ometime within the next several years, the first
American will soar into orbit around the earth. He will be
sealed i n a small, cone-shaped space capsule mounted atop an
Atlas missile. The missile will climb 100 miles in less than six
minutes, where the capsule will disengage and go into orbit. The
man will be alone in space.

The vehicle for this historic voyage is already in production under
the auspices of the National Aeronautics and Space Administration's
"Project Mercury." One of the methods of heat protection is a beryllium heat sink, forged on two giant steel dies. Both dies are USS
Quality Steel Forgings. The top die (shown being rough-machined
on one of our vertical boring mills) will be convex, 20 inches thick
and will weigh 26,520 pounds. The bottom die, concave and 18
inches thick, weighs 27,700 pounds. Both are 92 inches in diameter.
Steel is the starting gun in the race to outer space. Space ships
and missiles couldn't get off the ground without it. And Steel depends on men like you end the coupon i f you would like to find out
about the many engineering financial analysis or sales career opportunities at U. S. Steel.
uss is a registered trademark

0

United States Stee

This mark t e l k you a product is made
of modern, dependable Steel.

@

United States Steel Corporation
Personnel Division
525 William Penn Place
Pittsburgh 30, Pennsylvania
Please send me the booklet, "Paths of Opportunity."
Name
School
Address
City

Zone-State-

Harmonic shakedown
The "vehicle stroker," pictured above, helps General Motors engineers investigate harmonic vibration, roll
rates and dynamic ride properties of a n instrumented car. Through electronics, researchers are able to
measure accurately the resonant frequencies of a car's major components, and actually plot elastic
deflection curves and phase relationships to improve car structure.
To the young mind willing to tackle the problems of modern technology, General Motors offers
unlimited opportunity in a vast number of scientific and engineering fields-automotive research,
production engineering and manufacturing, electronics and astronautics, to name a few.
GM's many and varied divisions throughout the country present employment opportunities
a thousandfold. Talent is recognized and rewarded, and your own ability is the only restriction
on your rate of progress. In addition, GMys experience and diversification create a favorable
climate for your growth.
GM also offers a program of financial aid for postgraduate and undergraduate studies. For
further information see your college Placement Officer, or write to General Motors Salaried
Personnel Staff, Detroit 2, Michigan.

GENERAL MOTORS
GM positions now available in these fields for men holding Bachelor's, Master's and Doctor's degrees: Mechanical, Electrical, Industrial, Metallurgical, Chemical,
Physics * Chemistry Engineering Mechanics Business Administration and Related Fields
and Ceramic Engineering
Mathematics Industrial Design
0
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Scientific Progress, the Universities, and
the Federal Government

11

Excerpts from a report of tile President's
Science Advisory Committee - with comments
by G. W. Beadle, a member of the Committee.

a high school student peers into a
microscope at an amazing new invention; for a closer look at it, see page

18. This young man is one of 11
students and teachers from 240 high
schools in Southern California who
visited the campus on Students' Day
- ail annual December event at Caltech.
Many phases of current research
at the Institute were represented in
the 85 Students' Day exhibits and
lectures this year. You'll find a sampling of the exhibits on page 18, and
one of the best of the lectures is reproduced on page 20 - a down-toearth account of "Cosmic Rays - Past,
Present, and Future" by Victor Neher,
professor of physics and ;ispecialist
in this field.

Frank Press
professor of geophysics and director
of Caltech'h Seisrnologieal Laboratory,
writes on the scientific aspects of the
nuclear test ban talks conducted at
Geneva on page 226, As chairman of
the U.S. delegation to the Information Exchange Croup of the Conference on the Discontinuance of Nuclear Weapons Tests in 1960, and as
ii staff member of tlie U.S. delegation
in 1958 and 1959, Dr. Press is able
to make a reasonable estimate of the
progresh we have made in these conferences with the Russians.

Picture Credits:
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Cosmic Rays - Past, Present, and Future

20

What we know about cosmic rays after fifty
years of research - and what we hope to learn.
by H. V. Neher

Scientific Aspects of the Nuclear Test Ban

26

A progress report on the nuclear test ban
discussions conducted at Geneva, from the
chairman of the 1960 conference.
by Frank Press
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Books
Basic Books

Robert Johnson, Missile and Space Systems
Chief Engineer, reviews results of a THORboosted 5000 m i l e f l i g h t w i t h D o n a l d W,
Douolas, Jr , president of Douglas

Missile i s
space veteran at
the age of three
The Air ForceTHOR, built by Douglas
and three associate prime contractors, shows how well a down-to-earth
approach to outer space can work.
Since its first shoot in 1957, it has
been the booster for programs like
Pioneer, Discoverer, Explorer, Transit,
and Delta and has launched more
t h a n 87% o f a l l s u c c e s s f u l U.S.
space satellites.
Initial planning for THOR included
volume production tooling, ground
handling equipment and operational
systems. This typical Douglas
approach made the giant IRBM available in quantity in record time, and
THOR has performed with such reliability that it has truly become the
workhorse of the space age.

......................................

$1 5

The Intelligent Man's Guide to
Science is a rarity - an outline of
science written so that it will inform
the layman and, at the same time.
retain the respect of the scientist.
Of course, even two jumbo volumes
(Volume I on The Physical Sciences,
Volume I1 on The Biological Sciences) do not provide enough space
to contain the whole history of, and
recent discoveries in. all the mafor
fields of science. But that's what the
redoubtable Mr. Asimov has tried to
crowd in here, and his book lives up
to its title admirably; it is a conipreherisive, readable - and even absorbing - guide to science.
Isaac Asimov is associate professor
of biochemistry at Boston University,
though he is probably even better
known as one of the best of the corltemporary science fiction writers. The
book has an introduction by C. W,
Beadle, professor of biology and acting dean of the faculty at Caltech.
A I I it~ should be noted that The Intelligent Mans Guide is a particnlarly impressive physical specimen
too - the text set in large, handsome
type. and the two outsized volumes
stoutly boxed.

Volume I
V o h c T!

be presented not only historically but
biographically. In these egalitarian
days, when it is thought almost unethical to work harder and to achieve
more than the next man. it is well that
youth should be reminded that the
greatest scientific achievements have
been the fruits of intense toil and selfsacrifice. Most of us, moreover, are
far more interested in people than in
ideas." 1
Most of the chapters in Mr. McKenzie's book are devoted to ontlining the development of various fundamental scientific theories - the
Copernican theory, the circulation of
the blood, the pressure of air. atomic
theory, the conservation and ilissipation of energy, relativity, cosmogony.
But there is also considerable material
here on the interaction of science with
philosophy , religion, social change
and so on.
Originally, Mr. McKen zie in tended
to add to each chapter of his book a
series of extracts from original books
and papers in which scientists gave
their own accounts of their theories
and discoveries. But the book got too
unvvielily, and these accounts now
make u p a cornpaniori volume to the
first.

edited by Forest Ray Mouhon
arid Justus 1. Schifferes

55.w
. Â¥I
.W

ie. of Carribndge L'uio produced an ouriiiirh
t with a difference. F
directs Jiis book first to the student,

science, or even a history of science,
as it is a history of scientific ideas,
with secondary emphasis on biograoim ts of outstanding scienit is right*" sa\s Mr. McKenzie. "that one of the main tasks
of the edueatc~is to bl ing jouth face
to face with greatness. science should

of the men who
~diti'onof the book appeared in 1945,
hut this second edition nov~ runs a^J
XMII the stoq rrf creation in
i-er~esis,to Harris(
population explosio

sav, "there are six
hook: as a storyf all, they hope it
will serve as an introduction to the
history of science. It makes a good
Â¥me

INERTIAL
NlJTIJNEERING in
INGENUITY

The Litton LN-3 Inertial Navigation System is a system
being. Production orders for this system to be used
in the F-104 are, to the best of our knowledge,
larger in number than those for any other inertial
guidance system. The LN-3, consisting of a two-gyro, four-gimbal platform, computer,
adapter, and controls weighs less than 80 pounds installed. Even smaller systems, designed
for orbital and sub-orbital guidance, are in development. These will weigh less than half as
much as systems now in production.
If you would care to work on exotic solutions to the guidance systems of the future, including
astro-inertial systems, write or telephone now to Mr. Harvey Lashier, Office of Advanced
Scientific Education, Canoga Avenue at Ventura Freeway, Woodland Hills, California.
Diamond 6-4040. You can share in generous employee benefits, including stock purchase and
tuition-paid education plans. Relocation assistance is provided.

7 7 LITTON SYSTEMS, INC.
GUIDANCE & CONTROL SYSTEMS DIVISION
Beverly Hills, California
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arming careers in chemical, eJecengineering, will be in
evaludting the opportunities offered by Food
and Chemical Corporation, with headquarters in San
Jose, California-a nation-wide organization that puts
ideas to work through creative research and practical
engineering.

F M C offers career opportunities in these fields:
Agricultural Chemicals * Agricultural Equipment 4
Automotive Servicing Equipment
Food Canning &
Freezing Equipment Defense Materiel * Fire Fighting Equipment Â Industrial Chemicals * Materials
Handling Equipment * Power Gardening Equipment
Packaging Equipment Food Packing and Processing
Equipment * Petroleum Specialty Equipment 4 Pumps
and Water Systems 6 Waste Disposal Equipment
0

ment for military programs ineluding amphibious tracked
vehicles and missile ground support equipment. This fully integrated organization and its
well equipped facilities provide
coordinated control of each
phase of every project from
design concept through development and production.
The division possesses complete prototype and quantity
production manufacturing facilities along with a wide
variety of test equipment and processes, as well a s
complete testing grounds for tracked vehicles and missile handling equipment. Young graduates employed
by FMC have the opportunity of working with men
of outstanding engineering talent and leadership in
mechanical, structural, electrical, hydraulic, and metallurgical specialties.
This challenging field offers tremendous possibilities
for the young engineer. Because of rapid advancements
in this sphere of activity, FMC is constantly looking
for men with the special capabilities for creative engineering and development.

To acquaint students with the broad scope of career opportunities in FMC7s
diversified activities, we invite you to write for copies of our brochure, "Putting
Ideas to Work," which graphically presents FMC7soperations and product lines.

Address:

bc

Personnel Administration Department
P. 0. Box 760, San Jose, California,
or Industrial Relations Department
161 East 42nd Street, New York 17, New York

Putting

Ideas

to

Work

FOOD MACHINERY AND CHEMICAL CORPORATION

Engineering and Science

NE IN A SERIES

i x answers your q

A THOUSAND DIVERSIFIED PRODUCTS SERVING THESE FIELDS:

nics

a

missiles & space

*

aviation

*

nucleonics * computer

machine tools * sonar

marine
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George Santayana. ..o n a distinguished passion
"To covet truth is a very distinguished passion. Every
says he is pursuing the truth, but this is setd o m the case. A s M r . Bertrand Russell has observed, one
reason w h y philosophers often fail lo reach the truth i s
t h a t often they d o not desire to reach it. Those w h o a r e
concerned in discovering what happens to be
true are rattier the men of science. the naturalists, the

historians; a n d ordinarily they discover it. according to
their lights. T h e truths they find are never complete, a n d
are not always important; but they are integral parts of
the truth, f a d s and circumstances that help to fill in the
picture, a n d that no later interpretation c a n invalidate
or afford to contradict."
- W i n d s o f D o c t r i n e . 1913

more places. And each of these r
bettter measured by multiplication
tion. It is the simple truth that if this country is
to safeguard its freedom and harvest the great
opportunities of the next generation of science.
the level of its scientific investment must be multiplied and multiplied again.
Yet the right word is investment. What this
country spends on excellence in the sciences is
not money gone with the wind. It is money that
brings us handsome returns, and of many kinds.
In immediate economic terms the proposition is
clear enough; what we have done in science has
brought our society riches many times greater
than what science costs us, and this will be true
as far in the future as we can see. In economic
terms, indeed, scientific investment has quite extraordinary power. Ordinary capital investment
puts savings to work on labor-saving machinery
that is already known and understood; the increased wealth produced is what separates the
developed modern society from helpless poverty.
But scientific and technological investments are
still more powerful tools, since they invest in the
discovery of what we do not yet understand. We
are only just at the beginning of the use of scientific investment in this large sense, and the
returns it can bring in are literally incalculable.
Simply in terms of economic self-interest our
proper course is to increase our investment in
science just as fast as we can, to a limit not yet
in sight.
But we should not emphasize only the material
returns of scientific investment. Science yields a
return also in the quality and humanity of our
civilization. Science is not merely an inducement
to progress, it is an affirmation of man's respect
for nature and a way to the fulfillment of some
of his highest capacities. Science is enriching,
but at its best it is much more: it is enlarging
the spirit. This higher value is one we shou
never leave out of account in our desire to reassure ourselves that science "pays." Indeed any
shortsighted calculation of return-on-investment
is likely to be self-defeating. Scientific progress does not occur in any neatly predictable
way; nor can we be sure ahead of time which
research project is likely to have particular consequences for our prosperity or security. Moreover scientific discovery is not easy, and many evperiments fail. Nothing could be more unwise than
an effort to assign priorities or judge results in
basic research on any narrow basis of immediate
gain. It is the advance of science as a whole on
which we must rely, for material as well as other
returns.
Much of this basic argument for the strengthening of American science applies equally to
other fields of learning. While this report centers

on the needs of science, we repudiate emphatically any notion that scientific research an
tific education are the only kinds of learn
matter to America. The responsibility
Committee is limited to scientific matt
obviously a high civilization must not limit its
efforts to science alone. Even in the interests
science itself it is essential to give full value an
support to the other great branches of man's artistic, literary, and scholarly activity. The advancement of science must not
impoverishment of anything else. and the life of
the mind in our society has needs which are not
limited by the particular concerns which belong
to this Committee and this report.
We do not, in this report, attempt to consider
what direct responsibility and interest the government has for strengthening basic research and
graduate education outside the sciences. This is
a subject which deserves careful attention, but it
is beyond our mission. What we can say, however, is what earlier reports of this Committee
have regularly emphasized, that neither the government nor the universities should conduct the
support of scientific work in such a way as to
weaken the capacity of American education to
meet its responsibilities in other areas. The

costs of scientific progress must not be paid by
diverting resources from other great fields of
study which have their own urgent need for
growth. ( Italics added. 9
Thus, after pointing out that ". . . the process of
graduate education and the process of basic research
belong together at every possible level" and stating
the ways in which government can best provide the
needed support, we find the following:
But when all these things have been said, the
first and greatest of responsibilities comes back
to the Federal Government. No matter how many
diverse elements of our society may join in their
support ( and the more the better ) , basic research
and graduate education are in the end, by their
very nature, a problem for the nation as a whole,
and so for the national government. There is not
one physics for California and another for Texas.
A first-rate program in Massachusetts or Connecticut must not be limited to New En
Science flourishes by honorable rivalry,
by any effort to consider only narrow or local
interests. Both basic research and gr
cation must be supported in terms
fare of society as a whole. I t is in this large sense
that the role of the Federal Government is inevitably central.
The truth is as simple as it is important:
Whether the quantity and quality of basic research and gr(/cfi~(zteeducation in the United
States will he adequate or inadequate depe

pri~zdrily upon the governfnetit of the i7nIted
States. From this responsibility the Federal Gooernmat has no escape. Either it will find the
policies - and the resources - which permit our
universities to flourish and their duties to be adeischarged - or no one will.

The Institute's part
What is the situation at Caltech? Without substantial help from the government both our research in
science and engineering and our educational accomplishments would be far less than they are today.
Omitting the 50 million dollar annual expenditure at
JPL, which is government-owned and Caltech-operated, some 43 percent of the 1960-61 academic budget
of 12 million dollars comes from government sources.
And this is not high as other strong academic institutions go. The extent of such support will almost
surely increase in the future, for, as the Committee
says, there is simply no other source of funds of the
magnitude required to meet the needs of future years.

Dependence and control
The question is often raised, is it wise for a private
institution like Caltech to become so dependent on
government? What if the funds should b e suddenly
cut off or drastically reduced? Clearly we'd b e in a
bad way. But this will not and cannot happen short
of a complete economic collapse of the nation. And
in that case all institutions, private and state, would
collapse too. The dependence is mutual. No longer
can a modern nation remain economically strong and
free without supporting academic research and education in a big way. So long as Caltech remains
strong, sensible, and effective, we as an institution
will continue to receive support.
What about control? ". . . the hand that controls the
purse. . ." Government support comes from many
agencies and for many purposes. Most of us believe
that this is as it should be, for that is a part of our
insurance against control. The government is not a
monolithic giant capable of acting in unison in all
its parts. A second part of our protection against control is our private support. This we must continue to
have in some reasonable proportion to government
support. Our own resources from foundations, indivictuals and industry is of the greatest importance to
our freedom. Properly used, a part of this support
can serve as a kind of "independence fund." If the
policies of a given granting agency become nnreasonable and unacceptable, we use such funds in refusing to be controlled. The fact is the Institute has several times done just this - with the full support uf
the Board of Trustees. If we are right and our principles are sound, we will not lose. Furthermore if
we act sensibly as a part of a very large community
of academic institutions, private, municipal and state,
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we are just too large and important a part of society
ever to have to submit to control by government in
any undesirable way.
On this point of cx~ntrol,the President's Committee
has this to say:
Perhaps the most important single task of the
universities is to see to it that their own standards of freedom and excellence are maintained
in a period of growing connection with government. While we do not share the notion that
government money is necessarily subversive of
university freedoms, it is obvious that large-scale
Federal spending, like any other form of patronage, has its hazards. In the record of the last fifteen years, there is much more ground for hope
than for fear, but occasionally government action
has distorted the direction of research or unwisely
discriminated against particular scientists on irrelevant grounds. It is to the credit of the government that such cases have been the exception, not the rule, and we commend the good
sense which has led the Administration to oppose
discriminatory and useless affidavits of disbelief
as a condition for fellowship aid.
But the first and greatest responsibility for
keeping our universities free and self-reliant rests
with the universities themselves - with their faculties, their administrators, and their trustees.
What they do not defend, others will not find it
easy even to understand, while when they are
staunch in their principles and vigilant in their
practices, the record suggests that neither the
Federal Government nor any other source of support is an overwhelming threat to them. Courage
and vigilance are essential, but there is no ground
for a timid mistrust of government in and of
itself. Tlie right concept is that of partnership, with each partner respecting the rights and responsibilities of the other. For this there is need
for a constant effort of communication and understanding, and we repeat that the first responsibility here rests with university people.

Faculty sii furies
There are many - a decreasing number, I hope faculty members who believe it unwise, immoral
or both for a part of a faculty member's salary to be
paid from a government contract or grant. In this
we must learn a new way of life, for it is clear that
in more and more ways and to a greater and greater
extent faculty salaries will come from government
funds.
Here is what the Committee says:

And there is more to it than money and time
for research. The really great scientific faculty
cannot be the servant of other men - it has to
be secure in its own freedom and responsibility.

1

Too many university administrators suppose that

faculties can be bought and managed like baseball teams. I t is not so. Universities need brave
trustees and strong administrators, but in the
end they are what their faculties make them.
That the United States today has a number of
first-rate faculties is our greatest single scientific
asset. T o sustain them and to provide the conditions for the growth of more is the greatest single
task of American university administrators.
In placing first and central responsibility upon
the universities here, we do not mean to underestimate the importance of what government
does or does not do - quite the contrary. In our
judgment the general pattern of Federal support
for science has so far developed with very little
regard for the problem of building strong faculties, and we think it urgent that careful thought
be given to changes in policy that may help the
universities discharge this great responsibility.
The basic difficulty a t present is that most Federal funds are tied to specific research projects
in a way which makes it hard for universities, in
making long-term appointments, t o rely in any
way on Federal funds. This difficulty is compounded in some agencies by policies which cliscourage the use of Federal money to pay the
salaries of senior faculty people. We believe that
these practices and policies need to b e revised in
the light of the proposition that nothing is more
clearly in tlie general interest of the Federal
Government than a rapid increase in the quality
and quantity of the nation's teaching scientists.
W e do not venture to prescribe the ways in
which tlie government and the universities can
best serve their common interest at this sensitive
and highly important point. Experience is a powerful teacher, and so far we have no knowledge
of what can happen when the g o v e r n e n t and
the university become jointly concerned with
strengthening the ranks of senior scientists in our
universities. There are many instruments that
can b e used here. At one extreme is the relatively
simple practice of paying an appropriate share
of the salaries of all faculty members engaged
in a federally-supported project; we think that
this policy should in general be adopted as an
interim r x ~ ~ ~ ~ s teven
i r e , though it often has the
disadvantage of perpetuating the misleading distinction between "teaching" and "research." At
the other extreme is the method, now used in
Great Britain, of large general grants for all purposes to all universities; we doubt if any such
pattern could or should be accepted here. In between are such devices as the training grant,
which can often be used for professional salaries,
and the so-called "institutional" grant, in which
broadly inclusive support is offered for a relatively large sector - say "biological science" -

over a relatively long period of time. W e believe
that the government and the universities should
take energetic measures to put into effect programs in this middle ground, with the specific
objective of making Federal money not simply
a reinforcement of scientists already holding tenure, but a stimulus and a support in the appointment of more such men. We repeat that in the
general interest a rapid increase in the number
of such permanent professorial scientists is
needed.
W e recognize that many university scientists
are strongly opposed to the use of Federal funds
for senior faculty salaries. Obviously we do not
share their belief, but we do' agree with them on
one important point - the need for avoiding situations in which a professor becomes partly or
wholly responsible for raising Iiis own salary. If
a university makes permanent professorial appointments in reliance upon particular Federal
project support, and rejects any residual responsibility for financing the appointment if Federal
funds should fail, a most unsatisfactory sort of
'second-class citizenry" is created, and we are
firmly against this sort of thing. A variant of this
same abuse is the practice of permitting extra
pay to faculty members from grants or contracts,
during the regular academic year. It seems to us
fundamental to the spirit of a university that a
man's salary from the university itself should not
be supplemented by extra terrn-time payments
for work that is properly part of his professorial
responsibilities. ( Summer compensation for research work is a separate matter, since most academic appointments plainly leave the summer
months free for other activities at additional
compensation.) Just as a professor should not be
responsible for obtaining the funds to pay his
regular salary, so also there should b e no bonus
payment for "landing a contract."
But in our judgment the possibility of abuse
is not a good argument against action. W e are
convinced that when a university is firm in accepting institutional responsibility for payment
of all senior salaries, and protects its staff from
improper pressures or incentives, it can and
should seek Federal support for salaries as for
other needed elements in basic research and
graduate education.
It is today a widespread practice for faculty members in science and engineering to b e paid from goveminent funds during two or three months of the
summer - 22 percent or 33 percent over and above
the regular stipend. And it has just been announced
by the National Institutes of Health that substantial
funds are now available to add faculty members in
colleges and universities in "health-related" areas,
their full annual salaries to be paid from this source.

The Calfechplan for faculty salaries
The President's Committee endorses the payment
of summer salaries from grants and contracts, largely,
I believe, as a matter of practical expedience. I am a
dissenter on this point, for I 'believe this is a compromise with the principle that there ". . . should be
no bonus for landing a contract." A summer salary
not otherwise available is a bonus, in a sense determined by the faculty member himself. I believe the
Caltech policy provides a proper way of arranging
for partial support of faculty salaries. This policy
provides that every faculty member has the option
of being reimbursed on a twelve-month basis, with
one month provided for vacation. Some reasonable
fraction of the total stipend, as determined by the
fraction of time spent on supported research, may
h e charged to the grant or contract. The total annual
salary is guaranteed by the Institute, in return for a
commitment to spend eleven months in recognized
scholarly activity, whether this is supported by outside funds or not, and whether it is done a t the Institute or elsewhere on the basis of leave-of-absence
with salary. Thus the individual faculty member is
rewarded for what h e does and not merely for his
success in "landing a contract." H e may be paid from
outside funds for a proper fraction of his time spent
in grant- or contract-supported research, without reference to the way that part of his time is distributed
through the eleven months. H e does not then need
to rationalize what he does during the three summer
months. "Is it all right to attend a Science Teachers
Institute, supervise graduate students, work on that
book or try out an idea in an area not covered by the
grant?" I fear that under the alternative policy of
summer salaries from grants such rationalization is
sometimes pushed to the very brink of illegality or
immorality.
The Institute policy has the great additional advantage that the faculty member doing scholarly work
in an area in which grant or contract support is u n Ie is not penalized financially as compared
with his colleague in more favored areas.
Most people will readily agree that our policy i s
right in principle. At the same time they may point
out that it is not possible in their own institutions because there are so many faculty members outside
science and engineering that available funds will not
support such a plan. They therefore choose t o continue living on a double standard of faculty salaries.
There is a real danger that competition will force
the Institute to give u p a fair an ddesirable policy,
for obviously our policy is a more expensive one. If
we were to revert to the more general practice, we
could more easily increase salaries in the sciences and
engineering to meet outside competition for faculty
members in greatest demand by other institutions.
With a given income available for faculty salaries
such a change would obviously mean a redistribution
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of salary funds - more for those in grant-favored
areas, less for others. I sincerely hope we will resist
pressure to do this. If we are all convinced our policy
is sound and right, we can resist. At the present time
our 1959-60 average faculty salary is the second highest among academic institutions of the nation, after
adjustment to a nine months basis (AAUP Bi~IIetin,
Summer 1960). The annual take-home salary is of
course 22 percent higher for everyone. I do not mean
t o suggest that this standing is reason for co~nplacency. The substantial increases effective for 1960-61
are tangible evidence that every effort is being made
to improve our competitive position. If we are to
maintain top excellence in quality of faculty, we must
do everything possible to achieve and hold a top
position in salaries. And we can, if we will, do this
without compromising a policy that is right and fair
to all.

The overhead bugaboo
There is one highly undesirable way in which goveminent - and other - granting agencies may nnknowingly do great harm to colleges and universities.
This is through continuing to think in terms of p u r chase of services" - of getting the most return for
the dollar. Thus funds are often restricted in such a
way that certain direct costs and none or only a part
of the indirect costs of research are reimbursed.
Since the full costs, direct and indirect, must be
met by the recipients of such grants, the deficit must
b e made u p by a redistribution of available funds.
Thus by increasing research activities in science
through grants that do not meet full costs, other activities are often robbed in the process. Unfortunately
faculty members who do research do not always fully
appreciate this. Their first loyalty often is to their
science, not to an institution - and it can be argued
that this is as it should be. As a consequence they
are inclined t o say, "Indirect costs are not my problem. They belong t o the business office." They may
fail to recognize that the indirect costs of added research may have to be met a t the cost of needed faculty salary increases.
Fortunately, at the Institute most faculty members
understand the indirect cost problem. Those who do
not agree with the Committee's recommendation:
W e repeat the recommendation of an earlier
r e p o r t t h a t "Government departments and
agencies concerned should uniformly modify the
grant and contract provisions to permit universities and non-profit research institutions to
charge full cost of research performed for tlie
government - including overhead - and to amortize capital expenditures as an allowable cost."
may find it worth while to read a recent artide by
Norman Kaplan in Science, 132, 400, 1960) and a
reply by President DuBridge (Science 132,1746: 1960).

-

T h e Alfred P. Sloan
Laboratory of Mathematics and Physics,
which houses Caltech's
new 12,000,000-volt
tandem accelerator, was
officially dedicated this
month. Here, with the
accelerator - President
Dugridge; Rear
Admiral Rawson Bennett 11, Chief of Naval
Research; Dr. James R.
Killiun, chairman of
the corporation of
MIT; and Alfred P.
Sloan, president of
the Sloan Foundation,
which financed the
new bz~ildhg.

A crew of photographers invaded the
campus last month to
film a typical day at
the Institute for a
17, S. Information
Agency movie on
"Higher Education in
the United States"
which will be shown
abroad. Here photographers move in on
HalZet Smith,
chairman of the
division of humanities,
lecturing on the
Shakespearean theater.

(right) poet, playwright,
and Haward lecturer,
in an unschedt~led
seminar with Hall&
Srnit12, head of the
urnmities division at
Caltech, and other
faculty members,
during his three-day
stay on can1pus as one
of the YMCA's

made a fluir2g visit to the Caltech campus this mor~tiz
on fm wag to Stockholm to claim his half of the prize,
Here, &sics professors, phis acting dean of the fac-
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/]rick'- Profi ssors Sands, Lcuritsen, Bacher, Feifnman. C O W ~the
~ I ,Clasers. S q i h e , Beadle, DuMond,
Walker, Neiter, King, At~cIersen,and Leiohton.
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Spherical balk rolling on a
specially contoured surface
exhibit the orbital behavior o f
a srnali satellite or space
ship in this analog computer
which sin~t~lates
the
earth-moon system. The
cer~teÂ¥
depression represents
ifse e(~ri/t.

Some sample exhibits set
up for the eleventh
annual Students' Day on
Decembet 3 when more thar
1,000 high school students
and teachers from all
over southern California
visited the
Caltech campus.
In Caltech's geochemistry laboratory, Irene Goddard, analytical
chemist, demonstrates to students how studies o f the o x y m
isotopes in ice reveal the temperatures o f past eras, the flow o
glaciers, and their age.

Graduate student
Stewart Smith shows
how seismic
waves are recorded
with the portable
seismograph used
in the study of
local earthquakes.

's Small st Motor
Ever since Etagineering, and Science ran his drticle
on micro-miniaturization, "There's Plenty of Room at
the Bottom," ( February 1960) Richard P. Feynman,
Caltech professor of physics, has been besieged by
inventors of miniature motors. This, Feynman brought
on himself, for he had ended his article by saying:
' I t is my intention to offer a prize of $1,000 to the
first guy . . . who makes a . . . rotating electric motor
which can b e controlled from the outside and, not
counting the lead-in wires, is oniv l/64th inch cubed.'
So - after that it was a rare day when Feynman
was not interrupted in his lab by someone eager to
show him what usually turned out to be a very large
small motor,
Last month, when William McLellan (Caltech '50 I
walked into Feynman's lab with his small motor, it
looked like the same old story, because McLellan was
carrying his invention in a big grocery carton.
O.K., said Feynman wearily, he'd look at the thing
-but there was no money in it for anybody. It had
been his intention to set up a prize, but he never got
around to doing it.
That was all right with McLellan. It was the challenge that had set him to work on the problem anyway. Then h e took a microscope out of the grocery
carton and let Feynman look in it to see the motor
he had built.
It had taken McLellan 21k months of lunch hours

William McLeIIan shows Students* Day visitors s
model of his motor 100 times larger than the origimil.

The McLellun micro?rzotor, photographed under a
microscope. The huge object above it is a pinhead.
to make it, at Electro-Optical Systems in Pasadena,
where he is a senior engineer. The motor was 1/64th
of an inch cubed in size, or about as big as a speck in
your eye. It weighed 250 micrograms, had 13 parts,
was built with the aid of a microscope, a watchmaker's lathe, and a toothpick. and it could be controlled from the outside. As Feynman watched, McLellan set the rotor going.
Feynman and McLellan spent the better part of
the afternoon operating the motor. I t was after he
got home that night that Feynman's conscience began
to bother him, After all, the motor was exactly what
he had asked for.
'So," he says, "I sent the guy a check for a thousand
bucks ."
Elated as he is over the little motor, Feynman is
now having worried thoughts about a second prize that
he offered in his E6-S article - another $1,000 "to the
first guy who can take the information on the page of
a book and put it in an area 1/25 000 smaller in linear
scale in such a manner that it can be read by an
electron microscope."
Daily, he expects to meet the man who has accomplished this spectacular feat. A n d daily, the thought
haunts him - because, in the meantime, Feynman has
been married, bought a house and, what with one
thing and another, hasn't got another spare $1,000.
This, then, is a public appeal by Engineering and
Science, to all inventors who are now at work trying
to write small and collect the Second Feynman Prize
- TAKE YOUR TIME! WORK SLOWLY! RELAX!

Victor Neher, mofesso

co+~rr~ic
rays which
is carried up

to high altitudes
b y balloons.
The chambers are we
cosmic rays
are m o s t intense.

-

sent, and Fu

I am sure that few of those individuals, in the years
before the first World War, who concerned themselves with that mysterious phenomenon later to be
called cosmic rays, ever thought that their infant
would develop into the adolescent that we know
today. I say adolescent because there is every indication that our knowledge of this aspect of nature
still has decided growing pains and one may reliably predict that a fully matured understanding will
not come for a good many years. After all, our present knowledge lias developed only very slowly and
it lias taken 50 years to arrive where we are today.
Let us first get our thinking straight as to what
'Cosmic Rw'' is a transcript of a talk given to high school
students and teachers chitittg the Caltech campus on Students'
Day, December 3, 1960

cosmic rays are. To do this, let us tell you what
goes on right here on the Caltech campus, in a small
the cosmic ray shack, just south of the

at goes on in this

that cosmic rays are constantly passing through our

bodies. Perhaps this is best, for, if we could see the
showers of particles that continually bombard us from
above, we might not always be in such a tranquil
state of mind. I t viould not b e comforting to look
overhead and see a skyrocket type of burst over our
heads and then see these particles come out the other
side of our bodies. I t may console 11s a 'bit to realize
that all during our lives and our ancestors' lives, from
time immemorial, this bombardment has gone on.
The inability of our senses to detect directl? the
incidence of different kinds of radiation is one aspect
of modern science to which students must become
accuston~ed.When the dentist takes an X-ray photograph of your teeth, you feel nothing. Yet each set
of X-ra)s so taken constitutes an appreciable fraction
of the maximum total dosage during your lifetime.
Several days ago one of my graduate students and
I were calibrating one of the instruments we hope to
send into space, using a strong cobalt-60 source of
gamma rays. You could carry this piece of cobalt
around in your pocket and hardly b e aware of its
weight, but were you to do this for any length of time
yo11 would most surely suffer ill effects. Naturally, no
sane person would carry ~ i c ha source of radiation
around with him, but it behooves all of us t o b e aware
of these dangers and to believe the instruments that
tell us that which our five senses do not reveal.

Going up
To continue our story about cosmic rays, we might
imagine that this room and t h e people in it are earthbound no longer but are free to move wherever we
wish, a t will. Starting, then, here in Pasadena, let us
head straight upward. Before leaving we note the
rate a t which a cosmic ray detector, known as an
ionization chamber, goes off, indicating the intensity
of cosmic rays in our room. At 10,000-ft. elevation we
pause to observe the conditions within and without
our room. W e note first that cosmic rays have increased in intensity about four times. An observer on
the root' tells 11s that we are on about the same level
as the distant mountains and tliat h e can discern the
City Hall of Pasadena through the thick pall of s ~ n o g
direc:tly below.
Next u e pause at the 25,000-ft. level. Here we find
tliat cosmic rays have increased 30-fold over what
they were at sea level. Imagining that our room is
a huge cloud chamber, we look u p and see almost
a continuous rain of particles coming down upon us.
Not all of them come through the ceiling above, but
as w e go up, more and more of them come in through
the side walls. Reinforced concrete is an excellent
generator of new particles and reveals that few of
these came here from outer space, but that more than
95 percent of them have been generated in the atmosphere above us, or in the walls or ceiling of our
room. They are therefore called sec:ondary particles
and they consist chiefly of so-called mesons ( inu-
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mesons to b e exact) that are created by the primary
particles. They live a short time ( a few microseconds on the average). But in that time they go
sufficiently far for some to penetrate to sea level and
even many feet into the earth.
At this 25,000-ft. altitude each of us is being hit by
some 2,000 particles per second, most of which go
right on through and d o w i into the atmosphere below. Our observer outside, in .looking through the
pressure window, informs us that the only signs of
life here are a few militar~ aircraft, although some
civilian craft may be seen far below as they are letting down to land at, or are gaining altitude after
taking off from, the Los Angeles International Airport.

Cosmic ray inlensitig tit 60,000 feel
Continuing our journey upward we next pause a t
60,000 ft. Here we note that cosmic ray intensity has
climbed to 100 times that at sea level. Our ionization
chamber is now discharging very rapidly and our
room is pretty well filled with charged particles coming from almost every direction, except from below.
With some study we learn that something like twothirds of the particles passing through our room a r e
still secondary particles that have been formed by
the primaries colliding with the nuclei of the atoms
composing the atmosphere above us. Some - in fact,
an appreciable number - of these events occur as the
primaries strike the nuclei of atoms composing the
concrete and iron in the walls of our room.
Our observer outside informs me that at this aititude the sky is getting dark and there is no sign of
life. "Wait a minute," h e says. "There goes something
in the distance. It's headed straight up. Ah yes, it must
b e that X-15 from Edwards Air Force Base."
W e pause next a t 100,000 feet. The air pressure here
is only 1 percent of that at sea level. Surprisingly,
the cosmic ray intensity is less here than it was a t
60,000 feet. W e also find, with some experimentation,
that most of the particles here are primaries. W e conclude, then, that tlie reason the number of particles is
greater at 60,000 feet tlian it is here is because each
primary particle, in striking the nuclei of the air
ijtoms, forms several charged particles. Thus there is
a buildup uf numbers, or intensity, as the radiation
pusses downward through the atmosphere, reaching
a maximum at about 60,000 feet. Then absorption begins to play a dominant role and there is a rapid decrease from there on down.
While we are at this altitude, let us find o u t what
we can about the primaries. We use photographic
emulsions, cloud chambers, and various kinds of
c'ounters in our experiments. Also we use the knowledge we have about mathematics and physics.
W e find that many of these particles go through a
toot of lead or more and that t h e ) leave tracks in our
photographic emulsions and cloud chambers. After
considerable analysis we learn the following facts:

Eugene Cowan, associate professor of physics, matches events
taking place in his 5'xS'xZ' cloud chc171tber.

ost of the particles are high-speed protons.
We note with considerable interest that protons are the nuclei of hydrogen atoms, which
make up 90 percent of the matter in the universe. And, in fact, we find that 84 percent of
cosmic ray particles are protons.
2. We also find alpha-particles or the nuclei of
helium atoms. In fact, some 15 percent of th,.;
primaries are id tified as helium nuclei and
t astronomers tell us that
helium makes up some 0 percent of the mass

1.

particles rather than their speed. We soon become accustomed to ta king about their energy in terms of electron volts, or the energy
these electrically charged particles would gain
in being accelerated by an electric field where
the change in potential was so many volts.
Thus we may speak of a particle with 1000
electron volts (ev ) of energy - meaning that,

3.

ier nuclei in much the same
proportion as they exist in the sun and in
o and including irtm nuclei.
the common atoms are the
4.
things we see shooting through our cloud
chamber in all directions, and the things
rough us, here at 1
es a little experif physics to learn
that they are really going at great speeds. In
ailed celestial bullets
close to the velocity
(XX) miles a second.
t the energy of these

having energies all the
million electron volts to
a billion billion electron volts.
The numbers of these particle's at the 1(X),00
ft. level is such that through each cubic centimeter of volume there will pass something
like five particles per second. This would give
you about a maximum recommended dose of
radiation i f you were to stay at this altitude
for years.

As \\e continue our journey upward the sky beconies completely dark except for the stars and the
nearest star, our sun. Below, the earth is bright in the
sunlight, and the distant horizon is beginning to take
on a noticeable curvature. The intensit) of cosmic*
rays has dropped a bit from 'what it was at 100,000
feet, but beyond the 100,000-ft. mark - and on out to
a million feet from the surface of the earth - there is
not much change.
As our distance from the earth becomes 400 to 500
miles, we find that our cosmic ray detector indicates
an increase of radiation and we realize we are entering the inner Van Allen radiation belt. W e realize
also that we are fortunate in having chosen to go up
at the latitude of Pasadena, because we will pass
through only the northern fringes of this belt and
hence will not receive a lethal exposure to charged
particles. Had we gone up from the equator, we
would have passed directly through this band, and
might not have survived - depending, of course, on
how long we took to go through. This band is several
thousand miles thick and consists of high energy protons and electrons. The walls of our room will stop
most of them, but their numbers are such that if only
a small fraction got through the walls, the effects
would be disastrous. Furthermore, the high energy
electrons striking the walls on the outside would give
rise to X-rays and these would penetrate the walls and
give us all a heavy exposure.
The protons in this inner Van Allen belt, we are
told, come from the bombardment of the atmosphere
of the earth by cosmic ray particles, which eject upward high speed neutrons resulting from nuclear
collisions in the atmosphere. These neutrons do not
live very long but change into high speed protons and
electrons. These charged particles then become trapped in the earth's magnetic field and remain for
long periods of time.
Continuing our journey, we note that at about 2000
miles out the radiation drops slightly; then, when we
are out 4000 to 5000 miles, the radiation begins to
increase again. We realize we are passing into the
outer radiation belt. Inside our room with its heavy
concrete walls, few of the electrons that exist in this
band will penetrate. We will again find X-rays in our
room, however, generated by the impact of these electrons on the outside of the walls. We should not
linger long here, but continue outward.
At about 10 earth radii, or at about 40,000 miles
out, we come to the outer boundary of the outer
radiation zone. The reading of our cosmic ray detector drops down to a low value and we interpret this
as meaning that we are now detecting cosmic rays
only. The intensity is about what we measured over
Pasadena when we were at an altitude of 30,000 to
40,000 feet.
As we continue outward no changes in the cosmic
ray detector occur and we are getting bored by the
monotony of the situation.

But what is this? What has gone wrong with our
ionization chamber? It is counting a hundred, a thousand times more than normal. We had better get back
to earth fast, where ~e have the protection of the
earth's magnetic field, which turns away low energy
particles; and the protection of the earth's blanket of
air, which absorbs the effects of most of the particles
that get through the earth's magnetic Geld.
Back here on earth we learn that, while we were
out there, a very intense bright spot occurred on the
sun which not only gave out a burst of ultraviolet
light, but also generated a burst of high energy protons which ached the earth in a matter of minutes
after leaving the sun. We also learn that this was one
of the smaller solar flares, which caused only slight
disruptions of radio communications on the earth.
Even so, the intensity of protons was such that, had
we stayed out there for a few days, we would have
had a lethal dose of radiation. Had this been a really
big solar flare, a few hours exposure would have been
sufficient.
The walls of our room would have stopped many
of these solar protons, but many of them would have
been energetic enough to go through, and in fact to
go through any reasonable thickness of shielding material which a rocket ship might have for lining the
walls of its living quarters.

Solar bursts and astron(iuts
Will these solar bursts be damaging to the astronauts of the future? The answer is yes - unless by
chance no solar outbursts occur while the space ship
is out in space. So far this year 11 such bursts have
occurred. The sun is now becoming more quiescent
and will continue to do so for the next 3 or 4 years.
There will b e these sporadic bursts, however, that will,
on the average, become less frequent. If I were to be
the man in space I would certainly prefer to go in
1964 rather than in 1961. 1965 might still be a good
year, but by 1966 the sun will start to become active
again and the chances of a safe journey to the moon
and back will be very much decreased. By 1975 the
sun will again be quiet.
Because of the dangers of these radiations in space,
which are unpredictable as of now, experimentation
in space can best be done by automatic apparatus leaving the astronaut home. There is much to be
learned about the conditions in space, including what
causes cosmic rays to change by at least a factor of
five during a solar cycle. I am sure that, in the years to
come, many new things will be discovered about the
environment in interplanetary space so that we may
become more aware of the nature of the universe in
which we live.
I see that we have all gotten back from our journey
safely. I hope none of you is any the worse for having taken this imaginative trip out into our solar systern.

hat would
do
as an engineer a

Development testing of liquid hydrogen-fuete

ratt & Whitney Aircraft?
Regardless of your specialty, you would work in a
favorable engineering atmosphere.
Back in 1925, when Pratt & Whitney Aircraft was
designing and developing the first of its family of
history-making powerplants, an attitude was born-a
recognition that engineering excellence was the key
to success.
That attitude, that recognition of the prime importance of technical superiority is still predominant at
P&WA today.
The field, of course, is broader now, the challenge
greater. No longer are the company's requirements
confined to graduates with degrees in mechanical
and aeronautical engineering. Pratt & Whitney Aircraft today is concerned with the development of
all forms of flight propulsion systems for the aerospace medium-air breathing, rocket, nuclear and
other advanced types. Some are entirely new in
concept. To carry out analytical, design, experimental
or materials engineering assignments, men with
degrees in mechanical, aeronautical, electrical, chemical and nuclear engineering are needed, along
with those holding degrees in physics, chemistry
and metallurgy.

At P&WA's Connecticut Aircraft Nuclear Engine l a b oratory (CANEL) many technical talents are focused
on the development of nuclear propulsion systems for
future air and space vehicles. With this live mock-up
of a reactor, nuclear scientists and engineers can
determine critical mass, material reactivity coefficients,
control effectiveness and other reactor parameters.

Representative of electronic aids functioning for P&WA
engineers i s this on-site data recording center which
can provide automatically recorded and computed
data simultaneously with the testing o f an engine. This
equipment i s capable of recording 1,200 different
values per second.

Specifically, what would you do?-your own engineering talent provides the best answer. And Pratt
& Whitney Aircraft provides the atmosphere in which
that talent can flourish.

For further information regarding an engineering
career at Pratt & Whitney Aircraft, consult your colIege placement officer or write to Mr. R. P. Azinger,
Engineering Department, Pratt & Whitney Aircraft,
East Hartford 8, Connecticut.

Studies of solar energy collection and liquid and vapor
power cycles typify P&WA's research in advanced
space auxiliary power systems. Analytical and Experimental Engineers work together in such programs to
establish and test basic concepts.

PRATT & WHITNEY AIRCRAFT
Division of United Aircraft Corporation
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U S . delegation (center) at the Geneva Conference
(1959). First row: Professor Wolfgang Panofsky (Startford), Dr. James Fisk (Bell Labs), Dr. Carl Romney
(CJSAF). Second row: Dr. Harohl B r o w r ~(Livermore

Lclboratory), Prof. Frank Press (Caltech), Prof. A.
Turkevitch (U. of Chicago), Prof. Ham Bethe (Cornell), Prof. J. Tukey (Princcion). USSR c/eleg(ztion
is at right, U.K. delegation (not seated) at left.

Scientific Aspects of

The Nu lear Test
hy Frank Press
The negotiations for a nuclear test cessation have
been going on between the East and the West since
1958. These negotiations have been unique in many
respects, particularly in that scientists initiated the
talks in an attempt to lay a scientific foundation on
which the diplomats could then build.
Now, there are many pitfalls in putting scientists
from East and West together in a room and telling
them to behave like scientists, knowing full well that
the ultimate decisions must he based on non-scientific questions. But this is a long story in itself and I
won't go into it. However, the use of scientists was a
new concept in international negotiations, and many
of us were unfamiliar with the role that we had to
play, of being scientists and yet being cognizant at
the same time of the political implications of any
positions that were taken.
The nuclear test cessation treaty is now partiall?
26

written, and a number of articles have been agreed
upon by the East and West. Such issues as the concept of "on-site" inspections (field investigation of
suspicious events ), the immunities and privileges of
the monitors, and the makeup of the inspection and
monitoring teams have been settled.
The remaining articles are some of the most difficult ones, and they are still being negotiated. One of
the most important of these deals with the number
of inspections that will be permitted each year. OF
course, this is one of the crucial aspects of any rnonitoring agreement, and if the Russians insist on no
more than two or three inspections a year, I don't
see how we can make any progress toward a successful ire-.
At the present time, the proposed monitoring system would be able to deal with underground nuclear
continued on page 28
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SPACE TECHNOLOGY LABORATORIES
INVITES

D

E STUDEN

to discuss careers in the space sciences with members
of its teclinical

staff when they visit your campus oil
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Space Technology Laboratories, Inc. of Los Angeles, California,
maintains a large staff of skilled specialists who aie dejoted entirely to the research and
development of advanced space and missile systems.
Recent STL achievements include Explorer VI and Pioneer V, for which STL
had complete systems responsibility In addition, STL provides
systems integration and test for the major Air Force Ballistic Missile Weapon Systems.
You are urged to see our representatives if your interests
are in any of the following challenging fields:
Theoretical Physics
Magnetohydrodynamics
Experimental Physics
Solid State Physics
Applied Mathematics
Digital Computers

Antennas and Microwaves
Telecommunications
Inertial Guidance
Electro-Mechanical Devices
Analog Computers
Engineering Mechanics

Space Communications
Computer Design
Radar Systems

Aerophysics
Applied Aerodynan~ics

Guidance & Navigation

Systems Engineering

Propulsion Systems

Please make arrangements with your placement office for interview appointment.
If unable to see our representatives, you may contact STL by mail.
Address your resume to: College Relations, Space Technology Laboratories, Inc.

P. 0.Box 95004, Los Angeles 45, California.

SPACE TECHNOLOGY LABORATORIES, INC.

Test Ban

. . . continued

explosions of somewhere between 5 and 20 kilotons.
The bombs that were used during the war were about
20 kilotons. Smaller explosions are not now identifiable
as suspicious events. Explosions in the atmosphere
offer no major problems. Explosions in outer space
are feasible, and of uncertain use. It is questionable
whether they can be detected, and it is difficult to
gage their significance as a factor in a test cessation
treaty.

The decoupling method
A major problem has recently been posed for this
treaty - namely, the possibilities of exploding nuclear
devices in large cavities. This is known as the dekoupling method, or the "muffling method." It is interesting to me that the greatest improvement in detection
and the greatest degradation in detection were made
by investigators of the same organization - the RAND
Corporation. They have recently shown us how to
improve our monitoring capability from 20 kilotons
down to about 5; and yet they have also discovered
how to hide these explosions in large cavities.
The possibility of decoupled explosions is something we have to live with. The decoupling theory
has recently received experimental verification in
tests involving small chemical explosions. Now, one
doesn't go around blithely shooting explosions in large
cavities. For one thing, it is expensive. It might cost
anywhere from $5 million to $20 million to dig one
of these holes. Furthermore, it will take something
like two years to excavate a hole large enough for a
5-kiloton explosion. Such an excavation is a major
effort, involving a lot of men and equipment. It is the
sort of thing that could be difficult to hide from intelligence agents.
The present technology limits us to holes in salt
(where they can be dug by using hot-water solutions), but I think it is quite possible that ways will
be found at not too much greater expense to dig
these holes in other rocks; and if a nation is willing
to spend enough money, it might even be able to
make a hole in granite. This has not been fully studied. There is a whole new technology of excavating
underground cavities which now must be explored
in order to anticipate the possibility of clandestine
testing. Unfortunately, we must realize that if a nation wanted to conduct clandestine tests by means of
shooting in large cavities, it probably could succeed
so far as the present technology is concerned. It is
not an easy job, but it is one that is quite feasible.
Now, recognizing the difficulti'es of detecting small
explosions, Prime Minister McMillan and President
Eisenhower made a very sensible proposal. They suggested that we enter into a treaty with the Russians
for explosions of 20 kilotons and larger, with an appropriate number of monitoring posts, inspections,

and so on, and that we enter into a moratorium with
the Russians for the smaller shots. The moratorium
might last about two years - the exact length is another political question. During the moratorium, both
sides would conduct a joint research program in an
attempt to find ways to improve detection so that
the smaller explosions which are now not detectable
can be brought into the treaty. This is a very reasonable approach, and it seems to me to be the only way
out of a very difficult situation. Admittedly there is
a risk in going into this treaty - but there are also
some returns.
The treaty represents a first step in opening the
countries of the world to inspection - a small step
indeed, but one whi
reliminary to progress in
disarmament. It w
give us experience in implementing controls under a treaty organizati
if further disarmament proposals are feasible. Of
great importance is the hope that the treaty would
inhibit the development of nuclear weapons by other
countries.

A controlled monitoring system
After the moratorium research program is completed we will be in a better position to specify the
monitoring system needed to provide adequate control. If political restrictions on the number of stations
and the number of inspections, and the use of u n manned stations, are not excessive, a feasible monitoring system might deter clandestine tests. Then
again, it might not - and it would be risky for us to
enter into a treaty. tt is dangerous to anticipate the
results of research and to predict the outcome of the
political-scientific deliberation that determines what
detection capability represents an acceptable risk.
There is not, by any means, unanimous support in
this country of the proposed moratorium. Many Americans who have made tremendous contributions to
our national security see pitfalls in such a moratorium. It will diminish our security by inhibiting development of those weapons needed to improve our
defense.
Where d o we stand now? During May of this year,
we met with the Russian scientists to
moratorium research proposal and many
surprised. The Russian scientists supported the moratorium research program and agreed in
participate. They even said that they woi
to use nuclear explosions during the research program even though they would not conduct any nuclear explosions themselves. They placed certain restrictions, however, on the use of nuclear explosions some of which were reasonable. They insisted on the
privilege of examining-each nuclear device in detail
- opening it before it was detonated - in order to
continued on page 30
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Telephone engineer Bill Pigott, left, and helicopter pilot plan aerial exploration for microwave tower sites.

ROWAVE TOWER L
When Bill Pigott knocked on the door of
Pacific Telephone, he had two big assets. One
was an electrical engineering degree from Seattle
University. The other was a craving t o jump
right into vital engineering problems.

Other important assignments followed: engineering maritime radio systems, SAGE systems
-figuring engineering costs for Air Force Titan
missile bases.

I t was not long before Bill was exploring
"Washington's rugged Cascade Range in a helicopter to find sites for microwave relay towers
-part of a multimillion dollar telephone construction job. Today, it's considerable satisfaction to him to see these towers spanning the
mountains, knowing that his planning helped
put them there.

"Our people respect a man's engineering
training-you really get a chance to show what
you've got on the ball," Bill says. "I was up t o
my neck in tough engineering problems right
from the start."
I f you want a job where you put your training
to work from the
you hang u p your hat -you'll
want to visit your Placement Office for literature
and additional information.

"Our number one a i m i s to have i n all
management jobs the most vital, intelligent, positive and imaginative men we
can possibly find."
FREDERICK
R. KAPPEL,President
American Telephone t Telegraph CO.
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Test Ban

. . . continued

make sure that we were not developing weapons
under the subterfuge of a research program to improve detection. I think this is a legitimate request
on their part, and I think that this is something which
eventually could be agreed upony subject to Congressional approval.
The Russians also insisted on the privilege of participating in the planning of the experiments. They
wanted to be real partners in this study - and we
would have been delighted to have had them as partners.
A more difficult problem arose when they said that
they would not countenance any decoupling tests
during the research program. They frankly admitted
that their position was not a scientific one but a moral
one. It was immoral, they argued, to try to find better
ways to hide nuclear explosions. We attempted to
point out to them that there would always be a cloud
of uncertainty over the treaty until we could resolve
the decoupling problem - or, at least, until we cornpletely understood its implications. Without some
d ~ o u p l i n gtests we could make no progress in attaining these goals.
It is difficult to predict how this will go - whether
the Russians will be adamant on this question, or
whether it is negotiable. I, for one, do not see how
we can agree to a moratorium research program without some decoupling tests.

A nuclear test cessation treaty
I believe that if there is going to be any progress
toward disarmament, the first step is a nuclear test
cessation treaty along the lines of the McMillanEisenhower proposal. A major impediment is the number of inspections. The Soviets are very leery of inspectors un their territory, as we all know. They have
placed, essentially, a political strait jacket on all progress in the sense that they are limiting us, for political reasons, to an inadequate number of inspections.
It is quite impossible to feel secure with a treaty
that allows too few inspections. This follows because
of the large number of natural events - perhaps in
the hundreds each year - which are inseparable from
explosions. For all of these suspicious events, the Soviets propose to allow us only several field inspections each year. Clearly, the chances for violation
are very large under this circumstance. The fact that
we are asking for a few tens of inspections is in itself
a concession, because we are not asking to inspect
every single suspicious event (which is what we
would like to do) but only a very small percentage.
This is not something that is readily negotiable. It
is not the case that the geometric mean between both
points of view - or the arithmetic mean - will leave
us with proper safeguards. After the research program, we will be in a better position to set the num-

ber of monitoring stations and annual inspections
that are really necessary.
Another indication of the strait jacket that the Russians are putting on us by their obstinate desire to
keep their country closed is the following.
There is only one suggestion now on the books that
might provide some security against decoupled shots.
This is the suggestion made by Professor Hans Bethe.
He proposed that we increase the number of monitoring posts by setting up unmanned stations -instruments which telemeter their information without
requiring local personnel. With a network having an
instrument spacing of a few hundred kilometers, decoupled shots would be detected and might be identified as suspicious events. This is a sound proposal
but, in the present framework of the negotiations, it
is not admissible because of the Soviet position.
I think another impediment is the fact that there
is no solid American position on this question. The
President is in the difficult situation of receiving conflicting recommendations from his advisors. This does
not make for a very strong American position at
Geneva.

Resuming nuclear testing
There is increasing pressure in the U.S. to resume
testing, not only for the development of weapons but
also to get on with our own research program to
improve detection. Very soon we are going to have
to face up to this question. The Russians now have a
moratorium which is not policed. Like an Irish wake,
they would like this to go on forever, because they
have everything they want and they give nothing in
return. They have slowed development on weapons
needed for our security. We cannot be certain that
they have given u p testing, although there is no direct evidence that they have detonated nuclear explosions during the negotiations.
Sooner or later, we are going to have to take stock
and put a time limit on the negotiations for the treaty.
We must make a reasonable attempt at negotiations,
however, for abrupt test resumption could be embarrassing to us and might bring censure from many
of the nations of the world. 1 hope that if we resume
testing independently it is only after a yeoman's effort
in Geneva to reach a treaty with reasonably adequate
safeguards. It may require a summit conference devoted to this one problem. Difficult though such a
treaty may be to realize, I think this is the easiest of
the disarmament questions before us.
We are now actually engaged in our research program to improve detection. The U.S. Government is
presently spending some tens of millions of dollars
each year to improve detection techniques. This is all
unclassified research, and much of it. is being concontinued on page 32
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Bringing space down to earth . .this
laboratory space capsule is designed to measure
man's physiological and psychological limits and
test life support systems under simulated space
flight conditions. Now scientists will be able to
study, simultaneously, the space flight stresses of
high altitude, acceleration, heat and isolation.
Developed and being built by Garrett's AiResearch divisions for the U.S. Air Force's Wright
Air Development Division, this ground test space
capsule is an example of Garrett's research leadership in life support and secondary power systems
for space vehicles for long duration flight at zero
gravity. Development of these life support systems
utilizing cryogenic gases and efficient turbine

drive secondary power systems using solar or
nuclear energy are opening up vast new worlds
of exploration and career achievement for engineers in the space age.
A world leader in the development and manufacture of major systems and components for
aircraft and missiles as well as advanced flight
vehicles, The Garrett Corporation provides an
orientation program lasting a period of months
for the newly graduated engineer, working on
assignments with experienced engineers in laboratory, preliminary design and development projects.
Should you be interested in a career with The
Garrett Corporation, write to Mr. G. D. Bradley
in Los Angeles.

CmRPORArgON

fliResearch Manufacturing Divisions
Los Angeles 45, California * Phoenix, Arizona
O T H E R D I V I S I O N S AND S U B S I D I A R I E S : A I R S U P P L Y - A E R O E N G I N E E R I N G

*

AIRESEARCH AVIATION SERVICE

Ã

G A R R E T T SUPPLY

*

AIR C R U I S E R S

A I R E S E A R C H I N D U S T R I A L * G A R R E T T M A N U F A C T U R I N G L I M I T E D * M A R W E D E L * G A R R E T T I N T E R N A T I O N A L S.A.* G A R R E T T ( J A P A N ) L I M I T E D
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ducted in die universities. Nuclear explosions have
not yet occurred. We hope to conduct these jointly
with the Russians as part of a moratorium research
program, if such cooperation is possible. Otherwise
we may have to go it alone. I think that this program
is something we really can be proud of; it shows the
world that we are working to make a treaty possible.
Let me give you some examples of the projects that
are now under way. A typical monitoring post of the
kind that will be spread throughout the world has
been completed and placed in operation. We can
evaluate its capability. It is a post which is quite
large; it includes an area of many square miles, with
tens of seismographs within the area, and a large
technical staff. A number of similar stations will be
built soon. These are the treaty-type stations which
were accepted by both sides in 1958.
In addition, the government has just funded an
improved station which incorporates the advances
stathat have been made since 1958
strution will have many more detect
ments, computing machines, and, possibly, digital
seismographs. It will include all of the sophisticated
analytical and instrumental advances that have recently been made.
Caltech's program, for example, is to make a digital

seismograph for processing directly by a computer.
We are also interested in making extreme]y sensitive
seismographs by finding optimal spectral bands to
record in. We are studying the long waves of earthquakes and explosions in the hope that these long
waves may be a new diagnostic feature which distinguishes earthquakes from explosions. It may interest yoti to know that these wavelengths are of the
order of 100 km-lengths which are long compared
to most discontinuities on the earth's surface.
The Bell Telephone Laboratories have taken up
the problem of depth of focus. If we can precisely
determine the depth of focus of an earthquake, most
earthquakes will be eliminated as suspicious events
since they typically occur at depths greater than
those at which explosions are likely to occur.
Stanford University, together with the University
of California, is studying the aftershocks of earthquakes. One feature of an earthquake is that very
often there is another one at the same place within
a few days. A nuclear explosion is not likely to be
followed by an aftershock. These groups are gathering more precise statistics on aftershocks of earthquakes.
Some firms drawn from the oil industry are engaged
continued on page 36
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t ship now being planned for manned
interplanetary exploration will gulp as much propellant as the entire capacity of a 170 passenger DC-8 Jetliner in less than 4 seconds! It will consume
1,140 tons in the rocket's approximately 2 minutes of burning time. Required
to carry this vast quantity of propellant will be tanks tall as 8 story buildings,
strong enough to withstand tremendous G forces, yet of minimum weight.
Douglas is especially qualified to build giant-sized space ships of this type
because of familiarity with every structural and environmental problem
involved. This has been gained through 18 years of experience in producing
missile and space systems. We are seeking qualified engineers and scientists to aid us in these and other projects. Write to C. C. LaVene, Box 600-E,
Douglas Aircraft Company, Santa Monica, California.
Dr. Henry Ponsford, Chief, Structures Section, discusses valve and
fuel flow requirements for space vehicles with
Donald W. Douglas, Jr., President of

DOUGLAS

THE CRYOGENIC GYRO
A fundamentally new type of gyroscope with the possibility of exceptionally low d r i f t rates is currently under
development. The design techniques used in conventional
electro-mechanical gyros appear t o have been largely
exploited. A break-through is needed, and the cryogenic
gyro may well provide it.
The cryogenic (liquid helium temperatures, in the range of
4 O K ) gyro consists of a superconducting sphere supported
by a magnetic field. The resulting configuration is capable
of support in this manner as a result of a unique property

CALIFORNIA

of a superconductor. Exceptionally low drift rates should
be possible. This cryogenic gyro has performance potential
unlimited by the constraints o f conventional electromechanical gyros.
This is just one example of the intriguing solid state concepts which are being pioneered at JPL for meeting the
challenge of space exploration. In addition t o gyro applications, superconducting elements are providing computer
advances and frictionless bearings. The day of the all-solidstate space probe may be nearer than one realizes.
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Employment opportunities for Engineers and Scientists interested in basic and applied research in these fields:
INFRA-RED * OPTICS MICROWAVE * SERVOMECHANISMS * COMPUTERS * LIQUID AND SOLID PROPULSION * STRUCTURES * CHEMISTRY
INSTRUMENTATION * MATHEMATICS * AND SOLID STATE PHYSICS * ENGINEERING MECHANICS * TRANSISTOR CIRCUITRY
Send resume, with full qualifications and experience, for our irnmediofe consideration
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Through the ages, from the invention of the wheel to the
development of nuclear power plants, scientists and engineers
have used matter and energy i n various ways to extend man's
physical powers. The needs of modern civilization now call for
a greater emphasis on helping man do tasks that lie i n the
intellectual, rather than the physical, domain. Progress in mechanizing some of the intellectual functions has been partial
and uneven, as the diagram above suggests. Our goal is t o
achieve a synthetic intelligence-part human and part mechanical-which combines the strongest features of both to produce a new order of intellectual power exceeding that of either
men or machines operating separately.
At Ramo-Wooldridge's new Intellectronic Research Laboratory,
fundamental research is being carried on in such fields as
applied quantum mechanics, theoretical intellectronics and the
physical phenomena associated with computer components and
devices. The program includes exploration of the "room at the
bottom," as exemplified by the non-equilibrium population of
energy levels, the behavior of systems at temperatures near
absolute zero, and other atomic and molecular properties as
yet not fully exploited. Theoretical intellectronics involves the
study of adaptive and self-teaching machines, and the investigation of methods for achieving a more efficient use of computers in the solution of physical problems. Still other lines of
research are concerned with novel concepts of the function and
organization of computers, such as the use of optical elements
and the investigation of new methods of memory arrangements.
Physicists holding a Ph.D. degree or equivalent are invited
to discuss their research interests in these areas with Dr.
Burton D. Fried, Director, Intellectronic Research Laboratory,
at the Annual Meeting of the American Physical Society i n New
York City. Inquiries may also be directed to Mr. Frank Nagel at

RAMO-WOOLDRIDGE
A D I V I S I O N OF

T H O M P S O N R A M 0 WOOLDRIDGE INC.
8433 FALLBROOK AVENUE

CANOGA PARK. C A L I F O R N I A
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. . . continue
in such problems as how to locate a decoupling hole
at a depth of a thousand feet. What measurements
can be made at the surface to locate one of these
holes? These are difficult problems as is the following
one: If a certain number of inspections are allowed
per year, what will the inspectors look for? Any violator will make sure that the surface is smoothed over
again, that any evidence is removed. These inspectors
must now find a way to locate fission products at a
depth of a thousand feet in a hole that may be a hundred feet in diameter. This is not an easy job.
The Scripps Institute of Oceanolgraphy at La Jolla,
and Columbia University in New York are making
deep-sea seismographs. This may seem like a strange
thing, but scientists at Columbia have shown that the
bottom of the ocean is one of the quietest places to
put an instrument; the noise is very low, and with a
low noise-level, a more sensitive seismograph can be
built to detect smaller explosions.
One of the most interesting aspects of the research
program to me is what we call the "giveaway" program. The U.S. Government is essentially going to reequip the seismograph stations of the world. This is
perhaps the greatest single act of progress that geophysics has seen. It is like giving away one hundred

100-inch telescopes to observatories all over the world,
or giving 100 cyclotrons to 100 universities all over
the world. I hope you do not think me bizarre if I
say that if all else fails, and the negotiations blow up,
at least we will have greatly improved world research in geophysics. Now the government doesn't
give money away without reason, and their support
of the "giveaway" programs is in the interest of improving seismic research all over the world. It may
turn out that a researcher in some remote country.
stimulated by this new equipment, will come up with
a significant improvement.
I think this shows the firm intention of the U.S.
to go ahead and try to improve the technology so that
a treaty is possible. Two years from now, we will have
completed much of our research program, and we
will have learned a great deal. I don't know how
much better off we will be insofar as detection of
explosions is concerned. I think that, n o matter what
happens at the end of two years, the final problem,
again, will be in the hands of the diplomats. However we will be better able to advise our diplomats
about the state of affairs, so that the final diplomatic
decision will rest on a more secure scientific foundation than is now possible.

Books from McG w-Hill Book Company

...

BlackTHEORY OF METAL CUTTING, Ready in February, 196 1.
De VriesFRENCH-ENGLISH SCIENCE DICTIONARY FOR STUDENTS IN AGRICULTURAL BIOLOGICAL
AND PHYSICAL SCIENCES, Second Edition.........................................................................................................$10.00
De VriesGERMAN-ENGLISH SCIENCE DICTIONARY, Third Edition...................................................................... $7.00
De VriesENGLISH-GERMAN TECHNICAL AND ENGINEERING DICTIONARY............................................$22.50
De VriesGERMAN-ENGLISH MEDICAL DICTIONARY..................................................................................................$1 2.50
De V r i e s
SUPPLEMENT TO GIERMAN-ENGLISH TECHNICAL AND ENGINEERING DICTIONARY, $1 1.50
HammondELECTRICAL ENGINEERING, Ready in March, 1961
nerICONDUCTOR DEVICES AND APPLICATIONS, Ready in May, 1961
Mishkin and BraunADAPTIVE CONTROL SYSTEMS, ~ e a d yin January, 1961
Savant and HowardPRINCIPLES OF INERTIAL NAVIGATION, Ready in January, 1961
SchenckTHEORIES OF ENGINEERING EXPERIMIENTATION, Ready in March, 1961
330 West 42nd Street
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"a big fish in a little pond". Perhaps others prefer to think of the future as
the challenge of "swimming up-stream".
We believe that Sikorsk y Aircraft is actual1 y the "right-sized stream" for
young engineers who would erljoy diversified, small-group activities, as
well as stature opportunities in a field t h a t is not limited nor professionally
confining. Sikorsky Aircraft is the company which pioneered the modern
helicopter; and our field today is recognized as one of the broadest and most
challenging in the entire aircraft industry.

The TOP name in missile
inertial guidance-AC
THE ELECTRONICS DIVISION
O F GENERAL MOTORS,
i s seeking top talent
AC has immediate) permanent positions in Milwaukee) Los Angeles) Boston
and Flint. If you have a BSf MS or PhD degree in EEf Physics, Math or MEf
you may qualify for one o f the positions.
You can find challenge and opportunity for advancement a t AC where
you will work on such inertial guidance proiects as MACE) THOR)
POLARIS, the ultra-sophisticated TITAN system and complex Bombing
Navigation Systemsf and even manned space vehicle guidance.
AC and GM will assist your career progress through graduate study a t
universities in nearby locations. In addition, you will have the opportunity
to take exclusive on-the-iob course work on the advanced state of the art.
These training programs are now available in Milwaukee:

ENGINEERING PROGRAM- or engineers whose career aim is
design and development o f inertial guidance equipment. All Junior
Engineers will enter this six-month training program with formalized, halfd a y classroom instruction. This instruction will be in coniunction with
rotating iob assignments of two-month duration. These assignments) in
Manufacturing, Reliability and Engineering areas) will provide a smooth
transition from academic learning to career development.
FIELD SERVICE P R O G R A M - ~ o r m a l i z e d two to four month classroom training on missile inertial systems and bombing navigation systems.
After completion o f training program) assignments will be made to domestic
and foreign sites.
Contact your placement officer regarding GM interviews.

Technical Honorary Society Program Chairman: If your society
would be interested in a technical presentation on inertial guidance) we
would like to work with you to plan such a presentation. Contact Mr. R. E.
Allen) AC Spark Plug) Milwaukee 1) Wisconsin.

AC SPARK PLUG
THE ELECTRONICS D I V I S I O N
O F GENERAL M O T O R S
MILWAUKEE 1, WISCONSIN
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Dorrtevtick J . Porvzpeo, who retired
last Jurie after 32 years with the Shell
Oil Company, died of cancer on Sepand
temher 20. Domenick was fo~~rider
head of the Shell irlstrulnentation department at Erneryville> and was respo~lsiblefor the development of nearly
100 devices - from a recording retract*
meter to a reflux ratio controller. He is
survived by his wife, Cora*

1935
Charles F. Thomas has been appointed
manager of marketing and planning for
The Raclio Corporation of America9s
major defense systerns orgar~izatior~in
bfoc~restown~N.J- He joins RCA after
25 years with the Lockheed Aircraft Corporation, where he has been serving as
director of military sales since 1952.

lg#O
Fred Brose has been rr~acle produc-

riow head of the transducer engineering
department of Borg-Warner Controls in
Santa Ana. H e was formerly a research
specialist at United Electrodynamicse

1934
Aliltorb U . Clauser, MS '35, PhD '37>
is president of the rlewly-formed Clauser
Technology Corporatior], irl Torrance.
The cornparly will engage in the development and prod~ictionof electror~icequipment and instr~~merlts"for the missile
age." He was forrrierly vice president
and director of research at Space Technology L,aboratories, a qubsidiar-y of the
Rarrio-Wc)olclridge corpora ti or^^

with the company since 194.7William 1i Rogers is now vice president of Aerojet-Gex~eraYsAzt~sa p l a ~ t .
He has been vice presidei~t of Amsa
an
Operations for the past t ~ years
o
will KIOW have responsibility for all service functions and operating activities
at the plant*

tion niariager of the Datex Corporation
in Monrovia. He was formerly assistarit
operations marlager* and has been with
the company since 1957. Fred is inarrieci and has three daughters and a son.

1941
Fred W . Billvr~eyer,Jr., senior research
chemist at the Dl1 Pont Experimental
Station near Wilmirigt~n~Del., is or1
leave this year to condt~cta cotme in
high polymer technology at h f K . Fred
has beer) with Du Pont since 1945.

Howurd C. Hull is residerit rnariager
of Crc~wn Zellerbach's pt~ip z t r d paper
will iri St* Helens> Oregon. Ere ha< b e ~ n

at the Kr~ollsAtomic
ager of p~~rchasing
Power Laboratory in Schenectady$ New
York. KAPL is operated by General
Electric for the W. S* Atomic Eriergy
C(>xn~nission~
The Terrells and their
three sons live in Schen~ctady~New
York*
fli~lphFVillits is now chief project engineer of the engirwering design section
at the Socony hfobile Oil Coxnpany's
Fenidale> Washington, refjriery*
fornlerly with the erigineering
in Torrance?
rnerlt of General Petrole~~rn
California, and moved to Washington
l a ~ tJnne when General Petroleum was
integrated into the parent company- The
Willits' and their two claughters ( 10
and 7 j have been enjoying the waterskiing :md fishing in their new locatiori.

5
I&'illiarrt F . Gt~12~;gis now assistant
regional manager of the western division of the Rockw~ll 4fan~1facturing
Company, He will contintie to live in
San Fr:i~~ciscc>where he was formerly
district manager for Rockwell. He has
beer1 with the company for 13 years.
Frt~rikZirl Sprol~s Ecit~(zrds, M S , died
October 19, at Starkville, Miss., of a
stroke stiffcwxl the clay before. He way
47 years old. He had btler~at hfississippi
State IJr~iversjty since 1941, and had
served as head of t h ~
aerona~~tical
~ngi~wvrirlg (lepartrnent there since 1947.

1947
Rol~ert G. Hutct!jorrie has been pro-

Fafnir Ball Bearings help turbojets
set new performance records
A recent article in a leading newspaper quoted
airline executives to the effect that Pratt and
Whitney Aircraft jet engines are proving to be
the most reliable ever put into commerciai
planes.
In designing these jet engines, Pratt &
Whitney Aircraft looked to The Fafnir Bearing
Company as a major source for main rotor
thrust bearings, generally regarded as among
the critical engine components, and one of the
most exacting to produce. Each ball bearing is
custom-built and rigorously tested. Tolerances
are held to the millionths-of-an-inch.
P&WA turned to Fafnir because of Fafnir's
long experience i n the design and development
of aircraft bearings. Fafnir established an air-

craft division thirty years ago, the first in the
industry, and through it, is keeping pace with
the revolutionary changes i n aircraft design.
To help solve this and Other ball bearing
problems, Fafnir maintains the most up-to-date
facilit~esfor metallurgical research, and bearing development and testing. Fafnir may be
able to help you some day. Worth bearing i n
mind. The F a f n i r B e a r i n g Company, New
Britain* Connecticut.

@ FAFN
B A L L BEARINGS
Most Complete Line in America

rnotecl to senior research engirieer at the
Lhion Oil Company of Califorrlia7s Research Center in B r ~ a .
4l(tvifr~dEi~rztv-,MS '48, PhD '53, has
been appointed to the newly-created
position of deputy division chief in the
rec)rganization of the Space Sciences Division of Caltech's Jet Proptilsion Laboratory.
Justin L. Bloo~n,is now project engineer of the Aclvanced SNAP Progran~s
( Systems for Nuclear Auxiliary Power )
in the nilclear divisiar~ of The Martin
Company in Baltiniore He has been
c 11 ie f 0 f t h e i n a t e ~ d smanagement
branch of the Sa11 Francisco Operations

Office of the U.S. Atomic Energy Con1e past four years. The
Blooms have a daughter ard a son.

1949
T h ( ~ ~ n aHs. Wukemon is now manager
of plate$ stmctural and bar sales at the
Kaiser Steel Corporation's Oakland, California, office. He joined the company*^
sales division in 1950 and has been midcontinent sales manager since 19.54. The
Wakemans have two children*
Virgil je Bewy9 It+.>M S 2 PhD: ',5L is
director of the petroleum engineering research division at the Sinclair Besearch Laboratories, Inc., in Tulsa$ OkIa.
rmerly research group supervisor a t the Pan American Petroletzm
Corporation in Tulsa.
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hances are you'll eventually be involved
in some way with specifications for:

AIR CONDITIONING
REFRIGERATION
HEATING
HEATTRANSFER

Worfhie Doyle> PhD> formerly a staff
member at the Lincoln Laboratories in
Lexington, Massachusetts, is now at
Aeron~~tronicsin Newport Beach, California.
J. Robert Ho?n~es-MS. has heen appointed manager of reliability efigineerin9 at the Owego iacility of IBh19s
Federal Systems Division irl Vestal9 N.Y.
He has been with the company since
1951 and was formerly manager of reliability evaluatione
PhD '54, is
Dean A. Rainay>MS
now manager of the systems design
branch of the Uriited Technology Corporation in Sunnyvale, Califs
DonaZd J . Gdmpel, &IS, has heen appointed vice president in charge of engineering at the Arnoux Corgoration in
Los Angeles. Before joining Arnoux in
1958, he was directcr of the computer
systems department of Panellit2 Inc.

1951
WilZiant V. W r i g h t , PhD '55, i s now
a vice president of Electro-Optical Systems, Inc,, in PasacIena, H e will cont h u e in his present position a$ manager of the company's solid state division. He carrle to Electro-Optical in
1957 from Pacific Se~niconductors,Inc.,
where he was program director of semiconcl~~ctor
materials.

and chances are you'll profit by knowing

1952
Rmjnimd L. Hcw:ock, h/iS '53, now
chief of the space instruments section
in the Space Sciences Divisiorl at Gal-

the One Manufacturer providing
fur all 4
"one source-one responsibilityp~

NHAMmBUSH, I N C m
WEST HARTFORD 10 *
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techs Jet Propulsi(~nLaboratory, will be
responsible for scientific instru~nenti~tion
on spacecraft. He has been in the COEIputer group at JPL ~ i r ~ c19.53.
e
John C* Porter, Jr., hfS '58, formerly
a staff engineer on assigr~rnentto NASA
headquarters in Washington, is now
continued on page 44
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Consulting Engineers and Contractors: Kiug & Smith Co., Milwaukee, Wis.
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Mechanical Contractor: Paul S. Grunau Company* Milwaukee, Wis.

its 15 miles of p i p i ~ ~ g

chose JENKINS VAL VES
With a trademark that pr~misesthe finest aluminum products, Mirro Aluminunl Co. wanted the most trusted trademark in the valve world as an assurance of reliability for the
conlplex piping systen~in its new $1 2,0007000 rolling mill
in Manitowoc7 Wisconsin.
There are over 15 miles of piping in this huge new nlill that
can produce 60,000,000 pounds of alun~inun~
foil and sheets
a year. But there will be no valve problerns . . . no avoidable
valve nlaintenance and replacement expense on these lines.
Mirro made sure of that by installing Jenkins Valves
througl~outthe system.
There's no point in gambling with valve problems when you
can have the known reliability and trouble-saving quality of
Jenkins Valves, without paying extra for the protection.
Jenkins Bros., 100 Park Avenue, New York 17*
S o l d Through Leading Distributors E v e r y w h e r e

Jenkins Bronze and Iron Valves on lines
in pump house for water cooling tower

Pers~rxik

.

a

continued

G't1r.l '4. Karr~l~ow,
IfS ',58. receil eel his
PhD frorn the LJniverqity of Wiqconsin
last June, and is now working for t11e
California Reyearch Corporation in La
Hal~ra. The R ~ m l ~ o whave
s
three chi1clren - hlicliael, 3; David, 2: ancl Barbara, t)om last Septernber,
17~illimri -4. Acerre write5 f~o ~ nCosta
Rica that ":1fte1 seleral rn(~nths as a
coris111tarit for the V ~ n e z ~ ~ e lGovernan
rnent hlinistry of \line< a1td EIyclrocarbans, we finally imde it to Costa Hiccx.
Sir~ce the engineering field i~ a11~1ost
1953
a closed corporation here and the obit!. Edrr~und Ellior~,PhD. is president
stacles for a graduate Fron~ other t11an
of Dynamics Science Corporation, a subthe University of cost:^ Rka are mbsidiary of Marshall Industries i r ~ Sc)~~th stantial. a new career is in order. For
Pasadena. He was formerly proiect enthe pre~ent, I am sc-riously consiclering
gineer at the Given Man~ifact~~ring
Comraisir~g pig^. Not pig iron, but the kirid
pany in Pasadena.
of pig that walks arotlrid on fom feet
and grt~r~ts.
They also eat a Jot - liowJames T . IauT(mrrette has joined the
ever, I think that they ieavf>a good pro[staff of the General Electric Rewarch
it and tl~at'swhat I like.''
Laboratory in Schenectacly, New York.
After receiving his MS and PhD frorr~
H?rvard? he studied at Bon11 University
1955
Delano Bro~~illete,
hlS '56, will head
in Germany and, prior to joining Gena xiewly-Formed servomechanism group
eral Electric, he served as a lecturer at
at the Datex Corporatior1 in Monrovia.
Harvard Ur~iversity. The LaTot~rettes
He was formerly senior engineer at Liband their two children are living in
rascope, Inc.>in Glendale.
Scotia? New York.

chief oi the research analysis section of
the Space Sciences Division at Galtech's
Jet Prop~llsiorlLaboratory.
Henry L. Kic?iter. IT.,PhD '56, 11as
joined the staff of Electro-Optical Systerns, Inc.? in Pasadena. He will manage the company's newly-forrne(1 advanced electronics ancl iriforrr~atio~~
systems division. He was For~nerlychief of
the space instruments section of the
Space Sciences Division at Caltech's Jet
Propulsion Laboratory.

1958
Nc~tl~(~~tzel
C ~ ~ ( ~ S S Y ?writes
I ( Z ~ that h e is
working for his PhD in matl~ematicsat
the Institute of T(>chr~ologyof the Unjversity of hfinnesota and has been teach
ing for the past two years. He has received thc NSF C~operative G r a d ~ ~ a t e
Fellowship for the coi~~irig
year so that
now he can de\rotc\ full tinip to recearcl~

5MOOTmHOLMA

Perfect Vision

U. S. Patents
2,9329728and 2,933,2
Proof Positive of Lighting Leadership!
Only a genuinely original contribution to
the art of lighting earns the recognition of
the U.S. Patent Ofice. The broad coverage
of these patents is evidenced by the fact that
t z ~ ~ e l zseparate
~e
claims were allowed. The
high performance Perfect Vision Luminaire
is typical of Smoot-Holman originality in
lighting fixture development. SmootHolrnan is the only lighting manufacturer
using its own analogue computer to insure
maximum efficiency in fixture design. For
your next lighting job check Srnoot-Holman
first !

ALUMNI DIRECTORY
SUPPLEMENT
A s~1ppleinentto the 1960 Alumni Directory will be ready for distributior~
sc~metinwafter the first of January>1961.
This supplement will list the names and
adclresses of those who received degrees
i11 June, 1960. Copies of this s~lpplernent
will be sent automatically to as so cia ti or^
menhers who received degrees in 1960.
Other Associatio~~
members may sectire
a copy of this supplement by filling in
the for111 helow and serlclirlg it to the
Ahrnni Office.

----------------------Please send the 1960 Supple~nentof the
1960 Alumni Directory to:

The Allis-Chalmers Graduate Training Course
is based on freedom of opportunitye You will
have up to two years of practical training to
find the right spot for yourself. At the same
time, you enjoy a steady income. You can accept a permanent position at any time whenever you can show you are ready.
You help plan your own program, working
with experienced engineers, many of them graduates of the program. Your choice of fields is
as broad as industry itself for Allis-Chalmers
supplies equipment serving numerous growth
industries.
A unique aspect of the course is its flexibility.
You may start out with a specific field in mind,
then discover that your interests and talents lie
in another direction. You have the freedom to
change your plans at any time while on the
course.

-

-

Types of jobs: Research * Design * Development
turing

Application

Sales

Manufac-

Service,

Chemical * Construction
Electric Power * Nuclear Power * Paper * Petroleum * Steel.

Industries: Agriculture * Cement

@

Equipment: Steam Turbines a Hydraulic Turbines

Switchgear
Electronics * Reactors a Kilns * Crushers *
Tractors Earth Movers Motors Control * Pumps * Engines:
Diesel, Gas.
* Transformers

Freedom of CIpporfunify opens t l ~ edoors to challenging and interesting careers. Among them is
our Nuclear Power Division, with an engineering
staff in Washington, D. C . , a new research and
development center in Greendale, Wis., and a n
important research effort a t Princeton University
involving power from the hydrogen atom. For details on the opj~ortunitiesavailable, write to AllisChalmers, Graduate Training Section, Milwaukee
1>Wisconsin,
A-I I92

Facts about che
assignments that can
influence your future career
Do you know the number of different kinds of jobs in the
chemical business? It's one of the biggest factors favoring
a career in chemistry! Chemists and chemical engineers
may find their spots in research, development, analysis, testing, production, technical service, management, or sales.
Nowhere is this more true than at Allied Chemical, maker of
more than 3,000diversified products-chemicals, plastics,
fibers and building materials-in over 100 plants throughout the country. And Allied makes every effort to see that
new employees find the kind of work that matches their
talents , that suits them best and interests them most.

..

Ask our interviewer about career opportunities at Allied
when he next visits your campus. Your placement office can
give you the date and supply you with a copy of "Your
Future in Allied Chemical." Allied Chemical Corporation,
61 Broadway, New York 6,N. Y.
Dept. 126-R3,

BASIC TO AMERICA'S PROGRESS

ATHLETIC SCHEDULE
DEMONSTRATION
LECTURES

December 1-January 2
Christmas Vacation

January 6
Ad\ ance'd Propulsion Concepts
for Spacecraft
- Stanford S. Peiiner

January 4
Caltech at UC Riverside

ALUMNI EVENTS
January
March 4
May 6
June 7

Winter Dinner Meeting
Annual Dinner Dance
Annual Seminar
Annual Meeting

January 10
Redlands at Caltech

January 13
The Geography of Earthquakes
- Charles Richter

January 13
Caltech at Pomoiia

January 20
India
- Robert Huttenhack

January 17
Orange Coast at Caltech

ALUMNI ASSOCIATION OFFICERS
PRESIDENT
SECRETARY
Ralph W. Jones, '33
Donald S. d a r k , '29
VICE-PRESIDENT
TREASURER
Holley B. Dickinson, 36
John R. Fee, 51
BOARD OF DIRECTORS
Robert J. Barry, '38
John D. Gee, '53
Franklin G. Crawford, '30,
William L. Holladay, '24
Frederick W. Drury, Jr., 50
Howard B. Lewis, Jr , 48
Claude B. Nolte, '37

ALUMNI CHAPTER OFFICERS
NEW YORK CHAPTER
President

Vice-president
Treasurer
Secretary

Harry J. Moore, '48
1.B M. Corporation, 590 Madison Avenue
James C . Townsend, '54
404 East 65th St.
H. Nelson Upthegrove, 54
56 Center St., Bernardsville, N.J.
Frank B. Jewett, Jr., 38
Vitro Corporation of Ameria, 261 Madison Avenue

WASHINGTON, D.C. CHAPTER
President
Frank H. Shelton, '49
Armed Forces Special Weapons Project
Secretary-Treasurer
Richard G. King 49
Applied Physics Laboratory, Johns Hopkins university
Silver Springs, Maryland
SAN FRANCISCO CHAPTER
President

James A. Ibers, '51
Shell Development Co., Emeryville
Lee A. Henderson, 54
Weld Rite Company, Oakand
Secretary-Treasurer
Edwin P. Schlinger, 52
Scott-Buttner Co., Inc., Mountain View
Meetings: Fraternity Club, 345 Bush St., San Francisco
Informal luncheons every Thursday
Vice-president

CHICAGO CHAPTER
President
Laurence H. Nobles, '49
Department of Geology, Northwestern University, Evanston
Vice-President
Philip E. Smith, '39
Eastman Kodak Company, 1712 Prairie Avenue
Secretary-Treasurer
Thorne J. Butler, 51
Medical Center, Northwestern University
SACRAMENTO CHAPTER
President
James W. Dunham, '29
Division of Small Craft Harbors State of California
Dept. of Natural Resources
Vice-president
Eugene W. Bolster, 45
Aerojet-General Corporation
Secretary-Treasurer
G. Donald Meixner, Jr., 46
State of California, Dept of Natural Water Resources
Meetings: University Club, 1319 "K" Street
Luncheon first Friday of each month
Visiting alumni cordially invited-no reservation

DENA
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E L D O R A D OS T R E E T

SAN DIEGO CHAPTER
Chairman

Secretory
Program Chairman

Maurice B. Ross, '24
3040 U d d Street
Frank I. bore, '45
Conv7ir
Herman S. Englander, 39
U.S. Navy Electronics Laboratory

Engineering and Science

hts are set

0-electronics-

-you'll find Photography at Work with yo
O u t e r space presents vast new
challenges to t h e engineer-especially in electronics. A n d photogr a p h y becomes one of his valuable
tools. Orbiting satellites send messages to be recorded f r o m the
oscilloscope tube. X-rays a n d film
allow h i m to check the internal
of

E v e n intricate circuits c a n be
printed and miniaturized by photographic methods.
There's hardly a field o n which
you can set your sights where photog-

r a p h y does not play a p a r t in
improving the product, simplifying
work and routine. I t saves time and
costs in research, on the production
line, in quality control, in the engineering a n d sales departments, in
the office.
So in whatever you plan t o do,
take full advantage of all the ways
photography can help.
C A R E E R S WITH K O D A K :

W i t h p h o t o g r a p h y a n d photographic processes becoming increas-

EASTMAN KODAK COMPANY
Rochester 4, N. Y .

ingly important in the business and
industry of tomorrow, there are new
a n d challenging opportunities a t
K o d a k in research, engineering,
electronics, design, sales, a n d production.
If you a r e looking for s u c h a n
interesting opportunity, write for
information a b o u t careers with
Kodak. Address: Business and
Technical Personnel
i
Department, Eastman
Kodak Company,
Rochester 4, N.Y.

One of a series

Interview wit
ctric9s Byron A. Case
Manager Emp yee Compensation Service

-

our S
r
enera
Several surveys indicate that salary is
not the primary contributor to job
satisfaction. Nevertheless, salary considerations will certainly play a big
part in your evaluation of career opportunities. Perhaps an insight into the
salary policies of a large employer of
engineers like General Electric will
help you focus your personal salary
objectives.
Salary-a
most individual and personal aspect of your job-is
difficult to
discuss in general terms. While recognizing this, Mr. Case has tried answering
as directly as possible some of your
questions concerning salary:
Q Mr. Case, what starting salary does
your company pay graduate engineers?

A Well, you know as well as I that
graduates' starting salaries are greatly
influenced by the current demand for
engineering talent. This demand establishes a range of "going rates" for
engineering graduates which is no doubt
widely known on your campus. Because General Electric seeks outstanding men, G-E starting salaries for these
candidates lie in the upper part of the
range of "going rates." And within
General Electric's range of starting salaries, each candidate's ability and
potential are carefully evaluated to determine his individual starting salary.

Q How do you go about evaluating
my ability and potential value to your
company?

A

We evaluate each individual in the
light of information available to us:
type of degree; demonstrated scholarship; extra-curricular contributions; work
experience; and personal qualities as
appraised by interviewers and faculty
members. These considerations determine where within G.E.'s current salary range the engineer's starting salary
will be established.

Q When could 1 expect my first salary
increase from General Electric and how
much would it be?

Whether a man is recruited for a
specific job or for one of the principal
training programs for engineers-the
Engineering and Science Program, the
Manufacturing Training Program, or
the Technical Marketing Program-his
individual performance and salary are
reviewed at least once a year.
For engineers one year out of college, our recent experience indicates a
first-year salary increase between 6 and
15 percent. This percentage spread reflects the individual's job performance
and his demonstrated capacity to do
more difficult work. So you see, salary
adjustments reflect individual performance even at the earliest stages of
professional development. And this
emphasis on performance increases
as experience and general competence
increase.

A

Q How much can I expect to be making
after five years with General Electric?

A As I just mentioned, ability has a
sharply increasing influence on your
salary, so you have a great deal of personal control over the answer to your
question.
It may be helpful to look at the current salaries of all General Electric
technical-college graduates who received their bachelor's degrees in 1954
(and now have five years' experience).
Their current median salary, reflecting both merit and economic changes,
is about 70 percent above the 1954
median starting rate. Current salaries
for outstanding engineers from this

class are more than double the 1954
median starting rates and, in some
cases, are three or four times as great.

Q What kinds of benefit programs
does your company offer, Mr. Case?
A

Since I must be brief, I shall merely
outline the many General Electric employee benefit programs. These include
a liberal pension plan, insurance plans,
an emergency aid plan, employee discounts, and educational assistance programs.
The General Electric Insurance Plan
has been widely hailed as a "pace
setter" in American industry. In addition to helping employees and their
families meet ordinary medical expenses, the Plan also affords protection
against the expenses of "catastrophic"
accidents and illnesses which can wipe
out personal savings and put a- family
deeply in debt. Additional coverages include life insurance, accidental death
insurance, and maternity benefits.
Our newest plan is the Savings and
Security Program which permits employees to invest up to six percent of
their earnings in U.S. Savings Bonds
or in combinations of Bonds and General Electric stock. These savings are
supplemented by a Company Proportionate Payment equal to 50 percent
of the employee's investment, subject
to a prescribed holding period.

I f you would like a reprint of an
informative article entitled,"How
t o Evaluate Job Offers" by Dr. L.
E. Saline, write t o Section 959-14,
General Electric Co., Schenectady
5 , New York.

