contains
over 1,200 mg/1 of total dissolved solids, appear to
be more than adequate for municipal needs.

In addition to ample quantity, firm reliability,
and healthful potability, a water supply should also
be economic. Despite the fact that water is, by far,
our cheapest domestic commodity (it is delivered
to our taps for less than 10 cents per metric ton),
the total cost of water for a large metropolitan area
is enormous because we use and need so much of it.
Given a choice of alternative supplies, we should
naturally favor the least costly source, within the
parameters of reliability and potability. But this
choice brings up the question of how much eco-
nomic value can be placed on better quality and im-
proved reliability. In 1963, for example, a report to
the San Diego County Water Authority by a group
of consulting engineers indicated that the hardness
and dissolved solids in Colorado River water (as
compared with purer, northern California water)
would cost the users an additional $23 per 1,000
cubic meters over the base cost. Hence, quality as
well as quantity must be considered in comparing
the total costs of alternative supplies.

The dynamics of a water system can be repre-

continued on page 34
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HOWARD HUGHES DOCTORAL FELLOWSHIPS. Applica- -

tions for the Howard Hughes Doctoral Fellowships in engineer-
ing, physics, or mathematics are now available for the academic
year beginning in-Autumn 1967. E

The program offers the qualified candidate an outstanding
opportunity for study and research at.a selected university, plus
professional industrial summer experience at.a Hughes facility.
Each Doctoral Fellowship includes tuition, books and thesis
preparation eéxpenses, plus stipend ranging from $2,200 to
$3,100, depending upon the Program year and the number of
candidate’s dependents. Full salary is paid the Fellow during his
summer work at Hughes. Salaries are reviewed periodically and
increased with the growth of the individual. Fellowships are
awarded to outstanding students who have completed a master’'s
degree (or equivaient) and-have been accepted as a candidate
for the doctoral degree. ‘

HUGHES MASTERS FELLOWSHIPS. Approximately 100
new awards for '67-'68 are available to qualified applicants with
a baccalaureate degree in engineering, mathematics or physics.
Most of these awards are Work-Study Fellowships; a very lim-
ited number are Full-Study. Upon completion of the Masters
Program, Fellows are eligible to apply for and are given special
consideration for a Hughes Doctoral Fellowship.

Fellows who associate with a Company facility in the Los Angeles
area usually attend the University of Southern Califarnia or the
University of California, Los Angeles. Tuition, books and cther
academic expenses are paid by the Company, plus a stipend
ranging from $500 to $850 for the academic year. A significant
advantage offered by the Work-Study Program is the opportunity
to acquire professional experience working with highly compe-
tent engineers and scientists while pursuing the M.S. degree.
Selected Fellows have the option to work in several different
assignments during the Fellowship period to help them decide

Hughes
cllowship
Programs

on their field of concentration and optimum work assignment.

Fellows earn full salary during the summer and pro-rata salary
for 24 hours work a week during the academic year. The com-
bined salary and stipend enables Fellow to enjoy an income in
excess of $6,500 per year during his two years as a Work-Study
Fellow. Salaries are increased commensurate with professional
growth and Fellows are eligible for regular Company benefits.

Work assignments are matched closely to the Fellow's interests.
Primary emphasis at Hughes is research and development in
the field of electronics far application to defense systems and
space technology. Fields of interest include stability and trajec-
tory analysis, energy conversion, structural design and analysis
— computer and reliability technology, circuit and information
theory, plasma electronics, microminiaturization, and human
factor analysis — ressarch, development and praduct design on
such devices as parametric amplifiers, masers and lasers, micro-
wave tubes, antenna arrays, electron-tube and solid-state dis-
_plays, and components — design analysis, integration and test-
ing of space and airborne missile and vehicle systems, infrared
search. and tracking systems, and cornputer, data processing
and display systems -- thearetical and experimental work in
solid-state and ion physics.

Citizenship: American citizenship and eligibility for security
clearance are required.

Closing date for alt applications: Early application is advis-
able. All materials should be postmarked not later than February
1 for the Doctoral Feliowships, and March 1 for the Masters

Fellowships.

How to ?pply_: To apply for either the Doctoral or Masters
Felloyv§h(p,_wr|te to: Mr. James C. Cox, Manager, .Personnei
Administration — Corporate Industrial Relations, Hughes Aircraft
Company, P.O. Box 90515, Los Angeles, California 90009.

Creating a new world with electronics

HUGHES AIRCRAFT COMPANY

An equal opportunity employer.



Go Beyond
Technical
Frontiers

In all that the National Security Agency does, there
is seldom any precedent. For only NSA creates
“secure” communications systems and equipment
on so broad a scale.

A major research arm within the defense establish-
ment, there is no other organization like it...no
other organization doing the same important work, or
offering the same wealth of opportunity for imagina-
tive graduates in the engineering sciences.

An agency of national prominence, NSA has a
critical requirement for engineers to carry out basic
and applied research, design, development, testing
and evaluation on large-scale crypto communications
and EDP systems. You may also participate in related
studies of electromagnetic propagation, upper atmos-
phere phenomena, super-conductivity and cryogenics
using the latest equipment for advanced research
within NSA’s fully instrumented laboratories.

Career programs are designed to develop the pro-
fessional engineer’s fullest capabilities in research
or technical management, depending on individual

The “Cipher Disk” ... NSA
symbo!l and one of the oldest
and most effective
cryptographic devices known.

talents and interests.

NSA employees enjoy the benefits of Federal em-
ployment without the necessity of Civil Service certi-
fication. The Agency's generous graduate study program
permits you to pursue two semesters of full-time grad-
uate study at full salary with academic costs borne by
NSA. Participation in professional associations is
also encouraged, and NSA assists you to attend
national meetings, seminars and conferences.

Located between Washington and Baltimore, NSA
is also near the Chesapeake Bay, ocean beaches and
other summer and winter recreation areas. The loca=
tion permits your choice of city, suburban or country
living.

Starting salaries, depending upon education and
experience, range from $7,729 to $12,873. Check now
with your Placement Office to arrange an interview
with the NS A representative visiting your campus, or
write to: Chief, College Relations Branch, Suite 10,
4435 Wisconsin Avenue, N, W., Washington, D.C.
20016. An equal opportunity employer, M&F,

national security agency

« » « Where imagination is the essential qualificalti‘on ;




An important addition to your technical library!

A brand-new,
complete guide
to forging design
and specification

If you design, specify or buy forged parts, you
need this new Forging Industry Handbook--the
first such complete work in years.

The following list of chapter headings indicates
the comprehensive manner in which this new vol-
ume discusses modern forgings and forging tech-
nology : Introduction to Forgings/Advantages of
Forgings/Applications of Forgings/Metallurgi-
cal Characteristics of Forgings/Forging Proc-
esses and Methods/Forging Design Principles and
Practices/Forging Materials/Heat Treatment of
Forgings/Manufacture of Forgings/Forging Fa-
cilities/Controlled Quality Forging/Purchasing
of Forgings.

Whatever your interest in forgings may be, you
are bound to benefit from the data and other
useful information contained in this handbook.

Mail this coupon (along with your check or
money order¥) to the Forging Industry Associ-
ation, 1121 Illuminating Building, 55 Public
Square, Cleveland, Ohio 44113.

Send check or money order to:

FORGING INDUSTRY ASSOCIATION
1121 INluminating Building

55 Public Square

Cleveland, Ohio 44113

Send me——___ copies of the Forging Industry
Handbook.

Name

Title.

Company,

Address,

City. State Zip Code

*$15 per copy in USA and Canada. All others: $25 per copy.
Plus §0¢ for postage and handling charges.

: Student Price $2.50
(Thié advertisement on behalf of the Forging Industry is published by United States Steel, a supplier of quality forging steels.)



Additional Water ¢ o o continued

sented by the simple “water equation,” which says
that over a long period of time, such as several dec-
ades, the output must equal the input, or for shorter
time intervals, such as a year:
Output = input * change in storage.

This equation relates not only to quantity but also
to quality, not only to volumes of water in cubic
meters but also to weights of solids in kilograms or
metric tons. Over an extended period of time, the
simple form of the equation for any area, urban or
rural, must be in balance.

If the output or usage exceeds the input for many
years with respect to water volume, a drought or
acute water shortage is inevitable. Conversely, if
the input of dissolved salts in the water supply and
the additions of solids from the use of such water
exceed the weight in the output, salts and other
solids will accumulate in the environmental system.
This problem has been especially acute in many
areas of irrigated agriculture. It may also become
severe in urban environments if adequate measures
are not taken to remove or minimize liquid wastes.

In the water equation for the coastal basin of
southern California a large part of the total input
comes from rainfall, and, similarly, a substantial
portion of the output occurs as evaporation and
transpiration. Some of the output is attributable to
surface runoff, ground-water seepage, and possibly
some deep percolation, but the major avenue of out-
put in addition to evaporation and transpiration is
discharge of waste water to the ocean.

Requirements for waste water disposal to the

ocean or at inland locations are predicated on the
subsequent beneficial uses of the receiving waters.
Such discharges are subject to careful supervision
by the California Regional Water Quality Control
Boards. A primary factor in the various require-
ments promulgated by the Regional Boards is pro-
tection of human health and public water supplies.
Consideration is also given to the preservation of
aquatic and marine life; to the quality of water
needed for irrigation and industrial purposes; and
to esthetic factors related to bathing, boating, and
other water sports. Within the constraints and
boundary conditions that result from the require-
ments of the Regional Boards to protect beneficial
uses of the receiving waters, recognition must be
given also to economic factors, because waste dis-
posal (like water supply) is a costly undertaking.

How much water is needed?

In the coastal basin of southern California it is
estimated that an ultimate mixed agricultural, resi-
dential, business, commercial, and industrial econ-
omy will have a net annual water requirement (in
addition to rainfall) of about 700 mm or 0.7 of a
meter. For an ultimate habitable and useful area of
about 1,100,000 hectares, the total ultimate water
requirement will be 7.7 cubic kilometers per year.

The present sources of local and imported water
supply provide a safe yearly yield of 3.3 cubic kilo-
meters (assuming full use of the original Colorado

continued on page 36

Biological cultures in this activated-sludge aeration tank at Whittier Narrows Water Reclamation Plant remove

organic pollutants from waste water, then settle while the water flows off
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River entitlement) and the new aqueduct from
northern California will provide about 2.7 cubic

kilometers, giving a total water supply potential of

6.0 cubic kilometers, or 1.7 cubic kilometers short
of the ultimate yearly requirement. It is not too ear-
ly for us to look for ways to augment the present
supplies and to provide insurance, through a diver-
sity of sources, to protect against acts of nature or
war.

The discharge of municipal waste water and fresh
liquid industrial effluents to the ocean in southern
California totalled approximately 1.2 cubic kilo-
meters in 1965, or about 35 percent of the total fresh
water used in the basin. Furthermore, ccean dis-
charge amounted to more than 55 percent of the
total importation through the Colorado and Owens
aqueducts. It is logical, therefore, that we should
inquire into the rationale of importing water 400 to
700 kilometers, or even further under the California
Water Plan, using it once, and then discharging it,
still fresh, to the ocean. Reclamation of some of this
water would help to meet the ultimate water re-
quirements of this region.

The chemical, physical, and biological quality of
municipal waste water depends on the mineral con-
tent of the originating water supply and the sub-
stances added by municipal use, most of which can
be removed by conventional activated-sludge treat-
ment (where organic pollutants are adsorbed and
utilized by biological cultures, which are then easily
separated from the water ). The water from the acti-
vated-sludge plants at Hyperion and Whittier Nar-
rows, for example, meets all of the specific mineral
standards of the USPHS (both mandatory and rec-
ommended ); it exceeds some other drinking water
standards, but they can be met by various secondary
treatments.

Underground water storage

Los Angeles, Orange, San Bernardino, Riverside,
and Ventura Counties are fortunate, indeed, to have
voluminous ground-water basins. San Diego Coun-
ty, on the other hand, has only a few very small
underground basins. It is estimated that the storage
capacity of ground-water basins in the south coastal
area, in a depth of about three meters above and
below the present water tables, amounts to about
60 cubic kilometers, or about an eight-year supply
of water at the ultimate demand. Hence, these
ground-water basins represent a tremendous eco-
nomic asset in being able to provide voluminous

storage close to the area of use. Furthermore, they
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serve as insurance against disruptions of the im-
ported supplies. ‘ :

Ground-water basins can serve another impor-
tant function in the water equation for southern
California. The passage of water through soil is
one of the most effective and economical purifying
mechanisms known to man. Research by the City of
Los Angeles, the Los Angeles County Flood Con-
trol District, and Caltech has demonstrated con-
clusively that Hyperion effluent can be purified by
filtration and chlorination for injection into confined
aquifers with no hazard to health and with replen-
ishment of potable ground-water reserves. Addi-
tional research at Whittier Narrows by Los Angeles
County Sanitation Districts, the Los Angeles Coun-
ty Flood Control District, and Caltech has shown
that normal activated-sludge effluent water can
be percolated intermittently into unconfined aqui-
fers for the effective and safe recharge of ground-
water basins.

Europeans, and especially Germans, are far ahead
of us in utilizing soil for the purification of water.
Indeed, there are very few municipal water sup-
plies in Germany that do not involve some type of
ground-water travel. Germans don’t believe that
any water is fit to drink if it hasn’t passed through
soil. Near Dortmund, for example, water from the
Rubhr River, heavily polluted with municipal and in-
dustrial wastes, is diverted into a series of spreading
basins, percolated through soil, and collected by in-
filtration galleries for pumping to the city. In West
Berlin, polluted water from the River Spree is
passed through a microstrainer, diverted through a
tortuous channel filled with bullrushes, then perco-
lated through spreading basins into the sandy soil.
The spreading basins are ringed by scores of shallow
wells from which the water is pumped into a treat-
ment plant for the removal of iron and manganese
and thence to the municipal distribution system.

There is no question that intermittent percolation
and even saturated flow of water through soil are
generally efficacious in the improvement and stabi-
lization of water quality through the mechanisms of
filtration, adsorption, biodegradation, and ion ex-
change. In some soils and underground formations,
however, flowing water may pick up undesirable
constituents such as iron, manganese, and sulfides;
but these impurities can readily be removed by top-
side treatment processes. It must be recognized,
parenthetically, that travel through soil does not de-
crease the total dissolved solids and in some cases
may increase them slightly. A major advantage of

continued on page 38
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water reclamation through ground-water recharge

is the fact that such water loses its identity and
blends with natural ground water.

Not all of the municipal and industrial waste wa-
ters of the south coastal basin are amenable to rec-
lamation by ground-water recharge. In some areas
total dissolved solids are excessive because of brines
from oil production or seawater infiltration or the
regeneration of ion-exchange resins. In other re-
gions, industrial processes discharge chromates, bo-
rates, fluorides, and other minerals that are difficult
to remove by treatment processes and that travel
through the soil with little or no change.

It has been estimated by the California Depart-
ment of Water Resources, and others, that about
half of the present municipal waste water in the
south coastal basin is suitable in quality for recla-
mation by ground-water recharge. Hence, the safe
yearly yield of ground-water basins could be in-
creased by about 0.6 of a cubic kilometer, based on
the present water equation. In the future, when the
full quota of northern Califorhia water is being
used, the total quantity of waste water may be ex-
pected to increase to about 2.8 cubic kilometers, of
which about 60 percent, or 1.7 cubic kilometers
could be reclaimed. This increment should be suf-
ficient to meet southern California’s ultimate water
requirement.

What will it cost?

How much will renovated water cost in compari-
son with alternative sources of suppy? True cost fig-
ures are difficult to ascertain, not so much for waste-
water reclamation as for the present and planned
future sources. True total cost figures include bond
redemption over a reasonable period, interest on
outstanding indebtedness at prevailing rates, opera-
tion and maintenance, power, and insurance. For
any year, the actual cost of water is the total outlay
for all expenses divided by the total volume of wa-
ter produced. Digging out such figures is difficult
indeed.

Estimated Total Costs for Water
Approximate Cost

Source ($ per 1,000 cubic meters)
Local run-off and ground water 3-10
Owens Aqueduct 15 - 20
Colorado River Aqueduct 28 - 45
California Water Plan 60 - 160
Sea water demineralization 85 - 170
Reclaimed water (including

subsequent repumping ) 20 - 30
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The price charged by the Metropolitan Water
District for Colorado River water is increasing. For
the present fiscal year it varies from $13.80 per 1,000
cubic meters for untreated water used for agricul-
ture or replenishment, to $32.40 for softened and fil-
tered water for municipal use. In addition, however,
the Metropolitan Water District receives revenue
from taxes levied against member agencies. The
true total cost is presently about $36 per 1,000 cubic
meters, but it may vary between $28 and $45.

To determine the true total cost of water from
northern California is almost impossible. Initially
this water will probably cost in excess of $160 per
1,000 cubic meters, but after deliveries approach
the full capacity of the system, total costs may drop
as low as $60. -

The demineralization of sea water in presently
operating plants costs in excess of $300 per 1,000
cubic meters. A large plant proposed by the Metro-
politan Water District in conjunction with nuclear
power production is expected to lower this cost to
$57 at sea level or about $70 at the Diemer filtration
plant. These figures, however, are based on charg-
ing all possible costs against electric power produc-
tion and amortization of capital costs at 3.5 percent
interest for 30 years. With more equitable alloca-
tion of costs, with realistic interest rates, and with
recognition that mechanical equipment of this
type will be obsolescent in 20 years or less, the true
cost of demineralization will range from $85 to $170
per 1,000 cubic meters.

For waste-water reclamation, true total cost data
are more realistic and better documented. Total
costs at the. Whittier Narrows Water Reclamation
Plant run about $12 per 1,000 cubic meters, and the
total cost of spreading for ground-water recharge is
about $4. To this expense should be added about
$4 for repumping into a water system, or a total
of $20. Rendering Hyperion effluent suitable for
ground-water injection is estimated at $20, to which
$8 should be added for actual injection and subse-
quent repumping, or $28 per 1,000 cubic meters for
the true total cost of this water supply.

It is apparent, therefore, that the true total cost
of potable good-quality water reclaimed from waste
water is slightly cheaper than Colorado River water
and considerably less costly than northern Califor-
nia or demineralized sea water. Moreover, with
more than 25 percent of the imported water recov-
erable through ground-water recharging, southern
California’s foreseeable water needs can be met
with existing (including northern California water)
facilities. : ! o : '
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PERSONALS

1919

EDWARD T. VAN DEUSEN died Sep-
tember 9 in San Diego, following a long
illness. He was 69. In 1947 he retired from
the insurance business in Los Angeles to
live on his mountain ranch near Julian. Van
Deusen was one of the 100 qualified Ma-
rine flyers in World War I, and became a
flight instructor during World War II. He
is survived by his wife, Paulina, a daugh-
ter, and four grandchildren.

1920

MARK A. SAWYER died in June after a
long illness. He lived in Laguna Beach,
where he retired in 1961 after a 40-year ca-
reer with the Pacific Telephone and Tele-
graph Company. Sawyer, who was protec-
tion engineer at the time of his retirement,
had for many years been active in the
American Institute of Electrical Engineers.
He leaves his wife, Ruth, and one son.

1926
JEN-CHIEH HUANG writes that he had
“the great fortune” to be back on the Cal-
tech campus last August after 40 years.
Huang is president of the China Mer-
chants Steam Navigation Corp. in Taipei,
Formosa, and has a daughter majoring in
physics at Tunghai University in Taiwan.

1927

MARSHALL A. BALDWIN sends word
that he will retire this month from the
Standard Oil Company of California, after
38 years with the organization. He began
as cost analyst at the Richmond, Calif., re-
finery and retires from his position as ben-
efits advisor in the personnel department.
Baldwin and his wife plan to travel and,
he reports, to attend the 40th class reunion
at Caltech next June.

1928

CHARLES F. LEWIS, who has been chief
metallurgist for the Cook Heat Treating
Co. in Houston since 1936, has been in-
stalled as a trustee of the American Socie-
ty for Metals. In 1964 he was cited by the
society as “Texas Metals Man-of-the-Year”
in recognition of his leadership in the city’s
metalworking community, his outstanding
contributions to education, and his partici-
pation in ASM since 1929.

1929
JAMES C. SCULLIN died on September
12 in Glendale at the age of 59. He was
president and owner of the Cardinal Ma-
chine Company, which he started 30 years
ago. Scullin began his career as a design
engineer with the Hughes Tool Co. and
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became head of the New Departure Bear-
ing Company’s southern California divi-
sion before forming his own company. He
leaves his wife, Beatrice, two sons, a
daughter, and three grandchildren.

1932

J. WILFRED PATTERSON, PhD, died
on September. 25 at the Palo Alto-Stanford
Hospital. A self-employed consulting engi-
neer, he had lived on the peninsula for the
past 16 years. He is survived by his wife,
Helene, a son, two daughters, and five
grandchildren.

JOSHUA L. SOSKE, MS, PhD, ’35, execu-
tive head of the department of geophysics
at Stanford, died on October 18 after a
brief illness. An internationally known con-
sulting geophysicist, Soske had been at
Stanford since 1951. From 1935 to 1951
he was president and chief geophysicist
for the Geophysical Engineering Corp. in
Pasadena and had been on the Caltech fac-
ulty before that time. He had also served
as a professional advisor to the Philippine
government, oil companies, research lab-
oratories, and engineering firms. Soske is
survived by his wife, Helga, three daugh-
ters, and two sons.

JAMES C. MOUZON, PhD, professor and
director of the college of engineering Bra-
zilian program at the University of Michi-
gan, recently received an honorary doctor
of science degree from Southern Methodist
University—one of 14 alumni to be so hon-
ored at the school’s 50th anniversary cele-
bration. Mouzon has been at Michigan
since 1957, served as asscciate dean of en-
gineering from 1960 to 1966, and was di-
rector of the Ford Foundation-sponsored
engineering faculty development program.

1933

DONALD F. POULSON, PhD ’38, is on
sabbatical leave from Yale University and
will be in Canberra, Australia, conducting
research on physiological genetics of Dro-
sophila at the Institute of Entomology,
CSIRO. He plans to return to New Haven
in September 1967.

WILLIAM W. MOORE, MS ’34, senior
consulting partner in the San Francisco
office of Dames & Moore, has been elected
to the board of direction of the American
Society of Civil Engineers representing
southwestern United States and Hawaii.

1935
NORWOOD L. SIMMONS JR., MS, has
been appointed manager of product plan-
ning for the Eastman Kodak Company’s
motion picture and education markets di-

vision in Rochester. He has been with Ko-
dak since 1937, most recently as market-
ing director of the New York City region.

-Simmons, his wife, Helen, and their five

children have moved to Rochester.

1938 ]
MUNSON W. DODD, MS ’46, who has
been an engineer with the Metropolitan
Water District of southern California since
1946, has been named principal engineer
for the civil and structural sections.

1942
EVERETT P. TOMLINSON, PhD, a
member of the research staff of the For-
restal Research Center in Princeton, N.J.,
represented Caltech in the academic pro-
cession of the 200th anniversary convoca-
tion of Rutgers University in New Bruns-
wick on September 22.

1943
NORMAN NEWSOME JR., MS, has been
named advisor to the operations manager
of Esso Exploration, Inc., in New York
City. He and his wife and five children
have moved from New Orleans, where
he has been production engineer for the
Humble Oil & Refining Company. Both
organizations are affiliates of the Stand-
ard Oil Company of New Jersey, for which

Newsome has worked since 19486.

1944

ALFRED G. KNUDSON ]JR., MD, PhD
’56, has been selected as a professor of
medicine and a member of the planning
team for the new $161 million Stony
Brook Medical Center on Long Island,
N.Y. He will be involved in the basic aca-
demic planning that will determine the
direction of the program and character of
the facilities of the center, and will teach
the basic life sciences to graduate students
when the center begins its programs in
the early 1970’s. Knudson was formerly
chairman of the department of biology at
the City of Hope Medical Center in Du-
arte, Calif.

ROBERT NAHAS, president of the Per-
alta Land Company in Castro Valley,

‘Calif., has been praised for his part in the

new $30 million Coliseum project in Oak-
land by The Sporting News, October 1,
1966, “If you had to limit credit for the
. .. Coliseum to one man you doubtless
would settle on Coliseum, Inc.’s president,
Robert T. Nahas.”

TEDDY F. WALKOWICZ, MS, an asso-

_ ciate of the Rockefeller Family & Associ-

ates of Néw York City,"haé been elected ’
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a director of the Cerro Corporation'in New
York City.
1945

MARK M. MACOMBER, a commander
in the U.S. Navy, writes that he received
his PhD in June from Ohio State Univer-
sity in Columbus. He was assigned to
the surveys and basic data office of the
Defense Intelligence Agency, Mapping,
Charting, and Geodesy - Directorate in
Washington, D.C. The Macombers have
two sons and a daughter. ’

1947
FRANK R. BOWERMAN, MS 48, has
joined the Aerojet-General Corporation as
assistant to the vice president—develop-
ment. He was formerly assistant chief en-
gineer for the Los Angeles County Sani-
tation districts and 1965 winner of the
American Public Works Association award
for noteworthy achievements in sanitation.

JERRY DONAHUE, PhD, has been ap-
pointed professor of chemistry at the Uni-
versity of Pennsylvania. He goes to Phila-
delphia from the University of Southern
California, where he has been chairman of
the department of chemistry since 1963
and on the faculty since 1953.

1948
MAX GARBER has been elected vice
president, marketing, at Huggins Labora-
tories, Inc. in Sunnyvale, Calif. He has
been director of marketing for the com-
pany. Garber and his wife, Lorraine, and
their two daughters live in Sunnyvale.

1949
DANIEL T. FINKBEINER II, PhD,
chairman of the department of mathema-
tics at Kenyon College in Ohio, was re-
cently guest speaker for a mathematics
colloquium at Miami University in Oxford.
Ohio. Finkbeiner has been on the Kenyon
faculty since 1951 and before that taught
at Yale. He is vice chairman of the Ohio

section of the Mathematical Association of

America.

HARRY GRUENBERG, PhD, is in Den-
mark at the Laboratory of Electromagnet-
ics Theory (associated with the Techni-
cal University of Denmark) on a Fulbright
research grant. He and his wife plan to
return to Syracuse, N.Y., next June.

1951
RAYMOND A. SJODIN, MD, a member
of the faculty of the University of Mary-
land’s School of Medicine, has recently
been promoted to professor of biophysics.
Sjodin is responsible for the discovery of
basic mechanisms underlying the elec-
trical activity of nerve and muscle cells.

continued on page 43
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Address Unknown

The Institute has no record of the present addresses of these
alumni. If you know the current address of any of these men,

please contact the Alumni Office, Caltech.

1906
Norton, Frank E.

1907
Miller, James C., Jr.

1911
Lewis, Stanley M.

1920
Suman, George O., Sr.

1921
Arnold, Jesse

1922
Cox. Edwin P

1923
Neil, W. Harvey
Skinner, Richmond H.

1924
Carr, John .
Henderson, William G.
Lovering, Frank R.
Tracy, Willard H.
‘Waldo., Cornelius T.
Young, David R.

1925
Waller, Conrad J.
winckel, Edmond E.

1926
Chang, Hung-Yuan
Chase, Carl T.
Huang, Y. H.

Yang, Kai Jin

1927
Evijen, Haakon M.
Hall, Ray 1.
Marsland, John E.
Moore, Bernard N.
Peterson, Frank F.

1928
Chou, P’ei-Yuan
Martin, Francis C.
Thacker, Ralph S.
Wingfield, Baker

1929
Briggs, Thomas H., Jr.
Burns, Martin C.
Espinosa, Julius Nelson
also known as:
Nelson, Julius
Lynn, Laurence E.
Robinson, True W.
Sandberg, Edward C.
Wolfe, Karl M.

1930
Allison, Donald K.
Chao, Chung-Yao
Kelley, William
Moyers, Frank N,
White, Dudley

1931
Hall, Marvin W.
Ho, Tseng-Loh
Oaks, Robert M.
West, William T.
Yoshioka, Carl K.

1932
Schroder. L. D.

1933
Downie, Arthur J.
Koch, A. Arthur
Larsen, William A.
Michal, Edwin B,
Murdock. Keith A,
Plank, Dick A.
Rice, Winston R.
Shappell, Maple D.
Smith, Warren H.

1934
Bridget, Francis J.
Harshberger, John D.
Jerome, Clayton C.
Liu, Yun Pu
Moore, Morton E.
Sargent, Marston C.

1935
Bertram, Edward A.
Huang, Fun-Chang
Mathews, E. S,
McNeal, Don
Ricketts. Donald H.

1936
Chu, Djen-Yuen
eng, Chao-Ying
Ohashi, George Y.
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Tan. Chia-chen
Van Riper, Dale H.
Young, Larry L.

1937
Burnight, Thomas R.
Cheng, Ju-Yung
Easton, Anthony
Fan, Hsu Tsi
Jones, Paul F.
Lotzkar, Harry
Maginnis, Jack
Munier, Alfred E.
Noiima, Noble
Odell, Raymond H.
Servet, Abdurahim
Shaw, Thomas N.

1938
Goodman, Hyman D.
Gross, Arthur G.
Gutierrez, Arnulfo G.
Kanemitsu, Sunao
Li, Yuan-Chen
Lowe, Frank C.
Osborn, George H.
Rhett, William
Rynearson, Garn A.
Tsao, Chi-Cheng

. Wang, Tsun-Kuei

‘Watson, James W.
Woodbury, William W.

1939
Aime, Edgar A,
Burns. Martin C.
Green. William M.
Griffiths, John R.
Liang, Carr Chia-Chang
Weinstein, Joseph
Wilson, Harry D.

1940
Batu, Buhtar
Baumgarten, Erwin
Compton, Arthur M.
Dilworth, John A,
Gentner, William E.
Gibson, Arville C.
Green, William J.
Hsu, Chang-Pen
Karubian, Ruhollah Y.
King, James L.
Lovoff, Adolph
Menis, Luigi
Tao, Shih Chen
Torrey, Preston C.
Wang, Tsung-Su

1941
Chang, Chieh-Chien
Clark. Morris R,
Dieter, Darrell W.
Easley, Samuel J.
Geitz, Robert C.

Hardenbergh, George A.

Harvey, Donald L.
Helmick, Benjamin W,
Hubbard, Jack M.
Kuo, I. Cheng

Levitt, Leo C.
Nicholson, George H.
Robinson, Frederick G.
Standridge, Clyde T.
Vaughn, Richard
Wolfe, Samuel

Yui, En-Ying

1942
Bebe, Mehmet F.
Devault, Robert T.
Drake, John A.
Emre, Orhan M.
Given, Frank I.

1p, Ching-U
Tohnston, William C.
Latter, Richard
Levin, Danijel
Martinez, Victor H.
Rhyne, Russell F.
Schauer, Eric H.

1943
Angel, Edgar P.
Brown, James M.
Bryant, Eschol A.
Burlington, William J.
Colvin, James H.
Eaton, Warren V., Ir.
Gaffney, Thomas A.
Gould, Jack E,
Hamilton, William M,
Hillyard, Roy L.
Johnsen, Edwin G.
Kane, Richard F.

King, Edward G.
Koch, Robert H.
Kong, Robert W.
LaForge, Gene R.
Leeds, William L.
Leonard. JTames H.
Ling, Shih-Sang
Lundquist, Roland E.
Mampell, Klaus
Mataya, Jack L.
McNeil, Raymond F.
McRae, A. D, .
Mixsell, Joseph W.
Mowery, Irl H., Jr.
Nesley, William L.
Neuschwander. Leo Z.
O’Brien. Robert E.
Patterson, Charles M.
Pearson, John E.
Rhoades, Walter F., Ir.
Rivers, Naim E.
Roberts, Fred B,
Rupert, James W., Jr.
Scholz. Dan R.
Shannon, Leslie A.
Smiitherman. Thomas B.
Sweeney, William E.
Tindle, Albert W,, Jr.
Vicente, Ernesto
Waldrop, Nathan S.
‘Walsh, Joseph R.
Washburn. Courtland L.
Weis. William T.. ~
Wheeler, Rodney S.
Wood, Stanley G.

1944
Alpan, Rasit H.
Baranowski, John J.
Barriga, Francisco D.
Bell, William
Benjamin, Donald G.
Berkant, Mehmet N.
Birlik, Ertugrul
Burch, Joseph E.
Burke, William
Cebeci. Ahmed
Clendenen. Frank B.
Cooke, Charles M,
De Medeiros, Carlos A.
Fu, Ch’eng Yi
Harrison, Charles P.
Hu, Ning
Hudson, Thomas A.
Johnson, William M.
Labanauskas, Paul J.
Leenerts, Lester O.
Mattinson, Carl O.
Onstad, Merrill E.
Pi, Te-Hsien
Ridlehuber, Jim M.
Shults, Mayo G.
Stanford, Harry W.
Stein, Roberto L.
Sullivan, Richard B.
Sunalp, Halit
Tanvildiz, R. S.
Trimble, William M.
Unayral, Nustafa A,
Wadsworth, Joseph F,, Jr.
Wight, D. Roger
Williams. Robert S.
Wolf, Paul L.
Writt, John J.
Yik, George

1945
Ari, Victor A.
Budney, George S.
Bunze, Harry F.
Fanz, Martin C,
Fox, Harrison W.
Gibson, Charles E.
Green, James B.
Grossling, Bernardo F.
Ho, Chung Pen
Jenkins, Robert P.
Levy, Charles N.
Loo, Shih-Wei
Magneson, Norman J.
Rice, Jonathan F.
Tseu, Payson'S.
Turkbas. Necat
Yank, Frank A.

1946
Allison, Charles W., Jr.
Austin, Benjamin
Behroon. Khosrow
Bowen, Mark E.
Brinkhaus, Harvey H.
Burger, Glenn W.
Chen. KeYuan
Colley, Joseph P.
Davis, William E., ITI

Dethier, Bernard
Dougherty, Charles B.
Dyson, Jerorme P.
Esner, David R.
Foster, R. Bruce

_Freire, Luis E.

Halvorson, George G.
Hoffman, Charles C.
Ingram, Wilbur A.
Jacobsen, John R.
Lewis, Frederick J.
Lowery, Robert H,
Maxwell, Frederick W.
Nixon, Stanley R.
Olsen, Leslie R.
Prasad. K. V. Krishna
Rice, Jerry H.
Salbach, Carl K.
Shepard, Elmer R.
Sledge, Edward C.

* Smith, Harvey F.

Srinivasan, Nateson
Stephenson, Robert E.
Tung, Yu-Sin

Webb, Milton G.

1947
Asher, Rolland S.
Atencio, Adolfo J.
Brown, Raymond A.
Clarke, Fredric B.
Clements, Robert E,
Clock, Raymond M.
Collins, Hugh H.
Dagnall, Brian D.
Darling, Rodney O.
Hsu, Chi-Nan
Huang, Ea-Qua
King, Emmett T.
Lane, James F.
Leo, Fiorello R.
MacAlister, Robert S.
Manoukian, Jo!
Martin, Sidney T.
McClellan, Thomas R.
Molloy, Michael K.
Moorehead, Basil E. A.
Olson, Raymond L.
Orr, John L.
Page, Myron E.
Ray, Kamalesh

. Rust, Clayton A.

Sappington, Merrill H,
Schroeder, Henry W.
Summers, James L.
Thompson, Russell A., Jr
Torgerson, Warren S.
Veale, Joseph E.

‘Wan, Pao Kang
Wellman, Alonzo H., Jr.
‘Wimberly, Clifford M.
Winters, Edward B., Jr.
Ying, Lai-Chao

1948
Agnew, Haddon W.
Au, Yin-Ching
Buhler, James L.
Bunce, James A
Chu, Tao-Hung
Clark, Albert R.
Collins, Burgess F.
Cotton. Mitchell L.
Crawford, William D.
Dickson, Edwin B.
Eldin, Hamed K.
Herold, Henry L.
Holm, John D.
Hsiao, Chien
Hsieh, Chia Lin
Latson, Harvey H., Jr.
Lawton, G.

Leroux, Pierre J.
Lowrey, Richard O.
MacKinnon, Neil A.
McElligott, Richard H.
Mitchell. Max O,
Parker, Dan M.
Petty, Charles C.
Rinehart. Marion C.
Ringness, William M.
Saari, Albert E.
Sinker, Robert A.
Vrabec. Dale
Wilkening, John W.
Yu, Sien-Chiue

1950
Alexander, Joseph B.
Brody, Julian
Bryan, William C.
Edelstein, Leonard
Gimpel, Donald J.

Li, Chung Hsien
Mayner, Gerald S.
McDaniel, Edward F.
McMillan, Robert
Missman, Rolland A., Jr.
Montemezzi. Marco A.
Pac. Wen Kwe
Paulson, Robert W.
Petzold, Robert F.
Schmidt, Howard R.
Schneider, William P.
Tang, You-Chi
‘Whitehill, Norris D,
Wilkes, Tohn D.

1951
Arosemena, Ricardo M.
Blanchard, Dean M.
Chong, Kwok-Ying
Davison, Walter F.
Goodell, Howard C.
Hawk, Riddell L.
Lafdjian, Jacob P.

Lo. Shih-Chun
Padgett, Joseph E,, Jr.
Palmer, John M., Jr.
Stern, Edward A.
Summers, Allan T.

1952
Abbott, John R,
Arcoulis, Elias G.
Bissett, Charles F.,
Bucy, Smith V.
Engholm, Bernard A.
Harrison. Marvin E.
Jaugey, Michel
Lunday, Adrian C.
Meyer, Robert F.
Primbs, Charles L.
Pruett, Teter A.
Robieux, Jean
Robison. William C.
Roy, Nikhilesh
Shelly, Thomas L.
Sutton, Donald E.
Weber, Emesto J.
Wiberg, Edgar
Wilson. Howard E.
Woods, Joseph F.
Zacha, Richard B.

1953
Averre, William V,
Bhanjdeo, Swaroop C.
Clark, David T.
Crespo, Manuel J.
Lennox. Stuart G.
Peters, Alphonse P.
Robinson, Winthrop P.

Leavenworth, Cameron D), Robkin, Morris A.

Mason, Herman A.
Oberman, Carl R.
Oliver, Edward D,
Reed. Arthur W,
Rhynard, Wayne E.
Sims, William E.
Stein, Paul G.

Swain, Tohn S.
Tang, Yu-Wei
Voelker. Willliam H,
White, Richard §.. III
Williams, Donald B.
‘Winniford. Robert S.
Woods, Marion C.
Wray, Robert M.
Yanak, Joseph D.

1949
Abramovitz, Marvin
Barker, Edwin F., Jr.
Bauman, John L., Jr.
Baumann, Laurence 1.
Bottenberg, William R.
Brown, John R.

Bryan, Wharton W.
Cheng, Che-Min
Clendening, Herbert C.
Cooper, Harold D.
Dodge, John A.
Foster, Francis C.
Galstan, Robert H.
Hardy, Donald J.
Heiman, Jarvin R.
Krasin, Fred E.
Krauss, Max

Rochefort, Joseph J., Jr.
Schroeder. Norman M.
Wilburn, Norman P,

1954
Coughlin, John T., II
Dambrine, Christian P.
Feuchtwang, Thomas E.
Guebert, Wesley R.
Gutierrez, Reinaldo V.
Heiser, David
Timenez, Herberto
Quiel, Norwald R.
Rogers, Berdine H.
Seele, Gordon D.
Smith. David H.

Vandenkerckhove, T ean A.

1955
Huber, William E.
Moore, William T,

1956
Bandt, Kermit M.
Edwards, Robert W,
Feige, Jacques
Kelly, James L.
Kontaratos, Antonios N.
MacDuffie, Duncan E.
McAllister, Don F.
Rubalcava. Hector
Spence, William N.
Tang, Chung-Liang
Truong, Tran N.

1957
Flertzheim, Henry A., Jr.
Goebel, Charles V.
Hall, George E. .
Harris, Daniel E.
Heiser, William H.
Howie, Archibald
Jensen, Roy A.
Savage, James C.
Schwartz, Lowell M.
Stuteville, Joseph E.
Uhthoff, Tohn C,

1958
Ackley, David A,
Chang. Berken
Dundzila, Antanas V.
Gardner, John L., Jr.
Horowitz, Daniel H.
Jones, Laurence G.
Khamis, Mitri G.
Knight, Harold G.
Saffouri, Mohammad H.
Wille, Milton G.

Baekelandt. Victor
Bailey, John S.

Byun, Chai B.
Cheng, Hung

- Fisher, David E.

Guilleniet, Michel P.
Idriss, Izzat M.
Lewyn, Lanny L.
Monroe, Louis L.
Roth, Stanley
Weber, Walter V., Jr.

: 1960
Banta. Brent
Cauley, Joseph M.
Farha, Norman S.
Mauger, Richard L.
Nissen. David H.
Pelton. Walter E.

ubin, Arthur M,

" Schmus, William R.

Sinoff, William A.
‘Weber, Christian C.

1961
Allen, Charles A.
DeVilbiss, Alan J.
Dombey, Norman
Kastan, Peter
Lindner, Milton S.
Marks, Ian D.
McLennan, Miles W.
Pollock, Gerald D.
Richter, Rolf-
Smith, Warren D.
Snively, Frank T.
Steinberg, Charles M.
Wilkinson, John F.

1962
Davis, JTames 1.
Dorlhac, Jean-Pierre
Dubois, Jean Claude
Hammond, Peter W.
Johnson, James H.
King, William C.
Lutz, Raymond P,
Marr, Harold E., IIT
Meirelles. Osorio C.
Svenson, Raynold A.
Trevarthen, Colwyn B.
Wik, Dennis R,

1963
Conroy, Bruce L.
Francis, William F,
Hannon, Michael . A.
McCoy, James E.
Pyle, Jay C.
Tong, Pin
Wu, Tohn Y.

1964
Aborn, Bruce J.
Delosse, Claude M.
Hartle, James B.
Howenstine, Robert J.
Hsiung, Chien-hain
Kanus, Karl H.
Lipson, Arthur D.
McKinley, John H.
Schoene, William J.
Storwick, Robert M.

1965
Aimelet, Bernard A.
Aperghis, Gerassismos G.
Austin, Philip R .
Casanova, Jose C.
Kercher, James R.
Lagorce, Michel A.

Liang, Alexander Chen-Che

Mori. Hidehiko

Sayegh, Samir D,

Spring, William G.
Stephens, Melvin M., 11
© . 1966

Mitescu, Catalin D.
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Personals e « « continued

1956

G. LOUIS FLETCHER, MS ’57, has been
named district engineer for the San Bern-
ardino Valley Municipal Water District.
He will be involved in an accelerated pro-
gram of ground water basin study and in
all phases of engineering work for the dis-
trict. Fletcher was formerly with the Hy-
dro Conduit Corporation in Azusa.

1959
ROLF ENGLEMAN JR., PhD, has a
vear’s leave of absence to study molecular
spectroscopy at the National Research
Council of Canada in Ottawa. He is with
the Los Alamos Scientific Laboratory.

1961

HENRY ARCHER THIESSEN, MS 62,
has joined the staff of the Los Alamos Sci-
entific Lahoratory in New Mexico as an
experimental physicist in the medium en-
ergy physics division. He recently com-
pleted the requirements for a PhD at Cal-
tech which he will receive in June.

1962

JOHN GOLDEN and his wife announce
the birth of their first child, James Harris,
on August 2. John is a member of the
applied mathematics research group at the
RCA Laboratories in Princeton, N.]J. He
writes that JOHN WILKINSON 61, PhD
’65, visited him recently and is now at the
University of Waterloo in Ontario, Can-
ada, for his second year as assistant pro-
fessor of mathematics.

1964
RONALD G. FINDLAY and his wife,
Lynda, recently completed 10 weeks” train-
ing at Lincoln University in Pennsylvania
for the Peace Corp Volunteers and have
been assigned to British Honduras.

1965
VERNON L. BLISS has been commis-
sioned a second lieutenant in the U.S. Air
Force and has been assigned to the Uni-
versity of Oklahoma in Norman for train-
ing as a weather officer.

1966

SUSAN KAYSER, PhD, the first woman
to receive a PhD in astrophysics from Cal-
tech, has joined a research team at the
Belfer Gradnate School of Science at Ye-
shiva University in New York, where she
will be working with A.G.W. Cameron,
professor of space physics.

ROBERT A. SCHAAR, who died in a
drowning accident in Pasadena in July,
has had a book collection established in
his memory by his classmates. His own
hooks will form the nucleus of the collec-
tion and will be augmented by gifts from
his family and friends.

November 1966

e ~) THE
'SCOPE
 WITH THE
 HIGH
*
RCA W0-91B...
INEXPENSIVE QUALITY

Why Apay forl];t’:i|los”cope bapahilities

you don't really need?

There are many situations—production line work, product quality checks, hasic lab-
gratory measurements—that require a large number of scopes or employ standard
measurements... and where simplicity of operation is essential.

That's where you need the RCA W0-31B!

0f course the so-called “industrial/laboratory” type scopes will make certain meas-
urements that ours won't. They may feature triggered sweep, horizontal deflection
in microseconds, and other costly refinements. Whenever you need these exiras...
capability for those extremely precise measurements...spend the money and huy
an expensive scope.

Actually, for many very precise research, experimental and lab measurements, we
don't even recommend ours (we use theirs),

But if your requirements call for scopes with characteristics such as the
following, the RCA WO-31B is probably your best buy:

o Built-in voltage calibration—large S-inch screen with YTVM-type voltage scales
for fast, simultaneous peak-to-peak measurements and waveshape display o Flat
response (== 1 dB) from 10 cps to 4.5 Mc o 0.018 rms volt per inch maximum sensi-
tivity for use at low signal levels @ Continuously adjustable (to 100 kc) sweep oscil-
lator with excellent linearity e Z-axis input for direct modulation of CRT permitling
use of timing and calibration markers on trace @ Provision for connecting signals
directly to the vertical deflection plates of the CRT.

The Optional User Price of the RCA W0-91B is $249.50. It is availahie locally from
your Autherized RCA Test Equipment Distributor. Ask to see it or write for complete
specifications to RCA Commercial Engineering, Section K163W, Harrison, N.J.

RCA ELECTRONIC COMPONENTS AND DEVICES

The Most Trusted Name in Electronics
@
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CALTECH CALENDAR

November

22 Parents’ Day
24 - 27 Thanksgiving Recess

28 Lecture: Maarten Schmidt—“Quasars and the
Universe.” Beckman, 8:15 p.m.

29 Poetry reading: George Starbuck, Dabney
Lounge, 8 p.m.

30 ASCIT-YMCA Assembly speaker: Wesley J.
Liebeler—“The Warren Commission Report
Under Attack: A Responsible Appraisal.”
Winnett Lounge, 11 a.m.

455 EL DORADO

OF PASADENA
“Quality Printing When Promised”

SYcamore 3-9181

December

1 Concert: Caltech Glee Club. Athenaeum, Hall
of the Associates, 8:15 p.m.

1-4 Drama: Nina Foch in John Houseman’s
“The Honourable Estate,” Beckman, 8:30
Matinee Sunday, 2:30 p.m.

3 Students’ Day

5 Lecture: Fred Thompson—What's in the
Brain That Ink May Character?” Beck-
man, 8:15 p.m.

7 ASCIT Assembly movie: “Andes to Amazon.”

Beckman, 8 p.m.

18 Christmas Vacation.

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 lo Alumni by the Insti-
tute. A fee or charge is not involved.
If you wish to avail yourself of this service, fill
in and mail the following form:

To; Caltech Alumni Placement Service
California Institute of Technology
Pasadena, California 91103

Please send me: (Check one)
[] An Application for Placement Assistance

[ A form indicatin %a desire to keep watch of
opportunities although I am not contem-
plating a change. :

‘Vice-President

ALUMNI ASSOCIATION OFFICERS AND DIRECTORS

PRESIDENT SECRETARY
Sidney K. Gally, '41 ~ Donald S. Clark, 29
VICE PRESIDENT TREASURER

John R. Fee, ‘51

Frank W. Lehan, ‘44
Robert W. Lynam, ‘54

Pqul D. Saltman, ‘49
Richard P. Schuster, Ir., ‘46

Frederic T. Selleck, '49

Theodeore C. Combs, 27
Donald D. Davidson, ‘38
Manftred Eimer, ‘47
Craig T. Elliott, ‘58

ALUMNI CHAPTER OFFICERS

NEW YORK CHAPTER
President Bruno H. Piloz, '44
75 Echo Lane, Larchmont, N.Y.

Willis A. Bussard, ‘44

Appleby Drive, RFD 1, Box 78B, Bedford, N.Y. 10506
Secretary-Treasurer Harry . Moore, Ir., ‘48
0Old Orchard Road, Armonk, N Y. 10504

Vice-President

BOSTON CHAPTER

President Francis Morse, ‘40

16 Reservoir Rd., Wayland, Mass
Theodore G. Johnson, ‘57

Blueberry Hill Rd., Sudbury, Mass.
Thomas C. Stockebrand, ‘53

55 Summer St., West Acton, Mass. 01780

Vice-President

Secretary-Treasurer

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

4720 Sedgwick St., N.W., Washingion, D.C
CHICAGO CHAPTER

President Laurence H. Nobles, '49
Dept. of Geology, Northwestern Univ., Evanston, 11l.
Vice-President Philip E. Smith, '39
Eastman Kodak Co., 1712 Prairie Ave., Chicago, Ill.

SAN FRANCISCO CHAPTER
President G. Neal Huntley, '54
3136 Padre St., Lafayette, Calif.
* William N. Harris, '4%
1350 Cotton St., Menlo Park, Calif
Harrison W. Sigworth, ‘44
) 10 Casa Vieja, Orinda, Calif.
Meetings: 15th Floor, Engineers’ Club, 206 Sansome 5t.,
San Francisco
Informal luncheons every Thursday at 11:45 A M.
Contact Mr. Farrar, EX 9-5277, on Thursday morning
for reservations.

Secretary-Treasurer

SACRAMENTO CHAPTER
President Harris K. Mauzy, ‘30
2551 Carson Way, Sacramento, Calif. 9581,1
Frederick ]. Groat, ‘24
877 - 53rd St., Sacramento, Calif. 95819
William D. Pyle, ‘49
3920 Dunster Way, Sacramen.o Cal f. 85825
Meetmgs University Club, 1319 "K'’ St.
Luncheon first Friday of each menth at toon
Visiting alumni cordially invited—no.reserviation.

~

Vice-President

Secretury-Treusurer
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It’s a good system if you like it

There are slots.
Slots need people to fill them.

Someone exists who was born and educated to fill
each slot.

Find him. Drop him in. Tell him how lucky he is.
Look in once in a while to make sure he still fits
his slot.

This orderly concept has much to commend it, plus one fault:
some of the people most worth finding don’t like it. Some very
fine employers have not yet discovered the fault. It is not up to
us to point it out to them. Luckily for us, we needn’t be so
tightly bound to the slot system.

We can offer choice. A certain combination of the factors
diversification, size, centralization, and corporate philosophy
makes it feasible to offer so much choice.

Choice at the outset. Choice later on. Choice between quiet
persistence and the bold risks of the insistent innovator. Choice
between theory and practice. Choice between work in the
North and South. Choice between work wanted by the govern-
ment and work wanted directly by families, by business, by
education, by medicine, by science. To the extent that the slot
idea helps channel choice we use it, of course.

A corporation such as this is one means of coordinating the
strength of large numbers of effective persons. You may feel
that in the years ahead this type of organization must change.
You may feel that it must not change. Either way, to get a
chance to steer you have to come on board.

Advice to electrical engineers, mechanical engineers, chemical engi-
neers, chemists, and physicists—still on campus or as much as ten
years past the academic procession: while one starts by filling a slot, it
soon proves more fun to make one. No detailed list of openings ap-
pended herewith. Next week it would be different. G. C. Durkin is
Director of Business and Technical Personnel, Eastman Kodak Com-
_pany, Rochester, N. Y. 14650.




HELP DEVELOP...

...new concepts and products
.new facilities and processes
.new applications and markets

.in your technical career with General Electric

Progress [s Qur Most Important Product
Contact your Placement Officer or write:
D. E. Irwin, General Electric Company, G E N E R A L @ E LE cT n I c

Section 699-18, Schenectady, N, Y. 12305.

AN EQUAL OPPORTUNITY EMPLOYER



